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Preface

This Model Textbook for Computer Science Grade 9 has been developed by NBF
according to the National Curriculum of Pakistan 2022-2023. The aim of this
textbook is to enhance learning abilities through inculcation of logical thinking in
learners, and to develop higher order thinking processes by systematically
building the foundation of learning from the previous grades. A key emphasis of
the present textbook is creating real life linkage of the concepts and methods
introduced. This approach was devised with the intent of enabling students to
solve daily life problems as they grow up in the learning curve and also to fully
grasp the conceptual basis that will be built in subsequent grades.

After amalgamation of the efforts of experts and experienced authors, this book
was reviewed and finalized after extensive reviews by professional educationists.
Efforts were made to make the contents student friendly and to develop the
conceptsin interesting ways.

The National Book Foundation is always striving for improvement in the quality of
its textbooks. The present textbook features an improved design, better
illustration and interesting activities relating to real life to make it attractive for
young learners. However, there is always room for improvement, the suggestions
and feedback of students, teachers and the community are most welcome for
further enriching the subsequent editions of this textbook.

May Allah guide and help us {Ameen).

Dr. Raja Mazhar Hameed
Managing Director
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After completing this lesson, you will
be able to:

define and describe types of systems (artificial, natural), computer hardware components
such as computer architecture (CPU, microprocessors, etc.)

identify and explain system software, application software, lowlevel and high-level
programming languages, and their uses.

identify and analyze data communication, computer networks, networking devices, basic
networking systems and understand how data is transmitted and key concepts such as
protocols, speeds, etc.
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COMPUTER SYSTEMS

Introduction

A computer system is a fundamental and important part of modern life. It has
revolutionized the way we work, communicate, learn, and entertain ourselves. A
computer system is not just a single device but a sophisticated combination of hardware
and software components that work together to process information, solve problems,
and execute a multitude of tasks.

Understanding computer systems is very important in today's digital age, whether
some one is a casual user or a professional in the field of computing. It empowers the
users to utilize the capacities of computers for diverse purposes, from business and
scientific research to creative activities and entertainment.

1.1 Brief History of Computer Systems and Generations of
Computers

A computer is a programmable electronic device that performs arithmetic and
logical operations automatically using a set of instructions provided by the user. Whenwe
study the aspects of computing and computers, it is important to know about the history
of computers.

1.1.1 Early Computing Devices

Humans used sticks, leaves, stones and bones as counting tools before computers
were invented. More computing devices were produced as technology advanced and the
human intelligence improved over time. Afew early-age computing devices are discussed
as follows.

Abacus

Abacus was one of the earliest counting
devices, consisting of beads or stones on rods or
wires. It has been used for centuries in various
cultures for arithmetic calculations by sliding
beads to represent different numerical values.
Abacus is shownin Fig. 1.1.

Napier's Bone

John Napier developed Napier's bones, a
manually operated calculating device. It used 9
separate strips {bones) marked with numerals to
multiply and divide. It was also the first machine
to calculate using the decimal point system.

Napier’s Boneis shownin Fig. 1.2. Fig.1.2 Napier's Bone
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Pasca[ine Slots mdl;phv results Wheels

Pascaline was invented in 1642 by Bliaise Pascal, a
French mathematician. It was thought to be the first ||
mechanical and automated calculator. It consisted of a
wooden box with gears and wheels in it. Pascaline is |
shown in Fig. 1.3. )

Fig.1.3 Pascaline

Stepped Reckoner or Leibniz wheel

In 1673, a German mathematician named
Wilhelm Leibniz improved on Pascal's invention to
create this device. It was a digital mechanical calcula
tor known as the stepped reckoner because it used
grooved wheels instead of gears. Leibniz wheel is shown
in Fig. 1.4.

Fig.1.4 Leibniz wheel Difference Engine

In the early 1820s, Charles Babbage created the
Difference Engine. It was a mechanical computer that could do basic computations. It
was a steam-powered calculating machine used to solve
numerical problems.

Analytical Engine

Charles Babbage created another calculating
machine, the Analytical Engine, in 1830. It was a
mechanical computer that took input from punch cards.
It was capable of solving any mathematical problem and | S e g
storing data in memory. Analytical Engine is shown in Fig.1.5 Analytical Engine
Fig. 1.5.

Tabulating machine

B e

An American Statistician - Herman Hollerith invented
this machine in the year 1890. Tabulating Machine was a
punch card-based mechanical calculator. It could compute
statistics and record data or information. Hollerith began
manufacturing these machines in his company, which
ultimately became
Fig.1.6 Tabulating Machine International Business S A ataa: 4k
Machines {IBM) in 1924. LGS o S :
Tabulating machine is shown in Fig. 1.6.

Differential Analyzer

Vannevar Bush introduced the first electrical
computer, the Differential Analyzer, in 1930. This

L& [ )

Fig.1.7 Differential Analyzer
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machine was made up of vacuum tubes used as switches to electrically impulse to do
calculations. It was capable of performing 25 calculations per minute. Differential
Analyzerisshownin Fig. 1.7.

Mark |

The next successful computing machine
invented was a digital computer known as Mark-1. It
was invented by Howard Aiken in 1944. Mark-l could
add three numbers having eight digits in one second.
It could print out its results on punched cards or on an
electric typewriter. Mark-l was 50 feet long, 8 feet
high and weighed about 5 tons. It used 3,000 electric
switches. Mark-l isshownin Fig.1.8.

1.1.2 Computer Generations

History of computers is a chain that runs from the ancient abacus and the
analytical engine of the nineteenth century, through the modern quantum computers of
present age. It is generally divided into five generations. Each generation of computers is
characterized by major technological developments of that time.

First Generation Computers (1940 - 1956)

First-generation computers, emerged in the late 1940s and lasted through the
early 1950s, were characterized by the use of vacuum
tube technology. Vacuum tubes were used as a main
electronic devices in the first generation computers.
It consists of a glass tube containing electrodes
{cathode, anode, and some additional elements) and

a partial vacuum. Avacuum tube is shown is Fig.1-9.
The following are some characteristics of first
generation computers.

« Vacuum tubes were used in first-generation
computers.

