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Preface

Vocational Education is a dynamic and evolving field, and ensuring that every student has

access to quality learning materials is of paramount importance. The journey of the PSS

Central Institute of Vocational Education (PSSCIVE) toward producing comprehensive and
inclusive study material is rigorous and time -consuming, requiring thorough research,
expert consultation, and publication by the National Council of Educational Research and
Training (NCERT). However, the absence of finalized study material should not impede the
educational progress of our students. In response to this necessity, we present the draft

study material, a provisional yet comprehensive guide, designed to bridg e the gap between
teaching and learning, until the official version of the study material is made available by

the NCERT. The draft study material provides a structured and accessible set of materials

for teachers and students to utilize in the interim per iod. The content is aligned with the
prescribed curriculum to ensure that students remain on track with their learning
objectives.

The contents of the modules are curated to provide continuity in education and maintain

the momentum of teaching -learning in vocational education. It encompasses essential
concepts and skills aligned with the curriculum and educational standards. We extend our
gratitude to the academicians, vocational educators, subject matter experts, industry
experts, academic consultants, and all other people who contributed their expertise and
insights to the creation of the draft study material.

Teachers are encouraged to use the draft modules of the study material as a guide and
supplement their teaching with additional resources and activi ties that cater to their
students' unique learning styles and needs. Collaboration and feedback are vital; therefore,

we welcome suggestions for improvement, especially by the teachers, in improving upon

the content of the study material.

This material is copyrighted and should not be printed without the permission of the
NCERT-PSSCIVE.

Deepak Paliwal
(Joint Director)
PSSCIVE, Bhopal
Date: 06 September, 2024
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Module 1 Software Construction

Essentials

Module Overview

In the software development process, it is essential to have the strong foundation of
computer science with computational thinking. These fundamentals are referred to the
software construction essentials . It will help you to become a software n effective.

This unit deals with fundamentals of computer, which includes computer architecture,
internal parts and peripherals, input and output devices, primary and secondary
storage devices. This is important to understand the concept of data and its
representation in memory. Computer process the instructions in machine code which

is represented in the form of binary code 0 and 1. In this unit, you will also understand

the data encoding systems, number system and conversions from one number system
to another.

Discrete mathematics is a branch of mathematics in which it is possible to perform
various mathematical operations on the discrete data. These operations are very much
needed when we write programs to perform a specific function or a task. So, the concepts
of discrete mathematics such as sets, relations, functions, mathematical logic, group
theory, graph theory and statistical methods are covered in this unit.

Software are developed to solve the complex problem and automate the tasks. In real
life, many problems occur. It is required to understand the problem first and, take the
necessary input into consideration and then take the actions to arrive at the solution.

A software developer professional should posses s this problem -solving skill. To solve a
given problem require we require a set of logical steps. Algorithm and flowchart are the
building blocks of programs, which helps to code the program in a programming
language. Programming language is a systematic n otation that is used to describe the
computational process. The programming language paradigm is explained in this
Module.

Learning Outcomes

After completing this module, you will be able to:
1 Describe the computer system architecture.
Describe data repr esentation in computer.
Describe the basic concepts of Mathematics and Statistics.
Solve the problem using problem solving method.

= =| =4 =

Describe programming language concepts.

Module Structure

Session 1: Computer System Architecture

Session 2: Data Represen tation in Computer
PSS Central Institute of Vocational Education, NCERT, Bhopal
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Session 3: Basic Concepts of Mathematics and Statistics

Session 4: Problem Solving Methods

Session 5: Programming Language Concepts

Session 1: Computer System Architecture

Aviral, class 10 th student was given a mathematical problem to multiply an eight  -digit fractional
number with another eight  -digit fractional number and divide the result by 67888.9. He took the
whole hour to finish the job. When he was asked to do the same using a computer and he finished

the same in fraction of s econds. Computer is a powerful electronic device with very high
computing capacity. Figure 1.1 illustrate the power of computing.

(25454*
25896.642)/
54324.9=
12133.904

A

Fig. 1.1: Power of computing

(25454*
25896.642)/
54324.9=

?

In this chapter you will understand the computer as a system, its various functional units,
dif ferent types of computers, importance of computers in software development. You will also
understand the working of various parts of computer and various input, output and peripheral
devices.

Computer
The word computer i s deri ved fr om conipet elfiaans tomcaleulate. & cotnputer is
an electronic computational device that can perform sequence of arithmetic or logical operations

based on computer programs. Computer programs are set of instructions that perform wide
range of tasks and calculations at very high speed and accuracy.

All computers, whether they are the smartphone in your hand or powerful servers, operate on

the same five basic operational stages as shown in Figure 1.2. These are input, processing,
storage, output and communication. Each component of a computer performs one of these
functions, but they all work together to work as computer.

COMMUNICATION

INPUT PROCESSING OUTPUT

STORAGE

Fig.1.2 The stages of computer processing cycle
1. Input Stage

In the input stage, the data or instructions are entered into the computer through in put devices.
Data can be in the form of numbers, words, picture, audio, video. The input devices such as
keyboard, mouse, touchscreen and microphones are used to enter data in the computer.
Keyboard is used to enter numbers and characters. Mouse is used as pointing device. Magnetic
Ink Character Readers (MICR) and Optical Character Readers (OCR) are also the input devices.

The data entered by these devices is converted into computer understandable binary code of 1s

and Os.
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2. Processing Unit

The central pro cessing unit (CPU) process the data and instructions received from input device.

The CPU has three units & Memory Unit, Arithmetic Logic Unit and Control Unit as shown in

Figure 1.3. Memory unit is linked with CPU. Input devices and output devices are also connected
to the processing unit.

CPU

Contol Unit

Arithmetic and
T Logic Unit

|

Memory Unit *
o Primary Memory :
INPUT — $ OUTPUT
Secondary Memory

Fig.1.3 Block diagram of computer system

a) Memory Unit 8 Registers in the m emory unit hold the data temporarily until CPU processes
it. The memory unit uses a set of pre  -programmed instructions to further transmit this data to
other parts of the CPU.

b) Arithmetic and Logic Unit (ALU) 0 ALU performs arithmetic and logical operations. It
performs basic mathematical calculations like addition, subtraction, multiplication, division and
logical operations such as comparison of data.

c¢) Control Unit & Control unit coordinates tasks between all components of a computer system.
It collects data from input unit and sends it to processing unit. It also sends the processed data

to output unit.

3. Output

Output is generated after p  rocessing the data as per the instructions. The output generated is
sent to the output unit such as monitor. There are many other types of output devices, such as
printers, plotters, speakers and projectors.

Activity 1

Practical Activity 1.1. Identify th e various parts of computer system

Materials Required
Computer System and peripherals

Procedure

Observe the system computer system along with its peripherals as shown in Figure 1.4. Identify

and name the parts and peripherals of the computer system as Moni tor, Keyboard, CPU, Mouse,
Speakers.

Fig. 1.4. Identify the parts of computer system and peripherals
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The role of computer in software development

Any computing device such as computer, laptop, tablet or smartphone, all work as computer. It

is possible to use all these devices for software development. The various types of software
applications are being used by us in our daily lives. Computer is the basic hardware used for the
development and dissemination of software applications. This software is also in the form of web
applications which we use in our daily life. It includes, Amazon, Flipkart and other similar online

shopping web applications, online banking applications, online reservation systems for booking

air and train tickets, hospital managemen t systems, hotel management systems and many more.

Types of computer systems

A computer is a general -purpose computing device which can be programmed to carry out a

finite set of arithmetic or logical operations. There are various types of computers. In ea rlier days
computers were classified as Supercomputer, Mainframe, Minicomputer and Microcomputer

based on its processing capability and hardware used. Currently we have various types of
computers such as  desktop, laptop, t ablet, iPad and smartphone, as shown in Figure 1.5.

e

V<2
"\ 2 <.
Desktop Computer Mac PC Allin One PC Server
I D -4
Laptop Computer iPad Tablet Smartphone Mainframe

Fig. 1.5 Different types of computer
COMPUTER HARDWARE
The recent computer hardware technology has made too much advancements in technology. As
as result the computers are becoming smaller and more powerful in terms of processing. Figur e
1.6 shows the main internal hardware components of computer system that makes the computer
more powerful.

RAM EXPANSION CARDS MOTHERBOARD CPU COOLER CPU

0

KEYBOARD M°USE
—\

Fig. 1.6: Internal components of computer system
PROCESSING DEVICES
The data received from an input device is processed to generate some output. T he motherboard
with processor and RAM chips mainly form the processing devices of the computer system. It

depends upon your software development requirement which processing device is best for your
work.

Motherboard

,§y

SPEAKERS MONITOR

DMPUTER
INFO BITS
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Motherboard is the main circuit board of the computer system fitted inside the cabinet. All other
important components such as processor, memory and hard disk drive are connected with the
motherboard. Figure 1.7 shows a typical motherboard of a computer system.

Fig. 1.7: Motherboard
Processor or Central Processing Unit (CPU)

The processor or CPU is the main processing unit mounted on the motherboard. It is an
electronic chip of about one  -inch square as shown in Figure 1.8. The data and instructions are
fetched from the main memory, decoded in m achine code and the executed by the processor. A
modern processor may contain billions of transistors, that performs computing and control all

the other components.

Fig. 1.8: Processor or CPU

The CPU frequency is measured in Gigahertz and it is known as processor.0lkereane e
many factors to decide the speed of CPU such as generation, clock speed, frequency, cores. The

CPU of higher frequency and more cores are more powerful. The best suitable CPU can be
selected depending upon the requirement of so ftware development work.

Graphics Processing Unit (GPU)

The GPU is also referred to as the display adapter, graphics card, video adapter, video card, video
controller or even gaming card. It is a specialised graphics processing unit. The modern
computers ¢ ome equipped with onboard GPU as shown in Figure 1.9, that is capable of
performing the actions needed by the average computer user. However, for graphically intensive
tasks, such as graphic design or gaming, a dedicated advanced GPU is required.

o, R I
Fig. 1. 9: A GPU on a PCB board
Main Memory

Main memory is also called primary memory or internal memory. It is directly accessed by the
CPU. It temporarily  holds the data and instructions before and after execution by the processor.
The primary memory is generall y made up of semiconductor device. It consists of memory
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locations with physical addresses to store and access the contents. RAM and ROM are the two
types of primary memory.

(i) Random -access memory (RAM) is volatile type of memory,
where stored informatio n is lost if power is shut off. It comes in the
form of chip as shown in Figure 1.10. There are various families of
RAM, of which DDRS5 is the latest that are supported by the modern
motherboards. Motherboards are built to support only one type of

memory, s 0 you can't mix and match SDRAM, DDR, DDR2, DDR3, Fig. 1.10: Random -access
DDR4, or DDR5 memory on the same motherboard. memory (RAM)

(i) Read Only Memory (ROM) is non-volatle memory, which ||

means the information stored in it is not lost even if compute r

power is switched off. It consists of instructions stored during

manufacture such as BIOS (Basic Input Output System) or boot

program used during the booting process of computer. (Figure 1.11)

ROM are further classified as PROM (Programmable Read Only
Memory), EPROM (Erasable Programmable Read Only Memory),
EEPROM (Electrically Erasable Programmable Read Only Memory).

(iii) Cache Memory & It is a small -sized type of volatile computer
memory that provides high -speed data access to a processor and
stores frequently used computer programs, applications and data.

It is supplementary memory system that temporarily stores
frequently used instructions and data for quick processing by CPU.
(Figure 1.12) lItis the fastestmemory in a computer, and is typically
integrated onto the motherboard and directly embedded in the
processor or main random access memory (RAM).

Activity 2

Practical Activity 1.2. Identify the internal and external components of comp uter
system

Materials Required

Paper, pen, pencil, pictures of processor, memory, printer, monitor, keyboard, mouse
Procedure

Step 1. Observe the Figure 1.13, consisting of the main components of a computer system.

d a—

N S ST .. N N R K X ¢ l\
15 “
T T T T T

]
6y

I [ o ==

Fig. 1.13 Components of a computer syst em

Step 2. Identify and name each component from the Figure 1.13.

Secondary Memory

It is used to store data  permanently for long period. These are generally used to back -up data .
The most common secondary memory is the internal hard disk drive that is fix ed inside the
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computer. It is connected with the motherboard and receives the power from internal power
supply of computer. The storage capacity of modern hard disk ranges from 1 TB to 4 TB
(terabyte). Some other storage devices used as secondary memory wi Il be discussed in the later
section of this chapter.

Practical Activity 1.3. Identify the memory unit and its size in different computing
device

Materials Required

Personal Computer System, Laptop, Tablet

Procedure

Step 1. Start the Personal Computer and observe the RAM used in the computer.
Step 2. Start the Laptop, and and observe the RAM used in the Laptop computer.
Step 3. Start the Tablet, and observe RAM used in the Tablet.

Record your observations in the following table.

Computing devic e name Size of memory used
PC 4TB
Laptop 8 GB
Tablet 3GB

Peripheral Devices

Peripheral devices are additionally connected to the computer system from outside. The various
input, output and some storage devices are peripheral devices.

INPUT DEVICES

Input devices are essential for any computer to enter data and interact with the computer.

Keyboard and mouse are the basic input devices that comes along with the computer. There are

variety of input devices used for the various purpose such as, Touch -pad, Trackball, Bar -code
reader, Optical Mark Reader (OMR), Optical Character Reader (OCR) and Magnetic Ink Character
Recognition (MICR), Scanner and Microphone.

Examples of input devices

Keyboard & The keyboard is basic input device for communicating
with a computer system. It is designed to enter text, number and
special symbols by striking on the particular key on the keyboard.
Modern keyboard use USB port or wireless dongle to connect to the
computer externally as shown in Figure 1.14.

Mouse @& Itis a pointing device that allows to move the cursor on the
computer screen, as well as to point and click to select the programs

and items. Its main task is to detect the movement when moved on

a flat surface and input the information by left-clicking, double
clicking, right -clicking, dragging, scrolling as shown in Figure 1.15

Touchscreen & The touch screen is both input and an output device.
Touchscreens are used in ATM where limited options are available
for selecti on. The touch screen allows the user to use fingers, or a
stylus , to directly press buttons and select options that appear on
the screen. It is mostly used in smartphones, tablet, iPad and even
laptop or notebook now. (Figure 1.16)

Fig. 1.16: Touchscreen
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Scanners 0 Scanners are used to convert hard copy or printed —
documents, photographs to soft copy in digital form. The digital data l

is then stored and manipulated by the computer. (Figure 1.17) 3

Examples of scanners include the traditional flatbed scanner, as well &
as th e more modern mouse scanner.

Touchpad 9 The touch -pad is a small square or rectangular input
device on a laptop. It has two buttons just like in mouse that perform

the same function. The left button is used to select objects and righ t
button is used to bring up a menu. Itis used by moving finger across

the pad to move the cursor on the screen. It also has a function to

scroll up and down.  (Figure 1.18) Fig. 1.18: Touchpad

Graphics Tablet 0 Graphics Tablet is used to create graphics on the
compu ter just as a drawing the graphic on paper. A graphic is drawn
with a special pen called as stylus and can be saved on the computer
and further edited in graphics software. (Figure 1.19)

10:10

Fig. 1.19: Graphics Tablet

Microphone 8 Microphones is a input device that takes sound as
input. It accepts the analogue sound signals, which are converted
into digital signals by sound card. The digitized sound can be stored
and manipulated by the computer. A microphone can be used with
digital camera or webcam in online discussions or meetings. (Figure

1.20) . .
Fig. 1.20: Microphone

Digital Camera 0 A digital camera can be connected to computer
through cable or wi -fi. The digital pictures captured can be
transferred to computer. Modern digital camera is capable to
capture both video and audio. (Figure 1.21)

Web Camera & Itis a video capturing input device connected to the
monitor via a USB cable or Wi  -Fi signal. Laptops and notebooks
have a built -in webcam. (Figure 1.22) It is used for online chatting
and video conferencing to capture digital phot ographs and video.

Some webcams include a microphone to record sound. S
Fig. 1.22: Web Camera

Barcode scanner / Reader 0 Bar code scanner reads the bar code
by visible red light reflected through bar code scanner and translates

the data into digital infor  mation as shown in Figure 1.23 . The bar
code present on the products holds information of the product such

as product id, name and manufacturer. The bar code does not store

price of the product. The price is stored in the database which is
accessed using product id. After scannin g the bar code, the
computer can read the information stored on the bar code and
access the product details from database.

Optical Mark Reader (OMR) 8 The OMR can read the marks made
by pen or pencil. OMR shines a light on the form and reflects less
lightonthe pencilmark  asshownin Figure 1.24 . The selected option
is matched with the correct answer in the database and thus the
answer sheet is evaluated. Fig. 1.24:‘OMR
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Optical Character Reader (OCR) d The OCR consists of scanner
that scans the t ext on the paper and the in  -built software converts
the scanned text into digital format. The digital text can be further
edited and formatted.  Figure 1.25 shows the typical OCR.

Fig. 1.25: OCR

Magnetic Ink Character Recognition (MICR) 0 MICR devices ar e
mainly used to process cheques in banks. The MICR device reads

the account number written in the special ink and converts it to
computer understandable form. MICR processes the cheques with
speed and accuracy. Figure 1.26 shown the typical MICR

Fig. 1.26: MICR

OUTPUT DEVICES
An output device is connected to the computer. The output is mostly viewed on computer
monitor, or printed through devices like a printer or heard using speakers.

(i) Monitor & The computer monitor or screen is the main output device of computer . It makes
it possibl e for the user to visually interact with data and programs in a quick and easy manner;

whether it is a page of text, video on the internet, or 3D elements in a game.

Traditionally, we had CRT (Cathod Ray Tube) monitors, but the modern computer uses the mos t
recent technology of LCD (Liquid Crystal Display) and LED (Light Emitting Diode) display screen.

Figure 1.27 shows the different types of monitors.

LED Monitor

CRT Monitor LCD Monitor LED Monitor
Fig. 1.27: D ifferent Types of monitors

(ii) Speakers
Speakers a re the most popular output devices that give sound as output. (Figure 1.28) This
makes it possible to listen to music, speak to friends over Skype, or watch movies. Most
computers have their own built  -in speakers, which are fine for hearing the normal computer
sounds. E xternal speakers are plug into audio jack on the computer and preferred to listen to
music, movies or games.

Fig. 1.28: Speakers
(iii) Printer
Printer is an output device that accepts electronic data from a computer as an input and

generates a hard copy of the data. It is possible to print pages of text, illustrations, diagrams and
photos from computer on a paper. A printer is a peripheral device used to make a persistent
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human -readable representation of graphics or text on paper. There are various featur es of
printer, such as speed, paper type and size, printer resolution, memory, ink cartridges and
wireless capabilities.

Types of printer

Printers are broadly categorised as impact printers and non -impact printers. Impact printer
contacts the paper, while  a non -impact printer prints without contacting the paper.

Impact Printer & An impact printer is a type of printer that works by banging a head or needle
against an ink ribbon to make a mark on the paper. Dot -matrix printers, daisy -wheel printers,
line prin ters are examples for impact printer.

Non -impact Printers d Non-impact printers form characters and images without direct physical
contact between the printing mechanism and the paper. These printers do not hammer on the
paper and hence do not make noisea  nd are faster. Inkjet printers and laser printers are examples
of non -impact printer.

Dot -matrix Printer 0 The dot -matrix printer uses print heads

containing 9 pins to 24 pins. (Figure 1.29) The print quality ‘]:U' :
increases with the number of pins used. Patterns of dots are il R
produced by these pins on the paper to form character. Dot -matrix

printers are inexpensive and print at speed of 100 -600 characters | Fig. 1.29: Dot -matrix Printer
per second.

Line Printer & Line printers are fast that use special technology
They can prin t at the range of 1,200 to 6,000 lines per minute.
Drum, chain and band printers are the examples of line printers.
(Figure 1.30)

Ink -jet Printers & Ink -jet printers prints on paper by spraying ink
from tiny nozzles through electrical field tha t arranges the charged
ink particles into characters at the rate of approximately 250
characters per second. A nozzle for black ink is used to print text,

and full color printing is possible with three extra nozzles for the

cyan, magenta, and yellow primar y colors. A typical ink -jet printer
can produce copy with a resolution of at least 300 dots per inch Fig. 1.31: Ink -jet Printer
(dpi). (Figure 1.31)

Laser Printer 0 A laser printer uses a laser and electrical charge

model instead of traditional printing of ink. Laser printers can print
high quality text and graphics and medium quality photographs,
with typical resolutions of 600 dots per inch or higher. Figure 1.32

shows the typical laser printer. Laser printer repeatedly passes a
laser beam back and forth over a nega  tively charged cylinder called
a drum. The drum then selectively collects electrically charged
powdered ink called as  toner , and transfers the image to paper.

