
Unit 1 

Basics of Computers - Introduction 

Computer is a programmable electronic device that accepts raw data as input and processes it 

with set of instructions to produce result as output. It renders output just after performing 

mathematical and logical operations. The device also has memory that stores the data, programs 

and result of processing. 

It is believed that Analytical Engine was the first computer. It was invented by Charles Babbage 

in 1837. Charles Babbage is also considered as the father of computer. 

Computer Components 

There are 5 main computer components that are given below: 

o Input Devices 

o CPU 

o Output Devices 

o Primary Memory 

o Secondary Memory 

Input-Process-Output Model 

Computer input is called data and the output obtained after processing it, based on user’s 

instructions is called information. Raw facts and figures which can be processed using 

arithmetic and logical operations to obtain information are called data. 

 

The basic parts of a computer are as follows − 



 Input Unit − Devices like keyboard and mouse that are used to input data and 

instructions to the computer are called input unit. 

 Output Unit − Devices like printer and visual display unit that are used to provide 
information to the user in desired format are called output unit. 

 Control Unit − As the name suggests, this unit controls all the functions of the 
computer. All devices or parts of computer interact through the control unit. 

 Arithmetic Logic Unit − This is the brain of the computer where all arithmetic 
operations and logical operations take place. 

 Memory − All input data, instructions and data interim to the processes are stored in the 
memory. Memory is of two types – primary memory and secondary memory. Primary 

memory resides within the CPU whereas secondary memory is external to it. 

Control unit, arithmetic logic unit and memory are together called the central processing 

unit or CPU. Computer devices like keyboard, mouse, printer, etc. that we can see and touch 

are the hardware components of a computer. The set of instructions or programs that make the 

computer function using these hardware parts are called software. We cannot see or touch 

software. Both hardware and software are necessary for working of a computer. 

Characteristics of Computer 

To understand why computers are such an important part of our lives, let us look at some of its 

characteristics − 

 Speed − Typically, a computer can carry out 3-4 million instructions per second. 

 Accuracy − Computers exhibit a very high degree of accuracy. Errors that may occur are 
usually due to inaccurate data, wrong instructions or bug in chips – all human errors. 

 Reliability − Computers can carry out same type of work repeatedly without throwing 
up errors due to tiredness or boredom, which are very common among humans. 

 Versatility − Computers can carry out a wide range of work from data entry and ticket 

booking to complex mathematical calculations and continuous astronomical 

observations. If you can input the necessary data with correct instructions, computer will 

do the processing. 

 Storage Capacity − Computers can store a very large amount of data at a fraction of 
cost of traditional storage of files. Also, data is safe from normal wear and tear 

associated with paper. 



Input Devices 

Input device enables the user to send data, information or control signals to computer. Central 

processing unit of computer receives the input and processes it to produce output. 

Some of the popular input devices are: 

1. Keyboard 

2. Mouse 

3. Scanner 

4. Joystick 

5. Light Pen 

6. Track ball 

7. Digitizer 

8. Microphone 

9. Magnetic Ink Character Recognition (MICR) 

10. Optical Character Reader (OCR) 

Keyboard 

It is a basic input device that is used to enter data by pressing keys. It has different sets of keys 

for letters, numbers, characters and functions. QWERTY keyboard is the commonly used 

keyboard to enter data. 

 

Mouse 

It is a hand-held input device. It is used to move cursor or pointer across the screen. It generally 

has left and right button and a scroll wheel between them. Laptop computers come with a touch 

pad that works as a mouse. It lets you control the movement of cursor or pointer by moving your 

finger over the touchpad. 



 

Scanner 

Scanner uses the pictures and pages of text as input. It scans the picture or document. The 

scanned picture or document then converted into digital format or file and is displayed on the 

screen as output. Flatbed scanners are the commonly used scanners. 

 

Joystick 

It is also a pointing input device like the mouse. It is made up of a stick with spherical base. The 

base is fitted in socket that allows free movement of stick. The movement of stick controls the 

cursor or pointer on the screen. 

 

Light Pen 

Light pen is a computer input device that looks like a pen. The tip of light pen contains a light 

sensitive detector that enables the user to point to or select objects on the display screen. Its light 

sensitive tip detects the object location and sends the corresponding signals to the CPU. It also 

helps you draw on the screen if needed. 



 

Track ball 

It is a stationary input device that has ball mechanism to move the pointer or cursor on the 

screen. The ball is half inserted in the device and can be easily rolled with finger or thumb. The 

device has sensor to detect the rotation of ball. It is an ideal device if you have limited desk space 

as you don’t need to move it like a mouse. 

 

Digitizer 

It is a computer input device that has flat surface and usually comes with a stylus. It enables the 

user to draw images and graphics like we draw on paper with a pencil. The images or graphics 

drawn on the digitizer appear on the display screen. It can be used to capture handwritten 

signatures and data or images from taped papers. 

 



Microphone 

Microphone is a computer input device that is used to input the sound. It receives the sound, 

converts it into audio signals. The audio signals are converted into digital data and stored in the 

computer. The microphone also enables the user to telecommunicate with others. It is also used 

to add sound to presentations and with webcams for video conferencing. 

 

Magnetic Ink Character Recognition (MICR) 

MICR computer input device is designed to read the text printed with magnetic ink. It is widely 

used in banks to process the cheques. The details on the bottom of the cheque (MICR No.) are 

written with magnetic ink. The device reads the details and sends to computer for processing. It 

can process three hundred cheques in a minute with hundred-percent accuracy. 

 

Optical Character Reader (OCR) 

OCR computer input device is designed to convert the scanned images of handwritten, typed or 

printed text into digital text. It is widely used in offices and libraries to convert documents and 

books into electronic files. The converted documents can be edited if required. 

 

Output Devices 



Output device displays the result of processing of raw data that is entered in computer through an 

input device. There are number of output devices that display output in different ways such as 

text, images, hard copies and audio or video. 

Some of the popular output devices are: 

1. Monitor 

o CRT Monitor 

o LCD Monitor 

o LED Monitor 

o Plasma Monitor 

2. Printer 

o Impact Printers 

A. Character Printers 

i. Dot Matrix printers 

ii. Daisy Wheel printers 

B. Line printers 

i. Drum printers 

ii. Chain printers 

o Non-impact printers 

A. Laser printers 

B. Inkjet printers 

3. Projector 

 

Monitor 

Monitor is the display unit or screen of the computer. It is the main output device that displays 

the processed data or information as text, images, audio or video. 

The types of monitors are given below. 

CRT Monitor 

CRT monitors are based on the cathode ray tubes. Cathode rays tube produces beam of electrons 

that strikes on the inner phosphorescent surface of screen to produce images on the screen. 



 

LCD Monitor 

LCD monitor is a flat panel screen that is compact and light weight as compared to CRT 

monitors. It is based on liquid crystal display technology. It has two layers of polarized glass 

with liquid crystal solution between them. When the light passes through first layer an electric 

current aligns the liquids crystals. The aligned liquid crystals allow varying level of light to pass 

through the second layer to create images on the screen. 

 

LED monitor 

LED monitors also have flat panel display and use liquid crystal display technology like the LCD 

monitors. The difference between them lies in the source of light to backlight the display. The 

LED monitors use light emitting diodes to backlight the display and LCD monitors use cold 

cathode fluorescent light to backlight the display. 

 



Plasma Monitor 

It is also a flat panel display that is based on plasma display technology. It has small tiny cells 

between two glass panels. These cells contain mixtures of gases. When voltage is applied the gas 

in the cells turns into plasma and emits ultraviolet light that creates images on the screen. 

 

 

Printer 

Printer produces hard copies of the processed data. It enables the user to print images, text or any 

other information on paper. 

Based on the printing mechanism, the printers are of two types: Impact Printers and Non-impact 

printers. 

o Impact Printers 

A. Character Printers 

i. Dot Matrix printers 

ii. Daisy Wheel printers 

B. Line printers 

i. Drum printers 

ii. Chain printers 

o Non-impact printers 

A. Laser printers 

B. Inkjet printers 

Impact Printer 

Impact printer uses hammer or print head to print the character or images on the paper. The 

hammer or print head strikes or presses an ink ribbon against the paper to print characters and 

images. 

Impact printers are further divided into two types. 



A. Character Printers 

B. Line printers 

Character Printers 

Character printer prints a single character at a time or with a single stroke of print head or 

hammer. Dot Matrix printer and Daisy Wheel printer are examples of character printers. 

Dot Matrix Printer 

It is an impact printer. The characters and images printed by it are pattern of dots. These patterns 

are produced by striking the ink soaked ribbon against the paper with print head. 

 

Daisy Wheel Printer 

It consists of a wheel or disk that has spokes or extensions. At the end of extensions, molded 

metal characters are mounted. To print a character the printer rotates the wheel and when the 

desired character is on print location the hammer hits disk and the extension hits the ink ribbon 

against the paper to create the impression. 

 

Central Processing Unit (CPU) 

Central processing unit carries out all important functions of a computer. It receives instructions 

from both the hardware and active software and produces output accordingly. It is also called 

processer, central processor and microprocessor. It stores all important programs like operating 

system and application software. It also helps Input and output devices to communicate with 

each other. 

Generally, a CPU has three components: 

o ALU (Arithmetic Logic Unit) 



o Control Unit 

o Memory or Storage Unit 

 

Memory: It is called Random access memory (RAM). It temporarily stores data, programs and 

intermediate and final results of processing. 

Control Unit: It controls and coordinates the functioning of all parts of computer. It does not 

involve in processing and storing data. 

ALU: It performs arithmetic and logical functions. Arithmetic functions include addition, 

subtraction, multiplication and division. Logical functions mainly include selecting, comparing 

and merging the data. 

Hardware 

All tangible physical components of computer and the devices connected to it are hardware. 

Some of the popular examples of computer hardware are CPU, motherboard, monitor, mouse and 

keyboard. 

 



Motherboard 

Motherboard is generally a thin circuit board that holds together almost all parts of computer 

except input and output devices. All crucial hardware like CPU, memory, hard drive and ports 

for input and output devices are located on the motherboard. It allocates power to all hardware 

located on it and enables them to communicate with each other. 

 

Monitor 

It is the display unit of the computer. It is the basic output device that renders the processed data 

as text, images, audio or video. 

Keyboard 

It is the basic input device that is used to input data into the computer. It has different sets of 

keys to enter numbers, characters and symbols. 

Mouse 

It is an input device that is used to point to or select objects on the display screen of computer. 

Software 

It is a set of programs that enables the hardware to perform a specific task. All the programs that 

run the computer are software. Software is of two types; system software and application 

software. 

1) System Software 

System software is the main software that runs the computer. When you turn on the computer it 

activates the hardware and controls and coordinates their functioning. The application programs 

are also controlled by system software. Operating system is an example of system software. 



Operating System 

Operating system is the system software that works as an interface to enable the user 

communicate with the computer. It manages and coordinates the functioning of hardware and 

software of the computer. The commonly used operating systems are Microsoft Windows, Linux 

and Apple Mac OS X 

2) Application Software 

Applications software is a set of programs designed to perform a specific task. It does not control 

or coordinate the working of computer. A computer can run without application software. 