+ The processing speed was slow.
« Memory capacity was limited.
+ These computers were massive, occupying entire rooms.
« First-generation computers were both costly and unreliable.
« Theyconsumed significant power and generated substantial heat.
« Inputrelied on punched cards.
« Output wasobtained through printouts via electric typewriters.
« Machine language was the only programming paradigm.
Some examples of first generation Mini/Mainframe computers are ENIAC, UNIVAC I, IBM

604, Mark-l1and EDSAC.

Fig.1.9 Vacuum Tube
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Second Generation Computers (1956 - 1963)

Second Generation computers emerged in the late 1950s and
extended through the early 1960s. This period marked a significant
advancement in computing technology, characterized by the transition
from vacuum tubes to transistors. Transistor functions like a vacuum
tube. It was faster, more reliable, smaller and much cheaper than
vacuum tube. Atransistor isshownin Fig 1-10.

The following are some characteristics of second generation | Fig.1.10 Transistor
computers.
« Second generation computers replaced vacuum tubes with transistors, leading to
enhanced efficiency.
« The adoption of transistors resulted in a reduction in computer size, accompanied
by improvements in speed and memory capacity.
« Second-generation computers demonstrated increased reliability and cost-
effectiveness.
« Key input and output methods included punch card readers, magnetic tapes,
magnetic disks, and printers.
« Assembly language was employed for programming purposes.
« This generation introduced high-level programming languages such as FORTRAN
and COBOL.

Some examples of second-generation computers comprise UNIVAC I, IBM 7030,

General Electric GE 635, and Control Data Corporation’'s CDC 1604 computers.

Third Generation Computers (1963 - 1971)
Third-generation computers emerged in the 1960s and extended into the 1970s. This
era marked further advancements in computing technology, characterized by the use
of integrated circuits {ICs) and the development of
smaller, faster, and more reliable systems. IC chips
are shown in Fig.1-11.
The following are the characteristics of third
generation of computers.
« Third-generation computers used Integrated
Circuit {IC) chips.
- The utilization of IC chips led to enhancements Fig.1.11 IC Chips
incomputer speed and memory.
« These computers demonstrated improvements in
energy efficiency, size reduction, cost- B RETR o) 1]
effectiveness, and reliability compared to second- F RIS R R ek
generation computers. microprocessor, the Intel 4004
+ Interaction with third-generation computers RUREEREEEZE
involved the use of a keyboard and monitor.
« These computers had the capability to concurrently run multiple application programs.

("\
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Examples of third-generation computers include IBM System/360 and Control Data
Corporation's 3300 and 6600 computers.

Fourth Generation Computers (1971 - Present)

Fourth-generation computers, starting from late 70s to the present, are characterized by
significant advancements in technology, particularly the development of Large Scale
Integration (LSI) and Very Large Scale Integration {VLSI} chips. One of the key innovations
of this era was the development of the microprocessor, a single
chip capable of handling all processing tasks within a computer. A
microprocessoris shownin Fig.1-12.

The following are the characteristics of fourth generation of
computers.

« The introduction of microprocessors marked a defining
feature of fourth-generation computers, leading to the
emergence of microcomputers. Fig.1.12 Microprocessor

« Fourth-generation computers are known for their
exceptional speed, large storage capacity, and the incorporation of advanced
input/output devices.

« Microcomputers in this generation are characterized by their small size, high
reliability, low power consumption, and affordability.

« Awide variety of software became available for use in microcomputers during the
fourth generation.

« Operating systems with Graphical User Interfaces {GUls)} were developed during
this period, enhancing user interaction and experience.

« Fourth-generation computers support multimedia software, enabling the
integration of text, image, sound, and video.

+ These computers are compatible with modern programming languages such as
Visual Basic, C++, Java, and Python, facilitating the development of powerful
software applications.

« Fourth-generation computers support a diverse range of portable and wireless
input/output devices.

Examples of microprocessors developed during this era include the Intel
Pentium series, Dual Core, CoreZ Duo, Core i3, i5, i7, and AMD Athlon. Notable fourth-
generation computer models include the IBM ThinkPad series, HP Pavilion series, Dell
Inspiron series, as well as Apple's MacBook Pro and MacBook Air series.

Fifth Generation Computers

The timeline for the fifth generation is not as precisely defined as the earlier generations,
but it is generally associated with ongoing advancements in computing that were
expected to emerge in the late 20th century and beyond. The main objective of fifth
generation of computers is to develop devices that can understand natural languages and
have thinking power. This is a big challenge for computer developers and programmers to
design such systems and software for them.
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The following are the characteristics of fifth generation of computers.

« The primary focus of fifth-generation computers tis to develop and utilize Al
(Artificial Intelligence) technologies. This involves machines {called Robots) with
the capability to learn, think, innovate, reason, and solve problems automatically
andindependently.

« Fifth-generation computers support advanced parallel processing capabilities,
allowing them to execute multiple tasks simultaneously and handle complex
computations more efficiently.

« Akey aspect of fifth-generation computing is the ability to understand and respond
to human languages. This involves developing systems capable of NLP {Natural
language processing) and communication.

+ These computers are planned to incorporate advanced ES (Expert systems), which
are software programs designed to replicate the decision-making abilities of a
human expertsin specific fields, like medical, mining and engineering.

« In this generation of computers user interfaces have become more intuitive and
user-friendly, incorporating features like Voice recognition and gesture-based
controls.

1.2 Understanding Systems and their Types
Whatis a System?

A "System" refers to a collection of interconnected or interrelated components or
elements that work together to achieve a specific purpose or function. Systems can be
found in various aspects of life, from natural ecosystems to human-made artificial
systems. Any kind of system is a group of resources which work collectively in order to
produce desired results from given inputs. It acceptsinput and produces the cutput.

Understanding and categorizing systems is important for various fields, including
engineering, biology, sociology, and management, as it allows for better analysis, design,
and optimization of these systems to achieve their intended goals. Different types of
systems may show distinct properties and behaviors, which necessitate different
approaches to study and manage them effectively.

1.2.1 Natural and Artificial Systems
Natural Systems

A natural system is an interconnected collection of elements or components that exist in
the nature. These systems are typically found in the environment and are characterized
by their ability to self-regulate, adapt, and maintain a certain degree of stability. Natural
systems are incredibly diverse and fascinating, each with its unique characteristics and
interactions. Some natural systems are shownin Fig. 1.13.

k)
p.