SECONDARY STORAGE DEVICES

Secondary memory also called secondary sto  rage can store large amount of data on permanent
and long -term basis. Secondary memory is non  -volatile memory and is not directly accessed by
the CPU.

Certain parameters should be taken into consideration for selecting the storage device. This

Fig. 1.32: Laser Printer

includes Storage capacity, Storage speed, Volatility, Reliability and durability . For internal hard
drives, a storage speed of 7200 revolutions per minute (RPM) is a good, while the capacity
depends on your need. For example, a storage device of 1 TB usually has enoug h storage space

to store software, programs and data files.
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Examples of storage devices

The variety of storage devices are available to store data. Internal hard disk drive is the most
commonly used because it is fixed inside the computer. The most commonl y used storage devices
are explained here.

Internal Hard Disk Drive 0 It comes with every computer is =
fixed inside the cabinet. It is used to store data as well as to
install operating system and software. Modern hard drives
have the potential to store up to 12 terabytes (12 TB) of data.
(Figure 1.34)

External Hard Disk Drive 0 These are portable storage devices
used to back up the data.  External hard drives are protected
by a case that is designed to prevent damage to the drive and

is connected to the computer by using a USB cable. The small
size and portability of external hard drives ensure that to
quickly connect to different computers and therefore, ideal for
backing up data from internal hard drive. (Figure 1.35)

Fig. 1.35: External or portable
Hard Disk Drive

Solid -State Drives 8 The SSD is also a hard drive that does
not use the traditional mechanical parts of standard hard
drives. Instead, the drive consists of interconnected flash
memory chips made of silicon. Due to this, SSD functions more
like a CPU that contains billions of small transistors; each
storing one bit of data. SSDs are many times faster than
normal hard drives. Generally, the operating system and
software are kept in SSD and data is stored in hard disk to

Fig. 1.36: Solid State Drive

improve the performan ce of computer. 11t0s
256 to 1TB. (Figure 1.36)
Universal Serial Bus (USB) or Flash drive 0 Aflash drive is a

very small portable and  re-writable storage device. It is non -
volatile in nature.  You can connect it to com puter via a USB
port. A flash drive is the best way to transfer data quickly and
efficiently between two computers. A flash drive is also an ideal
storage device to store documents which can be easily used on
different computers. Itis also referred to as a thumb drive, USB
stick, memory stick, or flash stick. Flash drives usually have a
storage capacity between 4 GB and 512 GB. (Figure 1.37)

Optical Disk & An optical disc such as compact discs (CDs), '
digital optical discs (DVDs) and Blu  -ray discs (BDs) are used ’
to read and write the data.  (Figure 1.38) It is the most popular d : .

storage device to store music and movies. One of the major o =
advantages of these drive is that it gives the user an affordable Fig. 1.38: Optical disks (a) CD
and time -efficient way of producing multiple copies of a disc. |(b) DVD (c) Blue Ray disk

However, due to the limited storage space, these are outdated
now.

Memory cards 8 Memory card is another type of flash memory.
They are very small in size of about 1x1 inch with thickness is
in millimeters. Memory cards can also be externally connected

to the computer systems. They can also be used with cell
phones and tablets. A typical storage capacity of memory cards
varies from 1 GB to 64 GB.  (Figure 1.39) Fig. 1.39: Memory Cards

Capacity and cos t of the most common storage devices
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We have discussed some of the most commonly used storage devices. From the above discussion
you can easily understand that which device will be suited for a specific task. Table 1.1 gives a

summary of the capacity and c

ost of these devices, as well as for which task they are best suited.
Table 1.1 Capacity and cost of these devices

Storage Device

Storage Capacity

Used for the task

Internal HDD

1TBto4TB

Primary computer storage

External HDD

1TBto4TB

Taking backu p of large amount of data

SSD

128 GB to 1024 GB

Improving the speed of operating system.

Flash drive 1 GBto 512 GB Transferring small amount of data between computers.
Optical drives CD 0 700 MB Transferring small amount of data quickly to multiple
recipients.
DVD 06 4.7 GB Distributing data to multiple recipients.

Cloud Storage

Cloud storage is the modern storage used to store data including programs, software, music or

video files. It allows to store information on the internet with security and eas y access using
internet. There are various types of cloud storage available for use. Few of them which are
commonly used are Googl e dri ve, App !l e 6 and DGpbaxu It provides specificr i
amount of storage, for example, 5 GB for iCloud and 15 G B for Google Drive at no charge.
Additional storage space can be purchased. In the modern world most of the software
development platforms are available under cloud. The programs are directly executed under the

cloud environment without having the compiler or interpreter with the programmer in their local
machine. For example, you can execute python programs directly from cloud. Therefore, cloud

storage is one of the preferred storage for software development.

Activity 4

Practical Activity 4. Identify and name the various storage devices

Materials Required
Hard Disk Drive, Pen Drive, Compact Disk

Procedure
Step 1. Observe the given storage devices carefully, identify and record its name as per its shape
and size. Record your observation as shown in the fol lowing table.

Storage device Name of the storage device Storage capacity

=~ Hard Disk Drive 1TB
Fig. 1.40 (a)
Pen Drive 32GB
g//f
Fig. 1.40 (b)
, \ Compact Disk 700 Mb
R O o
\\N
Fig. 1.40 (c)
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" Digital Veritable Disk (DVD) 4GB
|
Fig. 1.40 (d)
Activity 5
Practic al Activity 5. Identify and connect peripheral devices to the computer

Materials Required

Mouse, Keyboard, Printer, Scanner, External Hard Disk Drive, Pen Drive

Procedure

Step 1. Take a peripheral device.

Step 2. Identify the corresponding socket on the CP U of computer system.

Step 3. Connect the device to the appropriate socket on the CPU of computer system.
Step 4. Ensure the proper connectivity.

Step 5. Check whether the device is properly connected or not.

Check Your Progress

A. Multiple Choice Quest ions

1. RAMis used (a) to store the boot program (b) to store applications (c) to load the
operating system (d) both b and ¢
2.  Which of the following is the fastest memory in a computer (a) RAM (b) Registers (c)

HDD (d) ROM

3. Type of printer in which characters or letters are formed without use of any mechanical
impact is termed as (a) Page printers (b) Line printers (c) Impact printer (d) Non -impact
printer

4. The devices that are used for storing program and data for long term are (a) volatile
devices (b) non -volatile devices (c) primary memory (d) CPU registers

5. Hard copy of the data can be obtained by using a device called as €))
keyboard (b) mouse (c) pen drive (d) printer
6. Printers that contact the paper are called as ____ printer (a) non -impact (b) impa ct (c)

global (d) local

7. Printers that do not make any contact with the paper while printing data are called as

printer (&) non -impact (b) impact (c) global (d) local

8. Dot matrix printer is (& non -impact (b) impact (c) global (d) local

9. Laser pr interis (a) non -impact (b) impact (c) global (d) local

10. Which of the following is the faster printer (a) dot matrix (b) inkjet (c) laser (d) line.

11. Which of the following printer incur low cost for printing (a) dot matrix (b) inkjet (c)
laser (d) lin e.

12. Which of the following printer speed is measured in characters per second. (a) Inkjet (b)
Laser (c) Dot matrix (d) Drum

13. GPS stands for (a) Global Positioning System (b) Global Partitioning System (c) Google
Positioning System (d) Global Partitioning Sys tem

14. In modern computers, DVD is replaced by which technology? (a) Flash disk (b) HDD (c)
Blu -ray (d) CD

15. What is the average capacity of a DVD? (a) 700 MB (b) 125 GB (c) 4 -5GB(d)2-4TB
16. Which of the following is NOT a storage device? (a) HDD (b) RAM (c) S SD (d) USB stick
17. What 1is average rotational speed of an inter

(c) 9200 rpm (d) 8400 rpm

18. Which of the following is a limitation of an internal hard drive? (a) Data can be retrieved
and saved much faster than from D  VDs or CDs (b) Lacks portability, as they are fixed
inside the computer (c) Permanent storage of data (d) Large capacity of storage space
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19. Which of the following is a limitation of an external hard drive? (a) Large capacity of
storage space (b) Lacks portab ility, as they are fixed inside the computer (c) Slightly
slower than an internal hard drive (d) Slightly more storage space than an internal hard
drive

20. Which of the following is an advantage of SSDs? (a) More durable and compact due to
absence of mechanic al parts (b) Longer life span than standard hard drives or flash drives
(c) Less expensive than standard mechanical hard drives (d) Increased storage capacity
due to high cost per gigabyte

B. Fill in the Blanks

1. Computer has different types such as desktop, laptop and

2. The term compute is derived from the Latin word .

3. A computer can perform arithmetic and operations.

4. A set of the instructions is called as .

5. Central Processing Unit consists of control unitand

6. Keyboard and mouse are devices of computer system.
7.  Monitor and printer are devices of computer system.

8. ROM means .

9. Primary memory is computer memory that is accessed directly by the
10. Printers are mainl y divided into and printers.

C. True and False

=

UPS provides uninterruptible power supply

UPS needs battery for its operation

Mouse and keyboard cannot be connected to the USB port

Speakers of the computer systems are generally conne cted to the USB port
Modern computer is an analog electronic device

Tablet is a type of computer

Memory of the computer system is measured in bytes

One megabyte means 1 Kilobyte

In computer the data is stored in 0s and 1s

Cache memory is slower and consume s lot of access time than main memory
Cache memory is used to store application programs

12. The instructions stored in ROM can be changed by the user

© XN O ~WN

N
= o

D. Short Answer Question

What is the use of USB port?

Draw the connectivity diagram of UPS and battery.

List the devices that can be connected to USB port.

How ink jet printers are different from laser printers?

Draw the diagram for inkjet printers.

With suitable example explain the uses of line printer.

Draw the diagram of dot matrix printer and explain its work ing.
List the uses of memory card and pen drive in different applications.
What is cache memory. State advantages of cache memory?

What are the Characteristics of Main Memory?

What are the major differences between RAM and ROM?

What are the various types  of printers?

Define digital computer and draw its block diagram?

State the different types of computer along with their features.

What are the different I/O devices that are commonly used with computer system?

=

© N TN

e ol =
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Session 2: Data Representation in Compute

Suppose you have passed class 10 examination and you want to continue your education.
Naturally, you will approach to your nearby school. To get an admission you need to fill a form.
A sample form is shown in Figure 2.1.

Fig. 2.1: School Admission f orm

In this form you will be entering your name, address, date of birth, telephone number and pasting
your photograph. When you fill such information, then actually you are providing your personal
data to the school.

In this chapter, you will understand th e concept of data and how it is represented in computer
memory. Data can be in any form such as number, text, picture, audio, video and so on. This
data is stored in encoded form in computer memory. This encoded data is represented in the
series of binary digits 0 and 1, also called machine code. You will also understand the data
encoding systems, number system and conversions from one number system to another.

Data and Information

The word data is taken from Latin word 0 d at uDmth .is raw, unorganised num  bers, signals, or
facts. Data can be in different formats such as number, text, image, audio, video. It becomes

useful when it is processed or organised. The processed data is called as information. Data can

be measured, collected, reported analysed and vi sualized. For example, your school might have
data on the names, addresses, contact details, as well as the results of every class stored on a
computer. It is difficult to interpret such large data of number of students.

Information refers to facts and num bers that have been organised or processed so that they are
useful to people. For example, if your teacher want to see your performance as compared to
previous class. It is possible to infer this by taking the averages of the two years. In this way,

thousa nds of pages of data will be converted into two numbers that can be compared easily.
Similarly, the report you receive at the end of each school year takes all the data that the teachers
collected throughout the year and turns that data into a single repor t that you can use to
measure your performance. If data is well organized and processed then it becomes useful. Figure

2.2 shows how data is transformed into information after processing.

Data Information

990 379.73K 12

o

C O C i

Fig. 2.2: Data and information

PSS Central Institute of Vocational Education, NCERT, Bhopal




Junior Software Developer, Grade Xl
Activity 1

Practical Activity 2.1 . Identify data types for the given data values

Materials Required
Pen, Paper, Photo, Personal details
Procedure

Stepl. Prepare your detail s

as shown in the following table.
Step 2.
Step 3. Record the details as shown in the following table.

per sonal consisting of |N

Ident ify the data type for each of data value provided by you for your personal details.

Personal Details

Data Item Data Value Data type
Name Ms. Devanshi Ghosh Character with text
Photo Image

Character with text
Character with text
Character with text

Father's Name
Mother's Name
Permanent

Mr. Aryan Ghosh
Mrs. Poorva Ghosh
House Number 215, APJ

Address

Kalam Marg, Delhi

Present Address

House Number 115, Kasturba
Nagar, Bhopal

Character with tex t

Date of Birth

9 December, 1990

Date with number and text

Qualification SSC Character with text
Height 158 CM Number with text
Weight 51 kg Number with text
Contact Number 987654321 Number

Activity 2

Practical Activity 2.2. Visualise the data u sing bar graph, pie chart and line graph
Materials Required

Computer system with spreadsheet software, Paper, Given data

Procedure

Step 1. Record the maximum and minimum temperature in your town on all weekdays as shown
in the table below.

Day Max. Tempera ture Min. Temperature
in degree Celsius in degree Celsius

Sunday 41.2 \29.1

Monday 40.6 \29.6

Tuesday 40.8 \29.5

Wednesday  |41.1 \30.0
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Thursday 41.2 ‘30.1
Friday 41.0 \29.9
Saturday 41.3 \30.3
Step 2. Enter the data in the spreadsheet. Create the column ch art and visualise the data as

shown in Figure 2.3 (a).

Saturday e = Min.
Friday Temperature
Thursday — in degree
Wednesday Celsius
Tuesday —— m Max.
Monday e Temperature
Sunday E— in degree
0 5 Celsius

Fig. 2.3 (a) Visualising data in column chart
Step 3. Create the bar chart and visualise the data as shown in Figure 2.3 (b).

B Sunday

= Monday
Tuesday

® Wednesday

B Thursday
Friday

Fig. 2.3 (b) Visualising data in bar chart

Step 4. Create the bar chart and visualise the data as shown in Figure 2.3 (c)

B Sunday

= Monday
Tuesday

= Wednesday

B Thursday
Friday

Fig. 2.3 (c) Visualising data in pi chart

Step 5. Record your observations in visualising the data.

Data Representation in Computer

Digital computers process data that is in discrete form. The data ente red by user is first converted
and transmitted as electrical pulses that can be represented by two unique states ON and OFF.

The ON state may be represented by a 016 and th
OFF forms the electrical signals that t he computer can understand.

Units to Measure Data Storage in Computer Memory

Computer memory stores data and instructions in the form of machine code. The digital data

whether it may be number, text, picture, audio or video is the collection of number of b its. A
binarydigit (bit) represented by 006 or 016 is the sm
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measured in units such as bits, bytes, kilobytes, Megabytes, Gigabytes, Terabytes and Petabytes.
Let us understand how to arrange these different dat a storage capacities in from the small unit
to big unit and to define the relationships between these as well.

Bit A Binary Dig it . (Bit) is the binary digit 0 or 1. It is the basic unit of data or
information in digital computers.

Byte Byte is group of 8 bits used to represent a character. It is the basic unit of
measuring memory size in computer.

Nibble A nibble is half a byte, a group of 4 bits.
Kilobyte Kilobyte (KB) consists of 1024 (or 2 10) bytes. (1024 =2 10),

Megabyte Megabyte (MB) consists of 10 24 (or 210) kilobytes = 1048576 (or 220) bytes.

Gigabyte Gigabyte (GB) is made of 1024 MegabytGh&. a
indicates gigabit.

Terabyte Terabyte is made of 1024 Gigabytes (1024 GB). This is written as TB.

Petabyte Petaby te is made of 1024 Terabytes (1024 TB).

Coding Systems

Computer can only process the machine code of data and instructions. So, whether any data
that contains numbers, letters, special symbols, sound or pictures is first be converted into
machine code in binary form and then it is processed in computer and again the result of the
processed data is converted into human readable form that appears on the computer screen.

def check_palindrome_1(string):

reversed_string = string[::-1] 0101011100110010100110100
status=1 ) 1100110100101011101010101
if{string! =reversed_string): 1011110111101011100001101
ﬁ;ﬁﬁﬁiﬁatus 0011110111010101011010101
1011101111101001610111010

Input : Enter the string: malayalam 1010011111011111011111000
Output : Itis a palindrome 1010110001000111110111110
@ 1111100001110101010101011

0111110111011101110111101
1000111101111011111101111
1000001111111111111100011
1110111010101010111000111
1100111011101001011101001
1000000111111101111010001
1010111011110111111100000

Fig. 2.3: Data representation in computer

Observe that in Figure 2.3 any data entered b y the user is converted into different patterns made
of 0 and 1. Thus, binary codes are used to store numeric, alphabetic, special character, images
and sounds in internal storage devices of computers. The entire program or software can also be
represented by binary code.

To understand this, suppose you have to type th
supplied in the form of l etter O0OA6 is convertec
through RAM and hence di spl ay ehd Figune 2.4 shews the precesn
involved in the operation.

,l‘ ) ,‘ fik; i : i tf }q
040 1. Tt | J

= 0100 0001

A 65
Code
iRsc Ay eis)

Fig. 2.4: Encoding of data entered using keyboard
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When the key O06A86 is pressed, it is internally ma
by the computer. This mechanism of converting da ta into machine code is called  encodin g. This
encoded value is the same for all computer machines irrespective of manufacturer, because all
computers follow the standard encoding schemes where each letter, numeral and symbol is

encoded or assigned a unique  code. Currently used encoding schemes are:

1. Binary Coded Decimal (BCD)

2. American Standards Code for Information Interchange (ASCII)

3. Extended Binary Coded Decimal Interchange Code (EBCDIC)

4. Unicode

1. Binary Coded Decimal (BCD)

BCD stands for Bina ry Coded Decimal. In this coding system, the decimal values from 0 to 9 are

represented in 4 digit binary code. In this system one digit is represented by 4 bits. This 4 -bit
code used to represent numeric data only. For example, decimal (9) 10 can be repres ented using
BCD as (1001) .. The weights bits from left to right are 8,4,2,1 respectively and hence also called

as 8421 code. This is used only to represent decimal numbers. Sixteen symbols (2 4 =16) can be
represented in this system. The table 2.1 shows th e BCD codes for decimal values from 0 to 9.

A standard Binary Coded Decimal , an enhanced format of Binary Coded Decimal, is a 6 -bit
representation scheme allows to represent non -numeric characters also. This allows 2 6 =64

characters to represent. For exam  ple, letter A can be represented as (110001) » using standard
Binary Coded Decimal.

Table 2.1: Decimal Numbers and BCD Values

Decimal BCD Value
Value 8421

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

o

© 00O ~NO O~ WN P

Example 2.1, Letus see howa number (37) 10 represented in BCD.

310 710

(0011), (0111):

(37)10 = (00110111) »

Assignment & Write the BCD values for the decimal values given below.
(i) 302 (ii) 2136 (jii) 17295

In4 -bit BCD only 2 4 =16 configurations are possible which is insufficient to represent the various
characters. Hence 6 -bit BCD code was developed by adding two zone positions with which it is
possible to represent 2 ¢ =64 characters.

2. American Standard Code for Information Interchange (ASCII)

The ASCII encoding scheme was deve loped to standardize the character representation. ASCII
coding system uses 7 -bit binary digit to represent a character. The total number of different
characters that can be encoded by 7  -bit ASCII code is 2 7 = 128. So, 128 characters can be
represented usi ng this coding system. However, manufactures have added 8 th bit to this coding
scheme, which can now provide for 256 characters. It is referred as 8 -bit ASCII. Table 2.2 shows
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some printable characters for ASCIlI code. ASCII is able to encode character set of English
language only.