Application software can be easily installed or uninstalled as required. Microsoft Office Suite, 

Adobe Photoshop and any other software like payroll software or income tax software are 

application software. 

 

Computer Memory 

The computer memory holds the data and instructions needed to process raw data and produce 

output. The computer memory is divided into large number of small parts known as cells. Each 

cell has a unique address which varies from 0 to memory size minus one. 

Computer memory is of two types: Volatile (RAM) and Non-volatile (ROM). The secondary 

memory (hard disk) is referred as storage not memory. 

But, if we categorize memory on behalf of space or location, it is of four types: 

o Register memory 

o Cache memory 

o Primary memory 

o Secondary memory 

Computer Network 

A network set up by connecting two or more computers through communication channels is 

called computer network. It enables computers communicate with each other and to share 

commands, data and hardware and software resources. 

The popular computer networks are: 

o Local Area Network (LAN) 

o Metropolitan Area Network (MAN) 

o Wide Area Network (WAN) 



Local Area Network (LAN) 

As the name suggests, the local area network is confined to small geographical area like within 

an office, company, school or any other organization. Ethernet cables are used to set up LAN. 

 

Metropolitan Area Network (MAN) 

Metropolitan area network extends over a metropolitan area like a city or town. It is set up by 

connecting the local area networks of the city or town. It is ideal for the people of a particular 

region to share data or information. 

 

Wide Area Network (WAN) 

Wide area network covers large geographical area. It is not confined within office, school or a 

town. It is mainly set up by telecommunication lines. Big organizations like banks and 

multinational companies communicate with their branches and customers through WAN. 

Internet that we use is also a WAN. 

 

 

 



Computer - Number System 

When we type some letters or words, the computer translates them in numbers as computers can 

understand only numbers. A computer can understand the positional number system where there 

are only a few symbols called digits and these symbols represent different values depending on 

the position they occupy in the number. 

The value of each digit in a number can be determined using − 

 The digit 

 The position of the digit in the number 

 The base of the number system (where the base is defined as the total number of digits 

available in the number system) 

Decimal Number System 

The number system that we use in our day-to-day life is the decimal number system. Decimal 

number system has base 10 as it uses 10 digits from 0 to 9. In decimal number system, the 

successive positions to the left of the decimal point represent units, tens, hundreds, thousands, 

and so on. 

Each position represents a specific power of the base (10). For example, the decimal number 

1234 consists of the digit 4 in the unit’s position, 3 in the tens position, 2 in the hundreds 

position, and 1 in the thousands position. Its value can be written as 

(1 x 1000) + (2 x 100) + (3 x 10) + (4 x l) 

(1 x 10
3
)+ (2 x 10

2
)+ (3 x 10

1
)+ (4 x l0

0
) 

1000 + 200 + 30 + 4 

1234 

As a computer programmer or an IT professional, you should understand the following number 

systems which are frequently used in computers. 

S.No. Number System and Description 

1 
Binary Number System 

Base 2. Digits used: 0, 1 

2 Octal Number System 



Base 8. Digits used: 0 to 7 

3 
Hexa Decimal Number System 

Base 16. Digits used: 0 to 9, Letters used: A- F 

Binary Number System 

Characteristics of the binary number system are as follows − 

 Uses two digits, 0 and 1 

 Also called as base 2 number system 

 Each position in a binary number represents a 0 power of the base (2). Example 2
0
 

 Last position in a binary number represents a x power of the base (2). Example 

2
x
 where x represents the last position - 1. 

Example 

Binary Number: 101012 

Calculating Decimal Equivalent − 

Step Binary Number Decimal Number 

Step 1 101012 ((1 x 2
4
) + (0 x 2

3
) + (1 x 2

2
) + (0 x 2

1
) + (1 x 2

0
))10 

Step 2 101012 (16 + 0 + 4 + 0 + 1)10 

Step 3 101012 2110 

Note − 101012 is normally written as 10101. 

Octal Number System 

Characteristics of the octal number system are as follows − 

 Uses eight digits, 0,1,2,3,4,5,6,7 

 Also called as base 8 number system 



 Each position in an octal number represents a 0 power of the base (8). Example 8
0
 

 Last position in an octal number represents a x power of the base (8). Example 

8
x
 where x represents the last position - 1 

Example 

Octal Number: 125708 

Calculating Decimal Equivalent − 

Step Octal Number Decimal Number 

Step 1 125708 ((1 x 8
4
) + (2 x 8

3
) + (5 x 8

2
) + (7 x 8

1
) + (0 x 8

0
))10 

Step 2 125708 (4096 + 1024 + 320 + 56 + 0)10 

Step 3 125708 549610 

Note − 125708 is normally written as 12570. 

Hexadecimal Number System 

Characteristics of hexadecimal number system are as follows − 

 Uses 10 digits and 6 letters, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F 

 Letters represent the numbers starting from 10. A = 10. B = 11, C = 12, D = 13, E = 14, 

F = 15 

 Also called as base 16 number system 

 Each position in a hexadecimal number represents a 0 power of the base (16). Example, 

16
0
 

 Last position in a hexadecimal number represents a x power of the base (16). Example 

16
x
 where x represents the last position - 1 

Example 

Hexadecimal Number: 19FDE16 

Calculating Decimal Equivalent − 



Step Binary 

Number 

Decimal Number 

Step 1 19FDE16 ((1 x 16
4
) + (9 x 16

3
) + (F x 16

2
) + (D x 16

1
) + (E x 16

0
))10 

Step 2 19FDE16 ((1 x 16
4
) + (9 x 16

3
) + (15 x 16

2
) + (13 x 16

1
) + (14 x 16

0
))10 

Step 3 19FDE16 (65536+ 36864 + 3840 + 208 + 14)10 

Step 4 19FDE16 10646210 

Note − 19FDE16 is normally written as 19FDE. 

Computer - Number Conversion 

There are many methods or techniques which can be used to convert numbers from one base to 

another. In this chapter, we'll demonstrate the following − 

 Decimal to Other Base System 

 Other Base System to Decimal 

 Other Base System to Non-Decimal 

 Shortcut method - Binary to Octal 

 Shortcut method - Octal to Binary 

 Shortcut method - Binary to Hexadecimal 

 Shortcut method - Hexadecimal to Binary 

Decimal to Other Base System 

Step 1 − Divide the decimal number to be converted by the value of the new base. 

Step 2 − Get the remainder from Step 1 as the rightmost digit (least significant digit) of the new 

base number. 

Step 3 − Divide the quotient of the previous divide by the new base. 

Step 4 − Record the remainder from Step 3 as the next digit (to the left) of the new base 
number. 



Repeat Steps 3 and 4, getting remainders from right to left, until the quotient becomes zero in 

Step 3. 

The last remainder thus obtained will be the Most Significant Digit (MSD) of the new base 

number. 

Example 

Decimal Number: 2910 

Calculating Binary Equivalent − 

Step Operation Result Remainder 

Step 1 29 / 2 14 1 

Step 2 14 / 2 7 0 

Step 3 7 / 2 3 1 

Step 4 3 / 2 1 1 

Step 5 1 / 2 0 1 

As mentioned in Steps 2 and 4, the remainders have to be arranged in the reverse order so that 

the first remainder becomes the Least Significant Digit (LSD) and the last remainder becomes 

the Most Significant Digit (MSD). 

Decimal Number: 2910 = Binary Number: 111012. 

Other Base System to Decimal System 

Step 1 − Determine the column (positional) value of each digit (this depends on the position of 

the digit and the base of the number system). 

Step 2 − Multiply the obtained column values (in Step 1) by the digits in the corresponding 
columns. 

Step 3 − Sum the products calculated in Step 2. The total is the equivalent value in decimal. 



Example 

Binary Number: 111012 

Calculating Decimal Equivalent − 

Step Binary Number Decimal Number 

Step 1 111012 ((1 x 2
4
) + (1 x 2

3
) + (1 x 2

2
) + (0 x 2

1
) + (1 x 2

0
))10 

Step 2 111012 (16 + 8 + 4 + 0 + 1)10 

Step 3 111012 2910 

Binary Number: 111012 = Decimal Number: 2910 

Other Base System to Non-Decimal System 

Step 1 − Convert the original number to a decimal number (base 10). 

Step 2 − Convert the decimal number so obtained to the new base number. 

Example 

Octal Number: 258 

Calculating Binary Equivalent − 

Step 1 - Convert to Decimal 

Step Octal Number Decimal Number 

Step 1 258 ((2 x 8
1
) + (5 x 8

0
))10 

Step 2 258 (16 + 5)10 

Step 3 258 2110 

Octal Number: 258 = Decimal Number : 2110 



Step 2 - Convert Decimal to Binary 

Step Operation Result Remainder 

Step 1 21 / 2 10 1 

Step 2 10 / 2 5 0 

Step 3 5 / 2 2 1 

Step 4 2 / 2 1 0 

Step 5 1 / 2 0 1 

Decimal Number: 2110 = Binary Number: 101012 

Octal Number: 258 = Binary Number: 101012 

Shortcut Method ─ Binary to Octal 

Step 1 − Divide the binary digits into groups of three (starting from the right). 

Step 2 − Convert each group of three binary digits to one octal digit. 

Example 

Binary Number: 101012 

Calculating Octal Equivalent − 

Step Binary Number Octal Number 

Step 1 101012 010 101 

Step 2 101012 28 58 

Step 3 101012 258 



Binary Number: 101012 = Octal Number: 258 

Shortcut Method ─ Octal to Binary 

Step 1 − Convert each octal digit to a 3-digit binary number (the octal digits may be treated as 

decimal for this conversion). 

Step 2 − Combine all the resulting binary groups (of 3 digits each) into a single binary number. 

Example 

Octal Number: 258 

Calculating Binary Equivalent − 

Step Octal Number Binary Number 

Step 1 258 210 510 

Step 2 258 0102 1012 

Step 3 258 0101012 

Octal Number: 258 = Binary Number: 101012 

Shortcut Method ─ Binary to Hexadecimal 

Step 1 − Divide the binary digits into groups of four (starting from the right). 

Step 2 − Convert each group of four binary digits to one hexadecimal symbol. 

Example 

Binary Number: 101012 

Calculating hexadecimal Equivalent − 

Step Binary Number Hexadecimal Number 

Step 1 101012 0001 0101 



Step 2 101012 110 510 

Step 3 101012 1516 

Binary Number : 101012 = Hexadecimal Number : 1516 

Shortcut Method - Hexadecimal to Binary 

Step 1 − Convert each hexadecimal digit to a 4-digit binary number (the hexadecimal digits 

may be treated as decimal for this conversion). 

Step 2 − Combine all the resulting binary groups (of 4 digits each) into a single binary number. 

Example 

Hexadecimal Number: 1516 

Calculating Binary Equivalent − 

Step Hexadecimal Number Binary Number 

Step 1 1516 110 510 

Step 2 1516 00012 01012 

Step 3 1516 000101012 

Hexadecimal Number: 1516 = Binary Number: 101012 

 

 



UNIT 2 

 

Introduction to Programming Languages 

A computer is a computational device which is used to process the data under the control of a 
computer program. Program is a sequence of instruction along with data. While executing the 
program, raw data is processed into a desired output format. These computer programs are 
written in a programming language which are high level languages. High level languages are 
nearly human languages which are more complex then the computer understandable language 
which are called machine language, or low level language. 