« Encourage students to explore additional resources, such as books, websites, and educational videos, to deepen
their understanding of computing history and systems.
¢«  Stay updated on emerging trends and advancements in computing to inspire ongoing curiosity and learning among

students.

Teacher’s Guide
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Fig.1.13 Natural Systems

The following are a few examples of natural systems.

Ecosystems: Ecosystems are perhaps the most common and diverse natural systems.
They encompass various types, including:

« Forest Ecosystems: Such as a tropical rainforest with its myriad of plant and animal
species.

« Aquatic Ecosystems: Like freshwater lakes, rivers, and marine ecosystems such as
coral reefs.

» Grassland Ecosystems: Such as the African savanna, home to grazing animals like
zebras and wildebeests.

Weather Systems: Weather systems involve the interactions of the Earth's atmosphere,
including phenomena like rainfall, wind patterns, and temperature changes.

Geological Systems: These systems encompass geological processes and features like:

- Plate Tectonics: The movement of Earth's lithospheric plates, leading to
phenomena like earthquakes and volcanic eruptions.

« Mountain Systems: Such as the Himalayas, formed by tectonic plate collision.

Hydrological Systems: These systems involve the movement, distribution, and quality of
water on Earth, including rivers, lakes, and the water cycle.

Solar System: Our solar system itself is a natural system, with the Sun, planets, moons,
asteroids, and cometsall interacting under the influence of gravity.

Biological Systems: Biological systems encompass a wide range of living organisms and
theirinteractions:

+ Human Body: A complex biological system with organs, tissues, cells, and
biochemical processes.

- Coral Reef: An ecosystem built by coral colonies and inhabited by various marine

species.
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+ Rainforest Canopy: The upper layer of a rainforest, home to a unique set of plants
and animals.

Artificial Systems

Artificial systems, also known as man-made or human-made systems, are created
and designed by humans to serve specific purposes, solve problems, orachieve particular
goals. Unlike natural systems, which occur organically in the natural world, artificial
systems are intentionally constructed by humans to address various needs and
objectives. These systems can range from simple devices to highly complex structures,
and they exist in numerous domains.

Artificial systems are essential components of modern society, contributing to our
ability to meet a wide range of needs and advance in various fields. They often require
careful planning, engineering, and maintenance to function efficiently and effectively.
Some artificial systems are shownin Fig. 1.14.

Fig. 1.14 Artificial Systems

The following are some common examples of artificial systems.
Communication Systems:

+ Telephone Networks: Created to facilitate voice communication over long
distances.

» Internet and Computer Networks: Built to enable data sharing and digital
communication globally.

+ Satellite Communication Systems: Developed for long-distance, wireless
communication.

Information Systems:
+ Databases: Used for storing and retrieving data efficiently.

+ Software Applications: Such as word processors, spreadsheets, and video editing
software.

Transportation Systems:
« Automaobiles: Designed for personal and mass transportation on roads.

+ Aircraft: Engineered for air travel, including commercial airplanes, helicopters,
and drones.

+ Trains and Rail Systems: Developed for efficient land transportation on tracks.
+ Subways and Mass Transit: Designed to move large numbers of people within urban areas.
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Energy Systems:
+ Power Plants: Designed to generate electricity using various energy sources like
coal, natural gas, nuclear, or renewable resources.
+ Renewable Energy Systems: Including solar panels, wind turbines, and
hydroelectric plants.
+ Electrical Grids: Infrastructure for the distribution of electrical power.
Manufacturing Systems:
+ Factory Automation: Systems that automate manufacturing processes, such as
robotics and conveyor systems.
+ Assembly Lines: Organized systems for mass-producing goods.
Healthcare Systems:
+ Hospital Information Systems (HIS): Designed to manage patient records, billing,
and other healthcare data.
+ Medical Devices: Including MRl machines, X-ray equipment, and artificial organs.

1.3 Core Components of a Computer System

A computer system comprises of several core components that work together to
perform various tasks. The essential components of a computer system include Input
devices, Output devices, System unit {motherboard, memory, CPU, power supply, etc.),
and data storage devices.

1.3.1 InputDevices

Input devices are used to provide data into the computer system. Input devices
allow us to communicate with the computer. Some commonly used input devices are
keyboard, mouse, microphone, scanner, barcode reader, digital camera and touch
screens.
Keyboard POINT TO PONDER:

It is the main input device to communicate with ERUALELCEILR G
the computer. It allows the computer user to enter [BslEUEERIEIIEEREEC
letters, numbers and special symbols into the computer. S
Akeyboard isshown is Fig.1.15.

!_-'] L..I_L.LJLL.LL] __

TR T
R ARE LLT_LLLL—IL—H_ :
S ) £ — ) E

Fig.1.15 A standard keyboard

N
J

Explore the characteristics and behaviors of natural systems like ecosystems and weather patterns.
Discuss the design, purpose, and functionality of artificial systems such as communication networks, transportation
systems, and healthcare systems.

Teacher’s Guide
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It is a hand-held device used to control the movement of
cursor or painter on the screen. It has two or three buttons at the
front that allows the computer user to make selection in menu,
draw graphics or open files, folders and programs. A typical mouse
isshownis Fig.1.16.

Microphone

It is a device that allows computer user to input audio into
the computer. It changes audio signals into electrical signals which
are translated into digital form by the sound card for processing in
the computer. Amicrophoneisshownin Fig.1.17.

Scanner

It is a device that captures images from photographs,
magazines, books etc. and stores them in computer in digital form.
These images can be edited, displayed on the screen or inserted in
documents. Ascanneris shownin Fig.1.18.

Barcode Reader

It is a device that reads the barcode
printed on products that represents product

N v

Fig.1.16 Mouse

Fig.1.17 Microphoneg

Fig.1.18 Scanne

Fig.1.19 Barcode Reader

A
i

Fig.1.21 Touch Screen

1.3.2 System Unit

code, description and price. This information is used by the
computer to print bill for the customer. A barcode reader is shown
inFig.1.19.

Digital Camera

It is input/output device used to capture pictures and store
them in digital form. These pictures can be downloaded to
computer for editing, viewing or inserting in documents. Adigital
camera is shown in Fig.1.20.