Table 2.2 ASCII code for some printable characters

Character ASCII ASCII
Code in Code in
Decimal Binary

space 32 0100000
! 33 0100001
o} 34 0100010
# 35 0100011
$ 36 0100100

% 37 0100101
& 38 0100110
0 39 0100111
( 40 0101 000
) 41 0101001
@ 64 1000000
A 65 1000001
B 66 1000010
C 67 1000011
D 68 1000100
E 69 1000101
F 70 1000110
G 71 1000111
H 72 1001000

73 1001001

a 97 1100001
b 98  |1100010
c 99 1100011
d 100 | 1100100
e 101 | 1100101
f 102 |1100110
g 103 |1100 111
h 104 | 1101000

i 105 1101001

Example2.2, Encode the word o0School é and convert the
can be understood by a computer.

First find the ASCII code for wvarious |l etters afg
ASCI | val is83imndécimal@rdits 7 -bit ASCII code = 1010011

ASCI |l wvalue of 0c6 i s -HtaSCillcoded e ci malDOOANnd its 7
ASCI |l wvalue of o0ho6 i s 1bDASCIllcoded e c Fbi@1M00and it s
ASCI Il wvalue of 0006 i s 1itASCH codal e c F0A1000and it s
ASCI 1l wvalue of 01 6 i s -biDASCllicode d ec Fbi@lllland it s
Repl ace each alphabet in 0School 6 with its ASCII
with 7 -bit binary code to get its equivalent binary number as shown in Table 2.3.

Table 2.3 ASCII and Binary values for word &6Schc

PSS Central Institute of Vocational Education, NCERT, Bhopal




Junior Software Developer, Grade Xl

Code S c h o] o] I

Decimal 83 99 104 111 111 108

Binary 1010011 | 1100011 | 1101100 | 1101000 | 1101000 | 1101111
Assignment OWr i t e down the ASCII code of 01 CTO6 in

3. Extended Binary Coded Decimal Interchange Code (EBCDIC)

It is possible to write only 128 characters using ASCII system, but the EBCDIC code system

allows the use of 256 characters. Here, one symbol can be written with a binary number which

consists of 8 bits. Hence, 256  characters can be represented using this system. This system was

used in IBM main frame computers. The table 2.4 shows that there are different EBCDIC codes

for the 26 different capital letters and 26 different EBCDIC codes for the 26 simple letters in thi S
system.

Table 2.4: EBCDIC values for English capital and simple letters

Character Binary code Hexadecimal code
A 1100 0001 C1
B 1100 0010 Cc2
C 1100 0100 C3
D 1100 0101 Cc4
a 1000 0001 81
b 1000 0010 82
c 1000 0011 83
d 1000 0100 84

4. Unicode Sys tem

There were many encoding schemes to represent character sets of different languages. But they

were not able to communicate with each other, as each of them represented characters in their

own ways. ASCII system used 128 characters and EBCDIC system use s 256 characters for data
representation. Hence, text created using one encoding scheme was not recognised by another
machine using different encoding scheme. These coding systems cannot be used for languages

such as Devanagari, Tamil, Telugu, Japanese, Ch inese languages as there are more than 256
characters. Hence Unicode system was designed to represent 65536 different symbols of 16 bits

(218 = 65536). It can represent 2 16 = 65536 different symbols of 16 bit.

Unicode encoding scheme is used to represent U nicode characters as bits. The Unicode
encoding scheme allows to represent each character with a pattern of bits.

It incorporates all the characters of every written language of the world. Unicode system provides

a uniqgue number for every character. The Un icode encoding schemes are known as UTF (Unicode
Transformation Format). There are various UTF formats such as UTF -8, UTF -16, and UTF -32. It
is a super -set of ASCII, and the values 0 9128 have the same character as in ASCIl. Some of the
Unicode encoding sch emes are fixed length , and some are variable length . In f ixed length, each
character is represented using the same number of bits. Variable length means that some
characters are represented with fewer bits than others.

The Unicode system are classifiedto  represent characters of all the international languages. The
institution which initiated is the International Standard Institution and Unicode Consortium.
Unicode is largely used in websites.
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UTF -8 is a variable length encoding schemes scheme for Unicode. It requires 8 bits to represent
a character in UTF -8 scheme.

UTF-16 is a variable length encoding scheme for Unicode. It requires 16 bits to represent a
character in UTF -8 scheme.

UTF-32 is a fixed length Unicode encoding scheme. It requires 32 bits to rep resent a character
in UTF -32 scheme.
Character UTF-8 UTF-32
H 01001000 [00000000 00000000 00000000
01001000
$ 00100100 00000000 00000000 00000000
00100100

Unicode characters for Devanagari script is shown in Table 2.5. Each cell of the table contains a
character along with its equivalent hexadecimal value.

Table 2.5 Unicode table for the Devanagari script

U+0900 U+0901 U+0202 U+0903 U+0804 U+0905 U+0306 U007 U+0908 U+0209 U+0904 U+090B U+090C U+0800 U+00E U+090F
) ) : ~

SEIEIE R AR ES AR AR R

L+0810 U011 U+0912 U+0813 U+0914 U+0915 U+0016 [ U+0918 U+0918 U+091A U+01B U+091C U+0910 U+001E U+001F

e

U ||| ATt ® (@ | T | T | |F|B|F|F|F| T
_ _ _ _ _

L+0920 U+0921 0822 U+0923 U+0924 U925 [ U927 U928 [T U+092A U+0028 U+092C U+0620 [T U+092F
gleg|g|uw|d|g|g|g|q|dF|d|®|T |9 |T|T
—— p— e ——————— —
U+0930 U+0a31 U+0912 U+0933 U+0934 U+0935 U+0038 U+0837 U+0938 U098 U+093A U+093B U+091C U+083D U+093E U+093F

L}
T3 |d|B|(B|T|(W|9|[H|F t S| T
U940 U+0841 U0942 U+0943 U+0844 U+0945 U+0046 U847 U+0948 U+0949 U+0944 U048 U+084C U+0840 U+0S4E U+004F
T Ty |
R (=N < 1= -
| I 1 S N I (N Sl S
U+0950 U+0851 U+0852 U+0853 U+0954 U+0855 U+0956 U+0857 U+09548 U+0558 U+0854 U+0958 U+085C U+0950 U+095E U+095F
s ] s 4 =
&L . @7 |S|S|T|®|T
U+0960 U+0961 U‘ﬂi U+0963 U+0964 U+0965 U+0066 U:I;;G'.' U+0968 U+0968 U+0964 U068 U+096C U+0960 U+096E U+006F
TG | || [N [R]|F[¥|[U|&]|B]|L|R
e — S — I T T — T I
U+0970 U+ U972 U+0973 U+0974 U975 U+0976 [ U+0978 U+0979 U+0STA U7 UHETC U+09TD U+0GTE I.HD&
:
o | ||t || F| g |F|F|T|F|?|g|T
<

Number of bits used by the different coding systems

Coding System Number of Bits Used
Binary Coded Decimal (BCD) 4
American Standard Code for 7

Infor mation Interchange (ASCII)

Extended Binary Coded Decimal 8
Interchange Code (EBCDIC)

Unicode 8,16 or 32

Number System

The number system uses well defined symbols called digits. A number system is a method to
represent numbers.  Number system is basica Ily classified into two types d (i) Non -positional
number system and (ii) Positional number system.

Non -Positional Number System & The non -positional number system consists of different
symbols that are used to represent numbers. Roman number system is an example of the non -
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positional number system i.e. I=1, V=5, X=10, L=50. This number system cannot be used
effectively to perform arithmetic operations.

Positional Number System 8 In positional numbering systems a numeric value is represented
through increas ing powers of a radix or base, which is the total number of digits present in
number system. Every number is represented by a base X, which represents x digits. The base
is written after the number as subscript such as (512) 10. It is a Decimal number as it s base is
10.

The number is multiplied by an integer power of
sum of the weighted digits.

x depending on its position and then finds the

For Example, consider a decimal number (512.45)
as:

5x102 +1x101 + 2x100 + 4x10 -1 + 5x10 -2
The number system used for data representation in the computer is as given below.

10 Which can be represented in equivalent value

Number System Base |Number of digits

Binary 2 0,1

Octal 8 0,1,2,3,4,5,6,7

Decimal 10 0,1,23,4,5,6,7,8,9

Hexadecimal 16 0,1,2,3,4, 56,7,89,AB,C,D,EF

Let us discuss each number system.

Decimal Number System

Decimal number system is well known to us from our childhood. It has base 10 and digits are 0,
1,2,3,4,5,6, 7,8, 9. Normally, the base value of decimal numbers are not mentioned as it is
used by default in our daily life. So, if the number is not mentioned with its base then it is

assumed as a decimal number with base 10. Examples are: (123) 10, (456) 10, (7890) 10.

Consider a decimal number (542.76) 10 which can be represented in equivalent value as:

5x102+4x101+2%x100+7x109 +6 x 10 32

Hundreds |[Tens |Units |One-tenth |One-hundredth
Weights 102 10! 100 101 10-2
Digits 5 4 2 7 6
Values 500 40 2 0.7 0.06

Binary Number System

Digital computer represents the data and information in the binary system. Binary number
system consists of two digits 0 (low voltage) and 1 (high voltage). Its base or radix is 2. Each digit

or bit in binary number system can be 0 or 1. The positional values are expressed in power of 2.
Example: (1011) », (111) 2, (100001) »
Consider a binary number (11011) > which can be represented in equivalent value as:

1x24 +1x23 + 0%x22 + 1x21 + 1x20

Weights 24 |23 |22 |21 |20
Digits 1 1 |0 |1 |1
Values 16 (8 |4 (2 |1

In the binary number 11010, the left most bit 1 is the highest order bit, called as Most Significant
Bit (MSB) and the right most bit 0 is the lowest bit, called as Least Significant Bit (LSB).

Octal Number System
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The octal number system has digits starting from 0 to 7. The base or radix of t his system is 8.
The positional values are expressed in power of 8. Any digit in this system is always less than 8.
Examples: (123) s, (236) s, (564) s

The number 6418 is not a valid octal number because 8 is not a valid digit in octal system.

Consider Octal number (234) g which can be represented in equivalent value as:
2x82 + 3x81 + 4x80

Weights 82 |81 |80

Digits 2 3 |4
Values 64 |8 1

Hexadecimal Number System

The hexadecimal number system consists of 16 digits from 0 to 9 and A to F. The letters Ato F

represe nt deci mal numbers from 10 to 15. That i s,
represents 12, 6D6 represents 13, OEG represent
this number system is 16.

Examples: (A4) 16, (LAB) 16, (93E4) 16, (2FE.8C) 16

Consider a Hexadecimal number (5AF.D) 16 represented in equivalent value as:

5x162 + Ax161 + Fx160 + Dx16 o

Weights 162 161 |16° |169t
Digits 5 A F D
Values 256 16 1 0.0625
Table 2.6: Number system table
Decimal |Binary |Octal |Hexadecimal
Base-10 |Base-2 |[Base-8 |Base-16

0 0 0 0

1 1 1 1

2 10 2 2

3 11 3 3

4 100 4 4

5 101 5 5

6 110 6 6

7 111 7 7

8 1000 10 8

9 1001 11 9

10 1010 12 A

11 1011 13 B

12 1100 14 C

13 1101 15 D

14 1110 16 E

15 1111 17 F

Applications of Hexadecimal Number System

In comput er, each memory location has a unique address. Usually, size of a memory address is
16-bit or 32 -bit. To access 16 -bit memory address, a programmer has to use 16 binary bits,
which is difficult to deal with. To simplify the address representation, hexadeci mal and octal
numbers are used. Let us consider a 16 -bit memory address 1100000011110001. Using the
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hexadecimal notation, this address is mapped to COF1 which is easier to remember. The
equivalent octal representation for this 16 -bit value is 140361.

Hexad ecimal numbers are also used for describing the colours on the webpage. Each colour is

made up of three primary colours red, green and blue, popularly called RGB (in short). In most

colour maps, each colour is usually chosen from a palette of 16 million co lours. Therefore, 24
bits are required for representing each colour (8 bits for Red, 8 bits for Green, 8 bits for Blue
component). It is difficult to remember 24 -bit binary colour code. Therefore, colour codes are
written in hexadecimal form for compact re presentation.

For example, 24 -bit code for RED colour is 11111111,00000000,00000000. The equivalent
hexadecimal notation is (FF,00,00), which can be easily remembered and used. Table 2.7 shows
examples of some colours represented with decimal, binary, and hexadecimal numbers.

Table 2.7 Colour codes in decimal, binary and hexadecimal numbers

Color Name Decimal Binary Hexadecimal
Black (0,0,0) 00000000,00000000,00000000 00,00,00
White (255,255,255) 111111112,121112111,11111111 FF,FF,FF
Yellow (255,255,0) 111111112,11111111,00000000 FF,FF,00
Grey (128,128,128) 10000000,10000000,10000000 80, 80, 80

Number Systems Conversion

You have learnt the & decimal, binary, octal and hexadecimal number systems and you also
observed from the above discussion that you may b e required to convert the number from one
number system to another as per the need. So, it is essential to understand how to convert a
number from one number system to another number system. Decimal humber system is most
commonly used by humans, but digita | computer understands binary numbers; whereas Octal
and hexadecimal number systems are used to simplify the binary representation for us to
understand.

Conversion from Decimal to other Number Systems

(a) Decimal to Binary Conversion

The base value of bina ry system is 2. So, to convert the given decimal number to binary number,

divide the given decimal number repeatedly by 2 as per the above steps till the quotient is 0.

Record the remainder after each division and finally write the remainders in reverse or der in
which they are computed.

In Practical Activity 2.3, observe that the binary equivalent of 65 is (1000001) 2. Let us now
convert a decimal value to its binary representation and verify that the binary equivalent of (65) 10
is (1000001) ».

Activity 3

Practical Activity 2.3 0 Convert the binary equivalent of the decimal number (65) 10

Step 1. Divide the given decimal number 65 by 2.
Step 2. Write the remainder.

Step 3. Keep on dividing the quotient by the base value 2 and note the remainder till the quoti er|
is zero.
Step 4. Collect the remainders from bottom to top to get the binary equivalent of (65) 10

(1000001) ».
65/2 =32 (Remainder = 1)
32/2=16 (Remainder = 0)
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16/2=8  (Remainder =0) 4
8/2=4 (Remainder = 0)
4/2 =2 (Remainder = 0)
212=1 (Remainder = 0)
1/2=0 (Remainder = 1)

Fig. 2.5: Conversion of a decimal number to its equivalent binary number

Example 2.5. Convert (122) 10 to binary number.

122/ 2 =61 (Remainder = 0) /r\
61/2 =30 (Remainder = 1)
30/2=15 (Remainder = 0)
15/2=7 (Remainder = 1)
712=3 (Remainder = 1)
32=1 (Remainder = 1)
1/2=0 (Remainder = 1)
Therefore, (122) 10 =(1111010) »

Assignment & Convert the following decimal numbers in the binary number system.
(i) (75) 10

(iii) (479) 10

(iii) (9843) 10

(b) Decimal to Octal Conversion

The base value of octal number system is 8. So, the given decimal number is repeatedly divided
by 8 to obtain its equivalent octal number.

The octal equivalent of | etter 0 AdGscdcylatadinitha Bra i ctical
Activity 2.4.

Activity 4

Practical Activity 2.4 0 Convert the octal equivalent of the decimal number (65) 10

Step 1. Divide the given decimal number 65 by 8.
Step 2. Write the remainder.

Step 3. Keep on dividing the quotient by the base value 8 and note the remainder till the
quotient is zero.

Step 4. Collect the remainders from bottom to top to get the octal equivalent of (65) 10 = (100) g.
65/8 = 8 (Remainder 1)

8/8=1 (Remainder 0)

1/8=0 (Remainder 1)

Fig. 2.6: Conversion of a decimal number  to its equivalent octal number

Example 2.6. Convert (122) 10 to octal number.
122/8 = 15 (Remainder 2)

15/8=1 (Remainder 7)

1/8=0 (Remainder 1)

Therefore, (122) 10=(172) s
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Assignment & Convert the following decimal numbers into octal number.
(i) (87) 10

(iii) (847) 10

(iii) (9834) 10

(c) Decimal to Hexadecimal Conversion

The base value of hexadecimal number system is 16. So, the given decimal number is repeatedly

divided by 16 to obtain its equivalent hexadecimal number.

The hexadecimal equivalentof | et t er OAO0 by wusing i tosscdcBla@ddinthe o |
Practical Activity 2.3.

Practical Activity 2.3 8 Convert the hexadecimal equivalent of the decimal number (65) 10
Step 1. Divide the decimal humber by 16.
Step 2. Write the remainder.

Step 3. Keep on dividing the quotient by the base value 16 and note the remainder till the
quotient is zero.

Step 4. Collect the remainders from bottom to top to get the hexadecimal equivalent.
65/16 = 4 (Remainder 1)

4/16 =0 (Remainder 4)

Fig. 2.7: Conve rsion of a decimal number to its equivalent hexadecimal number

Example 2.7 Convert (122) 10 to hexadecimal number
Therefore, (122) 10 =(7A)1s

122/16 =7 T(Remainder 10 means A)
(

7/16 =0 Remainder 7)

Assignment 3 Convert the following decimal humbers into hexadecimal number.
(i) (84) 10

(if) (506) 10

(iii) (2976) 10

Conversion from other Number Systems to Decimal Number System

We can use the following steps to convert the given number with base value b to its decimal
equivalent, where base value b can be 2, 8 and 16 for binary, octal and hexadecimal number
system, respectively.

Step 1. Write the position number for each alphanumeric symbol in the given number.

Step 2. Get positional value for each symbol by raising its position number to the base value b
symb ol in the given number.

Step 3. Multiply each digit with the respective positional value to get a decimal value.
Step 4. Add all these decimal values to get the equivalent decimal number.
(a) Binary Number to Decimal Number

The binary number system has bas e 2. The positional values are computed in terms of powers
of 2. Using the above -mentioned steps let us convert a binary number to its equivalent decimal
value as shown below:

Example 2.8. Convert (1101) » into decimal number.

Digit 1 1 0 1

Position Number 3 2 1 0
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Positional Value 23 22 21 20

Decimal Number 1x23 |1x22 0x21 [1x20

=8+4+0+1=(13) 10
Note: Add the product of positional value and corresponding digit to get decimal number.

(b) Octal Number to Decimal Number

The octal number system  has base 8. The positional values are computed in terms of powers of
8. The following example shows how to compute the decimal equivalent of an octal number using
base value 8.

Example 2.9. Convert (3651) s into decimal number.

Digit 3 6 5 1
Position Numb er |3 2 1 0
Positional Value 83 82 81 80
Decimal Number 3x83 |6x82 |5x81 |1x80

=3x512+6x64+5x8+1x1
=1536+384+40+1

=(1961) 10

(c) Hexadecimal Number to Decimal Number

For converting a hexadecimal number into decimal number, use steps given in this section with
base value 16 of hexadecimal number system. Use the appropriate decimal value equivalent to
alphabet symbol of hexadecimal number in the calculation.

Example 2.10. Convert (4A5) 16 into decimal number.

Digit 4 A 5
Position Number 2 1 0
Positional Value 162 161 160
Decimal Number 4x162 |10x161 |5x1609

= 4x256 + 10x16 + 5x1
=1024 + 160+ 5

=(1189) 10
Conversion from Binary Number to Octal/Hexadecimal Number and Vice -Versa
A binary number is converted to octal or hexadec imal number by making groups of 3 and 4 bits,

respectively, and replacing each group by its equivalent octal/ hexadecimal digit.

(a) Binary Number to Octal Number

Given a binary number, an equivalent octal number represented by 3 bits is computed by
groupi ng 3 bits from right to left and replacing each 3 -bit group by the corresponding octal digit.
In case number of bits in a binary number is not multiple of 3, then add required number of Os

on most significant position of the binary number.

Example 2.11. Convert (10101100) » to octal number.

Make group of 3 -bits of the given 010 101 100
binary number (right to left)

Write octal number for each 3 -bit group 2 5 4

Therefore, (10101100) . = (254)s
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Why 3 bits in a binary number are grouped together to get octal number?