Basic example of a computer program written in C programming language: 

#include<stdio.h> 

int main(void) 

{ 

    printf("C is a programming language"); 

    return 0; 

} 

Between high-level language and machine language there are assembly language also called 
symbolic machine code. Assembly language are particularly computer architecture specific. 
Utility program (Assembler) is used to convert assembly code into executable machine code. 
High Level Programming Language are portable but require Interpretation or compiling 
toconvert it into a machine language which is computer understood. 
 
Hierarchy of Computer language – 

 

Most Popular Programming Languages – 
 C 
 Python 
 C++ 
 Java 



 SCALA 
 C# 
 R 
 Ruby 
 Go 
 Swift 
 JavaScript 

Characteristics of a programming Language – 
 A programming language must be simple, easy to learn and use, have good readability and 

human recognizable. 
 Abstraction is a must-have Characteristics for a programming language in which ability to 

define the complex structure and then its degree of usability comes. 
 A portable programming language is always preferred. 
 Programming language’s efficiency must be high so that it can be easily converted into a 

machine code and executed consumes little space in memory. 
 A programming language should be well structured and documented so that it is suitable 

for application development. 
 Necessary tools for development, debugging, testing, maintenance of a program must be 

provided by a programming language. 
 A programming language should provide single environment known as Integrated 

Development Environment (IDE). 
 A programming language must be consistent in terms of syntax and semantics. 

 

Algorithm 

An algorithm is a set of steps of operations to solve a problem performing calculation, data 

processing, and automated reasoning tasks. An algorithm is an efficient method that can be 

expressed within finite amount of time and space. 

An algorithm is the best way to represent the solution of a particular problem in a very simple 

and efficient way. If we have an algorithm for a specific problem, then we can implement it in 

any programming language, meaning that the algorithm is independent from any 

programming languages. 

Algorithm Design 

The important aspects of algorithm design include creating an efficient algorithm to solve a 

problem in an efficient way using minimum time and space. 

To solve a problem, different approaches can be followed. Some of them can be efficient with 

respect to time consumption, whereas other approaches may be memory efficient. However, one 

has to keep in mind that both time consumption and memory usage cannot be optimized 

simultaneously. If we require an algorithm to run in lesser time, we have to invest in more 

memory and if we require an algorithm to run with lesser memory, we need to have more time. 



Problem Development Steps 

The following steps are involved in solving computational problems. 

 Problem definition 

 Development of a model 

 Specification of an Algorithm 

 Designing an Algorithm 

 Checking the correctness of an Algorithm 

 Analysis of an Algorithm 

 Implementation of an Algorithm 

 Program testing 

 Documentation 

Characteristics of Algorithms 

The main characteristics of algorithms are as follows − 

 Algorithms must have a unique name 

 Algorithms should have explicitly defined set of inputs and outputs 

 Algorithms are well-ordered with unambiguous operations 

 Algorithms halt in a finite amount of time. Algorithms should not run for infinity, i.e., an 

algorithm must end at some point 

Pseudocode 

Pseudocode gives a high-level description of an algorithm without the ambiguity associated 

with plain text but also without the need to know the syntax of a particular programming 

language. 

The running time can be estimated in a more general manner by using Pseudocode to represent 

the algorithm as a set of fundamental operations which can then be counted. 

Difference between Algorithm and Pseudocode 

An algorithm is a formal definition with some specific characteristics that describes a process, 

which could be executed by a Turing-complete computer machine to perform a specific task. 

Generally, the word "algorithm" can be used to describe any high level task in computer 

science. 



On the other hand, pseudocode is an informal and (often rudimentary) human readable 

description of an algorithm leaving many granular details of it. Writing a pseudocode has no 

restriction of styles and its only objective is to describe the high level steps of algorithm in a 

much realistic manner in natural language. 

For example, following is an algorithm for Insertion Sort. 

Algorithm: Insertion-Sort  
Input: A list L of integers of length n   
Output: A sorted list L1 containing those integers present in L  
Step 1: Keep a sorted list L1 which starts off empty   
Step 2: Perform Step 3 for each element in the original list L   
Step 3: Insert it into the correct position in the sorted list L1.   
Step 4: Return the sorted list  
Step 5: Stop 

Here is a pseudocode which describes how the high level abstract process mentioned above in 

the algorithm Insertion-Sort could be described in a more realistic way. 

for i <- 1 to length(A)  
   x <- A[i]  
   j <- i  
   while j > 0 and A[j-1] > x  
      A[j] <- A[j-1]  
      j <- j - 1  
   A[j] <- x 

In this tutorial, algorithms will be presented in the form of pseudocode, that is similar in many 

respects to C, C++, Java, Python, and other programming languages. 

 

Flowchart is a diagrammatic representation of sequence of logical steps of a program. 

Flowcharts use simple geometric shapes to depict processes and arrows to show relationships 

and process/data flow. 

Flowchart Symbols 

Here is a chart for some of the common symbols used in drawing flowcharts. 

Symbol Symbol Name Purpose 

 

Start/Stop 
Used at the beginning and end of the algorithm 
to show start and end of the program. 



 

Process 
Indicates processes like mathematical 
operations. 

 

Input/ Output Used for denoting program inputs and outputs. 

 

Decision 

Stands for decision statements in a program, 
where answer is usually Yes or No. 

 

Arrow 

Shows relationships between different shapes. 

 

On-page Connector 

Connects two or more parts of a flowchart, 
which are on the same page. 

 

Off-page Connector 

Connects two parts of a flowchart which are 
spread over different pages. 

Guidelines for Developing Flowcharts 

These are some points to keep in mind while developing a flowchart − 

 Flowchart can have only one start and one stop symbol 

 On-page connectors are referenced using numbers 

 Off-page connectors are referenced using alphabets 

 General flow of processes is top to bottom or left to right 

 Arrows should not cross each other 



Example Flowcharts 

Here is the flowchart for going to the market to purchase a pen. 

 

Here is a flowchart to calculate the average of two numbers. 



 

 

C is a general-purpose, high-level language that was originally developed by Dennis M. Ritchie 

to develop the UNIX operating system at Bell Labs. C was originally first implemented on the 

DEC PDP-11 computer in 1972. 

In 1978, Brian Kernighan and Dennis Ritchie produced the first publicly available description 

of C, now known as the K&R standard. 

The UNIX operating system, the C compiler, and essentially all UNIX application programs 

have been written in C. C has now become a widely used professional language for various 

reasons − 

 Easy to learn 

 Structured language 

 It produces efficient programs 

 It can handle low-level activities 



 It can be compiled on a variety of computer platforms 

Facts about C 

 C was invented to write an operating system called UNIX. 

 C is a successor of B language which was introduced around the early 1970s. 

 The language was formalized in 1988 by the American National Standard Institute 

(ANSI). 

 The UNIX OS was totally written in C. 

 Today C is the most widely used and popular System Programming Language. 

 Most of the state-of-the-art software have been implemented using C. 

 Today's most popular Linux OS and RDBMS MySQL have been written in C. 

Why use C? 

C was initially used for system development work, particularly the programs that make-up the 

operating system. C was adopted as a system development language because it produces code 

that runs nearly as fast as the code written in assembly language. Some examples of the use of C 

might be − 

 Operating Systems 

 Language Compilers 

 Assemblers 

 Text Editors 

 Print Spoolers 

 Network Drivers 

 Modern Programs 

 Databases 

 Language Interpreters 

 Utilities 

C Programs 

A C program can vary from 3 lines to millions of lines and it should be written into one or more 

text files with extension ".c"; for example, hello.c. You can use "vi", "vim" or any other text 

editor to write your C program into a file. 



This tutorial assumes that you know how to edit a text file and how to write source code inside a 

program file. 

 

Keywords 

The following list shows the reserved words in C. These reserved words may not be used as 

constants or variables or any other identifier names. 

auto else long switch 

break enum register typedef 

case extern return union 

char float short unsigned 

const for signed void 

continue goto sizeof volatile 

default if static while 

do int struct _Packed 

double   
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Data types in c refer to an extensive system used for declaring variables or functions of different 

types. The type of a variable determines how much space it occupies in storage and how the bit 

pattern stored is interpreted. 

The types in C can be classified as follows − 

Sr.No. Types & Description 

1 Basic Types 

They are arithmetic types and are further classified into: (a) integer types and (b) 

floating-point types. 

2 Enumerated types 

They are again arithmetic types and they are used to define variables that can 

only assign certain discrete integer values throughout the program. 

3 The type void 

The type specifier void indicates that no value is available. 

4 Derived types 

They include (a) Pointer types, (b) Array types, (c) Structure types, (d) Union 

types and (e) Function types. 

The array types and structure types are referred collectively as the aggregate types. The type of 

a function specifies the type of the function's return value. We will see the basic types in the 

following section, where as other types will be covered in the upcoming chapters. 

Integer Types 

The following table provides the details of standard integer types with their storage sizes and 

value ranges − 
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Type Storage size Value range 

char 1 byte -128 to 127 or 0 to 255 

unsigned char 1 byte 0 to 255 

signed char 1 byte -128 to 127 

int 2 or 4 bytes 
-32,768 to 32,767 or -2,147,483,648 to 
2,147,483,647 

unsigned int 2 or 4 bytes 0 to 65,535 or 0 to 4,294,967,295 

short 2 bytes -32,768 to 32,767 

unsigned short 2 bytes 0 to 65,535 

long 4 bytes -2,147,483,648 to 2,147,483,647 

unsigned long 4 bytes 0 to 4,294,967,295 

To get the exact size of a type or a variable on a particular platform, you can use 

the sizeof operator. The expressions sizeof(type) yields the storage size of the object or type in 

bytes. Given below is an example to get the size of int type on any machine − 

#include <stdio.h> 

#include <limits.h> 

 

int main() { 

   printf("Storage size for int : %d \n", sizeof(int)); 



    

   return 0; 

} 

When you compile and execute the above program, it produces the following result on Linux − 

Storage size for int : 4 

Floating-Point Types 

The following table provide the details of standard floating-point types with storage sizes and 

value ranges and their precision − 

Type Storage size Value range Precision 

float 4 byte 1.2E-38 to 3.4E+38 6 decimal places 

double 8 byte 2.3E-308 to 1.7E+308 15 decimal places 

long double 10 byte 3.4E-4932 to 1.1E+4932 19 decimal places 

The header file float.h defines macros that allow you to use these values and other details about 

the binary representation of real numbers in your programs. The following example prints the 

storage space taken by a float type and its range values − 

#include <stdio.h> 

#include <float.h> 

 

int main() { 

   printf("Storage size for float : %d \n", sizeof(float)); 

   printf("Minimum float positive value: %E\n", FLT_MIN ); 

   printf("Maximum float positive value: %E\n", FLT_MAX ); 

   printf("Precision value: %d\n", FLT_DIG ); 



    

   return 0; 

} 

When you compile and execute the above program, it produces the following result on Linux − 

Storage size for float : 4 
Minimum float positive value: 1.175494E-38 
Maximum float positive value: 3.402823E+38 
Precision value: 6 

The void Type 

The void type specifies that no value is available. It is used in three kinds of situations − 

Sr.No. Types & Description 

1 Function returns as void 

There are various functions in C which do not return any value or you can say 

they return void. A function with no return value has the return type as void. For 

example, void exit (int status); 

2 Function arguments as void 

There are various functions in C which do not accept any parameter. A function 

with no parameter can accept a void. For example, int rand(void); 

3 Pointers to void 

A pointer of type void * represents the address of an object, but not its type. For 

example, a memory allocation function void *malloc( size_t size ); returns a 

pointer to void which can be casted to any data type. 