Touch Screen

It is a pressure-sensitive display screen that is used to
interact with the computer by touching pictures or words with
finger. Touch screen is more commonly used with mobile phone
and tablet. Atouch screenis shownin Fig.1.21.

System unit is the main part of computer. It includes motherboard, power supply
and drives {such as DVD and hard disk} inside the computer casing. All the input/output
devices of a computer are connected to system unit through the ports.

Motherboard

Motherboard is the main circuit board inside the system unit. It contains
microprocessor, main memory, expansion cards, many IC chips, connectors and other
electronic components. It has many buses {electric pathways} printed on it. These are
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RAM memory slots

Socket for microprocessor

Expansion slots

Ports for connecting
input/output devices

Fig.1.22 Motherboard

used to transmit information between various components of the computer. All the
input/output devices are connected to the motherboard. A motherboard is shown in

Fig.1.22.
Microprocessor

A microprocessor
is the main chip on the
motherboard that
controls all the activities
of the computer. It is
also known as Central
Processing Unit {CPU} or
simply processor. It
contains Control Unit
{CU), Arithmetic Logic
Unit {ALU) and

Fig.1.23 (a) Microprocessor (b) Block diagram of microprocessor

Registers. Amicroprocessor and the block diagram of CPU are shownin Fig.1.23.

1.3.3 Storage Devices

Storage devices are used to store programs and data that are not currently used by
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the computer. They have huge storage capacity. Therefore, they are also known as mass
storage devices or secondary memory. Hard disk is the most commonly used storage
device that is fixed inside the system unit. Portable storage devices are CD, DVD, memory
cards and USB flash drive. Portable storage devices have less storage capacity than hard
disk but they are cheap and easy to carry.

Hard Disk

Ahard disk is a magnetic storage device used to store computer data permanently.
It has storage capacity of hundreds of Gigabyte {(GB). It is fixed inside the computer
casing. Portable hard disk is also available that is attached to USB port.

Compact Disk (CD)

CD (DVD) is a portable optical storage device with a storage capacity of 700
Megabytes {MB). ACD is 1.2 millimeter thick with a diameter if 120 millimeters. CD drive
is used to read data from orwrite data toa CD.

Digital Versatile Disk

DVD is also portable optical storage device. It has the same thickness and diameter
as CD but has more storage capacity. Its storage capacity is in the range of 4 to 16 GB. A
DVD writer is installed in the computer to read data from or write data toa DVD. ACD can
also be used in a DVD writer.

Memory Card

Memory card is a small storage device having storage
capacity of few Gigabytes. It is available in different sizes and
storage capacities. Memory cards are generally used in laptop
computers and portable devices such as mobile phone and digital
camera for storing pictures, audio and video. A memory card is | Fig.1.24 Memory Card
showninFig.1.24.

USB Flash Drive

USB flash drive is a small portable drive that is connected to
computer through USB port. It is also known as USB memory. It is
very fast in operation and its storage capacity is up to 128 GB till
now. AUSB flash drive is shownin Fig.1.25.

Fig.1.25 USB Flash Drive

1.3.4 Output Devices

Output devices are used to display text, graphics, and images on the monitor or to
print information on paper. Information displayed on monitor is known as softcopy and
anything printed on paper is known as hardcopy or printout. Commonly used output
devices are monitor, printer, plotter and speaker.

Monitor

It is an output device that has a screen on which information is displayed. It has
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two common types i.e. CRT {Cathode Ray
Tube} monitor and LED (Light Emitting Diode)
monitor. CRT monitor is very similar to old
television. It is almost obsolete due to its big
size and low display quality. LED monitor is ™
slim, uses less power and has better display ____,_I
quality than CRT monitor. CRT and LED _
monitors are shownin Fig.1-26. Fig.1.26 {(a) CRT Monitor (b) LED Monitor

Printer

Printer is an output device that prints text BESUSEUSIIAS LI LE
and graphics on paper which is known as e hetinghssaced Brnterwas

, , developed in 1953 by Remington Rand
hardcopy. There are two types of printers which (an early American business machines

areimpact and non-impact printers. manufacturer) for use on UNIVAC
Impact printer computer.

Impact printer uses electro-mechanical
mechanism which causes the character shape to strike against the paper and leave an
image of the character on the paper. Dot matrix printer is the most commonly used
impact printer. The printing speed varies from 50 to 500 cps {characters per second).
Their printing is very cheap but print quality is poor. They produce lot of noise while
printing. These printers are still in use for printing invoices, bank statements, utility bills,
etc. ADot matrix printerisshownin Fig.1-27{a).

(@) (b) (c)

Fig.1.27 {a) Dot Matrix Printer (b) Inkjet Printer (c) Laser Printer

Non-impact printer

Non-Impact printer prints without striking the paper. There are two types of non-
Impact printers which are inkjet and laser printers. Inkjet printer stores ink in cartridge
and sprays on paper through fine nozzles on the print-head. Laser printer uses technology
similar to photocopying machine. Laser printer is more expensive, faster and has very
high print quality compared to inkjet printer. Inkjet printers are used in all sectors such as
homes and simple businesses. Laser printers are perfect for large scale businesses. Inkjet
and laser printers are shownin Fig.1.27.{ b,c}.
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Plotter

Plotter is an output device used for

printing engineering drawings, machine parts,
building designs, maps, charts and panna-flexes
etc. on large size papers/sheets. Such large size
printing is not possible on printers. It is more
expensive than printer. There are two types of
plotters, that is, ink plotter and pen plotter. Ink
plotter is used for printing images whereas pen

Fig.1.28 Plotter

plotteris used for printing engineering drawings,
machine parts, building designs, etc. Plotteris a

slow output device but its printing quality is good. A plotter is

shownin Fig.1.28.
Speaker

Speaker is a device used to produce audio output. A pair
of speakers are attached to the sound card on the
motherboard. Speakers are commonly used with multimedia
software and for playing music and videos on computer. A pair

of speakers are shownin Fig.1.29.