The base value of octal number system is 8. Convert value 8 in terms of exponent of 2, i.e., 8=2 3,
Hence, three binary digits are sufficient to represent all 8 octal digits. Simply stated, count all

possible combinations of three binary d igits, which are 2 x2x2=8. Therefore, 3 bits are sufficient

to represent any octal digit. Hence, 3 ~ -bit groups in a binary number are formed to get equivalent

octal number.

(b) Octal Number to Binary Number

Each octal digit is an encoding for a 3 -digit bina ry number. Octal number is converted to binary
by replacing each octal digit by a group of three binary digits.

Example 2.12. Convert (675) g to binary number.

Octal digits 6 7 5

Write 3 -bits binary value for each digit 110 111 101

Therefore, (675) s = (110111101) »

(c) Binary Number to Hexadecimal Number

For a given a binary number, its equivalent hexadecimal number is computed by making a group

of 4 binary digits from right to left and substituting each 4 -bit group by its corresponding
hexadecimal alphanumeric symbol. If required, add 0 bit on the most significant position of the

binary number to have number of bits in a binary number as multiple of 4.

Example 2.13. Convert (0110101100) » to hexadecimal number.

Make group of 4 -bits of the g iven 0001 1010 1100
binary number (right to left)

Write hexadecimal symbol for each group 1 A C

Therefore, (0110101100) 2 = (1AC)1s

Why 4 bits in a binary number are grouped together to get hexadecimal number?
The base value of hexadecimal number system is 16. Write value 16 in terms of exponent of 2
i.e. 16 = 2 4. Hence, four binary digits are sufficient to represent all 16 hexadecimal symbols.

(c) Hexadecimal Number to Binary Number

Each hexadecimal symbol is an encoding for a 4 -digit bin ary number. Hence, the binary
equivalent of a hexadecimal number is obtained by substituting 4 -bit binary equivalent of each
hexadecimal digit and combining them together (see Table 2.6). Example 2.14. Convert (23D) 16
to binary number.

Hexadecimal digits 2 3 D

Write 4 -bit binary value for each digit 0010 0011 1101

Therefore, (23D) 16 = (001000111101) -

Assignment &

Write binary representation of the following hexadecimal numbers.
(i) (FO18) 16

(i) (A72) 16

(iii) (613) s

Binary Additi  on

The addition of two binary numbers can be performed like addition of decimal number. In
binary system since there are only two numbers 0 and 1, only four combinations are possible
as shown in table below.

Addendl |Addend2 ‘Sum ‘Carry ‘
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0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1

Example 2.23,  Add the two numbers 9 and 5
Deci-
mal Binary

9 1 0 0 1
+ 5 + 1 0 1
14 1 1 10

Example 2.24 |, Add 75 and 18 in binary number.
Solution 9 Binary equivalent of (75) 10 = 64+8+2+1 = (1001011) -
Binary equivalent of (18) 10 = 16+2 =(10010) »

Carry B 1
Ad-

dend B

1 1 0 01 0 1 1
Ad-

dend B

2 1 0 010

Sum B 1 0 1 1 1 0 1

Example 2.25 , Add binary number 1011.011 and 1101.111

Solution o
Carry B 11 1 1 1 1
Addend 1 b 1 0 1 1 0 1
Addend 2 b 1 1 0 1 1 1
Sum B 1 1 0 0 1 0 1

Assignment 9
1) Add 10101 and 11011
2) Add 1011101 and 1100111

Binary Subtraction

Binary subtraction can also be performed like in the decimal system. First determine whether it

is necessary to borrow. When we subtract 1 from O, it is necessary to borrow 1 from the next left
column i.e. from the next higher order position. If the subtrahend (the lower digit) is larger than

the minuend (the upper digit), it is necessary to borrow from the column to the left. In binary

two is borro wed. Subtract the lower value from the upper value. The possible combinations of
subtraction two binary numbers are as shown in table below.

Minuend Subtrahend Difference Barrow
0 0 0 0
0 1 1 1
1 0 1 0
1 1 0 0

Example 2.26 , Subtract the number 10 from 14
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Decimal Binary
14 1 1 1 o0
3 10 3 1 0 1 O
4 O 1 0 O
Example 2.27.  Subtract 18 from 75 in binary number.
Borrow B 1
Minuend B 1 00 1 0 1 1
Subtrahend 5} 1 0 0 1 0
Difference b 011 1 0 0 1
Assignment

1) Subtract 01110 fr om 10101
2) Subtract 25 from 35

Check Your Progress

A. Multiple choice questions

1. Which of the following is not represented as data (a) image (b) audio sound (c) video file
(d) drama (d)

2. Which of the following is not a data encoding system (a) ASCII (b) EBCDIC (c) Number
system (d) Unicode (c)

3.  Which of the following code is used by computer (a) Decimal (b) Binary (c) Octal (d) Hex
(b)

4. Which of the following data take largest amount of space in memory (a) picture file (b)
audio file (c) video file (d) text  file (c)

5. Datais processed by (a) Keyboard (b) Memory (c) Processor (d) Monitor (c)

6. Which of the following is fixed length Unicode system (a) UTF -8 (b) UTF -16 (c) UTF -32
(d) UTF-64 (c)
7. Which of the following encoding system has uses highest number of bits (a) BCD) (b)

ASCII (c) EBCDIC (d) Unicode (d)

8. Which of the following number system is used to represent color codes (a) binary (b)
octal (c) hexadecimal (d) decimal (c)

9. How many bits are used by the Unicode encoding system (a) 8 (b) 16 (c) 32 (d) All of t he
above (c)

10. Which of the following color uses the same code as 0 to represent a color code in any
number system (a) Black (b) White (c) Yellow (d) Grey (a)

B. Fill in the blanks
1. The data is stored in computer in the form of

2.  The smallest unit of da tais

3. The process of converting data into machine code is called as

4. In positional number system a numeric value is represented through increasing power
of

5.  How many bits are required to represent a color code

6. The number system also uses alphabets to represent its symbol.

7. Provide the hexadecimal value of the corresponding color codes in the following table

Name of the Colour Colour Hexadecimal Value R G B
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Dark purple I | :871F78 135 | 31 |120
Brick ] 255| 64 | 0
Sky blue s 46 | 92 | 153
Green I 0 |255| 0
Yellow 255 238 | 0

C. True and False

Data means facts or set of values.

Useful knowledge about data can be obtained without processing it.
Data cannot be measured and analysed.

Data can be visualised.

Data is converted into machine code after processing.

BCD system used 4 bits to represent a digit.

Only 10 digits can be represented by BCD system.

Pie chart, bar graphs and line graph can be used to visualize data.

© ©® N o A~ WD

Data generated by the electronic devices such as mobile phone is called as analog data.

=
o

ASCII code of capital and small alphabets are the same.

=
=

ASCII encoding system uses 7 bit or 8 bits to represent a character.

=
N

EBCDIC coding system uses 8 bits to represent 256 characters.

=
w

All the encoding syste m have the same code.

=
E

All the encoding system communicate with each other.

=
o

It is possible to convert a number from any number system to any other number
system.

D. Short Answer Question
1. What is data and information? Explain with example.

2. Classify the follo wing data and information (a) Roll Number (b) Mobile Number (c)
School Attendance Record (d) School Report Card (e) Digits (f) Alphabets (g) Video
recorded by smartphone (h) Height () Weight

3. Write the acronym for the following (i) ASCII (ii) BCD (iii) EBC DIC
What is difference between positional and non -positional number system

What do you mean by base or radix of number system. What is the base values of
binary, octal and hexadecimal number system?

6. Convert the following binary numbers to its decimal, octa | and hexadecimal equivalent
(i) 110101 (i) 1011000 (jii) 1110.100 (iv) 101110.1011

7. Convert the following decimal numbers to its equivalent binary, Octal and Hexadecimal
(i) 178 (ii) 6253 (iii) 257.25 (iv) 359.125

8. Convert the following octal numbers to its equivalent binary, Decimal and Hexadecimal
(i) 531 (ii) 756 (iii) 376.64 (iv) 705.125

9. Convert the following hexadecimal numbers to its equivalent binary, Decimal and Octal
(i) BAL (ii) 79C.D (iii) DAC.34F (iv) DAF.12B

10. Convert the following decimal n  umber to other number systems.
(1) (54) 10 = (?)2 (i)) (120) 10 = (?)2 (ii)) (76) 10 = (?)s
(iv) (889) 10 = (?)s (V) (789) 10 = (P16 (vi) (108) 10 = (?)16
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Session 3: Basic Concepts of Mathematics and Statistics

Rahul wants to go to Mumbai to visit his r elatives. For train ticket reservation, he went to
reservation center to book a ticket. He saw that every employee in the reservation center are
using the computer to book the ticket, cancel the ticket or to provide the information about the

train number a nd station. He noticed that all the information is being accessed through
computer by the railway reservation officials. Till this time, it is confirmed that nothing can be

tic ket, he observed that all the data provided by him was entered and processed by the computer
system only. He then understands the power of computing and decides to understand how such
processing is possible with computer machines.

1

It

Fig. 3.1: Graphical ill ustration of railway reservation window

Computer is a digital electronic machine in which the digital data is processed. Digital data
means the discrete data, i.e. the data which can be measured in whole numbers only. For
example, number of tables, number of chairs, number of fingers are the examples of discrete

data i.e. continuous data. Temperature, pressure, volume are the examples of analogues data.
Computer ¢ annot process any analogue data. Such data need to be converted into discrete form
and then only it can be processed by computer machine.

Discrete mathematics is a branch of mathematics in which it is possible to perform various
mathematical operations  on the discrete data. These operations are very much needed when we
write programs to perform a specific function or a task. In this session you will understand the
different concepts of discrete mathematics such as sets, relations, functions, mathematical

group theory and graph theory. Also, we will describe the statistical methods such as Mean,
Mode, Standard Deviation and Variance. These methods are required for the analysis of the
discrete data. Figure 3.2 shows the use of mathematics in Computer Science.

[ Statistics )

Computer
Science

Fig. 3.2: Use of Mathematics in Computer Science

done without processing data using computer. (Figure 3.1) When he fills the form to book the

data which are counted in whole numbers only. Most of the time the real -life data is analogues

logic
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Set Theory

Whenever we want to write a computer program to solve a problem then it is necessary to make

the use of logical reasoning to solve the problem. Set theory is an important tool for the | ogical
reasoning. A set is defined as a well  -defined collection of objects or things. For example, in the

set A = {2,4,6,8,10}, A is the name of the set and its elements are 2,4,6,8,10. Observe that the

set elements are enclosed into braces ({ }) and they can be numbers, names or symbols. If there

are finite number of elements in the set then the set is called as finite set and if there are infinite

number of elements in the set then the set is being called as infinite set. The only care that

should be take n while writing the set elements that the same element should not be repeated in

the set. Set is a very important tool in the programming because it allows us to group the data

and describe the data.

https://www.youtube.com/watch?v=YDGrF2AU3tQ
Video link on set theory

In the set when the element x is member of the set then it is written as @°e | and when the
element x is not member of the set then it is written as @e 1.

If the set consists of finite  number of elements, then it is finite set. For example, A = {1,3,5,7,9}

is a finite set. If the set consists of infinite number of elements, then it is infinite set. For example,

A={D O~ . ho p aninfinite set. If the number of the elements in the two s ets are the same
then they are called as equal sets. A set can be called as a universal set if it is a collection of all
elements in particular context. For example, the set of all animals on the earth is being called as
universal set.

If all the elements of the set Y are in the set X, then the set Y is called as a subset of X and X is
called as a super -setof Y.

Set operations

Various operations can be performed on the set, such as intersection, union, difference and
symmetric difference.

Union 0 If there are two sets A, B then the union of these two sets (A" B) is the set of all the
values, that are the member of A or B or both.

For example, Letset A ={1,2,4,8}and B ={2,5}thenthe (A" B)={1,2,4,58}

Intersection 0 If there are two sets A, B then the i ntersection of these two sets (A, B) is the set
of all the values, that are the member of both A and B.

For example, Letset A ={1,2,4,8}and B ={2,5}thenthen (A, B)={2}

Difference 9 If there are two sets A, B then difference A \ B is the set of all the values of A that
are not members of B.

For example, Let set A ={1,2,4,8} and B = {2,5} then the A \B={1,4,8}

A\ Bis notsame as B \ A.

Symmetric Difference d If Aand B are the two sets (A G B) is the set of all values, which are in
one of the sets, bu t not in both.

For example, Let set A = {1,2,4,8} and B = {2,5} then the ( A GB) ={1,4,5,8}

The set operations can also be shown by the graphical diagrams and these diagrams are called
as Venn diagrams. The Venn diagrams of these set operations are shown in Figure 3.3.
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Union e Dillerence Symmetric Dillerence

A B A B A B

Fig. 3.3 (a) Union Fig. 3.3 (b) Intersection Fig. 3.3 (c) Difference Fig. 3.3 (d) Symmetric Difference
Activities

Practical Activity 3.1. Compute the union and intersection of sets

Suppose setA={1,24,18andB= {x : x is an integer, (& Byand (A(‘>< |
B)

Solution:

(AXB) = {1,2,3,4,5,18}

A X B)={1.2.4}

Practical Activity 3.2. Compute the union of set
Suppose Set A={1,2,4,18}andB={x Z.0<x  O5}
then compute, A \B,B\Aand A B
Sol ution:

A\ B = {18}

B\ A ={3,5}

={3,5,18}

Practical Activity 3.3. Draw the Venn diagrams for (i) >< (ii) (A><B)
Solution:

0) > Everything in B that is not in A

(ii) (AB): Everything in B that is not in B

Relation and Function

In our daily lives we come  across several relations, such as brother and sister, father and so on,
teacher and student, and so on. That is, every two human beings can have some kind of
relationship among them. In discrete mathematics it is possible to define a relation between the
two sets.

If A, B are the two sets, then the relation between A and B is provided through a Cartesian
product A x B. The relation between the two sets is used to define the connection between the

two sets. A relation is just nothing but a set of ordered pa irs. Relations are very useful in
computers because they can be used for describing computer languages and compiler grammar.

They are also used in data structures such as the traversal of the graph.

Cartesian product

If A, B are the two sets then the Carte  sian product A x B is the set of all ordered pairs of the
elements of A and B.

For example, if the set A = {1,2} and B = {3,4,5} then the Cartesian product AxB = {(1,3), (1,4),
(1.5, (2.3), (2,4), (2,5)}
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Thatis A x B ={(a, b): a ><Aandb BlandBxA ={b,a):b X B and a ><A}
Observe that A x B is not equal to B x A.

Cartesian Product is very important tool by using which we can obtain one set from the two sets.
This tool is very widely used in matrix applications.

Relation

If A and B are the two set s then the relation R from the set A to B is a subset of A x B.

Suppose the set A = {2,4,5,6,7} and set B = {2,3} then the relation R from A to B is defined by R
={(a, b): a >< A b >< B and a is divisible by b}. Such relation R ={(2,2), (4,2), (6,2), (6,3 )}

If the relation R =, i.e. empty set then the relation R is called as void relation. If the relation R =

A x B, then the relation R is called as universal relation.

If the relation R is between the two sets A and B then the set of the first elements of all ordered
pairs of R is called as domain and the set of second elements of all ordered pairs of R is called

as range.

For example, if R = {(2,2), (4,2), (6,2), (6,3)} then the domain of R = {2,4,6} then the range of R =

{2,3}.

If therelation Risfrom  set Ato B, thenthe setBiscalledasco  -domain of R. The relation between

two sets can be graphically represented by the relation diagram. Figure 3.4 shows the relation
R.

A R B

Fig. 3.4 Relation R

https://www.youtube.com/watch?v=0N |bBifuMk

Video link on Relation and Function

Function

The relation f from the set A to B, where every element of set A has a unique image in the set B

is called as the function from A to B.

For example, ifthe setA={ a, b, ¢, d} and B {1,2,3,4,5} then the relation f: {(a,1), (b,2), (c,3), (d,5)}
is a function from A to B.

The function is written as f: A Bb B and graphicse

A f B

Fig. 3.5 Function

A function can be a variety of types such as identity functions, constant functions, quadratic
function and polynomial function as shown in Figure 3.6.
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y yT
I .

— 2
fla)y=b=a y=X ax+bx+c =0
(a) Identity function (b) Quadratic function (c) Polynomial function

Fig. 3.6 Types of function (a) Identity function (b) Quadratic function (c) Polynomial function

2 4

Mathematical Logic

In our daily lives, we always make the use of the logic to perform any actio n. In mathematics the
logic is used to differentiate between valid and invalid arguments. An argument is a set of
statements consisting of two parts. (1) set of premises and (2) a conclusion.

For example, if the set of premises consists of two statements s uch as

Statement 1: If today is Monday then Mr. A gets Rs. 50.

Statement 2: Today is Monday.

Conclusion: Mr. A gets Rs. 50.

These arguments are called as valid arguments and such validity can be checked by using logic.

A simple statement or a proposition i S an expression that is either false or true, but not both.
That is, every statement will have a logical value of True (T) and False (F).

True (T) and False (F) are called as the truth values of the statement.

When the simple statements are connected toget her by making the use of the words such as
O6Not 6, OAndd6, 060Or6 o6l mplies (if then)d, and 61°f
formed. These connecting words Not, Or, implies are called as logical connectives.

https://www.youtube.com/watch ?v=Slablcep2Bo
Video link of Mathematical Logic

Table 3.1 shows the different logical connectives along with their symbol and meaning.
Table 3.1 Logical Connectives

Name Symbol [Connection |Meaning

AND (Conjunction) - P Q P~ Qis Tif both P and Q are T otherwise F.

OR (Disjunction) - P Q P~ Qis Tifeither P or Qis T or both are T otherwise
F.

NOT (Negation) = - P - P is the opposite of P. If P is true then negation of P

is F and vice versa.

Exclusive OR § PS Q Either P or Q but not both if P and Q are different
then P § Q will be T otherwise F.

Implication (If b PB Q If P happens then Q happens

then)

Double b P b QP happens if and only if Q happens

Implication (if and

only if)

Truth Table

A Truth Tab le is a table that shows all possible Truth values (T) for a compound statement. The
Truth Table for the different logical connectives are as given in the following tables.

p ~p
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T F
F T
Table 3.2 Truth Table for Negation
P | a|p ¢
T | T T
T F F
F T F
F F F
Table 3.3 Truth Table for AND (conjunction)
P | g |p ¢
T | T T
T F T
F T T
F F F
Table 3.4 Truth Table for OR (conjunction)
p a|p b
T | T T
T F F
F T T
F F T
Table 3.5 Truth Table for if then (Implication)
p qa|p b
T | T T
T F F
F T F
F F T
Table 3.6 Truth Table for if and only if (Double implication)
p qa | PS¢
T | T F
T F T
F T T
F F F
Table 3.7 Truth Table Exclusive OR
Practical Activity 3.4. Prove that p “ (T qbp
Solution: Identity can be proved by constructing the truth table as given below.
p 9 |pP g | p (P Q9
T T T T
T F F T
F T F F
F F F F
Table 3.8
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Observe that all entries in column 1 and 4 are same hence proof of identity.

Logical Equivalence

The two prepositions A and B are said to be logically equivalent if they have the same truth value
under any truth assignment. When A and B are logically equivalent then it is written as A b B.

Logical equivalence of the preposition can be proved by construction the truth table.
For exampl ®:Q P Q
This logical equiva lence can be proved by constructing a truth table as given Table 3.9.

p q pb ¢ -q -p -q bp
T T T F F T
T F F T F F
F T T F T T
F F T T T T
Table 3.9 Truth Tablefor- q bBp
From the above table it is observed that all the entries in column 3 and 6 a re same hence the
proof of the proposition.
A proposition or a formula that has the truth value T for each assignment is called as Tautology .

A proposition or a formula that has the truth value F for each assignment is called as
Contradiction .

A propositio n or aformulathat is neither a tautology nor a contradiction is called as Contingency .
Table 3.10 shows the Truth Table of Tautology Contradiction Contingency.

p -p P~ -p P~ -p

T F T F

F T T F

Contingency Tautology Contradiction

Table 3.10 Truth Table of Tautology Contradiction Contingency
GRAPH THEORY

A Graph is a non -linear data that consists of nodes and edges. Nodes are called as the vertices

and the edges are called as the lines or arcs. A graph G = (VE), where, V is the set of vertices and

E is the set of edges. For example, if the set of the vertices V = {0,1,2,3,4} and the set of edges E

= {01, 12, 23, 34, 04, 14, 13}. Such a graph can be graphically represe nted as shown in the
Figure 3.7.