 

C - Variable 

A variable is nothing but a name given to a storage area that our programs can manipulate. Each 

variable in C has a specific type, which determines the size and layout of the variable's memory; 



the range of values that can be stored within that memory; and the set of operations that can be 

applied to the variable. 

The name of a variable can be composed of letters, digits, and the underscore character. It must 

begin with either a letter or an underscore. Upper and lowercase letters are distinct because C is 

case-sensitive. Based on the basic types explained in the previous chapter, there will be the 

following basic variable types − 

Sr.No. Type & Description 

1 char 

Typically a single octet(one byte). This is an integer type. 

2 int 

The most natural size of integer for the machine. 

3 float 

A single-precision floating point value. 

4 double 

A double-precision floating point value. 

5 void 

Represents the absence of type. 

C programming language also allows to define various other types of variables, which we will 

cover in subsequent chapters like Enumeration, Pointer, Array, Structure, Union, etc. For this 

chapter, let us study only basic variable types. 

Variable Definition in C 

A variable definition tells the compiler where and how much storage to create for the variable. 

A variable definition specifies a data type and contains a list of one or more variables of that 

type as follows − 

type variable_list; 



Here, type must be a valid C data type including char, w_char, int, float, double, bool, or any 

user-defined object; and variable_list may consist of one or more identifier names separated by 

commas. Some valid declarations are shown here − 

int    i, j, k; 
char   c, ch; 
float  f, salary; 
double d; 

The line int i, j, k; declares and defines the variables i, j, and k; which instruct the compiler to 

create variables named i, j and k of type int. 

Variables can be initialized (assigned an initial value) in their declaration. The initializer 

consists of an equal sign followed by a constant expression as follows − 

type variable_name = value; 

Some examples are − 

extern int d = 3, f = 5;    // declaration of d and f.  
int d = 3, f = 5;           // definition and initializing d and f.  
byte z = 22;                // definition and initializes z.  
char x = 'x';               // the variable x has the value 'x'. 

For definition without an initializer: variables with static storage duration are implicitly 

initialized with NULL (all bytes have the value 0); the initial value of all other variables are 

undefined. 

Variable Declaration in C 

A variable declaration provides assurance to the compiler that there exists a variable with the 

given type and name so that the compiler can proceed for further compilation without requiring 

the complete detail about the variable. A variable definition has its meaning at the time of 

compilation only, the compiler needs actual variable definition at the time of linking the 

program. 

A variable declaration is useful when you are using multiple files and you define your variable 

in one of the files which will be available at the time of linking of the program. You will use the 

keyword extern to declare a variable at any place. Though you can declare a variable multiple 

times in your C program, it can be defined only once in a file, a function, or a block of code. 

Example 

Try the following example, where variables have been declared at the top, but they have been 

defined and initialized inside the main function − 



#include <stdio.h> 

 

// Variable declaration: 

extern int a, b; 

extern int c; 

extern float f; 

 

int main () { 

 

   /* variable definition: */ 

   int a, b; 

   int c; 

   float f; 

  

   /* actual initialization */ 

   a = 10; 

   b = 20; 

   

   c = a + b; 

   printf("value of c : %d \n", c); 

 

   f = 70.0/3.0; 

   printf("value of f : %f \n", f); 

  

   return 0; 



} 

When the above code is compiled and executed, it produces the following result − 

value of c : 30 
value of f : 23.333334 

 

Defining Constants 

There are two simple ways in C to define constants − 

 Using #define preprocessor. 

 Using const keyword. 

The #define Preprocessor 

Given below is the form to use #define preprocessor to define a constant − 

#define identifier value 

The following example explains it in detail − 

#include <stdio.h> 

 

#define LENGTH 10    

#define WIDTH  5 

#define NEWLINE '\n' 

 

int main() { 

   int area;   

   

   area = LENGTH * WIDTH; 

   printf("value of area : %d", area); 

   printf("%c", NEWLINE); 

 



   return 0; 

} 

When the above code is compiled and executed, it produces the following result − 

value of area : 50 

The const Keyword 

You can use const prefix to declare constants with a specific type as follows − 

const type variable = value; 

The following example explains it in detail − 

#include <stdio.h> 

 

int main() { 

   const int  LENGTH = 10; 

   const int  WIDTH = 5; 

   const char NEWLINE = '\n'; 

   int area;   

    

   area = LENGTH * WIDTH; 

   printf("value of area : %d", area); 

   printf("%c", NEWLINE); 

 

   return 0; 

} 

When the above code is compiled and executed, it produces the following result − 

value of area : 50 

 



C - Header Files 

 

A header file is a file with extension .h which contains C function declarations and macro 

definitions to be shared between several source files. There are two types of header files: the 

files that the programmer writes and the files that comes with your compiler. 

You request to use a header file in your program by including it with the C preprocessing 

directive #include, like you have seen inclusion of stdio.h header file, which comes along with 

your compiler. 

Including a header file is equal to copying the content of the header file but we do not do it 

because it will be error-prone and it is not a good idea to copy the content of a header file in the 

source files, especially if we have multiple source files in a program. 

A simple practice in C or C++ programs is that we keep all the constants, macros, system wide 

global variables, and function prototypes in the header files and include that header file 

wherever it is required. 

 

C Input and Output 

Input means to provide the program with some data to be used in the program 
and Output means to display data on screen or write the data to a printer or a file. 

C programming language provides many built-in functions to read any given input and to display 
data on screen when there is a need to output the result. 

In this tutorial, we will learn about such functions, which can be used in our program to take 
input from user and to output the result on screen. 

All these built-in functions are present in C header files, we will also specify the name of header 
files in which a particular function is defined while discussing about it. 

 

scanf() and printf() functions 

The standard input-output header file, named stdio.h contains the definition of the 
functions printf() and scanf(), which are used to display output on screen and to take input from 
user respectively. 

When you will compile the above code, it will ask you to enter a value. When you will enter the 
value, it will display the value you have entered on screen. 



You must be wondering what is the purpose of %d inside the scanf() or printf() functions. It is 
known as format string and this informs the scanf() function, what type of input to expect and 
in printf() it is used to give a heads up to the compiler, what type of output to expect. 

Format String Meaning 

%d Scan or print an integer as signed decimal number 

%f Scan or print a floating point number 

%c To scan or print a character 

%s To scan or print a character string. The scanning ends at whitespace. 

We can also limit the number of digits or characters that can be input or output, by adding a 
number with the format string specifier, like "%1d" or "%3s", the first one means a single 
numeric digit and the second one means 3 characters, hence if you try to input 42, 
while scanf() has "%1d", it will take only 4 as input. Same is the case for output. 

In C Language, computer monitor, printer etc output devices are treated as files and the same 
process is followed to write output to these devices as would have been followed to write the 
output to a file. 

getchar() & putchar() functions 

The getchar() function reads a character from the terminal and returns it as an integer. This 
function reads only single character at a time. You can use this method in a loop in case you 
want to read more than one character. The putchar() function displays the character passed to it 
on the screen and returns the same character. This function too displays only a single character at 
a time. In case you want to display more than one characters, use putchar() method in a loop. 

Errors in C/C++ 

Error is an illegal operation performed by the user which results in abnormal working of the 
program. 
Programming errors often remain undetected until the program is compiled or executed. Some of 
the errors inhibit the program from getting compiled or executed. Thus errors should be removed 
before compiling and executing. 
The most common errors can be broadly classified as follows. 

Type of errors 
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1. Syntax errors: Errors that occur when you violate the rules of writing C/C++ syntax are 
known as syntax errors. This compiler error indicates something that must be fixed before 
the code can be compiled. All these errors are detected by compiler and thus are known as 
compile-time errors. 
Most frequent syntax errors are: 
 Missing Parenthesis (}) 
 Printing the value of variable without declaring it 
 Missing semicolon like this: 

 

// C program to illustrate  
// syntax error  
#include<stdio.h>  
void main()  
{  
    int x = 10;  
    int y = 15;   
       
    printf("%d", (x, y)) // semicolon missed  
}  
Error: 

 
 
 
error: expected ';' before '}' token 

 Syntax of a basic construct is written wrong. For example : while loop 
 

// C program to illustrate  
// syntax error  
#include<stdio.h>  
int main(void)  
{  
    // while() cannot contain "." as an argument.  
    while(.)   
    {  
        printf("hello");  
    }  



    return 0;  
}  
Error: 

error: expected expression before '.' token 

     while(.)  

In the given example, the syntax of while loop is incorrect. This causes a syntax error. 

2. Run-time Errors : Errors which occur during program execution(run-time) after 
successful compilation are called run-time errors. One of the most common run-time error 
is division by zero also known as Division error. These types of error are hard to find as the 
compiler doesn’t point to the line at which the error occurs. 
For more understanding run the example given below. 
 

// C program to illustrate  
// run-time error  
#include<stdio.h>  
void main()  
{  
    int n = 9, div = 0;  
     
    // wrong logic  
    // number is divided by 0,  
    // so this program abnormally terminates  
    div = n/0;  
       
    printf("resut = %d", div);  
}  
Error: 

warning: division by zero [-Wdiv-by-zero] 

     div = n/0; 

In the given example, there is Division by zero error. This is an example of run-time error 
i.e errors occurring while running the program. 

3. Linker Errors: These error occurs when after compilation we link the different object files 
with main’s object using Ctrl+F9 key(RUN). These are errors generated when the 
executable of the program cannot be generated. This may be due to wrong function 
prototyping, incorrect header files. One of the most common linker error is 
writing Main() instead of main(). 
 

// C program to illustrate  
// linker error  
#include<stdio.h>  
   



void Main() // Here Main() should be main()  
{  
    int a = 10;  
    printf("%d", a);   
}  
Error: 

(.text+0x20): undefined reference to `main' 

4. Logical Errors : On compilation and execution of a program, desired output is not 
obtained when certain input values are given. These types of errors which provide incorrect 
output but appears to be error free are called logical errors. These are one of the most 
common errors done by beginners of programming. 
These errors solely depend on the logical thinking of the programmer and are easy to detect 
if we follow the line of execution and determine why the program takes that path of 
execution. 
 

// C program to illustrate  
// logical error  
int main()  
{  
    int i = 0;  
   
    // logical error : a semicolon after loop  
    for(i = 0; i < 3; i++);  
    {  
        printf("loop ");  
        continue;  
    }   
    getchar();  
    return 0;  
}  
No output 

5. Semantic errors : This error occurs when the statements written in the program are not 
meaningful to the compiler. 
 

// C program to illustrate  
// semantic error  
void main()  
{  
  int a, b, c;  
  a + b = c; //semantic error  
}  
Error 

 error: lvalue required as left operand of assignment 



 a + b = c; //semantic error 

Operators Precedence in C 

Operator precedence determines the grouping of terms in an expression and decides how an 

expression is evaluated. Certain operators have higher precedence than others; for example, the 
multiplication operator has a higher precedence than the addition operator. 