1.3.5 Ports, Expansion Slots and Expansion Cards

By b
. _

Fig.1.29 Speakers

-
3
- {@.‘._F'

Ports
2x USB 2.0

Port is an interface for connecting -
various devices to the system =.
unit. These are located on the
motherboard and are usually seen
at the back of the system unit.
There are various types of ports
for connecting keyboard, mouse,

VGA 2xUSB 3.0 LAN

Fig.1.30 Ports on motherboard

. _~Audioin

& Audi t

— L udio ou
Mic in

HDMI 2xUSB 2.0

monitor, microphone, speakers

and other input/output devices as shown in Fig.1.30. {a}. In modern computers, USB
{Universal Serial Bus}), HDMI {High Definition Multimedia Interface}, DVI {Digital Visual

Interface), Audio and LAN {Local Area Network) ports
are used for connecting various devices to the
computer. These devices include digital camera,
scanner, printer, external hard disk or DVD writer and

USB memory, etc.

Expansion Slots and Expansion Cards

Expansion slots are long narrow sockets on the
motherboard used for installing expansion cards.

Fig.1.31 Network card
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Expansion cards are small circuit boards. These cards add new capabilities to the
computers. Commonly used expansion cards are sound card, graphics card, modem card
and network card. In modern computers these cards are built-in on the motherboard. A
network card is shownin Fig.1.31.

1.4 Von Neumann Architecture

Von Neumann Architecture is an essential concept in computer science that
explains how a computer's hardware and software work together to process information.
It was first published by John von Neumann in 1945. His computer architecture design
consists of a Control Unit, Arithmetic and Logic Unit {ALU}, Memory Unit, Registers and
Inputs/Outputs.

Von Neumann architecture is based on the stored-program computer concept,
where instruction data and program data are stored in the same memory. This design
is still used in most computers produced today. Modern Von Neumann architecture is
shown in Fig. 1.32.

CPU

ALU CU |Decoder| Bus

' ' Seconda
e EREIED han i
— Address Storage

(HDD, $8D, COIDCD, etc.)

Data
L2 Cache - E—

Bus

Fig.1.32 Von Neumann architecture

Central Processing Unit (CPU)

The Central Processing Unit {CPU} is the main electronic circuit responsible for
executing the instructions of a computer program. The CPU contains the ALU, CU and a
variety of registers.

Registers

Registers are high speed storage areas in the CPU. All data must be stored in a
register before it can be processed.
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MAR | Memory Address
Register accessed

Holds the memory location of data that needs to be

MDR | Memory Data Register | Holds data that is being transferred to or from memory

AC | Accumulator

Where intermediate arithmetic and logic results are stored

PC | Program Counter
executed

Contains the memory address of the next instruction to be

CIR | Current Instruction
Register

Contains the current instruction during processing

Arithmetic and Logic Unit (ALU)

The ALU allows arithmetical
{add, subtract etc.} and logical {AND,
OR, NOT etc.) operations to be carried
out.

Control Unit (CU)

The control unit controls the
operation of the computer's ALU,
memory and input/output devices,
telling them how to respond to the
program instructions interpreted from
the memory unit. The control unit also
provides the timing and control signals
required by other computer
components.

Buses

Control Unit
Instruction Register

Data Bus

@1

Instruction Decoder

Control Bus

A 2244442

Timing and
Control Logic

Fig.1.33 Control Unit

Buses are the pathways or lines by which data is transmitted from one part of a
computer to another, connecting all major internal components tothe CPU and memory.

A standard CPU system bus is comprised of a control bus, data bus and address bus.

Address Bus
and memory

Carries the addresses of data (but not the data) between the processor

Data Bus Carries data between the processor, the memory unit and the input/output
devices
Control Bus | Carries control signals or commands from the CPU in order to control and

coordinate all the activities within the computer
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Memory Unit

In Von Neumann architecture the memory unit consists of RAM and Cache memory;,
sometimes referred to as primary or main memory. This memory is fast and also directly
accessible by the CPU. RAM is split into partitions. Each partition consists of an address
and its contents {both in binary form}. The address uniquely identifies every location in
the memory.

Microprocessor

Main Memory Cache
Memaory

F - » - [_ &

Data Bus )

Fig.1.34 Cache Memory

Input/Qutput (I/0) Controller

This component manages the flow of data between the CPU and external devices
like hard drives, USB devices, and network interfaces.

1.5 Data Transmission within a computer system

Data transmission within a computer system involves the movement of
data/information between various components such as the CPU, memory, storage
devices, and input/output devices. This process is vital for the proper functioning of a
computer and its ability to execute tasks efficiently.

The following points give an overview of how data is transmitted within a
computer system:

Bus Architecture; Computers use a bus architecture to transmit data. A bus is a
communication pathway that allows the transfer of data and control signals between
various components such as the CPU, memory, and peripheral devices. It is just like a
highway system for data inside the computer system.

S )
(I'T Teacher’s Guide) N

» QOrganize interactive demonstrations and hands-on activities to help students understand the functionality
of computer components.

» Develop assessments that evaluate students' comprehension of core concepts, including guizzes, projects,
and presentations.

» Provide opportunities for practical tasks and demonstrations to assess students’ ability to apply their

\ knowledge. -
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Control Bus

Data Bus

Central Processing _

Input/Output

Fig.1.35 System Buses

Data Paths: Inside the CPU, data paths are dedicated paths known as data circuits that
facilitate the movement of data between various functional units. These functional units
include the Arithmetic Logic Unit {ALU)}, registers, cache, and other components involved
in data processing. The data paths allow the CPU to perform operations on data by
providing routes for data to move within the processor.

Data paths are more internal and pertain to how data moves within the CPU, while
bus architecture addresses the broader communication infrastructure that enables data
transfer between the CPU and other parts of the computer system.

Address Bus

/

Microprocessor

Internal Address Bus

||

PC

il il

Internal Data Bus
Data Bus

Instruction
Decoder

L

Timing and
Internal Control bus Control Logic _

Control Bus

Fig.1.36 Microprocessor bus architecture with associated registers
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Registers: Registers are small, high-speed storage units located within the CPU. They
hold data that is frequently used by the CPU during processing. Data is quickly transferred
between registers and main memory via the buses.

Memory Hierarchy: Modern computers use a memory hierarchy to improve data
transmission. Data is stored in different levels of memory, ranging from high-speed but
small Cache memory to larger and slower RAM, and even slower secondary storage {hard
drives, 55Ds). The CPU fetches data from the higher levels of the hierarchy first due to
their faster access times.