Fig. 3.7 Graph
https://lwww.youtube.com/watch?v=Md -ZEzbN -tA
Video link on Graph Theory
Graphs are very useful to solve many real -life problems. They are usedto  represent the network

such as computer network, circuit network, and telecommunication network. Graphs are used
in the social networks such as LinkedIn, Facebook and WhatsApp where every person is
represented by a vertex or a node. Figure 3.8 shows the so cial network.
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Fig. 3.8 Facebook social network

Each node is a structure that contain the information such as identity ID, name, gender and
address. Google map also makes the use of graph to find the shortest distance between the two
locations, where each location is represented by a vertex. Figure 3.9 shows representation of
Google map.
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Fig. 3.9 Representation of Google map
Adjacency Matrix

A graph can be represented by the adjacency matrix. The adjacency matrix A for the graph G =
(V, E) with n vertice sis a n x n matrix such that A i =1, ifthereis an edge fromV toVjandAj =
0, if there is no edge.

For example, consider the graph as shown in the Figure 3.10. For this graph, we can obtain the
adjacency matrix as given below.

(e PR
01001
10101
e e C>|o0o1010
00101
e 11010
Fig. 3.10 Graph and adjacency matrix
BOOLEAN ALGEBRA
https://www.youtube.com/watch?v=nIFj -EkVKnw _ Video link on Boolean Algebra
In nineteen century, English mathematician, George Bull, has written the 0l aws ogfh tts

These laws of thoughts are being recognized later as Boolean Algebra. Boolean Algebra are the
rules for manipulation of binary values. These rules form the basis of modern digital electronics
from where the computers are evolved.

A Boolean variable is a binary variable that can have either a 0 or 1 value. Boolean operations

are the logic operations, such as NOT, AND, and OR. Boolean expression is a logic expression

that contains Boolean variable and Boolean operations. Boolean Algebra contains the va rious
rules such as AND laws OR laws, NOT laws, Associative laws and Distributive laws.
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AND laws 8 AND laws are the laws of logic AND operation. There are four AND laws.

Lawl 6 A0=0
Law2 0 A1=A
Law3 0 AA=A

Law 4 & A.>< =0
OR laws 0 OR laws are the laws of logic OR operation. There are four OR laws.
Lawl 6 A+t0=A
Law2 0 A+1=1
Law3 6 AtA=A

Law 4 6A+><:1

NOT laws o NOT laws are the laws of logic NOT operation. These laws are also called as laws of
complementation. There are three NOT laws

Law 1l & ><=1
Law 2 o ><:0
Law3 & 1=A

Commutative laws 0 These laws allow us to change the position of AND and OR variables. There
are two Commutative laws.

Law1 & A+B = B+A
Law 2 - AB=B.A

Associative laws 8 These laws allow us to change the grouping of the variables. There are two
Associative laws.

Law 1l & A+(B+C) = (A+B) + C

Law 2 - A.(B.C)=(A.B).C

All of the above laws of the Boolean Algebra can be proved by constructing the Truth Table for
left hand side and right -hand side of t he identity.

Distributive laws 0 These laws tell us that the factoring or multiplying of different terms in an
expression is allowed. There are three Distributive laws.

Law 1l & A.(B+C)=AB+A.C
Law 2 & A+(B.C) = (A+B).(A+C)
Law 3 & A+!" =A+B

The Distributive laws can be proved either by constructing the Truth Table or by simplifying the
equation by using other laws of Boolean Algebra.

Activity 5

Practical Activity 3.5. Prove following law of Boolean algebra

(@A+B=B+A

A+!" =A+B

Solution:

(a) A+B = B+A

This law can be proved by constructing truth table as given below
A B A+B B+A
0 0 0 0
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0 1 1 1
1 0 1 1
1 1 1 1

Observe that all entries in column 3 and 4 are same, hence proof.
o)A+ OB =A+B

LHS =A+!"
=A1+!" é . AND Law
=A.AB+ |'" é. . OR Law
=A+AB+ !'" é . Distributive Law
=A+(A+ 1" é . Di stributive Law
= A + 1.8B é. . OR Law
= A + B éé AND Law
= RHS

LHS= RHS, hence proof the law.
LHS = RHS, Hence proof of the law

STATISTICAL METHODS

Statistical methods are the mathematical formulae, models and techniques that are used in the
analysis of the data. Many times, we need to collect a lot of data related with any given problem.
But it becomes very difficult to draw a useful conclusion simply by observing the data. In such

a case the statistical methods are useful to draw a fruitful conclusion from the large collection

of the data.

There are different termi  nologies that are being used in the statistics. In this session we will
understand some of these terminologies.

1. Measure of central tendency 8 when we have been provided with a large amount of data,
many times we need to measure the central tendency of t he data. The central tendency of the
data can be measured by the parameters such as Mean, Median and Mode. (Figure 3.11)

Measure of
Central Tendency

v v v
[ Mean J LMedianJ ( mode |

Fig. 3.11 Measure the central tendency

Mean 0 It is defined as the average value of the data set. If there are n data values given to you
then the mean can be computed by using the formula.

8=(x1+x2+x3+ €éé Hnx
For example, the given data set is 1, 4, 4, 6, 10 then its mean is
8= (1+4+4+6+10)/5=25/5=5

Median & Median of the given data set is the middle number that split the da ta set into two
halves.

Steps to find the Median.
Step 1. Arrange the data in the increasing order.
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Step 2. Determine number of data values in the data set which is equal to n.
Step 3. If n is odd then median is the middle number.
Step 4. If n is even, the n the median is the average of the two middle numbers.

Activity 6

Practical Activity 3.6. Compute Mean, Median and Mode for the given data set
Given data set is 34, 22, 15, 25, 10

Step 1. The increasing order of the data is 10, 15, 22, 25, 34

Step 2. The re are five numbers in the data seti.e., n = 5.

Step 3. Therefore, the median is equal to the median is middle number 22.
Given data set 19, 34, 22, 15, 25, 10

Step 1. The increasing order of the data is 10, 15, 19, 22, 25, 34

Step 2. There are six number s in the data seti.e.,, n = 6.

Step 3. Therefore, there are two middle numbers 19 and 22. Therefore median is equal to
(19+22)/2=20.5

Observe that mean and median numbers are not from the data set. Mean and median can have
only one value. Mean is affected by the extreme values while the median is resistant.

Mode & The most frequent number in the data set is called as mode.

Example, suppose we have been provided with the data set 19, 19, 34, 3, 22, 10, 15, 25, 10, 6.
In this data set the number that occurs the most is 10, and therefore, Mode is equal to 10.

If the two different numbers appear same number of times in the given data set, then both of
them are called as the mode of the given data set.

Observe that mode is always the number from the data set. It is also possible that mode can
have 0 or 1 or more than one value and it is being called as 0 Mode, 1 Mode, 2 Mode, and so on.

The relationship between Mean, Median and Mode can be graphically represented in Figure 3.12.

. M i
Median Mggg Medjam
Median
I
|
I
|
i : 1
(a) Positive skew (b) Symmetric distribution (c) Negative skew

Fig. 3.13 Graphical representation of Mean, Median and Mode

2. Measurement of Deviation o Deviation is defined as the difference between the value x and
the population mean (7).

Deviation= x 01
Deviation can be mea sured by the parameters called as variance and standard deviation.

Variance 0 It is a measure of how far the values of the data set are from the mean, on average.
The average of the squared deviation is the population variance.

Population variance o¢2=

Sample variance S 2 =

Standard deviation 0 The square root of the variance is called as standard deviation.
The population standard deviation

o=

Sample standard deviation

S=
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Steps for computing variance and standard deviation.

Step 1. Compute the sample mean @

Step 2. Calculate the difference  xi - @for each value in the data set.

Step 3. Calculate the squared difference ( xi - @R for each value in the data set.
Step 4. Sum the squared differences B g @

Step 5. Divide the sum of  squared differences to get the variance S 2

Step 6. Compute the square root of the variance to get the standard deviation S.
Example: Compute the variance and standard deviation of the following data in spreadsheet.

X xi - of xi - OGP

15 -38 1444

25 -28 784

35 -18 324

45 -8 64

55 2 4

60 7 49

65 12 144

70 17 289

75 22 484

85 32 1024

xx = 8 x(xi - 62 =4610

Total No of item (N)=10
SoMean((I))zB— — Vvo
Vari anse—R-— — 1 Qp

Standard D eviaton= & 2RA& 4 6=121.47091055
Data Visualization

The data mostly appears in the form of numbers or values. Such data is difficult to understand

or interpret. The data interpretation can be performed by visualizing the data in the form of
charts or gr aphs. By using the spreadsheet package such as Excel we can visualize the data in
the form of bar graph, line graph and pie chart.

Steps to create the charts d Bar chart, Line chart or Pie chart

Step 1. Open the spreadsheet package Microsoft Excel or Libre Office Calc with a new worksheet.
Step 2. Enter the data in the worksheet at appropriate rows and columns

Step 3. Save the worksheet by proper name.

Step 4. To display the data graphically in the form of bar chart, line chart of pie chart, select the

data cells by dragging the mouse.

Step 5. Clickon Insert > Chart and select the desired chart  option from the selection window.
Step 6. Then click on  Finish button. The data will be displayed graphically as per the selection

of bar chart, line chart or pie cha rt.

Practical Activity 3.7. Represent the given data values graphically in bar chart, line graph
and pi chart using spreadsheet software.

Step 1. You have been provided the marks of few students as given below.
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Student Marks
David 74
Hiba 78
Kannan 69
Kushaal 69
Manpreet 62
Pawani 75
Smitha 74
Vibhanshu 81

Draw a bar chart using the spreadsheet software to represent the given data graphically as shown
in Figure 3.13.

Marks

Student Marks
David 4 Vibhanshu I 51
Hiba 78 Smitha I 4
Kannan 69 Pavani I 75
Kushaal 69
v ]

prest ) Manpreet 62
Pawani 75 Kushaal I 50
Smitha 4 Kannan I 50
Vibhanshu 81

Fig. 3.13: Bar chart drawn for the given data values
Step 2. You ha ve been provided the data of temperature recorded in one week as given below.

Date Temperature
21/07/21 335
22/07/21 34.2
23/07/21 36.4
24/07/21 38.1
25/07/21 35.9
26/07/21 36.8
27/07/21 34.2
28/07/21 39.5
29/07/21 34.8
30/07/21 36.5
31/07/21 37.5

Draw a line chart using the spreadsheet software to represent the given data graphically as shown
in Figure 3.14.
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Date ::::eper Temperature

21072021 33.5 a0

22-07-2021| 34.2 5

23-07-2021| 36.4 38

24-07-2021| 38.1 37

25-07-2021| 35.9 22

26-07-2021| 36.8 -

27-07-2021| 34.2 .

28-07-2021| 39.5 a2

29-07-2021| 34.8 31

30-07-2021| 36.5 30

31-07-2021| 37.5 «369’ ‘\:@”‘:\' ﬁ:\59—” «369’ «ﬁg’f’ T,p"’ )\:\9")'\' /‘ﬁg’f’ «,p"’ “,9'9 06?’

o a7 2T P B Y P T s

Fig. 3.14: Line chart drawn for the given data values

Step 3. You have been provided the data of temperature recorded in one week as gi ven below.

Company % in market share
HP 22
Dell 33
Lenovo 13
Asus 15
Acer 17

Draw a pie chart using the spreadsheet software to represent the given data graphically as shown

in Figure 3.15.
% i ket .

Company Sh:;em“ © % in market share

HP 22

Dell 33

Lenovo 13

Az 15

Acer 17

a HP m Dell = Lenovo Asus = Acer

Fig. 3.15: Pie -chart drawn for the given data values

Step 3. You have been provided the data of temperature recorded in one week as given below.

Company % in market share
HP 22
Dell 33
Lenovo 13
Asus 15
Acer 17

in Figure 3.15.

Draw a pie chart using the spreadsheet so

ftware to represent the given data graphically as shown
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%% in market .
Company |_. % in market share
HP 22
Dell 33
Lenovo 13
Asus 15
Acer 17
15

13

= HP = Dell Lenovo Asus = Acer

Fig. 3.15: Pie -chart drawn for the given data values

Check Your Progress

A. Multiple choice questions

1. Which of the following is not digital data (a) Roll Number (b) Mobile Number (c) Volume
(d) Marks (c)

2. Which of the following is analogue data (a) Pressure (b) Number of fingers (c) Roll Number
(d) Phone number (a)

3. Which of the following does not comes under discrete mathematics (a) sets (b) relations
(c) functions (d) calculations  (d)

4. Which of the following operations can be performed on the set (a) union (b) intersection
(c) symmetric difference (d) all of the above (d)

5.  Which of the following is used to prove the logical equivalence (a) Truth Table (b) Tautology
(c) Contingency (d) Contradiction (a)

6. Which of the following is not a boolean operation (a) NOT (b) AND (c) OR (d) ADD (d)

7. Symmetric difference of two sets means (a) all the values of one set are not members of
other set (b) set of all the values, that are the member of any of the set or both (c) all
values which are in one of the sets, but not in both set (d) set of values that are the
member of both sets (ans c)

8. Union of two sets means (a) all the values of one set are not members of other set (b) set
of all the values, tha t are the member of any of the set or both (c) all values which are in
one of the sets, but not in both set (d) set of values that are the member of both sets (ans
b)

9. Intersection of two sets means (a) all the values of one set are not members of other set
(b) set of all the values, that are the member of any of the set or both (c) all values which
are in one of the sets, but not in both set (d) set of values that are the member of both
sets (ans d)

10. Difference of two sets means (a) all the values of one set are not members of other set (b)
set of all the values, that are the member of any of the set or both (c) all values which are
in one of the sets, but not in both set (d) set of values that are the member of both sets
(ans a)

B. Fill in the blanks

1. Discret e mathematics performs various operations on data
(mathematical, discrete)

2. Itis necessary to use the to solve the problem. (logical reasoning)

3. Symmetric difference is the set of all values which are in one of the set but not in
(both)

4. In discrete mathematics the relation between two sets is provided through

(Cartesian product)
5. If the relation is empty set then itis called as ____ relation (void)
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6. If there is relation between two sets, then the set of first ele ment of all ordered pairs is
called as and set of second element of all ordered pairs is called as
(domain, range)

7. The relation between two sets can be graphically represented by the (relation
diagram)

8. An argument is a set of s tatements consisting of and (set of

premises, conclusion)
9. A proposition or a formula that has the truth value T for each assignment is called as
(Tautology)
10. A proposition or a formula that is neither a tautology nor a con tradiction is called as
(Contingency)
C. State whether True or False
1. Computer can process only digital data.
Infinite set has the limited number of elements.
Intersection of two sets contains all the values of two sets.
Difference of two sets co ntains common values of two sets.
Union of two sets contains uncommon values of two sets.
Cartesian product is used in matrix applications.
A logic is used to decide the validity of the argument.
The two prepositions A and B are said to be logically equiva lent if they have the same
truth value under any truth assignment.
9. A proposition or a formula that has the truth value T for each assignment is called as
Contradiction.
10. Graph is anon -linear data that consists of nodes and edges.
D. Short answer questions
1. What are the types of functions?
Give real life example of mathematical logic.
State the application of Graph in real life.
What are the different types of Graphs?
What is degree of vertex?
What are statistical methods?
What is mean, mode and standard devi ation?
What is boolean algebra?
. State the distributive law.
10. State associative law.

Session 4. Problem Solving Methods

Ram wakes up early in the morning and looked for his mobile phone. As he could not find it, he

tried to call on his mobile number from his fatheré6s mobile phone. I
his mobile, probably the mobile is shut off due to consumption of battery. Thereafter some time

he recalled the location of the phone and found that the mobile battery was totally discharged.
Thereafter, he recharged the battery of the mobile hand set and tried to take the online session.

Then he tried to troubleshoot the problem. He checked his mobile settings, router, also checked

for validity of his data plan to resolve the problem. As the data pl an had to be recharged, he
immediately made the payment and his problem was solved. Thus, we find that in real life

whenever we have certain problem then such problem can be resolved by some logical steps. The

same has to be followed while solving a given problem using computer.  (Figure 4.1)

© N A WD

© o N O~ WN
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Fig. 4.1: lllustration of problem of mobile connectivity
4.2 PROBLEM SOLVING

In our real life, many problems occur and we apply the necessary steps to solve the problem. In

order to solve the problem, we need to understand the pro blem first, take the necessary input
into consideration and then take the actions to arrive at the solution. In this process you can

observe that we require the set of input and processing steps to arrive at the solution. The similar
steps are followed in  the software development process. A software developer professional should
possess this problem -solving skill.

Any real -life problem can be solved by using computer. In order to solve such problem, it is
necessary to develop a program for the specific prob lem. The development process is called as
the problem -solving cycle. This problem -solving cycle consists of 5 steps.  (Figure 4.2)

1. Analyzing the problems
2. Designing the solution

3. Coding for the solution

4. Testing the solution

5. Documenting the solution

» Designing
J the solution

Testing Analyzing
the solution the problems

Coding for
the solution

Fig. 4 .2: Problem solving cycle
4.2.1. Analysing the problem

It is important to clearly understand a problem before you begin to find the solution for it. If you

are not clear as to what is to be solved, you may end up developing a program which may not

solve yo ur purpose. Thus, you need to read and analyse the problem statement carefully in order

to list the principal components of the problem and decide the core functionalities that your

solution should have. By analysing a problem, you would be able to figure out what are the
inputs that your program should accept and its probable solution.

This is the first step in the programming process. This step includes.

(i) Make sure that you have a complete definition of the requirement of the program.

(ii) Understand t he written definition and produce the desire results manually by hand.

(iii) Define the input facts that are required to produce the desired output.

(iv) Identify the different sources of those input facts.
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(v) Make sure that you have the verified formulae that will be required to produced the desired
output.

The Figure 4.3 shows the steps in analyzing the problem.

Define Produce

Requirenment Manual Sou put Required to
of Problem Result Facts J Obtain Solution

Fig. 4.3: Problem analysis

In this analysis there are four areas have to be looked into involved. (i) Output (ii) Storage (ii)
Input (iv) Proc ess. The order in which the analysis is performed is as given below.

1. The first area to analyze should be the output of the program. This comes from the
written definition of the requirements. It consists of the reports or the screens that
show the informat ion resulted from program.

2. The second are to look is the storage. The storage requirement can be found from the
written definition of the problem. Sometimes there is no output requirement, but always
there will be storage requirement.

3. Thethird areatoloo kinto is input. One needs to determine what facts are needed to
produce the required information. Also, one has to identify from where the data is
coming.

4. The last step in the analysis is the process. Here you need to list the logic that is to be
applied to the input data to produce the output information.

4.2.2. Designing the solution

After completion of the analysis of the problem one had a clear understanding of the
requirements of the program. In the second step, it is essential to design a solution be fore writing
a program code for a given problem. The solution is represented in natural language and is called

an algorithm. There are different strategies available for designing the solution. The easiest way

is the modular approach. In the modular approa ch, the project is divided into small portions
called modules, so that one can completely design the logic for each part of the problem. The
Figure 4.4 shows the steps in designing the solution of the problem.

MODULE 1 MODULE 2

Function 1

Function 3

Fig. 4.4: Modular approach for designing the solution of problem

Certain programmers like to design easy part first and then they go for the difficult part. Always
remember that all the programs will have the beginning, middle and end. So, some programmers
will design the beginning and end first bef ore they go to the middle part of the program.

Many good programmers always start from the middle part, which is real purpose of the program.
If you get stuck with your thinking process then you can switch to the easy part of the program
for the change of the pace. It will help you to have more thinking about the difficult part of the
program and such programmer can find the solution sooner than the others.
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The program design tools such as algorithms and flowcharts are used for the appropriate design
of the program. The following simple examples depict the process.