For example, x = 7 + 3 * 2; here, x is assigned 13, not 20 because operator * has a higher 

precedence than +, so it first gets multiplied with 3*2 and then adds into 7. 

Here, operators with the highest precedence appear at the top of the table, those with the lowest 

appear at the bottom. Within an expression, higher precedence operators will be evaluated first. 

Category Operator Associativity 

Postfix () [] -> . ++ - - Left to right 

Unary + - ! ~ ++ - - (type)* & sizeof Right to left 

Multiplicative * / % Left to right 

Additive + - Left to right 

Shift << >> Left to right 

Relational < <= > >= Left to right 

Equality == != Left to right 

Bitwise AND & Left to right 

Bitwise XOR ^ Left to right 



Bitwise OR | Left to right 

Logical AND && Left to right 

Logical OR || Left to right 

Conditional ?: Right to left 

Assignment = += -= *= /= %=>>= <<= &= ^= |= Right to left 

Comma , Left to right 

 

The Programming Process 

Computers do not understand human languages. In fact, at the lowest level, computers only 
understand sequences of numbers that represent operational codes (op codes for short). On the 
other hand, it would be very difficult for humans to write programs in terms of op codes. 
Therefore, programming languages were invented to make it easier for humans to write computer 
programs. 

Programming languages are for humans to read and understand. The program (source code) must 
be translated into machine language so that the computer can execute the program (as the 
computer only understands machine language). The way that this translation occurs depends on 
whether the programming language is a compiled language or an interpreted language. 

Compiled languages (e.g. C, C++) 

The following illustrates the programming process for a compiled programming language. 



 

A compiler takes the program code (source code) and converts the source code to a machine 
language module (called an object file). Another specialized program, called a linker, combines 
this object file with other previously compiled object files (in particular run-time modules) to 
create an executable file. This process is diagrammed below. Click Initial build to see an 
animation of how the executable is created. Click Run executable to simulate the running of an 
already created executable file. Click Rebuild to simulate rebuilding of the executable file. 

 



UNIT 3 

What is a Conditional Statement? 

In a 'C' program are executed sequentially. This happens when there is no condition around the 

statements. If you put some condition for a block of statements the flow of execution might 

change based on the result evaluated by the condition. This process is referred to as decision 

making in 'C.' The decision-making statements are also called as control statements. 

In 'C' programming conditional statements are possible with the help of the following two 

constructs: 

1. If statement 

2. If-else statement 

It is also called as branching as a program decides which statement to execute based on the result 

of the evaluated condition. 

In this tutorial, you will learn- 

 What is a Conditional Statement? 

 If statement 

 Relational Operators 

 The If-Else statement 

 Conditional Expressions 

 Nested If-else Statements 

 Nested Else-if statements 

If statement 

It is one of the powerful conditional statement. If statement is responsible for modifying the flow 

of execution of a program. If statement is always used with a condition. The condition is 

evaluated first before executing any statement inside the body of If. The syntax for if statement is 

as follows: 

 if (condition)  

     instruction;  

The condition evaluates to either true or false. True is always a non-zero value, and false is a 

value that contains zero. Instructions can be a single instruction or a code block enclosed by 

curly braces { }. 

Following program illustrates the use of if construct in 'C' programming: 
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#include<stdio.h> 

int main() 

{ 

 int num1=1; 

 int num2=2; 

 if(num1<num2)  //test-condition 

 { 

  printf("num1 is smaller than num2"); 

 } 

 return 0; 

} 

Output: 

num1 is smaller than num2 

The above program illustrates the use of if construct to check equality of two numbers. 

 

1. In the above program, we have initialized two variables with num1, num2 with value as 

1, 2 respectively. 

2. Then, we have used if with a test-expression to check which number is the smallest and 

which number is the largest. We have used a relational expression in if construct. Since 

the value of num1 is smaller than num2, the condition will evaluate to true. 

3. Thus it will print the statement inside the block of If. After that, the control will go 

outside of the block and program will be terminated with a successful result. 

Relational Operators 

C has six relational operators that can be used to formulate a Boolean expression for making a 

decision and testing conditions, which returns true or false : 

< less than 
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<= less than or equal to 

> greater than 

>= greater than or equal to 

== equal to 

!= not equal to 

Notice that the equal test (==) is different from the assignment operator (=) because it is one of 

the most common problems that a programmer faces by mixing them up. 

For example: 

int x = 41; 

x =x+ 1; 

if (x == 42) { 

   printf("You succeed!");} 

Output : 

 You succeed  

Keep in mind that a condition that evaluates to a non-zero value is considered as true. 

For example: 

int present = 1; 

if (present) 

  printf("There is someone present in the classroom \n"); 

Output : 

There is someone present in the classroom  

The If-Else statement 

 

The if-else is statement is an extended version of If. The general form of if-else is as follows: 

if (test-expression) 

{ 
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    True block of statements 

} 

Else 

{ 

    False block of statements 

} 

Statements; 

n this type of a construct, if the value of test-expression is true, then the true block of statements 

will be executed. If the value of test-expression if false, then the false block of statements will be 

executed. In any case, after the execution, the control will be automatically transferred to the 

statements appearing outside the block of If. 

Following programs illustrate the use of the if-else construct: 

We will initialize a variable with some value and write a program to determine if the value is less 

than ten or greater than ten. 

Let's start. 

#include<stdio.h> 

int main() 

{ 

 int num=19; 

 if(num<10) 

 { 

  printf("The value is less than 10"); 

 } 

 else 

 { 

  printf("The value is greater than 10"); 

 } 

 return 0; 

} 

Output: 

The value is greater than 10 



 

1. We have initialized a variable with value 19. We have to find out whether the number is 

bigger or smaller than 10 using a 'C' program. To do this, we have used the if-else 

construct. 

2. Here we have provided a condition num<10 because we have to compare our value with 

10. 

3. As you can see the first block is always a true block which means, if the value of test-

expression is true then the first block which is If, will be executed. 

4. The second block is an else block. This block contains the statements which will be 

executed if the value of the test-expression becomes false. In our program, the value of 

num is greater than ten hence the test-condition becomes false and else block is executed. 

Thus, our output will be from an else block which is "The value is greater than 10". After 

the if-else, the program will terminate with a successful result. 

In 'C' programming we can use multiple if-else constructs within each other which are referred to 

as nesting of if-else statements. 

Conditional Expressions 

There is another way to express an if-else statement is by introducing the ?: operator. In a 

conditional expression the ?: operator has only one statement associated with the if and the else. 

For example: 

#include <stdio.h> 

int main() { 

  int y; 

  int x = 2; 

   y = (x >= 6) ?  6 : x;/* This is equivalent to:  if (x >= 5)    y = 5;  else    y = x; */ 

   printf("y =%d ",y); 

  return 0;} 
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Output : 

y =2 

Nested If-else Statements 

When a series of decision is required, nested if-else is used. Nesting means using one if-else 

construct within another one. 

Let's write a program to illustrate the use of nested if-else. 

#include<stdio.h> 

int main() 

{ 

 int num=1; 

 if(num<10) 

 { 

  if(num==1) 

  { 

   printf("The value is:%d\n",num); 

  } 

  else 

  { 

   printf("The value is greater than 1"); 

  } 

 } 

 else 

 { 

  printf("The value is greater than 10"); 

 } 

 return 0; 

} 

Output: 

The value is:1 

The above program checks if a number is less or greater than 10 and prints the result using 

nested if-else construct. 
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1. Firstly, we have declared a variable num with value as 1. Then we have used if-else 

construct. 

2. In the outer if-else, the condition provided checks if a number is less than 10. If the 

condition is true then and only then it will execute the inner loop. In this case, the 

condition is true hence the inner block is processed. 

3. In the inner block, we again have a condition that checks if our variable contains the 

value 1 or not. When a condition is true, then it will process the If block otherwise it will 

process an else block. In this case, the condition is true hence the If a block is executed 

and the value is printed on the output screen. 

4. The above program will print the value of a variable and exit with success. 

Try changing the value of variable see how the program behaves. 

NOTE: In nested if-else, we have to be careful with the indentation because multiple if-else 

constructs are involved in this process, so it becomes difficult to figure out individual constructs. 

Proper indentation makes it easy to read the program. 

Nested Else-if statements 

Nested else-if is used when multipath decisions are required. 

The general syntax of how else-if ladders are constructed in 'C' programming is as follows: 

 if (test - expression 1) { 

    statement1; 

} else if (test - expression 2) { 

    Statement2; 

} else if (test - expression 3) { 

    Statement3; 

} else if (test - expression n) { 

    Statement n; 

} else { 

    default; 

} 

Statement x; 

This type of structure is known as the else-if ladder. This chain generally looks like a ladder 

hence it is also called as an else-if ladder. The test-expressions are evaluated from top to bottom. 

Whenever a true test-expression if found, statement associated with it is executed. When all the n 

test-expressions becomes false, then the default else statement is executed. 

Let us see the actual working with the help of a program. 

#include<stdio.h> 

int main() 



{ 

 int marks=83; 

 if(marks>75){ 

  printf("First class"); 

 } 

 else if(marks>65){ 

  printf("Second class"); 

 } 

 else if(marks>55){ 

  printf("Third class"); 

 } 

 else{ 

  printf("Fourth class"); 

 } 

 return 0; 

} 

Output: 

First class 

The above program prints the grade as per the marks scored in a test. We have used the else-if 

ladder construct in the above program. 

 

1. We have initialized a variable with marks. In the else-if ladder structure, we have 

provided various conditions. 
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2. The value from the variable marks will be compared with the first condition since it is 

true the statement associated with it will be printed on the output screen. 

3. If the first test condition turns out false, then it is compared with the second condition. 

4. This process will go on until the all expression is evaluated otherwise control will go out 

of the else-if ladder, and default statement will be printed. 

Try modifying the value and notice the change in the output. 

Summary 

 Decision making or branching statements are used to select one path based on the result 

of the evaluated expression. 

 It is also called as control statements because it controls the flow of execution of a 

program. 

 'C' provides if, if-else constructs for decision-making statements. 

 We can also nest if-else within one another when multiple paths have to be tested. 

 The else-if ladder is used when we have to check various ways based upon the result of 

the expression. 

C – Loops 

 

You may encounter situations, when a block of code needs to be executed several number of 

times. In general, statements are executed sequentially: The first statement in a function is 

executed first, followed by the second, and so on. 

Programming languages provide various control structures that allow for more complicated 

execution paths. 

A loop statement allows us to execute a statement or group of statements multiple times. Given 

below is the general form of a loop statement in most of the programming languages − 



 

C programming language provides the following types of loops to handle looping requirements. 

Sr.No. Loop Type & Description 

1 while loop 

Repeats a statement or group of statements while a given condition is true. It 

tests the condition before executing the loop body. 

2 for loop 

Executes a sequence of statements multiple times and abbreviates the code that 

manages the loop variable. 