Instruction Cycle: When a program is executed, it goes through a series of steps called
the instruction cycle. This cycle involves fetching the next instruction from memory,
decoding it to understand what operation is required, fetching operands from memory or
registers, executing the operation, and storing the results back in memory or registers. It
is called fetch-decode-execute cycle.

Pipeline Processing: Many modern CPUs use pipelining to increase efficiency. In a
pipeline, multiple instructions are in different stages of execution simultaneously. This
allows for better utilization of the CPU's resources and faster execution of instructions.

Interrupts and I/0: Input/output devices {e.g., keyboard, mouse, display, network
interface} communicate with the CPU using interrupts. An interrupt is a signal that halts
the current program's execution to handle an important event. This allows data to be
transmitted between the CPU and these devices.

Parallelism: Some computer architectures use parallelism to improve data transmission
speed. This can involve multiple cores within a CPU or even distributed systems with
multiple interconnected computers working together.

1.6 Types and Hierarchy of Computer Memory

In computing memory refers to the physical devices used to store programs
{sequence of instructions} or data on a temporary or permanent basis for use in a
computer or other digital/computing devices. Memory in a digital computer contains the
main part of operating system and all the application programs and related data that is
being used. Fig. 1.37 shows different types of computer memory.

Memory
Main Memory Secondary Memory
— Internal Processor Memory Magnetic -
ROM Canttie Optical
Registers
S IR Chip —
Fig. 1.37 Memory Classification
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1.6.1 Memory Terminology

The following are some important memory terms.

Bit: The smallest unit of memory in digital computer is a bit, which stands for binary digit
0 or 1. The memory of a computer consists of millions of memory {or electronic) cells.
Each cell contains one bit of information. The memory cell has two states, ON and OFF.
The ON state represents a binary 1 and OFF state binary 0.

Byte: Byte is the basic unit of computer memory and it is the minimum piece of data to be
processed by a computer. A group of 8 bits is known as one byte. One byte of memory is
required to store one character in the computer, for example 'A’, 'a’, 'b’, ', etc. Abyte is
generally used to express the

memory size of a computer. MEMORY UNIT EQUIVALENT TO
Computer memory is measured in 1 Byte 8 Bits
terms of bytes. The higher units are 1 Kilobyte (KB) 2° Bytes = 1024 Bytes
Kilobyte (KB}, Megabyte {(MB}, =

1 Megabyte (MB 27 Bytes =1024 KB
Gigabyte (GB) and Terabyte (TB). In it {HE) 7
future, memories will also be |1Gigabyte(GB) 2" Bytes =1024MB
available in Petabyte (PB) and | 1Terabyte(TB) 2% Bytes =1024GB
Exabyte {(EB)} as indicated in red 1 Petabyte (PB) 2 Bytes =1024TB
colour in Table 1.1. The relationship [ Exabyte 2" Bytes —1024PB

between the memory units is shown
inTable 1.1.

Memory Word: In computing, the smallest amount or size of data that a computer can
process is called memory word. It is a fixed-sized piece of data handled as a unit by the
processor. The number of bits in a word is called the word size. Word size in modern
computers typically ranges from 16 to é4 bits, depending on the size of the computer. A
computer that has a bigger word size can transfer more bits into the microprocessor at a
time for processing and this improves the processing speed of the computer.

Table 1.1 Memaory Units and their Equivalents

Word Size: Word size refers to the number of bits that a computer's CPU can process or
manipulate in a single instruction or operation. The word size of a CPU is a fundamental
characteristic that affects its performance and capabilities. For example, a CPU with a
32-bit word size can process data in 32-bit chunks, while a CPU with a 64-bit word size can
process data in 64-bit chunks. A larger word size generally allows a CPU to handle larger
integers, perform more complex arithmetic operations, and address larger memory
spaces.

1.6.2 Memory Built-up and Retention power

All types of computer memories, as for as their built-up or manufacturing is
concerned, are divided into Chip memory, Magnetic memory and Optical memory. And as
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far as their retention power is concerned these
memories are divided into Volatile memory and Non-
Volatile memory.

Chip Memory

Chip is a small piece of semi-conducting
material {usually silicon). A small circuit called IC
{Integrated Circuit) is embedded on it. A typical chip
contains millions of electronic components
{transistors).

Chip memories are better in speed compared
to other memory types due to the absence of
mechanical moving parts. Unlike traditional forms of
memory, chip memories rely on electric currents for
their operation. This reliance on electrical processes
contributes to their rapid data access and retrieval capabilities.

Fig.1.38 Chip Memory devices

Examples of chip memory are main memory {RAM, ROM and Cache}, Flash memory
drives, memory cards, registers and Solid State drives{SSDs}. Many special-purpose chips,
known as application-specific integrated circuits, are also being made today for
automobiles, home appliances, telephones, and other devices. Different types of chip
memory devices are shown in Fig.1.38.

Magnetic Memory

: DO YOU KNOW?
One of the most widely used types of In September 1956 I1BM launched the 305

digital data storage is magnetic memory/storage. BN R e N [- o e e e e
This refers to any type of data storage using a [ETge eI Qe wAZ=0 (12]0) W Ril=Ra | DIPRY = Folt=re
magnetized medium. Magnetic tapes and disks ReEg:ReeliR:alaRAC gl MW Hel WaF:1e: %

are examples of magnetic memory devices. Athin
layer of magnetic material is coated on the
surface of magnetic tape and magnetic disks. Binary information is stored in the form of tiny
magnetized and non-magnetized spots on the surface of magnetic tape or disk. Amagnetized
spot represents a binary 1 and a non-magnetized spot a binary 0. A read-write head moves
very close to the magnetic surface. The head is
able to detect and modify the magnetization of
the material. Magnetic storage is widely used
because it is relatively cheap in comparison with
other storage technologies. The storage capacity is
also very large, making it attractive for storing
very large amounts of data. The major limitation
of magnetic storage is that accessing the data can
be quite slow. Hard disk is the common example of

magnetic memory as shown in Fig 1.39.