Problem 1: Finding the larger number between two numbers
Input: Two numbers

Process: Comparing the two numbers, finding the larger one
Output: Larger number

Problem 2: Finding whether a numb  er is odd or even

Input: Number

Process: Dividing the number by 2

Deciding that the number is even if the remainder = 0
Deciding that the number is odd if the remainder = 1

Output: Indicating whether the number is odd or even
Problem 3: Finding th e area of a rectangle

Input: Length and width of the rectangle

Process: Area = Length x Width

Output: Area

4.2.3. Coding for the solution

After designing the solution, it is required to code the algorithm into programming code to
generate the desired s olution. Different high -level programming languages can be used for
writing a program. Coding of the program is the process of translating your program design into
appropriate computer programming language that you are working with to solve the problem.

The programmer needs to identify the different variables and the data structure that are required

in the given program. Program design is the short but the translation of it in a program may be

a long process. The length of the program will depend upon the ¢ omplexity of the problem. Each
step of the design needs to be converted into one or more statements of the programming
language. While writing such programs the programmer needs to take care of the typing
mistakes. It is also necessary that the programs ar e tested before they are actually completed.
Figure 4.5 shows the translation of the design state into statements.

Selection Choose
function Programming

for coding platform

Fig. 4.5: Translation of the design state into statements
4.2.4. Testing and Debugging

Once the coding part is completed, the program shoul d be tested on various parameters. Before
testing make sure that the required data files are present in the appropriate drive that you have
defined in your program. The program should meet the requirements of the user. It must respond

within the expected t ime. It should generate correct output for all possible inputs.

By using appropriate program environment, you can execute your program. It is very common
that your program will not execute correctly in the first attempt only. In the presence of
syntactical errors, no output will be obtained. In case the output generated is incorrect, then the

program should be checked for logical errors, if any. Make the corrections in the program until
it generates required output. Following check points are needed for the corrections in the
program.
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1. Check for alignment problem with the output information. To fix this problem make the
changes in the print statement.

Check for the missing information.
Check for the zero numeric information.
Check for the formulae that are wr itten in the program. i.e. verify computation
information.
5. Check for the counter value.
6. If required go back to any step again.
7. Test run the program for the different data sets.
Software industry follows standardised testing methods like unit or component t esting,
integration testing, system testing, and acceptance testing while developing complex
applications. This is to ensure that the software meets all the business and technical
requirements and works as expected. The errors or defects found in the testi ng phases are
debugged or rectified and the program is again tested. This continues till all the errors are
removed from the program.
Once the software application has been developed, tested and delivered to the user, still problems
in terms of functioning ~ can come up and need to be resolved from time to time. The maintenance
of the solution, thus, involves fixing the problems faced by the user answering the queries of the
user and even serving the request for addition or modification of features.
4.2.5. Do cumenting the solution
It is equally important to record the details of the coding procedures followed by the software
developer and document the solution. This is helpful while revisiting the programs at a later
stage. There are two types of documentation required o Programmer documentation and User
documentation. Programmer documentation will consist of following items.
1. A copy of the original written specification of the program
A written copy of input, output, process and storage analysis.
Complete defin itions of all files, records and fields used in the program.

Mappings of all variable name used in the program to the facts they represent.

ok~ wD

Copy of the flowchart, pseudo code and other tools that are used in the design of the
program.

6. A copy of the source code of the program.
7. A printed copy of the input facts that are used to test the program.
8. A printed copy of all possible output reports or screens.

User documentation is a user manual. Many times, the user manual is written by documentation

specialist. For a computer programmer it is very difficult to write a user manual, because they

do not know how to communicate with people. The user documentation will consist of the
information that is needed to successfully utilize all the capabilities of the program. As shown in
Figure 4.6, a user documentation may be in the form of video, a series of steps (Quick Start

Guide) & in online or offine mode. Figure 4.6 shows the typical examples of programmer
documentation and user documentation.
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Project Documentation

Project
Start

Video Quick Start Guide

@ Online Manual IFO Complete Manual
(==

| User Manuals

Project

Fig. 4.6: (a) Programme r documentation

Fig. 4.6: (a) Programmer documentation

4.3. ALGORITHMS

In our day -to-day life we perform activities by following certain sequence of steps. Examples of
activities include getting ready for school, making breakfast, riding a b icycle, wearing a tie,
solving a puzzle and so on. To complete each activity, we follow a sequence of steps.

Let us now consider an example to post a letter. The sequence of steps for this would be:
Step 1. Writing the letter

Step 2. Folding the letter

Step 3. Inserting the letter in an envelope

Step 4. Writing the address

Step 5. Sticking the stamp

Step 6. Posting the letter

Step (1), (2) and (3) in this algorithm should be followed in the given order. Step (4) and (5) can
be interchanged.

Thus, there are steps in an algorithm which should be followed in a strict sequential order.
Sometimes, if the order of some steps is changed, it does not affect the process and the output
is same.

4.3.1. Need of Algorithm

It is required to prepare an algorithm before wri ting a program. It prepares a road -map of the
program to be written, before actually writing the code. It helps the programmer to clearly
visualise the instructions to be written. Tasks such as, searching using a search engine, sending

a message, finding a word in a document, booking a taxi through an app, performing online
banking, playing computer games, all are based on algorithms.

Writing an algorithm is mostly considered as a first step to programming. It is easy to code the
program from algorithm in h  igh level programming language. If the algorithm is correct,
computer will run the program correctly, every time. So, the purpose of using an algorithm is to
increase the reliability, accuracy and efficiency of obtaining solutions.

An algorithm is a set of finite steps which when carried out for given set of initial conditions,
produce the corresponding output. In our everyday life we observe that whenever we face certain

problem then there exists some method to solve the problem. This method consists of so me finite
logical steps. Similarly, in order to solve a problem by computer we need to decide the logical

steps. Such set of steps is called as algorithm. Every algorithm has the fir or st step as START

or BEGIN and the last step as STOP or END.

4.3.2. Cha racteristics of a good algorithm
There are certain characteristics associated with the algorithm.

1. Precision fi There should be finite number of steps in algorithm and they are precisely
stated or defined. One step should not alter or change the structure of the other steps.
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2. Uniqueness @ Every step must be accurate and complete in itself. The results of each
step are uniquely defined and should only depend on the input and/or the result of the
preceding steps.

3. Finiteness fi The algorithm always stops afteraf  inite number of steps. The logic should
be capable of handling worst conditions.

Input A Whenever needed there should be provision to accept the input data.

5. Output A After solving the problem the algorithm should produce the corresponding
output in a user -friendly format.
6. Terminate fi An algorithm should terminate in a finite time.
While writing an algorithm, it is required to clearly identify the following:
1 The input to be taken from the user,
1 Processing or computation to be performed to get the desired res ult,
1 The output desired by the user

An algorithm therefore corresponds to the solution to a problem that is independent of any
programming language. Algorithms can be written either by using the natural language like
English or one can make the use of pseu do language. When an algorithm is represented
graphically, it is called as a flowchart.

Practical Activity 4.1. Write an algorithm to find the square of a number.

Procedure

Let us first identify the input, process and output:

Input: Number whos e square is required

Process: Multiply the number by itself to get its square

Output:  Square of the number

Algorithm to find square of a number.

Step 1: Input a number and store it to num

Step 2: Compute num * num and store it in square

Step 3: Print squar e

Practical Activity 4.2. Write the algorithm for swapping of variables.

Suppose you have been given two variables A and B and asked to exchange the value of A and
B.

Suppose is A is assigned with a value 172 and B is assigned with value 563. Our task is t o]
replace the content of A with the value 563 and the content of B with the value 172.

Procedure

Step 1. Save the original value of O0Ad6 in wvarial
Step 2. Assign to 0Ad the original value of 0B6.
Step3.Assign t o 6B6 the original valwue of O6A06 that i
Step 4. Stop

After executing the above four steps we observe
This is called as swapping of variables. This logic is used to solve many sorting an d data

manipulation problems.

Practical Activity 4.3. Compute the factorial of a number n, where n >=1.

The factorial of a number n is given by the forn
ie.nl=nx(n -1)!
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Here initial we need to assume that th e initial value of the product is equal to 1 and then we go
on multiplying this product by 1, 2, 3, é, until
steps.

Procedure
Step 1. Read the value of variable n.
Step 2. Set product = 1 and count =1.
Step 3. Whi le count <= n, repeatedly do the following steps:
a. Compute new product by multiplying count to the product.
Product = product x count.
b. Increase the count by 1.
Count = count + 1.
Step 4. Result is the recent final product.
Step 5. Stop.

Assignme nts
Write an algorithm to find the sum of two numbers.

Write an algorithm to find the Fibonacci sequence till the number accepted from user. Note:
Start the Fibonacci sequence from 0 and 1.

4.4 REPRESENTATION OF ALGORITHMS

Using algorithm, the software de  signers or programmers analyse the problem and identify the
logical steps that need to be followed to reach a solution. Once the steps are identified, the need

is to write down these steps along with the required input and desired output. There are two

com mon methods of representing an algorithm fi flowchart and pseudocode. These methods can
be used to represent an algorithm.

4.4.1. Flowchart

Flowchart is a graphical representation of an algorithm. To express different operations in the
flowchart various stan dard symbols are used. These are graphical symbols. All symbols are
connected among themselves in order to show the flow of information and processing. Each
symbol represents certain activity. For example, we can have a symbol of start and end,
processing, decision, input and output and connectivity. Symbols are connected to each other

by using flow lines. These lines have an arrow which indicate the direction of the data flow.

Different symbols as prescribed by American National Standard Institute (ANSI) which are
frequently required while drawing flowchart are tabulated in table 4.1.

Table 4.1: Symbols used in the Flowchart

Flowchart Symbol Symbol Name Description
Terminal (Start |Terminals are the oval shape symbols used to represent
or Stop) start and stop of the flowchart.
Process Process symbol is represented by rectangle and are used

to represent process such as Arithmetic operations or
Data movements.

Input/ Output Input/ Output symbol is represented by parallelogram,
used to read input data a  nd display the output.
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Decision Decision symbol is represented by shape of a diamond,
used to check any condition or take decision for which
there are two options true or false.

Predefined It is used to define function.

process or

function

—_— Flow Li nes Flow lines are represented by arrow used to connect
symbols used in flowchart and these indicate direction of
Ve&—— flow.

Connector It is used to connect or join flow lines, useful when the

flowchart is designed on multiple pages.

It is essential to foll ow certain guidelines while preparing the flowcharts. These guidelines are:

=

Standard symbols should be used while drawing flowchart.

Ensure that flowchart has START (or BEGIN) and STOP (or END).
Flowchart should be neat, clean and easy to follow.

There sho uld be no any ambiguity.

The usual direction of flowchart is from top to bottom or from left to right.

The terminal symbol, that is, START/BEGIN or STOP/END should have only one flow
line.

o gk~ w DN

=~

Only one flow line should come out from process symbol.

Only one fl ow line should enter a decision symbol, but two or three flow -lines, one for
each possible answer, can leave the decision symbol.

9. If the flowchart is lengthy and complex connector symbol should be used to reduce the
number of flow lines.

10. Avoid intersection  of flow lines.
Example of Flowchart
Flowchart example for finding whether a number is odd or even is shown below Figure 4.7 .

/ Input the number /

v

Find the remainder when the
number is divided by 2

Is the remainder 07

An oddnum bcr/

/ An even number / >

Fig. 4.7: Flowchart for finding whether a number is odd or even
Advantages of using flowchart
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Following are the advantages of using flowcha rt.

1. Flowcharts are independent of any programming language. i.e. they are not related to
particular programming language. Hence, they can be implemented using any
programming language.

2. Flowcharts are easy to understand. The data flow of the program can be easily
understood by the flowchart.

3. Finding errors and recovering them in easy in the flowchart.

Whenever the program needs further modification, then through flowchart it is easy to
incorporate such modifications.

Practical Activity 4.4. Draw a flowchart for swapping of variables.
Draw the flowchart to interchange the values of two variables as shown in Figure 4.8

( Start )

Y
{ Read a, b )

Y

[t‘—a

Y
a<+—>Dh ]

Y
(oot
Y

( sStp )

Fig. 4.8: Flowchart to interchange the values of two variables

J

Note that in the process boxes, the statements can also be written as t=a, a=b, and b=t.

Practical Ac tivity 4.5. Draw a flowchart to compute the factorial of a number n, where n >= 1.

Solution & Factorial of a number n is given by the formula

n! = 1 | 2 ] 3 | é ] n

First, we accept the number n whose factorial we have to calculate. As the factorial of a n umber
1is 1, assign the product to 1 and count to 1. Compute the Product by multiplying Product to

Count. Increment the Count by 1 repeat the steps to compute the Product till the counter reaches
the value n. (Figure 4.9)
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Start

Product =1
Count =1

l Product <— Product x Count

l No

Yes

Print Product

Stop

Ot

Fig. 4.9: Flowchart to find the factorial of a given number
Practical Activity 4.6. Draw the flowchart to find the largest of three given numbers

Solution & Consider the three numbers a, b, c. Following is the flowchart to find the largest of
three numbers given numbers  (Figure 4.10) .

Yes Text
Print’c’is
o>/ largest [=e
Yes No
¥ ¥

Print ‘a’ is Print 'b' is
largest largest

Fig. 4.10: Flowchart to fi nd the largest of three numbers
Practical Activity 4.7. Draw the flowchart to find the largest of set of numbers.

Solution 8 Following is the flowchart which reads the number and assigns it to largest. It allows
the user to enter another number and then it compares the new number with the existing largest
number. If the new number is greater than the already stored number (largest) then it assigns

the largest with the new number. (Figure 4.11) The loop is executed till the user wishes to enter
new numbers.
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Read Number
Largest -«— Number

Any more
numbers?

No
Yes
Y
Read Write
Number Number

1 v

s numbe
Largest?

Fig. 4.11 FI owchart to find the largest of set of number

Practical Activity 4.8. Draw the flowchart for generation of n Fibonacci numbers.
Solution 8 The Fibonacci sequence, also known as Fibonacci numbers, is defined as the

sequence of numbers in which each number in the sequence is equal to the sum of two numbers
before it. The Fibonacci Sequence is given as:

Fi bonacci Sequence = 0, i1, 1, 2, 3, 5, 8, 13, 21
The sequence ends at the number entered by the user.

We assign the first number as 0 and second number to 1 . The following flowchart will generate

the Fibonacci numbers for the given number n. (Figure 4.12)

Read Number n

@
a3

First numbera =0
Second number b =1

Printa, b

I

Count =2

Text

a=hbb=c Print a, b

fH

[ Count <—— Count + 1 J

z
o
w
a<—§ @4—
a in

Fig. 4.12 Flowchart for generation of Fibonacci numbers

Assignments
Draw the flowchart to

1. Find the sum of two numbers.
2. Determine whether the given number is prime or no t.
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Arrange the numbers in ascending or descending order.

Count non -zero digits in a set of 100 digits.

Find the perimeter and area of a rectangle.

Calculate the new salary of employee by adding increment of 3% to the basic salary.

o0k w

4.4.2 Pseudocode

A pseud ocode (pronounced Soo -doh -kohd) is another way of representing an algorithm. It is
considered as a non -formal language and is a detailed description of instructions that a
computer must follow in a particular order. It is intended for human reading and can not be
executed directly by the computer. No specific standard for writing a pseudocode exists. The
word oOpseudod means onot real, 6 so Opseudocodebod
the frequently used keywords while writing pseudocode:

INPUT

COMPUTE

PRINT

INCREMENT

DECREMENT

IF/ELSE

WHILE

TRUE/FALSE

Example: Write the pseudocode to display the sum of two numbers entered by user.
Solution & Pseudocode for the sum of two numbers will be:

INPUT NUM1

INPUT NUM2

COMPUTE RESULT = NUM1 + NUM2

PRINT RESULT

Example: Write the pseudocode to calculate area and perimeter of a rectangle.

Solution & Pseudocode for calculating area and perimeter of a rectangle.

INPUT LENGTH

INPUT BREADTH

COMPUTE AREA = LENGTH * BREADTH

PRINT AREA

COMPUTE PERIM =2 * (LENGTH + B READTH)

PRINT PERIM

Benefits of Pseudocode

A pseudo -code of a program helps in representing the basic functionality of the intended
program. By writing the code first in a human readable language, the programmer safeguards
against leaving out any importan  t step. Besides, for non -programmers, actual programs are
difficult to read and understand, but pseudocode helps them to review the steps to confirm that

the proposed implementation is going to achieve the desire output.

4.5 FLOW OF CONTROL

The flow of con trol depicts the flow of events as represented in the flow chart. The events can

flow in a sequence, or on branch based on a decision or even repeat some part for a finite number

of times. There are three types of flow control 0 Sequence, Selection and Ite ration as shown in
the Figure 4.13.
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Sequence Selection Iteration
| 1 !
) § F
+ ! F T
+
‘ v

Fig. 4.13 Sequence, selection and loop
4.5.1 Sequence

When all the statements are executed one after another from the beginning to the end of an
algorithm in a strict order, it is called a sequence (Figure 4.14) .

Example:
1. Climbin g up or down step by step when going on a staircase
2. Students who were admitted to class 1 of the school continue studies till class 12

Fig. 4.14: Example of sequence

However, the statements in an algorithm may not always execute in a sequence. Sometim es the
problem may require to do some routine tasks in a repeated manner or behave differently
depending on the outcomes of previous steps.

4.5.2 Selection

Selection is a situation where step(s) are executed depending on whether a condition of an
algorithm is satisfied or not. There are two choices; if the condition is satisfied, one set of
instructions is selected otherwise, the other set of instruction is selected.

Examples of selection

1. Admitting a child to Class 1:

If a child is below 6 yearsasat1 st July of that year
The child cannot be admitted to school

If not
The child can be admitted to school

2. Passing a subject:

If the mark scored is 35 or more
It is a Pass

If not
It is a Fail

3. Buying a book:

If you have money equal to or more than the price of the book
You can buy the book
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If not

You cannot buy the book
4. Checking eligibility for voting.
Indian citizen gets the right to vote after completing the age of 18.
If age is greater than or equal to 18,
the person is eligible to vote
If age is less than 18,
the person is not eligible to vote
5. Checking eligibility for marriage.
If you are boy then
age of eligibility for marriage should be more than or equal to 21.
If you are girl then
age of eligibility for marriage should be more than or equal to 18.

Movement of light and heavy vehicle (Figure 4.15).
If you are driving a light vehicles

Go straight
If your are driving a heavy vehicle
Turn left
=
n Nt
Fig. 4.15: Example of selection
Assignment
1. Write down three real life situations which c onsist of selection.

2. Select the most suitable word for the blanks
If you are an Indian citizen
You (have/ do not have) the right to vote.

If not

You (have/ do not have) the right to vote.

4.5.3 Repetition or It eration

If one or several steps of an algorithm are repeated until a condition is satisfied, it is called
repetition or iteration.

Examples

1. Let us consider the process of a class teacher marking the attendance register.
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(1) Call the first name on there  gister

(2) Mark oP6 if the student is present
(3) Mark O0A6 if the student is absent
(4) Call the name of the next student

(5) Repeat step (2) or (3) and (4) till the last name of the register is called

2. Let us consider the process of reading a paragraph and calculating the number of words you
read.

(1) Read the first word of the paragraph

(2) Number of words = 1

(3) Read the next word

(4) Add 1 to the number of words

(5) Repeat step (3) and (4) till the end of the paragraph

(6) After reading the paragraph , indicate the number of words

Assignment 0

1. Write down two real life examples with steps that comprise repetition.

2. Fill in the blanks below related to repetition that output 5 times from 5 to 60.
a.n=5

b. Print n.

c. Add 5 to the value of n.

d. Repeat step a to c, till the value of n is 60.

4.6. ALTERNATIVE SOLUTION AND EFFICIENCY OF ALGORITHM

There can be more than one solution to a given problem, such solutions are called alternative
solutions. Also, there can be more than one approach to solve a given problem. Hence there can
have more than one algorithm for a single problem statement.

Example 1. Let us examine the solution to find the perimeter of a rectangle.
Let us analyze the input, process and output related to this problem.

Input: Length a nd width of the rectangle

Process: Calculating the perimeter

Output: Indicating the perimeter

Let us examine the solution to calculate the perimeter.

Solution 1.  Perimeter = length + width + length + width

Solution 2.  Perimeter = length x 2 + width x 2

Solution 3.  Perimeter = (length + width) x 2

All these three solutions are correct. Think of the difference between all these three solutions
and decide which one is more efficient.