3 do...while loop 

It is more like a while statement, except that it tests the condition at the end of 

the loop body. 

4 nested loops 

You can use one or more loops inside any other while, for, or do..while loop. 
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Loop Control Statements 

Loop control statements change execution from its normal sequence. When execution leaves a 

scope, all automatic objects that were created in that scope are destroyed. 

C supports the following control statements. 

Sr.No. Control Statement & Description 

1 break statement 

Terminates the loop or switch statement and transfers execution to the statement 

immediately following the loop or switch. 

2 continue statement 

Causes the loop to skip the remainder of its body and immediately retest its 

condition prior to reiterating. 

3 goto statement 

Transfers control to the labeled statement. 

The Infinite Loop 

A loop becomes an infinite loop if a condition never becomes false. The forloop is traditionally 

used for this purpose. Since none of the three expressions that form the 'for' loop are required, 

you can make an endless loop by leaving the conditional expression empty. 

#include <stdio.h> 

  

int main () { 

 

   for( ; ; ) { 

      printf("This loop will run forever.\n"); 

   } 
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   return 0; 

} 

When the conditional expression is absent, it is assumed to be true. You may have an 

initialization and increment expression, but C programmers more commonly use the for (; ;) 

construct to signify an infinite loop. 

NOTE − You can terminate an infinite loop by pressing Ctrl + C keys. 

 



Unit 4 
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 C Arrays 

 How to declate arrays? 

 How to access array elements? 

 How to initialize an array? 

 How to insert elements to an array? 

 Initialize array during declaration 

 Example: Arrays 

 Be careful while using arrays in C 

 

An array is a collection of a fixed number of values of a single type. For example: if you want to 

store 100 integers in sequence, you can create an array for it. 

int data[100]; 

The size and type of arrays cannot be changed after its declaration. 

Arrays are of two types: 
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1. One-dimensional arrays 

2. Multidimensional arrays (will be discussed in next chapter) 

 

How to declare arrays? 

data_type array_name[array_size]; 

For example, 

float mark[5]; 

Here, we declared an array, mark, of floating-point type and size 5. Meaning, it can hold 5 

floating-point values. 

 

Elements of an Array and How to access them? 

You can access elements of an array by indices. 

Suppose you declared an array mark as above. The first element is mark[0], second element 

is mark[1] and so on. 

 

Few key notes: 

 Arrays have 0 as the first index not 1. In this example, mark[0] 

 If the size of an array is n, to access the last element, (n-1) index is used. In this 

example, mark[4] 

 Suppose the starting address of mark[0] is 2120d. Then, the next address, a[1], will be 

2124d, address of a[2] will be 2128d and so on. It's because the size of a float is 4 bytes. 
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How to initialize an array? 

It's possible to initialize an array during declaration. For example, 

int mark[5] = {19, 10, 8, 17, 9}; 

Another method to initialize array during declaration: 

int mark[] = {19, 10, 8, 17, 9}; 

 

 

Here, 

mark[0] is equal to 19 

mark[1] is equal to 10 

mark[2] is equal to 8 

mark[3] is equal to 17 

mark[4] is equal to 9 

 

 

How to insert and print array elements? 



int mark[5] = {19, 10, 8, 17, 9} 

 

// insert different value to third element 

mark[3] = 9; 

 

// take input from the user and insert in third element 

scanf("%d", &mark[2]); 

 

// take input from the user and insert in (i+1)th element 

scanf("%d", &mark[i]); 

 

// print first element of an array 

printf("%d", mark[0]); 

 

// print ith element of an array 

printf("%d", mark[i-1]); 

 

Example: C Arrays 



// Program to find the average of n (n < 10) numbers using arrays 

 

#include <stdio.h> 

int main() 

{ 

     int marks[10], i, n, sum = 0, average; 

     printf("Enter n: "); 

     scanf("%d", &n); 

     for(i=0; i<n; ++i) 

     { 

          printf("Enter number%d: ",i+1); 

          scanf("%d", &marks[i]); 

          sum += marks[i]; 

     } 

     average = sum/n; 

 

     printf("Average = %d", average); 

 

     return 0; 

} 

Output 

Enter n: 5 

Enter number1: 45 

Enter number2: 35 

Enter number3: 38 

Enter number4: 31 



Enter number5: 49 

Average = 39 

 

Important thing to remember when working with C arrays 

Suppose you declared an array of 10 elements. Let's say, 

int testArray[10]; 

You can use the array members from testArray[0] to testArray[9]. 

Table of Contents 

 Multidimensional array 

 How to initialize a multidimensional array? 

o 2d array 

o 3d array 

 Example 1: 2d array to store and print values 

 Example 2: Sum of two matrices 

 Example 3: Three Dimensional Array 

In C programming, you can create array of an array known as multidimensional array. For 

example, 

float x[3][4]; 

Here, x is a two-dimensional (2d) array. The array can hold 12 elements. You can think the array 

as table with 3 row and each row has 4 column. 
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Similarly, you can declare a three-dimensional (3d) array. For example, 

float y[2][4][3]; 

Here,The array y can hold 24 elements. 

You can think this example as: Each 2 elements have 4 elements, which makes 8 elements and 

each 8 elements can have 3 elements. Hence, the total number of elements is 24. 

 

How to initialize a multidimensional array? 

There is more than one way to initialize a multidimensional array. 

 

Initialization of a two dimensional array 

// Different ways to initialize two dimensional array 

 

int c[2][3] = {{1, 3, 0}, {-1, 5, 9}}; 

          

int c[][3] = {{1, 3, 0}, {-1, 5, 9}}; 



                 

int c[2][3] = {1, 3, 0, -1, 5, 9}; 

Above code are three different ways to initialize a two dimensional arrays. 

 

Initialization of a three dimensional array. 

You can initialize a three dimensional array in a similar way like a two dimensional array. Here's 

an example, 

int test[2][3][4] = {  

                     { {3, 4, 2, 3}, {0, -3, 9, 11}, {23, 12, 23, 2} }, 

                     { {13, 4, 56, 3}, {5, 9, 3, 5}, {3, 1, 4, 9} } 

                 }; 

 

Example 1: Two Dimensional Array to store and print values 

// C program to store temperature of two cities for a week and display it. 

 

#include <stdio.h> 

 

const int CITY = 2; 

const int WEEK = 7; 

 

int main() 

{ 



    int temperature[CITY][WEEK]; 

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

        for(int j = 0; j < WEEK; ++j) { 

            printf("City %d, Day %d: ", i+1, j+1); 

            scanf("%d", &temperature[i][j]); 

        } 

    } 

 

    printf("\nDisplaying values: \n\n"); 

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

        for(int j = 0; j < WEEK; ++j) 

        { 

            printf("City %d, Day %d = %d\n", i+1, j+1, temperature[i][j]); 

        } 

    } 

    return 0; 

} 

Output 

City 1, Day 1: 33 

City 1, Day 2: 34 

City 1, Day 3: 35 

City 1, Day 4: 33 

City 1, Day 5: 32 

City 1, Day 6: 31 

City 1, Day 7: 30 



City 2, Day 1: 23 

City 2, Day 2: 22 

City 2, Day 3: 21 

City 2, Day 4: 24 

City 2, Day 5: 22 

City 2, Day 6: 25 

City 2, Day 7: 26 

 

Displaying values:  

 

City 1, Day 1 = 33 

City 1, Day 2 = 34 

City 1, Day 3 = 35 

City 1, Day 4 = 33 

City 1, Day 5 = 32 

City 1, Day 6 = 31 

City 1, Day 7 = 30 

City 2, Day 1 = 23 



City 2, Day 2 = 22 

City 2, Day 3 = 21 

City 2, Day 4 = 24 

City 2, Day 5 = 22 

City 2, Day 6 = 25 

City 2, Day 7 = 26 

 

Example 2: Sum of two matrices using Two dimensional arrays 

 

// C program to find the sum of two matrices of order 2*2 

 

#include <stdio.h> 

int main() 

{ 

   float a[2][2], b[2][2], c[2][2]; 

   int i, j; 

 

   // Taking input using nested for loop 

   printf("Enter elements of 1st matrix\n"); 

   for(i=0; i<2; ++i) 

    for(j=0; j<2; ++j) 

    { 

       printf("Enter a%d%d: ", i+1, j+1); 

       scanf("%f", &a[i][j]); 

    } 



 

  // Taking input using nested for loop 

   printf("Enter elements of 2nd matrix\n"); 

   for(i=0; i<2; ++i) 

    for(j=0; j<2; ++j) 

    { 

       printf("Enter b%d%d: ", i+1, j+1); 

       scanf("%f", &b[i][j]); 

    } 

 

   // adding corresponding elements of two arrays 

   for(i=0; i<2; ++i) 

    for(j=0; j<2; ++j) 

    { 

       c[i][j] = a[i][j] + b[i][j];  

    } 

 

   // Displaying the sum 

   printf("\nSum Of Matrix:"); 

 

   for(i=0; i<2; ++i) 

    for(j=0; j<2; ++j) 

    { 

       printf("%.1f\t", c[i][j]);   

        

       if(j==1)             

          printf("\n"); 

    } 

return 0; 

} 



Ouput 

Enter elements of 1st matrix 

Enter a11: 2; 

Enter a12: 0.5; 

Enter a21: -1.1; 

Enter a22: 2; 

Enter elements of 2nd matrix 

Enter b11: 0.2; 

Enter b12: 0; 

Enter b21: 0.23; 

Enter b22: 23; 

 

Sum Of Matrix: 

2.2     0.5 

-0.9    25.0 

 

Example 3: Three-Dimensional Array 

 

// C Program to store and print 12 values entered by the user 



 

#include <stdio.h> 

int main() 

{ 

    int i, j, k, test[2][3][2]; 

 

    printf("Enter 12 values: \n"); 

 

    for(i = 0; i < 2; ++i) { 

        for (j = 0; j < 3; ++j) { 

            for(k = 0; k < 2; ++k ) { 

                scanf("%d", &test[i][j][k]); 

            } 

        } 

    } 

 

    // Printing values with proper index. 

 

    printf("\nDisplaying values:\n"); 

    for(i = 0; i < 2; ++i) { 

        for (j = 0; j < 3; ++j) { 

            for(k = 0; k < 2; ++k ) { 

                printf("test[%d][%d][%d] = %d\n", i, j, k, test[i][j][k]); 

            } 

        } 

    } 

 

    return 0; 

} 

Output 



Enter 12 values:  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

 

Displaying Values: 

test[0][0][0] = 1 

test[0][0][1] = 2 

test[0][1][0] = 3 



test[0][1][1] = 4 

test[0][2][0] = 5 

test[0][2][1] = 6 

test[1][0][0] = 7 

test[1][0][1] = 8 

test[1][1][0] = 9 

test[1][1][1] = 10 

test[1][2][0] = 11 

test[1][2][1] = 12 
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 Passing One-dimensional Array 

o Example 1: Passing single element of an array 

o Example 2: Passing an entire array 

 Passing multidimensional array to a function 

o Example 3: Passing 2d array to a function 

You can pass a single array element of an array or an entire array to a function. 

 

Passing One-dimensional Array to a Function 

Passing a single element of an array to a function is similar to passing variable to a function. 