Magnetic disk
Read\Write Head A '

Fig.1.39 Magnetic disk with read/write
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In optical-storage technology, a | ©ptical disc T
laser beam encodes digital data onto compact dlsc" o 1 E,,-’
an optical disk in the form of tiny pits eiElienipt disch =
and lands arranged in concentric ESSS _ -

tracks on the disk’s surface as shown in
Fig. 1.40. A low-power laser scanner is
used to “read” data or information
from these pits and lands, and converts
ittodigital form.

Optical storage provides cheaper and
greater memory capacity than
magnetic storage. An entire set of
encyclopedias, for example, can be
stored on a standard 12-centimetre
{4.72-inch} optical disk. Optical disks
include CDs, DVDs and Blu-ray
disks{BDs)

“1? - =‘\f‘”

f Highly reflectlve lands  Less reflective pits on
. on disc surface create  disc suiface create gaps
| return signal beam.  in return signal beam.

lens
focusing
mechanism

Return signal beam
is able fo pass

mirror through mirrar.
& i\l - = -| ':’
\
mirror k\
sensor
[aser -"‘1‘:! Receives retum signal

beam for tracking and
sound reproduction.

Emits constant
beam of light.

Fig.1.40 Optical Memory technology

1.6.3 Main Memory

Main Memory stores data and programs that are being executed by the computer. It
also stores the results produced by the ALU after processing the data. There are three
types of main memories on the motherboard which are ROM {(Read Only Memory}, RAM
{Random Access Memory)} and Cache. These are known as §
main memory or primary memory of computer.

ROM (Read Only Memory)

ROM is a single IC chip which is installed on the
motherboard as shownin Fig.1.41 ;

computer that controls input/output devices and the start-
up or boot process. BIOS programs test the computer's
components when it is turned on and then load the
operating system into the RAM to make the computer ready for operation.

Flg 1 41 ROM chip

BIOS programs are permanently stored in ROM when it is manufactured. It is non-
volatile memory, that is, the programs stored in it are not lost when the computer is
turned off. There are three common types of ROM which are PROM {(Programmable ROM},
EPROM (Erasable Programmable ROM) and EEPROM (Electronically Erasable

Programmable ROM).
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RAM (Random Access Memory)

RAM is high speed memory installed on
the motherboard. It is READ/WRITE memory.
Information can be read from or written into it.
Programs are loaded into RAM from secondary
storage devices such as hard disk or USB flash
drive for execution by the microprocessor. It is

Fig.1.42 RAM modules

volatile memory which means information
stored init, is lost when the computer is turned off.

RAM modules are installed in the memory slots on the motherboard. RAM modules

areshowninFig.1.42.
Cache Memory

Cache is a very small amount of extremely fast
memory inside the microprocessor or on the motherboard. It
is faster and more expensive than RAM. It stores information
that is most frequently used by the computer. The purpose of
using cache is to improve the processing speed of computer.

There are three types of cache memories which are Level
1 {L1), Level 2 {L2} and Level 3 {L3} as shown in Fig.1.43.
L1 cache is built inside the microprocessor whereas L2 and
L3 are on the motherboard. L1 cache is faster than L2 and
L3 cache.

1.6.4 Volatile and Non-Volatile Memory

Memory, on the basis of retention power, can be
divided intotwo typesi.e. volatile and non-volatile memory.

Volatile memory

Microprocessor

Main Memory
(RAM)

Fig.1.43 L1, L2 and L3 Cache
Memories

Volatile memory is a temporary memory, that requires power {electricity) to
maintain the stored information. Volatile memory retains the information as long as
power supply is on, but when power supply is off or interrupted the stored memory is lost.
It is also known as temporary memory. Examples of such memory are RAM (Random access

memory}, Cache memory and Registers.

Non-Volatile memory

Non-volatile memory is a permanent memory, that can retain the stored
information even when powered off. Examples of non-volatile memory include ROM
{Read-only memory}, flash memory, magnetic storage devices {e.g. hard disks and
magnetic taps}, optical disks, and blue-ray disk. Non-volatile memory is typically used as

secondary storage for long-term or future use.
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1.7 Software Engineering and Hardware Engineering

Software Engineering: It is a systematic
approach to the development, operation, and
maintenance of software. It involves applying
engineering principles to software
development, encompassing techniques,
methodologies, tools, and processes to ensure
the quality, reliability, and efficiency of
software systems. Some common types of
Software Engineering are:

+ Application Software Engineering: This focuses on developing software

applications that fulfill specific user requirements, such as web applications,
mobile apps, desktop software, etc.

+ System Software Engineering: This involves designing and developing software
that provides a platform for other software to run on, such as operating systems,
compilers, device drivers, etc.

+ Embedded Software Engineering: This refers to the specialized field of software
engineering that focuses on developing and testing, software that is embedded
within hardware devices or systems. For examples Automotive Embedded
Systems, Digital home appliances, Industrial Control Systems, etc.

+ Enterprise Software Engineering: This involves developing software solutions for
large-scale enterprises to automate processes, manage data, and facilitate
communication within the organization.

+ Game Development: This area involves creating video games, including game
engines, graphics, audio, and animation.

Fig.1.44 Software development

Hardware Engineering: It involves designing,
developing, and testing physical components of
computer systems and electronic devices. It |
focuses on the design and construction of
hardware components such as processors,
memory devices, circuit boards, sensors, etc.

Some comman types of Hardware Engineering
are: Fig.1.45 Hardware construction

« Digital Hardware Engineering: It deals
with designing and developing digital circuits and components such as processors,
memory units, etc.

« Integrated Circuit {IC} Design: It focuses on designing integrated circuits, including
CPUs {Central Processing Units), GPUs {Graphics Processing Units), etc.

« Computer Architecture: It deals with designing the structure and organization of
computer systems, including CPU architecture and memory hierarchy, etc.

« Embedded Systems Design: It focuses on designing hardware systems that are
integrated into larger systems or devices, such as microcontrollers, sensors, etc.
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1.8 Computer Software

Computer software, often referred to simply as "software,” is a collection of
programs, data, and instructions that tell a computer how to perform specific tasks or
functions. It is an important component of any computer system, enabling it to process
data, run applications, and interact with users. Software is typically categorized into two
main types: system software and application software.

Computer software can be classified into the following types.

« System Software

« Application Software
1.8.1 System Software

System software refers to a type of computer program that manages and controls
the hardware components of a computer system, as well as provides a platform for
running application software. It plays a crucial role in enabling the interaction between
the user, application software, and the underlying hardware.