Example 2. Consider the problem of finding whether a given number is prime or not. There can
be four different ways to write algorithms to check whether a given number is prime or not as
given below:

Solution 1.  Starting with divisor 2, divide the given number (dividend) and check if there are
any factors. Increase the divisorine  ach iteration and repeat the previous steps as long as divisor
< dividend. If there is a factor, then the given number is not prime.

Solution 2. In Solution 1 , instead of testing all the numbers till the dividend, only test up to half
of the given value (d ividend) because the divisor cannot be more than half of the dividend

Solution 3. In Solution 1 , only test up to the square root of the dividend (numbers)
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Solution 4. Given a prior list of prime number till 100, divide the given number by each number
in th e list. If not divisible by any number, then the number is a prime else it is not prime.

All these four methods can check if a given number is prime or not. In programming efficiency
is important concern and hence the selection of algorithm depends on the efficiency of the
algorithm.

Solution 1, requires large number of calculations hence requires more processing time, as it
checks for all the numbers as long as the divisor is less than the number. If the given number is
too large, this method will take mor e time to give the output.

Solution 2 , is more efficient than  Solution 1, as it checks for divisibility till half the number, and
thus it reduces the time for computation of the prime number.

Solution 3 , is even more efficient as it checks for divisibility till square root of the number, thereby
further reducing the time taken.

As Solution 4 , uses only the prime numbers smaller than the given number for divisibility, it
further reduces the calculations. But in this method, we require to store the list of pr ime
numbers first. Thus, it takes additional memory even though it requires lesser calculations.

Hence, algorithms can be compared and analysed on the basis of the amount of processing time
they need to run and the amount of memory that is needed to execut e the algorithm. These are
termed as time complexity and space complexity, respectively. The choice of an algorithm over
another is done depending on how efficient they are in terms of processing time required (time

complexity) and the memory they utilise (space complexity).
4.7. CODING
Coding refers to the converting the algorithm to any a high -level programming language by

following the syntax of that programming language. Syntax is the set of rules or grammar that
governs the formulation of the statement s in the language, such as spellings, order of words,
punctuation.

The programs are written in high -level programming language which are then converted to
machine language or low -level language consisting of binary code with Os and 1s which are
understood by the computer. The high -level programming language are close to natural
languages and are easier to read, write, and maintain, but are not directly understood by the
computer. A wide variety of high  -level languages, such as FORTRAN, C, C++, Java, Python, are
used by the programmer for software development.

A program written in a high  -level language is called source code. This source code is translated
into machine language using a compiler or an interpreter, so that it can be understood by the
computer.

The selection of programming language depends on the various factors such as requirement of
the client, the platform (OS) where the program will run, whether the application would be a
desktop application, a mobile application or a web application.

Desktop and mobile applications are generally developed for a particular operating system and

for certain hardware whereas the web applications are accessed in different devices using web
browsers and may use resources available over cloud.

Besides, programs are d eveloped not only to work on a computer, mobile or a web browser, but

it may also be written for embedded systems like digital watch, mp3 players, traffic signals or

vehicles, medical equipment and other smart devices. In such cases, we have to look for ot her
specialised programming tools or sometimes write programs in assembly languages.

4.8. PROBLEM DECOMPOSITION

For a complex problem, the solution is not directly derivable. In such cases, we need to
decompose it into simpler parts.
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Let us look at the Rai Iway reservation system. The complex task of designing a good railway
reservation system is seen as designing the different components of the system (booking tickets,
cancellation of tickets, train schedule) and then making them work with each other effect ively.

The basic idea of solving a complex problem by decomposition is to ‘decompose' or break down
a complex problem into smaller sub problems.

These sub problems are relatively easier to solve than the original problem. Finally, the sub -
problems are comb ined in a logical way to obtain the solution for the bigger, main problem.

Breaking down a complex problem into sub problems helps to each sub problem can be solved
independently and by different programmers. Having different teams working on different sub
problems can also be advantageous because specific sub problems can be assigned to teams who

are experts in solving such problems.

There are many real -life problems which can be solved using decomposition. Examples include
solving problems in mathematics and science, events management in school, weather
forecasting, delivery management system, etc.

Once the individual sub problems are solved, it is necessary to test them for their correctness

and integrate them to get the complete solution.

Check Your Prog ress

A. Multiple choice questions

1. Programmer documentation consists of (a) source code (b) flowchart and pseudo code (c)
specification of program (d) all of the above

2. Which of the following is flow control statement (a) sequence (b) selection (c) loop (d) all
of the above

3.  Which of the following is the first step of problem solving cycle? (a) Testing the solution
(b) Designing the solution (c) Analysing the problem (d) coding for the solution

4. In flowchart, the decision box is indicated by (a) rectangle (b) diamond shape (c) circle
(d) parallelogram

5.  Which of the following is not a type of flow control? (a) Iteration (b) Sequence (c)
Selection (d) None of the above

6. Raman is driving his car. On a traffic signal, he can move only if the signal turns green.
Which of the following is the current flow control? (a) Iteration (b) Sequence (c) Selection
(d) None of the above

B. Fill in the blanks

1. The problem solving cycle consists of steps.

2. The solution of problem represented in natural language is called as _

3. Inthe modular approach, the project is divided into

4. Coding the program is the process of translating algorithms into .

5. The length of the program will depend upon the of the problem.

6. The tow types of documentat ions required are and

7. The steps are executed depending on whether a condition of algorithm is satisfied or not
is

8. The set of rules or grammar that govern the formulation of the statements in the lang uage
is

C. State whether true or false

1. The steps in algorithm should be followed in strict sequential order.

2. The common methods to represent the algorithm are flowchart and pseudo -code.
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A pseudo -code represents the basic functionality of program

A program written in machine code is called as source code.
In modular approach, the complex problem is divided into smaller portions.
Testing is not important phase of software development process.

N o o ks~ w

A good algorithm is not precise.
8. A pseudo code is inten ded for human reading only.
D. Short answer questions

=

What are the steps of problem  -solving cycle?

What is modular approach for designing the solution of problem?

What are characteristics of good algorithm?

Differentiate between an algorithm and a flowchar t?

State the guidelines to prepare the flowchart.

State the advantages of flowchart.

Give the real -life examples of sequence, selection and repetition.

What is meant by alternative solution?

List the five high level programming languages.

10. Write an algorith  m, pseudocode and draw the flowchart for the following statements.
a) To display the sum of digits of a number.

b) To accept two numbers, divide them and display the quotient and reminder.

¢c) To display the series, 0, 4, 16, 36,64, ¢é.n*n
d) To display sum of first 10 n  atural numbers.

e) To accept number n and display the average of all numbers.

© N O~ WDN

Session 5. Programming Language Concepts

In real life we always encounter with the active objects such as automatic door, automatic
washing machine, automatic dish washer, a veh icle such as scooter or car. Observe that these
objects can perform actions. Only they need is to receive some stimulus from outside to perform

the action. That is when you approach to automatic door in a hospital or airport then the door
automatically rec ognizes you and gets open. Similarly, the dishes are washed and cleaned by the

dish washer once you switch on the dish washer. In programming it is possible to make the use

of active objects that can perform an action themselves once they receive the stimu lus from the
program and such programming environment is been called as an object -oriented programming
environment.

Fig. 5.1 lllustration of automatic door
5.1. EVOLUTION OF PROGRAMMING LANGUAGES
5.1.1. Need of a programming language

We know that whenever we want to solve a given problem then we need some set of logical steps.
This set of logical steps is called an algorithm. Algorithm can be graphically represented by using

the flowchart. Once the algorithm is prepared, the next step is to translate this a Igorithm into
the set of instructions. This set of instruction is called as a program.

A program is a sequence of instructions which is designed to perform a certain task is using the
computer. A computer language is needed to provide the instructions.

Whenever we want to write a program then we need to make the use of a programming language.

A programming language is a formal language that is used to describe the computation. It is also

called as user interface to the computer system. Programming languages are the high -level
languages which are English like languages. Programming language is defined as a systematic

notation that is used for describing the computational process. Computational process means
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the arithmetic and logical operations that we need to perform. The steps for obtaining the
solution for a given problem are shown in the Figure 5.2.

‘ Problem ‘—»[AlgorithmHFlowchartH Program ]—’

Fig. 5.2 Steps for obtaining the solution

5.1.2. Programming Language

The computer is a digital electronic machine that can process only binary data. The la nguage
which consists of only such binary data and instructions is being called as a low -level language.
But writing every instruction in the form of Os and 1s is very difficult task. Therefore, the high -
level languages are evolved. These high -level langua ges are English like languages where we
make use of English words. These languages are called as the programming languages. There

are different types of programming languages (Figure 5.3).

Computer

Languages

{ ! ! !

1GL ][ 2GL ] [ 3GL ] ( aGL 1
[ Low level languages J LAssemblers J L Imperative Languages J {OOP Languages J

Machine Language Pascal, C, ForTran C++, Java, Python

Fig. 5.3 Generation of programming languages
1 GL 0 First generation languages  such as low -level languages or machine language.
2 GL 06 Second generation languages such as symbolic assemblers.

3 GL 0 Third generation languages, these are machine independent imperative languages such
as high -level languages ForTran, Pascal and C.

4 GL 06 Fourth generation languages. These are the domain specific object -oriented languages
such as C++, Java, Python.

5.2. Low level programming languages
5.2.1. Machine language

This is a language which can be directly understood by the computer. Binary numb ers such as
0s and 1s (bits) are used to provide instructions. Hence, the processor could directly run a
program written in a machine language. A program written in machine language has the
following features;

a) Could be executed directly on the machine
b) Fast in operation
¢) No need of language translating programs to translate the program into binary

d) Dependency on machines (a program written to one computer may not run on another
computer)

e) Difficult to understand by humans as it is written using 0 and 1.
5.2.2. Assembly language

Instead of commands written in a machine language using 0 and 1, assembly language is
designed to use simple symbols. A program written in assembly language has the following
features:
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a) Operation is comparatively slower than the machine la nguage.

b) Assembly language should be translated to instructions using the language translating
program called assembler.

c) Dependency on machines a program written for one computer cannot be run on another
computer.

d) The use of symbols makes it simpler to unde rstand.
5.2.3. High -level programming languages

Languages which are designed with simple English words enabling the programmer to
understand it easily are called high -level computer languages.

Examples for high level computer languages are FORTRAN, BASIC, COBOL, PASCAL, C.
Features of high  -level languages

High level languages (HLL) are the English like languages where we can make the use of English
words such as if, then, else, for, next, do, while, break, switch while writing the statements in

the program. The languages such as C, C++, Java, Python are high level languages. These
languages have following features.

Ease of understanding 8 Programs written in HLL are easy to understand as they consist of
English natural words.

Naturalness & The original or na tural meaning of the English words is maintained in the HLL.
Therefore, they are very similar that of natural languages.

Portability 8 Programs written in HLL on one machine can be executed without any modification
on another machine and therefore these pr ograms are portable in nature.

Efficiency of use 0 It is possible that we can perform efficient programming in HLL i.e. we can
keep the size of the code small and also the time required for its execution is optimized.

Syntax and Semantics of the High -Level Languages
Syntax

Every HLL has certain grammar. This grammar will tell us how to write program in that
programming language. There are grammatical rules associated with every programming
language and it is called as the syntax of the programming language. It tell us how to write
expression, statements or loop in the program. It will give us a clear and unambiguous
description of the different constructs of the programming language. The context free grammar

is most widely used for describing the syntax of the programming language. Figure 5.4 shows
the typical syntax of assignment expression. Observe that syntax consist of production rules that

contain terminal and non  -terminal symbols.

<Assignment Expression> <Var> = <Expression>
{Nor(;e{minal symol) (is defined as) (Non Terlmal symol) (Terminal symol)

Fig. 5.4 Production rule for assignment expression
Semantics

Every con struct of the programming language has certain meaning associated with it. It is called

as the semantics of the programming language. It is described by what happens when that
construct is executed by the computer. Semantics can be described by variety of way such as
operational semantics, axiomatic semantics and denotational semantics. The code below shows

the typical operational semantics of the programming language. Observe that the meaning of

loop is described in operational semantics.
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Code Operational semantics
For | = first to last do i = first
begin loop : if i > last goto out

€. é.

€. i=i+1
end goto loop

out = ééé
€ é.

Programming Constructs

Every programming language offer certain programming constructs that can be used by the
programmer for the translation of algorithmic steps into program. These constructs are data

types, expressions, statements, control structures, loop structures, procedures, comments and

errors.

Data types 8 In real life the data or facts has different forms. Sometimes the data is in the form

of integers and sometimes it is in the form of real numbers. Sometimes the data consists of the
characters and string and it can be in the form of images or pictures, audio and video. Every
programming la nguage must provide certain constructs so that all such different types of data

can be read and processed through a program. Normally, all programming language has different

data types such as integer, character, float, array, record, pointer, structure. F igure 5.5 shows
commonly used data types in the programming language.

Data Types |
¢ h 4 Y

Built-in type | |Derived data types| |User defined types
-int -array -class

-char -function -enum

-cloat -pointer -structure
-double -referance

Fig. 5.5 Commonly used data types in the programming language
Observe that data types can be built in data type, derived data type and user defined data type.

Expressions & When variab les are connected together with operator symbols then it is called as

an expression. It is a sequence of operands and operators. Operators such as arithmetic
operators, relational operators, logical operators are used in the programming languages.
Arithmet ic operators are used to perform arithmetic operations and such expressions is called

as arithmetic expression. Relational operations are used to compare the data and such
expression is called as relational expression. Logical operators are used to perform the logical
operations such as AND, OR, NOT, and such expression are called the logical expression. Figure

5.6 shows the different types of operators used in the programming languages.

PSS Central Institute of Vocational Education, NCERT, Bhopal




Junior Software Developer, Grade Xl

Operatorsﬁ

v v v
Arithmetic Operators Relational Operators Logical Operators
Addition (+) Less than (<) NOT (!)
Sibtraction (-} Less than or equl to (<=) AND (&&)
Multiplicaton (*) Greater than (>) OR (| ])
Division (/) Greater than or equal to (>=)
Modulo Division (%) Equal to (=)

Fig. 5.6 Different types of operators in programming languages

State ments & A statement cause an action to be perform by the program. It translates directly

into one or more executable computer instructions. There are different types of statements such

as simple statements, compound statement and assignment statement. A si mple statement is a
single statement. A compound statement is a unit of code that consists of a 0 or more statement.

It is also called as a block. A compound statement allows a group of statement to be treated as

a single entity. An assignment statement is a statement that is used to assign a value to a
variable, i.e. it stores the value in the variable. Figure 5.7 shows the simple statements,
compound statement and assignment statement used in the programming language.

Statements

v v v

Simple statements Compound Statements| |Assignment Statements
Exa. int x; Exa. { t=a; a=b; b=t; } Exa. ¢=9*5

Fig. 5.7 Simple statements, compoun d statement and assignment statement
Observe that number of statements in compound statement are enclosed in braces.

Control structures d Instructions written in the program are executed sequentially one after the
other. But many times, we do not need such sequential execution, instead we need to jump from
one statement to another statement. This is possible by using control structures in the
programming languages. The control structures that are used in the programming languages are

oi f fdiefnot leddand @ $ wi tstatendents. In o0 i f  tstatenmeidt if the condition is true

then the then part of the statement is executed. In oi f t h efrihe eohddien ds false then the
else part of the program is executed. Figure 5.8 shows the control flow for if then and else
statements.

Fig. 5.8 Control flow for if then and else statements

The switch statement allows the multiple way selection in the program. Depending upon the
value of the expression different parts of the program are executed as shown in the Figure 5.9.
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Switch
Expression

Case 1
Case 1 block

Case 2

Case 1 block 1
default

default block

Fig. 5.9 Switch statement

Loop structures @ Many times in the program we need to repeatedly execute certain part of the
program. Such repetitive execution is possible through the loop control structures or statements.

These statements also ¢ alled as iterative statements. Most of the programming languages
provides iterative statements such as for, do while, while . The for statement is described in the

Figure 5.10.

Initialisation Expression

Test Falsc
Expression

for loop body

—| update expression

v

Fig. 5.10: lterative statements 61

Procedure 0 It is a set of statements th  at is written to perform the specific task. Many times,
procedure is also called as a function. Almost all programming languages has two types of
functions (i) User defined functions and (ii) Built in functions. The code for the built -in functions
is readi ly available with the compiler so that it can be directly used in the program. User defined
functions are those functions that are defined by the user as per the requirement of the program.

Figure 5.12 shows classification of functions.

Functions
Builtin functions User defined functions
Exa. printf (c) Exa. add (a,b)
scanf (a,b) sub (a,b)

Fig. 5.11: Classi fication of functions
Because of this utility the programming efforts are saved and the same code can be reused in
many applications.

Comments & Whenever a programmer writes a program then the comments are used to describe
the purpose of the part of the pr ~ ogram. Sometimes programs are very complex and it is difficult
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to read and understand them. In such a case the comments are useful for better understanding
of the program. Every programming language provides the facility to write the comments as
shown belo w.

/I This is a single line comment

/* This is a multiple line comment

*

Observe that the comments are not useful for the compiler and therefore comments written in
the program are removed by the compiler during execution of the program.

Errors & whenever a programmer write a program then it is necessary to obey the syntactic rules

of the programming language. Many times, while writing the program, a programmer may

commit certain mistakes and these mistakes are called as errors. Errors can be a variety of types
such as algorithmic errors, syntax errors, lexical errors and semantic errors. Compiler can detect

syntax errors, lexical errors and semantic errors during compilation process and these errors

will be prompted to the user for correction. User need to make appropriate correction in the
program and then only these programs are compiled. Algorithmic errors are logical errors and

they cannot be detected by the compiler. It may result in wrong output. Figure 5.12 shows the

typical errors generated by the ¢ ompiler.

IDLE Shell 3.10.4 5 @ &

File Edit Shell Debug Options Window Help
Python 3.10.4 (main, Apr 2 2022, 09:04:19) [GCC 11.2.0] on linux }
=
0

Type "help", "copyright™, "credits" or "license()" for more information.
>>> print (Hellow wWorld)

syntaxError: invalid syntax. Perhaps you forgot a comma?
>>>

Ln: 5 Col:
Fig. 5.12: Errors generated by the compiler
LANGUAGE TRANSLATORS & COMPILER AND INTERPRETER

Programs written in any computer language except in machine language (object code) should be
translated to machine language instructions before execution

A program written in assembly language is translated to machine language instructions using a
language translator called assembler.

Interpreter and Compiler are two types of language translators can be used to translate a program
written in a high  -level language to machine language instructions. They are:

Programs written in HLL are translated into machine level object code by a software that is called

as compiler or interpreter. Both compiler and interpreter will do the same job of translation but

their way of doing it is different. The compiler will compile the whole program into machine code

in one attempt only. Interpreter will convert a single line of code at a time. A compiler may
generate an intermediate machine code but the interpreter never genera tes an intermediate code.
The compilers are faster programs than that of interpreters. Compiler is best for the production
environment and interpreter is best for software development environment. Most of the HLL such

as C, C++, Java makes the use of compi lers for translation. But many other languages Python,
PHP, Perl makes the use of interpreter for the translation. Java is a typical example where it
makes the use of compiler and interpreter both. Table 5.1 demonstrates the difference between
the compiler and interpreter.

Compiler Interpreter
Compiler scans the whole program code at a Interpreter scans the source code line by line
time and list out the errors after compilation and errors are also shown line by line.

of the whole program.

It links various  code files into executable It does not require the linking of files for
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program file (.exe) generation of machine code

It converts the entire program code into object It does not convert source code into object

code code instead it scans it line by line

The compiled codes run comparatively faster. The interpreted codes run comparatively
slower.

It does not require source code for later It requires source code for later execution.

execution.

It generates an output program in the .exe It doesndt generate an (

format. A user can run it independently from Meaning, it evaluates the source program

the originally intended program every time during individual execution.

C, C++, C# are the examples of the Python, Ruby, Perl, PHP are the examples of

programming language that are using the programming language that are using

compil er interpreter

Table 5.1: Difference between Compiler and Interpreter

PROGRAMMING APPROACHES

Programming is a creative task where a computer programmer provides instructio ns to the
computer on how to perform a particular task.