 

Example 1: Passing single element of an array to function 
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#include <stdio.h> 

void display(int age) 

{ 

    printf("%d", age); 

} 

 

int main() 

{ 

    int ageArray[] = {2, 3, 4}; 

    display(ageArray[2]); //Passing array element ageArray[2] 

    return 0; 

} 

Output 

4 

 

Example 2: Passing an entire array to a function 

// Program to calculate average by passing an array to a function 

 

#include <stdio.h> 

float average(float age[]); 

 

int main() 

{ 

 float avg, age[] = {23.4, 55, 22.6, 3, 40.5, 18}; 

 avg = average(age); // Only name of an array is passed as an argument 

 printf("Average age = %.2f", avg); 

 return 0; 



} 

 

float average(float age[]) 

{ 

 int i; 

 float avg, sum = 0.0; 

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

  sum += age[i]; 

 } 

 avg = (sum / 6); 

 return avg; 

} 

Output 

Average age = 27.08 

To pass an entire array to a function, only the name of the array is passed as an argument. 

However, notice the use of [] after argument name in float average(float age[]). This informs the 

compiler that you are passing a one-dimensional array to the function. 

 

Passing Multi-dimensional Arrays to Function 

To pass multidimensional arrays to a function, only the name of the array is passed (similar to 

one dimensional array). 

 

Example 3: Passing two-dimensional array to a function 

#include <stdio.h> 

void displayNumbers(int num[2][2]); 

int main() 



{ 

    int num[2][2], i, j; 

    printf("Enter 4 numbers:\n"); 

    for (i = 0; i < 2; ++i) 

        for (j = 0; j < 2; ++j) 

            scanf("%d", &num[i][j]); 

 

    // passing multi-dimensional array to a function 

    displayNumbers(num); 

    return 0; 

} 

 

void displayNumbers(int num[2][2]) 

{ 

    int i, j; 

    printf("Displaying:\n"); 

    for (i = 0; i < 2; ++i) 

        for (j = 0; j < 2; ++j) 

            printf("%d\n", num[i][j]); 

} 

Output 

Enter 4 numbers: 

2 

3 

4 

5 



Displaying: 

2 

3 

4 

5 
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 What is a function? 

 Types of function 

 Standard library function 

 User-defined function 

 How user-defined function work? 

 Advantages of function 

A function is a block of code that performs a specific task. 

Suppose, a program related to graphics needs to create a circle and color it depending upon the 

radius and color from the user. You can create two functions to solve this problem: 

 create a circle function 

 color function 

Dividing complex problem into small components makes program easy to understand and use. 

Types of function 

Depending on whether a function is defined by the user or already included in C compilers, there 

are two types of functions in C programming 

There are two types of function in C programming: 

 Standard library functions 

 User defined functions 
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Standard library functions 

The standard library functions are built-in functions in C programming to handle tasks such as 

mathematical computations, I/O processing, string handling etc. 

These functions are defined in the header file. When you include the header file, these functions 

are available for use. For example: 

The printf() is a standard library function to send formatted output to the screen (display output 

on the screen). This function is defined in "stdio.h" header file. 

There are other numerous library functions defined under "stdio.h", such 

as scanf(), fprintf(), getchar() etc. Once you include "stdio.h" in your program, all these functions 

are available for use. 

Learn more about standard library functions in C programming 

 

User-defined function 

As mentioned earlier, C allow programmers to define functions. Such functions created by the 

user are called user-defined functions. 

You can create as many user-defined functions as you want. 

 

How user-defined function works? 

#include <stdio.h> 

void functionName() 

{ 

    ... .. ... 

    ... .. ... 

} 
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int main() 

{ 

    ... .. ... 

    ... .. ... 

 

    functionName(); 

     

    ... .. ... 

    ... .. ... 

} 

The execution of a C program begins from the main() function. 

When the compiler encounters functionName(); inside the main function, control of the program 

jumps to 

 void functionName() 

And, the compiler starts executing the codes inside the user-defined function. 

The control of the program jumps to statement next to functionName(); once all the codes inside 

the function definition are executed. 



 

Remember, function name is an identifier and should be unique. 

This is just an overview on user-defined function. Visit these pages to learn more on: 

 User-defined Function in C programming 

 Types of user-defined Functions 

 

Advantages of user-defined function 

1. The program will be easier to understand, maintain and debug. 

2. Reusable codes that can be used in other programs 

3. A large program can be divided into smaller modules. Hence, a large project can be 

divided among many programmers. 
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 User-defined Function 

 Example: User-defined-function 

 Function prototype 

 Function call 

 Function definition 

 Passing arguments to a function 

 Return statement 

A function is a block of code that performs a specific task. 

C allows you to define functions according to your need. These functions are known as user-

defined functions. For example: 

Suppose, you need to create a circle and color it depending upon the radius and color. You can 

create two functions to solve this problem: 

 createCircle() function 

 color() function 

 

Example: User-defined function 

Here is an example to add two integers. To perform this task, an user-defined 

function addNumbers() is defined. 

#include <stdio.h> 

 

int addNumbers(int a, int b);         // function prototype 

 

int main() 

{ 

    int n1,n2,sum; 

 

    printf("Enters two numbers: "); 

    scanf("%d %d",&n1,&n2); 
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    sum = addNumbers(n1, n2);        // function call 

 

    printf("sum = %d",sum); 

 

    return 0; 

} 

 

int addNumbers(int a,int b)         // function definition    

{ 

    int result; 

    result = a+b; 

    return result;                  // return statement 

} 

 

Function prototype 

A function prototype is simply the declaration of a function that specifies function's name, 

parameters and return type. It doesn't contain function body. 

A function prototype gives information to the compiler that the function may later be used in the 

program. 

Syntax of function prototype 

returnType functionName(type1 argument1, type2 argument2,...); 

In the above example, int addNumbers(int a, int b); is the function prototype which provides 

following information to the compiler: 

1. name of the function is addNumbers() 

2. return type of the function is int 

3. two arguments of type int are passed to the function 

The function prototype is not needed if the user-defined function is defined before 

the main() function. 



 

Calling a function 

Control of the program is transferred to the user-defined function by calling it. 

Syntax of function call 

functionName(argument1, argument2, ...); 

In the above example, function call is made using addNumbers(n1,n2); statement inside 

the main(). 

 

Function definition 

Function definition contains the block of code to perform a specific task i.e. in this case, adding 

two numbers and returning it. 

Syntax of function definition 

returnType functionName(type1 argument1, type2 argument2, ...) 

{ 

    //body of the function 

} 

When a function is called, the control of the program is transferred to the function definition. 

And, the compiler starts executing the codes inside the body of a function. 

 

Passing arguments to a function 

In programming, argument refers to the variable passed to the function. In the above example, 

two variables n1 and n2 are passed during function call. 



The parameters a and b accepts the passed arguments in the function definition. These arguments 

are called formal parameters of the function. 

 

The type of arguments passed to a function and the formal parameters must match, otherwise the 

compiler throws error. 

If n1 is of char type, a also should be of char type. If n2 is of float type, variable b also should be 

of float type. 

A function can also be called without passing an argument. 

 

Return Statement 

The return statement terminates the execution of a function and returns a value to the calling 

function. The program control is transferred to the calling function after return statement. 



In the above example, the value of variable result is returned to the variable sum in 

the main() function. 

 

Syntax of return statement 

return (expression);      

For example, 

return a; 

return (a+b); 
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 Example: Function with no arguments and no return value 

 Example: Function with no arguments and a return value 

 Example: Function with arguments and no return value 

 Example: Function with arguments and a return value 

 Which approach is better? 

These 4 programs below check whether the integer entered by the user is prime number or not. 

The output of all these programs below is same, and we have created a user-defined function in 

each example. However, the approch we have taken in each example is different. 

 

Example 1: No arguments passed and no return Value 

#include <stdio.h> 

 

void checkPrimeNumber(); 

 

int main() 

{ 

    checkPrimeNumber();    // argument is not passed 

    return 0; 

} 

 

// return type of the function is void because function is not returning anything 

void checkPrimeNumber() 

{ 

    int n, i, flag=0; 

 

    printf("Enter a positive integer: "); 

    scanf("%d",&n); 

 

    for(i=2; i <= n/2; ++i) 

    { 
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        if(n%i == 0) 

        { 

            flag = 1; 

        } 

    } 

    if (flag == 1) 

        printf("%d is not a prime number.", n); 

    else 

        printf("%d is a prime number.", n); 

} 

The checkPrimeNumber() function takes input from the user, checks whether it is a prime 

number or not and displays it on the screen. 

The empty parentheses in checkPrimeNumber(); statement inside the main() function indicates 

that no argument is passed to the function. 

The return type of the function is void. Hence, no value is returned from the function. 

 

Example 2: No arguments passed but a return value 

#include <stdio.h> 

int getInteger(); 

 

int main() 

{ 

    int n, i, flag = 0; 

 

    n = getInteger();   // no argument is passed  

 

    for(i=2; i<=n/2; ++i) 

    { 



        if(n%i==0){ 

            flag = 1; 

            break; 

        } 

    } 

 

    if (flag == 1) 

        printf("%d is not a prime number.", n); 

    else 

        printf("%d is a prime number.", n); 

 

    return 0; 

} 

 

int getInteger()       // returns integer entered by the user 

{ 

    int n; 

 

    printf("Enter a positive integer: "); 

    scanf("%d",&n); 

 

    return n; 

} 

The empty parentheses in n = getInteger(); statement indicates that no argument is passed to the 

function. And, the value returned from the function is assigned to n. 

Here, the getInteger() function takes input from the user and returns it. The code to check 

whether a number is prime or not is inside the main() function. 

 

Example 3: Argument passed but no return value 



#include <stdio.h> 

void checkPrimeAndDisplay(int n); 

 

int main() 

{ 

    int n; 

 

    printf("Enter a positive integer: "); 

    scanf("%d",&n); 

 

    // n is passed to the function 

    checkPrimeAndDisplay(n); 

 

    return 0; 

} 

 

// void indicates that no value is returned from the function 

void checkPrimeAndDisplay(int n)  

{ 

    int i, flag = 0; 

 

    for(i=2; i <= n/2; ++i) 

    { 

        if(n%i == 0){ 

            flag = 1; 

            break; 

        } 

    } 

    if(flag == 1) 

        printf("%d is not a prime number.",n); 



    else 

        printf("%d is a prime number.", n); 

} 

The integer value entered by the user is passed to checkPrimeAndDisplay() function. 

Here, the checkPrimeAndDisplay() function checks whether the argument passed is a prime 

number or not and displays the appropriate message. 

 

Example 4: Argument passed and a return value 

#include <stdio.h> 

int checkPrimeNumber(int n); 

 

int main() 

{ 

    int n, flag; 

 

    printf("Enter a positive integer: "); 

    scanf("%d",&n); 

 

    // n is passed to the checkPrimeNumber() function 

    // the value returned from the function is assigned to flag variable 

    flag = checkPrimeNumber(n); 

 

    if(flag == 1) 

        printf("%d is not a prime number",n); 

    else 

        printf("%d is a prime number",n); 

 

    return 0; 

} 



 

// integer is returned from the function 

int checkPrimeNumber(int n) 

{ 

    int i; 

 

    for(i=2; i <= n/2; ++i) 

    { 

        if(n%i == 0) 

            return 1; 

    } 

 

    return 0; 

} 

The input from the user is passed to checkPrimeNumber() function. 

The checkPrimeNumber() function checks whether the passed argument is prime or not. If the 

passed argument is a prime number, the function returns 0. If the passed argument is a non-prime 

number, the function returns 1. The return value is assigned to the flag variable. 

Depending on whether flag is 0 or 1, appropriate message is printed from the main () function. 

Table of Contents 

 Recursion 

 How recursion works? 

 Example: Sum of Natural Numbers Using Recursion 

 Advantages and Disadvantages of Recursion 

A function that calls itself is known as a recursive function. And, this technique is known as 

recursion. 

 

How recursion works? 

void recurse() 
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{ 

    ... .. ... 

    recurse(); 

    ... .. ... 

} 

 

int main() 

{ 

    ... .. ... 

    recurse(); 

    ... .. ... 

} 

 

The recursion continues until some condition is met to prevent it. 

To prevent infinite recursion, if...else statement (or similar approach) can be used where one 

branch makes the recursive call and other doesn't. 

 

Example: Sum of Natural Numbers Using Recursion 

#include <stdio.h> 
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int sum(int n); 

 

int main() 

{ 

    int number, result; 

 

    printf("Enter a positive integer: "); 

    scanf("%d", &number); 

 

    result = sum(number); 

 

    printf("sum = %d", result); 

    return 0; 

} 

 

int sum(int num) 

{ 

    if (num!=0) 

        return num + sum(num-1); // sum() function calls itself 

    else 

        return num; 

} 

Output 

Enter a positive integer:3 

sum = 6 

 



Initially, the sum() is called from the main() function with number passed as an argument. 

Suppose, the value of num is 3 initially. During next function call, 2 is passed to 

the sum()function. This process continues until num is equal to 0. 

When num is equal to 0, the if condition fails and the else part is executed returning the sum of 

integers to the main() function. 

 



 

Advantages and Disadvantages of Recursion 

Recursion makes program elegant and more readable. However, if performance is vital 

then, use loops instead as recursion is usually much slower. 

Call by value and Call by reference in C 

There are two methods to pass the data into the function in C language, i.e., call by 

value and call by reference. 

 

Let's understand call by value and call by reference in c language one by one. 

 

Call by value in C 
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o In call by value method, the value of the actual parameters is copied into the formal 

parameters. In other words, we can say that the value of the variable is used in the 

function call in the call by value method. 

o In call by value method, we can not modify the value of the actual parameter by the 

formal parameter. 

o In call by value, different memory is allocated for actual and formal parameters since the 

value of the actual parameter is copied into the formal parameter. 

o The actual parameter is the argument which is used in the function call whereas formal 

parameter is the argument which is used in the function definition. 

Let's try to understand the concept of call by value in c language by the example given below: 

1. #include<stdio.h>   

2. void change(int num) {     

3.     printf("Before adding value inside function num=%d \n",num);     

4.     num=num+100;     

5.     printf("After adding value inside function num=%d \n", num);     

6. }     

7. int main() {     

8.     int x=100;     

9.     printf("Before function call x=%d \n", x);     

10.     change(x);//passing value in function     

11.     printf("After function call x=%d \n", x);     

12. return 0;   

13. }     

Output 

Before function call x=100 

Before adding value inside function num=100 

After adding value inside function num=200 

After function call x=100 

 

Call by Value Example: Swapping the values of the two variables 

1. #include <stdio.h>   

2. void swap(int , int); //prototype of the function    

3. int main()   

4. {   

5.     int a = 10;   

6.     int b = 20;    



7.     printf("Before swapping the values in main a = %d, b = %d\n",a,b); // printing the value of a a

nd b in main   

8.     swap(a,b);   

9.     printf("After swapping values in main a = %d, b = %d\n",a,b); // The value of actual parameter

s do not change by changing the formal parameters in call by value, a = 10, b = 20   

10. }   

11. void swap (int a, int b)   

12. {   

13.     int temp;    

14.     temp = a;   

15.     a=b;   

16.     b=temp;   

17.     printf("After swapping values in function a = %d, b = %d\n",a,b); // Formal parameters, a = 20

, b = 10    

18. }   

Output 

Before swapping the values in main a = 10, b = 20 

After swapping values in function a = 20, b = 10 

After swapping values in main a = 10, b = 20   

Call by reference in C 

o In call by reference, the address of the variable is passed into the function call as the 

actual parameter. 

o The value of the actual parameters can be modified by changing the formal parameters 

since the address of the actual parameters is passed. 

o In call by reference, the memory allocation is similar for both formal parameters and 

actual parameters. All the operations in the function are performed on the value stored at 

the address of the actual parameters, and the modified value gets stored at the same 

address. 

Consider the following example for the call by reference. 

1. #include<stdio.h>   

2. void change(int *num) {     

3.     printf("Before adding value inside function num=%d \n",*num);     

4.     (*num) += 100;     

5.     printf("After adding value inside function num=%d \n", *num);     

6. }       

7. int main() {     



8.     int x=100;     

9.     printf("Before function call x=%d \n", x);     

10.     change(&x);//passing reference in function     

11.     printf("After function call x=%d \n", x);     

12. return 0;   

13. }     

Output 

Before function call x=100 

Before adding value inside function num=100 

After adding value inside function num=200 

After function call x=200 

Call by reference Example: Swapping the values of the two variables 

1. #include <stdio.h>   

2. void swap(int *, int *); //prototype of the function    

3. int main()   

4. {   

5.     int a = 10;   

6.     int b = 20;    

7.     printf("Before swapping the values in main a = %d, b = %d\n",a,b); // printing the value of a a

nd b in main   

8.     swap(&a,&b);   

9.     printf("After swapping values in main a = %d, b = %d\n",a,b); // The values of actual paramet

ers do change in call by reference, a = 10, b = 20   

10. }   

11. void swap (int *a, int *b)   

12. {   

13.     int temp;    

14.     temp = *a;   

15.     *a=*b;   

16.     *b=temp;   

17.     printf("After swapping values in function a = %d, b = %d\n",*a,*b); // Formal parameters, a = 

20, b = 10    

18. }   

Output 

Before swapping the values in main a = 10, b = 20 

After swapping values in function a = 20, b = 10 

After swapping values in main a = 20, b = 10   



 

 

Difference between call by value and call by reference in c 

No. Call by value Call by reference 

1 A copy of the value is 

passed into the function 

An address of value is passed into the function 

2 Changes made inside the 

function is limited to the 

function only. The 

values of the actual 

parameters do not 

change by changing the 

formal parameters. 

Changes made inside the function validate outside of the 

function also. The values of the actual parameters do 

change by changing the formal parameters. 

3 Actual and formal 

arguments are created at 

the different memory 

location 

Actual and formal arguments are created at the same 

memory location 

 

Example: Factorial of a Number 

#include <stdio.h> 

int main() 

{ 

    int n, i; 

    unsigned long long factorial = 1; 

 

    printf("Enter an integer: "); 

    scanf("%d",&n); 



 

    // show error if the user enters a negative integer 

    if (n < 0) 

        printf("Error! Factorial of a negative number doesn't exist."); 

 

    else 

    { 

        for(i=1; i<=n; ++i) 

        { 

            factorial *= i;              // factorial = factorial*i; 

        } 

        printf("Factorial of %d = %llu", n, factorial); 

    } 

 

    return 0; 

} 

Output 

Enter an integer: 10 

Factorial of 10 = 3628800 

Example: Factorial of a Number Using Recursion 

#include <stdio.h> 

long int multiplyNumbers(int n); 

 

int main() 

{ 

    int n; 

    printf("Enter a positive integer: "); 



    scanf("%d", &n); 

    printf("Factorial of %d = %ld", n, multiplyNumbers(n)); 

    return 0; 

} 

long int multiplyNumbers(int n) 

{ 

    if (n >= 1) 

        return n*multiplyNumbers(n-1); 

    else 

        return 1; 

} 

Output 

Enter a positive integer: 6 

Factorial of 6 = 720 

Suppose the user entered 6. 

Initially, the multiplyNumbers() is called from the main() function with 6 passed as an argument. 

Then, 5 is passed to the multiplyNumbers() function from the same function (recursive call). In 

each recursive call, the value of argument n is decreased by 1. 

When the value of n is less than 1, there is no recursive call. 

Example #1: Fibonacci Series up to n number of terms 

#include <stdio.h> 

int main() 

{ 

    int i, n, t1 = 0, t2 = 1, nextTerm; 

 



    printf("Enter the number of terms: "); 

    scanf("%d", &n); 

 

    printf("Fibonacci Series: "); 

 

    for (i = 1; i <= n; ++i) 

    { 

        printf("%d, ", t1); 

        nextTerm = t1 + t2; 

        t1 = t2; 

        t2 = nextTerm; 

    } 

    return 0; 

} 

Output 

Enter the number of terms: 10 

Fibonacci Series: 0, 1, 1, 2, 3, 5, 8, 13, 21, 34,  

Example #2: Fibonacci Sequence Up to a Certain Number 

#include <stdio.h> 

int main() 

{ 

    int t1 = 0, t2 = 1, nextTerm = 0, n; 

 

    printf("Enter a positive number: "); 

    scanf("%d", &n); 

 

    // displays the first two terms which is always 0 and 1 



    printf("Fibonacci Series: %d, %d, ", t1, t2); 

 

    nextTerm = t1 + t2; 

 

    while(nextTerm <= n) 

    { 

        printf("%d, ",nextTerm); 

        t1 = t2; 

        t2 = nextTerm; 

        nextTerm = t1 + t2; 

    } 

     

    return 0; 

} 

Output 

Enter a positive integer: 100 

Fibonacci Series: 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89,  

Ackermann Function 

 

The Ackermann function is the simplest example of a well-defined total function which is 

computable but not primitive recursive, providing a counterexample to the belief in the early 

1900’s that every computable function was also primitive recursive . It grows faster than an 

exponential function, or even a multiple exponential function. 

 



Below is the source code for C Program to implement Ackermann function using recursion 

which is successfully compiled and run on Windows System to produce desired output as shown 

below : 

 

SOURCE CODE : : 
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/* C Program to implement Ackermann function using recursion */ 

  

#include<stdio.h> 

int A(int m, int n); 

  

main() 

{ 

 int m,n; 

 printf("Enter two numbers :: \n"); 

 scanf("%d%d",&m,&n); 

 printf("\nOUTPUT :: %d\n",A(m,n)); 
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} 

  

int A(int m, int n) 

{ 

 if(m==0) 

  return n+1; 

 else if(n==0) 

  return A(m-1,1); 

 else 

  return A(m-1,A(m,n-1)); 

} 

 

OUTPUT  : : 

 

Visual Basic 

 

1 ************* OUTPUT ************** 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

  

  

************* FIRST RUN *********** 

  

  

Enter two numbers :: 

1 

0 

  

OUTPUT :: 2 

  

  

************* SECOND RUN *********** 

  

Enter two numbers :: 

0 

5 

  



20 OUTPUT :: 6 
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