There are different ways to program for obtaining the solution for the given problem. These
different ways of writing the program are been called as the programming approaches. Many
times they are als o called as the computer language paradigms. Different approaches develop
solutions to problems using programs using different paradigms. Even though most of the
programming languages come under one paradigm type, certain languages show elements
related to different paradigms. There are four programming approaches commonly available (i)
procedural (ii) object oriented (iii) functional (iv) declarative. Figure 5.13 shows the different
programming approaches.

IProgramming Approches

[Procedural
C, Pascal, Basic

Object oriented
C++, Java, Python

:

Functional
LISP, Scheme

eclarative
olog, SQL

Fig. 5.15: Various programming approaches

Differ ence between procedural and declarative paradigms

There are two groups of programming languages 0 imperative and declarative programming
languages. An imperative language is a computer programming language which consists of a
well -structured set of steps a nd procedures. This includes statements for problem solving steps

A declarative paradigm develops a structure and elements of computer program by indicating
calculations and/or logic without a control flow. This helps to reduce or eliminate side effects.

In declarative programming, program is designed to solve problems explaining what you want

rather than stating how to solve the problem as in primary programming languages. The program

itself does not explain how it is executed. This means the computer is p rovided only what the
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problem and the required solutions are, not how to solve it. The computer finds solutions related
to the given problem. This is completely different from procedural paradigms which execute
algorithm as explanatory steps. Declarative p aradigms related to Artificial Intelligence.

(i) Procedural approach o in this approach the program is a collection of procedures or
functions. The program is an active agent that manipulates the passive objects. All the data and
variables that are used in  this approach are passive objects. For example, a stone, a book, a
lamp or a table or chair can be considered as passive objects or entities. A passive object cannot
initiate action by itself, but it can receive action from the active object i.e. program.

In procedural approach, program is active that can manipulate the data. For example, a program
that prints the content of the file is active but the file itself is passive. To print the file the program

can make use of the procedure called as a print. Fig ure 5.14 shows the concept of procedural
approach.
Procedural Languages Computation involves - printﬁle
e opereating on b printfile (filel) plorocedure —pfile]
|:| Code (Methods) | = |-—=—-——---
[ ] orn rmpere deletefile (file2) Pideletefile | ror>
procedure
[ | Passive
1 Predefined objects
| | Procedures

Fig. 5.14: Concept of procedural approach

Observe that many HLL such as ForTran, BASIC, C, Pascal are the procedure -oriented
languages. These languages are also called as imperative languages.

A program in the procedure -oriented languages has three parts 8 (i) a part for the creation of the
passive objects or declaration of variables (ii) a set of procedures calls (iii) a set of code for each
procedure.

Figure 5.15 shows the contents of the procedure -orie nted program. Some procedures may be
defined in the language itself and therefore their code need not to be written by the programmer.

This code can be combined with the program, so that we can make the use of that procedure.

User defined procedures needt o be defined by the programmer. And these procedures are called
as new procedures.

Procedure subl{var x:real);
begin

Procedure declaration < statement

end;

\
( Function sub2{var x:real):
real ;
beei
Function dec]araliun< e ciatement

\ end; Return Qutput

( begin
statement
subl(value); <—— Calling the procedure

Main Program < __________________
V = sub2(value); 4i— Calling the function

statement

\ | end.

Fig. 5.15: Contents of the procedure -oriented program
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(ii) Object oriented approach

objects that can perform an a
and such programming environment

Object-Oriented Languages

An object encapsulates

Computation involves
objects interacting with
each other

dIn object -oriented approach the program consists of active object
instead of passive object i.e. in this case both program and objects are active. In object
programming a program is basically a collection of active objects. In real life we always encounter
with the active objects such as automatic door, automatic washing machine,
washer and a vehicle such as scooter or car. Observe that these objects can perform actions on
their own. Only they need is to receive some stimulus from outside to perform the action. That
is, when you approach to automatic door in a hospit

-oriented

automatic dish

al or airport then the door automatically

recognize you and gets open. Similarly, the dishes are washed and cleaned by the dish washer
once you switch on the dish washer. In programming it is possible to make the use of active
ction themselves once they receive the stimulus from the program
is been called as object
environment. Figure 5.16 shows the concept of object

-oriented programming

-oriented programming environment.

both code and data filel.print |stimulus
Code (Methoas)| |~
| Data (Property)| 77777777 stimulus

file2.delete

Program

Pldelete
method

rint
>|method
file2]

file2

Active object

Fig. 5.16: Conc ept of object
Observe that the file in the  Object-Oriented Programming (OOP) environment will consists of a
method of printing the file and therefore whenever a stimulus is sent by the program then the
file on its own can g ets printed.

-oriented programming environment

Certain commonly used concepts in OOP environment are (i) classes (i) Inheritance (iii)
Polymorphism

(i) Classes 0 the concept of class is defined as the collection of variables and related methods.
Figure 5.17 shows the concept of class in t he OOP programming environment. Observe that
object variables are the instances of the class. This concept of class provides a kind of

understanding of the obj

encapsulation to data and its related methods or procedures. This is very close to the real life
ects. Say for example, a teacher can remember a student by not only
his name, but also by various parameters such as sincerity and cleverness. Similarly, a dog can

I

1C

Property Methods Property Values Methods
(Data) (Code) Color - Gray, Sitting
Color Sitting White and Black Lying
Eve Color Laying Eve Color - Blue Shaking
Height Shaking and Brown Walking
Length walking Height - 18 Inches
Weight Length - 36 Inches

Weight - 30

Pounds

be remembered not only by name and color but also how he provides the protection to the fami ly.
Class . Object
N JL
R N i AN )
) Tomy /
og ’ Create Instance omy /

(i) Inheritance

class that inherits

Fig. 5.17: Concept of class in the OOP

0 In OOP environment an object can inherit the properties of another object.
This is called as inheritance. When a general class is defined then we can define a more specific
some of the properties of the general class, but at the same time this class
will have certain new characteristics. This concept is also taken from the real life. For example,
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the next generation of human beings will always carry certain properties of ear lier generation
such as skin color, height and shape of the face. But, at the same time they have something
different which is not there in their earlier generation. In OOP environment when we define a

class called as geometrical shape then from this class we can further derive different classes
such as rectangles, triangles and circle. Rectangles, triangles and circles are the geometrical
shapes with certain additional characteristics. Figure 5.18 shows the inheritance in OOP
environment.

Base class:
Geometrical Shapes

I
v v v

Derived class: Derived class: Derived class:
Rectangles Traingles Circles

Fig. 5.18 Inher itance in OOP environment
(i) Polymorphism O®olmdans O mandyniorgrhdnesands O6f ordonsodl,y mo.re

means O6many for mséo. I n OOP environment it i s pc
same name that can -do different things. This is called as Polymorphism. For example, it is
possible that we can use the same function name, 06 a r eadnpute the area of rectangle and to

compute the area of triangle. These are the two different operations but the still same name can

be used for theset wo operations. This is called as function overloading. Also, it is possible to use

the same operator to perform similar operation for built in data types and user defined data

types. That is the operator + can be used for the addition of two integers and a Iso the same
operator can be used for the addition of two complex numbers, where complex number is a user

defined data type. This is called as operator overloading. Function overloading and operator
overloading are the two forms of polymorphism. Figure 5.1 9 shows the polymorphism in OOP
environment.

[Ploymorphisamj

Operator
Overloading

Fig. 5.19 Polymorphism in OOP environment

Programming languages such as C++ and Java are OOP languages. Python can also be called as
an OOP language because it provides almost all functionalities of OOP enviro nment.

(iii) Functional Programming d It is an environment where the programs are constructed by
applying and composing functions. In functional programming everything is written in the form

of functions. Even mathematical expressions are also written in t he form of functions. For
example, the programming languages like LISP (LISt Processing) and Scheme are functional
programming languages. These languages are designed for specific domain. LISP can be used in
solving the problems of Atrtificial Intelligence. Figure 5.20 shows the functional programming
environment.
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Function Function Function
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Fig. 5.20 Functional programming environment

(iv) Declarative Programming o0 It is a programming environment in which the logic of
computation is expressed without describing its control flow. It is a method to abstract away the
control flow for the logic. This approach is opposite to that of imperative programming. In this

case the programs are built in in such a way that you want to describe and not on how you want

to do. Examples of declarative  programming languages are SQL (Structure Query Language) and
ProLog (Programming Logic). Python is not a pure declarative language but it has some flexibility

that to an extent it can be used as a declarative language. Figure 5.21 shows the declarative

pro gramming environment.

Fig. 5.21: Declarative programming environment
Selection of programming language

Whenever a programmer is asked to develop a solution from the problem then it is the
responsibility of the programmer to have a right selection of progra mming language to develop
the solution of the problem. The solution of the problem must be such that it is concise, easy to

debug, easy to document, easy to expand and easy to fix the problem. In order to achieve this

the programmer should consider the fol lowing factors for the right selection of programming
language. The factors are the (i) targeted platform (ii) elasticity of language (ii) time to production

and (iv) performance.

() Platform & It is very much necessary to consider first the platform on w hich the program will
run. For example, if the program is developed in C language, and it needs to be run on Windows

and Linux then it could require the platform compilers and two different executable files. If the
program is developed using Java, then the program can run on any machine provided JVM (Java
Virtual Machine) is installed.

(i) Elasticity of language 0 the selected language must be elastic in the sense that the new
features can be easily added to the existing program. If the programming languag e do not provide
the mechanism to add the new features to existing program then such language must be avoided

for the development of the new program.

(ii) Time to production d the time taken to make the program so that it can go live is called as
time to p roduction. It is highly dependent upon the size of the code. Always one can find that

size of the code for the live projects is huge and the time allotted for the development is very low.

In such a case the programmer needs to optimize the resources so tha t the final program can be
delivered within a time frame.

(iv) Performance 9 It depends upon the platform on which it runs and also it depends upon the

programming language used in the program. A programmer can check the performance of the

language by cons idering some similar other projects in which the same language is used for the
development.

Python is being considered as the topmost programming language because it can provide all the
object -oriented features such as C++ and Java. Also, this language pro vides readability and the
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code development in this language is very easy and fast. The program modularity feature, code
res-usability feature provides a high speed of the development. The maintenance of the code in
Python is easy. This language increases p  roductivity and save time and effort while working with
the language. It is also an open source language which reduces the cost of the development. By
using Python, we can create applications, frameworks, tools, websites, web Apps and also
solutions for Al based applications. Python has simplified syntax which is not completed and
therefore it is just like a natural language. Because of these reasons Python is being widely used

in providing the solutions to the different forms to the problem.

Coding environ ment

It is an environment which provides the comprehensive facilities to the computer programmer

for the software development. The coding environment can also be called as IDE (Integrated
Development Environment). It normally consists of various tools such as the operating system
or cloud environment, source code editor, build animation tools, debugger, necessary compiler

or interpreter or both. Net beans and Eclipse are the examples of coding IDE. Sharp develop and
lazarus are free and open source IDE.

Operating system 8 OS the basic software requirement for any computer system. It is the
interface between the hardware machine and software.

Cloud environment 0 Now a days almost all the programs written in various programming
languages can be run on internet  -based cloud platforms.

Source code editor 9 Itis a text editor program specifically designed for the editing of the source
code of the computer programs. This is the fundamental programming tool that is required for
the development of the program.

Build animation tools 0 It the process of automating the creation of software build. It is
associated with the other processes such as compiling the source code into binary code,
packaging the binary code and running automated test.

Debugger 0 Itis a debugging tool is used to test and debug the program. The main use of the
debugger is to run the target program under control conditions that permit the programmer to
track its operation and its progress. It also monitors changes in the computer resources such as
memory. By using debugger, it is possible to halt the program at any specific point and check
the content of memory, CPU and storage devices.

Compiler or interpreter 0 These are the computer programs that translate the computer code
written in programmingla  nguage into another language such as the object code of machine code.
Output of the compiler can be executed by the computer system.

Net beans and Eclipse 0 These are the examples of IDE environment for Java. Net beans run
on Windows, Linux, Mac and Solari s OS. It can be extended to other languages such as PHP, C,
C++ and JavaScript. Eclipse can also be extended to the Python language.

Sharp develop and lazarus d it is the free integrated open source coding environment for .Net
framework and Python. Lazarus is a cross platform IDE. It is used for Rapid Application
development using the free Pascal compiler. It can be used for the development of the program
such as by using language such as Object Pascal and Delphi. For Python programming language
the most co mmonly used coding environments are Atom, Code spaces, Visual Studio, Subline
Text3, and Vim. Figure 5.22 shows the typical IDE of Python.

File Edit Shell Debug Options Window Help
'Python 3.10.12 (main, Nov 20 2023, 15:14:05) [GCC 11.4.0] on linux }
=l

Type "help", "copyright", "credits" or "license()" for more information.
>>> print ("Hello World from PSSCIVE")
Hello World from PSSCIVE

22> -
Ln: 5 Cal: 0

Fig. 5.22: Typical IDE of Python
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Check Your Progress

A. Multiple choice questions

1. Which of the following is the th  ird -generation language (a) assembly language (b)
machine code (c) ForTran (d) Python

2. Which of the following is the fourth -generation language (a) C (b) B (c) assembly
language (d) Python

3.  Which of the following concept is not used in OOP environment (a) cl asses (b) Inheritance
(c) Polymorphism (d) procedure

4. Which of the following programming language is highly flexible and rich in development
of variety of applications (a) C (b) C++ (c) Python (d) Fortran

5. Which of the following operators are used in program ming languages (a) arithmetic
operators (b) relational operators (c) logical operators (d) all of the above

6. Problem decomposition means (a) solving a problem (b) breaking down a problem into
smaller sub programs (c) increasing the complexity of problem (d) combining different
tasks into one bigger task

7. Source code is the programming code written in (a) machine code (b) high level language
(c) low level language (d) binary code

8. Which of the following is the control flow used in programming (a) sequence (b) selection
(c) iteration (d) all of the above

9. Which of the following are the factors for right selection of programming language (a)
targeted platform (b) elasticity of language (c) time to production (d) performance (e) all of
the above

10. Which of the follow ing are the commonly used concepts in OOP environment (a) classes
(b) Inheritance (c) Polymorphism (d) procedures

B. Fill in the blanks

1. Programming language is a systematic notation used to describe the
process. (computational)

2. Computational p rocess involves and operations (arithmetic, logical)
3. Variables connected with operator forms (expression).

4. The coding environment is called as (Integrated Development Environment)
5. Which programming language is used to solve the problems of Artificial Intelligence

C. State whether True or False

1. A program is a sequence of instructions which is designed to perform a certain task.
2. High level programming languages are the first -generation languages.

3. Assembly lang uage is the second -generation languages.

4. Python can be used as a declarative language.

5. ltis possible to check the content of memory, CPU and storage devices.

D. Short answer questions

=

What are the features of low -level language?

What are the features of h  igh-level language?

What is syntax and semantics of the high -level programming languages?
What are the factors for selection of programming language?

What is the difference between procedural and declarative approach?

What is the difference between compile  r and interpreter?

List the programming languages that uses compiler, interpreter and both.
Give the examples of declarative programming languages.

. Explain the inheritance with real life examples.

10. What is polymorphism?

© N T M~WN
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Module 2 Operating System and
Compu ter Network

Module Overview

Today, we are all living in the digital world, where electronic devices have become an important
part of our day -to-day life. All computing devices, such as computers, smartphones, tablets, and
motor vehicles run on operatin g systems. These devices perform the actions as instructed by a
user. These instructions are executed by the operating system. An operating system acts as an
interface between user and computing devices.

integrated set of programs that directs and manages the components and resources of a
computer system, including main memory, CPU and the peripheral devices. The OS is somewhat
like a house keeper as it organizes and ma  intains the functioning of various devices. The task of
an operating system is to manage the hardware optimally to achieve the best possible
performance. This is accomplished by the operating system's controlling and coordinating
resources such as CPU,and memory. The hardware provides computing power and the operating

In the recent age, computing devices and their uses have grown rapidly and widely throughout
the w orld. The applications and influence of computing devices can be seen in various sectors,
including education, healthcare, transportation, and communication sector.

It is essential to understand the functioning of operating systems for software developers.

unit provides the basic knowledge of operating system that is required for software development.
You will learn about what is an operating system, strucuter of operating system, the functions
of an operating system, different types of operating syste ms.

An Operating system (OS) is important software for every computing device. An OS is an

system provides interface between a computerds

This

H

Learning Outcomes

After completing this module, you will be able to:
91 Describe the basic concepts of operating system
1 Describe the basic concept of computer networks
91 Describe the transmission media and network protocols
1 Describe the features of netwo  rk security

Module Structure

Session 1. Operating System
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Session 2. Computer Networks

Session 3. Transmission Media and Network Protocols

Session 4. Network Security

Session 1. Operating System

An operating system (OS) is software that runs on your computer. It is responsible for managing
software applications programs and computer hardware resources. It acts as a bridge between
hardware, software, and the user for easy interaction to complete the task effectively. It allows

you to communicate with  the computer hardware, execute application programs and act as an
intermediary between a user of a computer and the computer hardware. It manages the basic

tasks such as memory management, process management, file management, input -output
management, and a Iso controls the peripheral devices.

Let us understand it with an analogy. (Figure 1.1) When you go to a doctor for a check  -up, he
examines you and write diagnosis in medical term that you cannot understand. But he makes
you understand the problem in your language and prescribes the medicines. These medicines

are as per your interaction with the doctor. It will not suit any other patient with similar
symptoms.

You've suffered a

| contusion to the soft

| tissue belew the fourth

| thoracic vertebra,
exacerbating the proximal
sternum.

Fig. 1.1: Analogy of operating system

In this chapter you will understand the role of operating system, struc ture of operating system,
and functions of operating systems. You will able to use operating systems to perform the basic
tasks.

1.1 Overview of Operating System

Itis necessary to have at least one operating system installed in the computer to run the sof tware
and carry out various tasks. When you start a computer, Power -On Self -Test (POST) routine
check is done to check the working of peripheral devices. Thereafter, the operating system, that

is stored in Read Only Memory (ROM) is loaded on the primary me mory. It remains in the memory

till your system is shut down.

The operating system of a computing device provide a platform to perform various activities on
computer and run different applications. Many times, several different programs run
simultaneously  on your device and they all need to access your computer's central processing
unit (CPU), memory, and storage. The operating system coordinates all of this to make sure each
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program runs properly. It is essential for the security and stability of the compu ter, as it protect
the computer from malicious threats. It also allows to access hardware.

There are various operating systems designed by various companies for various types of
computers.

Desktop Operating systems o These are designed for use on personal  computers. They contain
all the utilities and applications that the users might need. They are usually updated with the

latest software versions to provide a better user experience.

Mobile Operating systems & These are designed for use on cellular phones a nd other portable
devices. They contain only the essential software and minimalistic utilities. The advantage of

using a mobile OS is that it is easier to update and maintain.

Server Operating systems & They run applications such as email servers, file sha ring servers, and
web servers. These are updated with the latest software versions, versioning to support multiple

users, and security features.

It also possible for developer to develop their own operating system. Following are some of the

well establishe d operating sytems that are being used on various types of computing devices.

Microsoft Windows & GUI based OS for Personal Computers.

Apple macOS 6f or Appl ebs personal computers and worKks
Google's Android OS 8 for smartphones/tablets/smartwatches

AppleiOS 6f or Appl eds for i Phones, i Pads, and i Pods.
Linux @& for Personal Computers, Workstations

1.1.1 Working Environment of a computer system

The working environment of a computer system consists of four layers 8 hardware, operating
system, applicat ion programs and users. As shown in Figure 1.2, the applications interact with

both the user and the operating system. The operating system interacts with applications and
hardware. It controls and manages hardware resources from both applications and hard ware
layers.

The user works on installed applications and it can interact with hardware only through OS.

l.’ User \

Fig. 1.2 Layers in computer system
1.1.2 Structure of an operating system

The kernel and shell are the two important programs of an operating system. The kernel interacts
with hardware as well as with the shell. The user interacts with the kernel through shell. Any
command given by the user first goes to the shell. The shell interprets it and sends it to the

kernel. The kernel processes the request and displays the result on the screen. Figure 1.3 shows
that the kernel is close to the hardware while shell can interact with kernel and user.
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