System software serves as an intermediary between the user and the hardware,
making it easier for users to interact with and utilize computer systems effectively.

The following are some common types of system software.

Operating System (OS):

The operating system is a fundamental type of system software that manages
hardware resources and provides services for computer programs. It controls tasks such
as process scheduling, memory management, file system management, and hardware
device communication. Common examples of operating systems include Microsoft
Windows, macOS, Linux, and Android. Some common functions of OS include:

« The OS facilitates userinteraction by providing a user-friendly interface.

« It managesinput/output operations.

« It locksafter the allocation of tasks to the processor.

« It handles the allocation and deallocation of memory to programs.

« It helps in organizing files and directories, as well as provides mechanisms for
storage and retrieval.

« It manages peripheral devices, such as printers and storage devices, and provides
necessary device drivers.

« It provides security and access control through user authentications like User

Identifications, passwords and PINs etc.

Device Drivers:

Device drivers are software components that facilitate communication between
the operating system and hardware devices like printers, graphics cards, and network
adapters. They ensure that the OS can interact with these devices correctly.

Utilities:
System utilities are tools that help manage and maintain the computer system. They
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can perform tasks such as disk cleanup, data backup, system monitoring, and virus
scanning. Examples include disk defragmenters, antivirus software, and system diagnostic
tools.
Compiler and Assembler:

These tools are essential for converting high-level programming languages (like C++,
Java, or Python) into machine code that the computer's processor can understand.
Compilers translate high level language code {source code) into executable programs,
while assemblers do a similar job for assembly language code. Fig. 1.46 shows the
compilation process.

I o | SR

Fig. 1.46 Compilation process

Linkers and Loaders:

Linkers and loaders are programs that help with the execution of programs. Linkers
combine multiple object files {compiled code) into a single executable file, while loaders
load these files into memory for execution.

Firmware:

Firmware is a type of software that is permanently stored on hardware devices. It
provides low-level control over the device's operation. Examples include the BIOS {Basic
Input/Output System) in a computer's motherboard or the firmware in a digital washing
machine.

1.8.2 Application Software

Application software, often referred to as "apps" or "software applications,” is a
category of computer programs designed to perform specific tasks or functions for
computer users. Unlike system software, which manages and controls the hardware and
provides a platform for running applications, application software is created to address the
various needs and requirements of users.

Some examples of application software are:
« Productivity Software
+ Business Software
» Entertainment Software
» Educational Software
Productivity Software

Productivity software is designed to help users perform tasks efficiently, organize
information, and create contents like documents, presentations, spreadsheets and
databases. It includes software that facilitate office work, document management, and

collaboration.
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Examples:

« Microsoft Office Suite: Includes applications like Microsoft Word {word processing},
Excel {spreadsheets}, and PowerPoint {presentation).

« Google Workspace: Offers tools like Google Docs, Sheets, and Slides for online
collaboration and document creation.

« LibreOffice: A free and open-source office suite with applications similar to Microsoft
Office.

Business Software

Business software are specifically designed to meet the needs of businesses and
organizations. These software aim to streamline and enhance various aspects of business
operations, ultimately improving efficiency, productivity, and decision-making.

Examples:

« QuickBooks: Accounting software for managing financial transactions and generating
reports.

« Salesforce: Customer Relationship Management (CRM)} software for sales and
marketing.

« Trello: Project management tool that helps teams organize tasks and collaborate on
projects.

Entertainment Software

Entertainment software is designed for leisure and enjoyment. It includes a wide
range of applications, from video games to multimedia players and streaming services.

Examples:
« Minecraft: Apopular game that allows players to build and explore virtual worlds.
« Spotify: Amusic application that offers a vast library of songs and playlists.
« Netflix: An online streaming service for movies, TV shows, and documentaries.
Educational Software

Educational software is created to support learning and skill development. It
includes a variety of applications and tools that support educational activities, ranging from
interactive learning games to digital resources for teaching and assessment.

Examples:

« Learning Management Systems (LMS}: LMS platforms provide a centralized place for
educational content, resources, assessments, and communication between
educators and students. Some examples are ULearn, Virtual Academy, FBISE LMS,
etc.

« Kahoot!: An online learning platform that allows educators to create interactive
quizzes and games for students.

« Duolingo: Language learning app that gamifies the process of learning new languages.
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)

To meet curriculum standards, students will be required to engage in hands-on activities,
practical exercises, and real-world projects to develop proficiency in using digital tools such
as Word Processors, Spreadsheets, Presentation software, and graphics software for
effective communication. Emphasis will be placed on fostering critical thinking, creativity,
and problem-solving skills, empowering students to confidently express themselves across
various mediums in the digital realm.

Introduction to Common tools:
1. Image Processing Tools:

s  Adobe Photoshop: A professional-grade software used for editing and manipulating
images. It offers a wide range of features including photo retouching, graphic
design, and digital painting.

+ Canva.com: A user-friendly online graphic design platform suitable for creating
various visual content such as social media graphics, presentations, posters, and
more. |t provides pre-designed templates and easy-to-use editing tools.

»  GIMP (GNU Image Manipulation Program): An open-source alternative to Photoshop,
offering many of the same features for image editing and manipulation. It's free to
use and has a strong community of users and developers contributing to its
development.

2. Word Processors;

*  Microsoft Word: A widely-used word processing software offering features for
creating, editing, and formatting text documents. It includes tools for spell-
checking, grammar checking, and collaboration.

+ Google Docs: An online word processor that allows real-time collaboration on
documents. It offers similar features to Microsoft Word but is accessible through a
web browser and allows multiple users to work on the same document
simultaneously.

3. Presentations:

*  Microsoft PowerPoint: A presentation software used to create slideshows for
professional or educational purposes. It provides tools for designing slides, adding
multimedia elements, and delivering presentations effectively.

« Google Slides: A web-based presentation program offered by Google as part of its
office suite. It allows users to create, edit, and collaborate on presentations online.
Similar to Google Docs, it enables real-time collaboration and sharing.

4, Spreadsheets:

+  Microsoft Excel: Apowerful spreadsheet program used for organizing, analyzing, and
visualizing data. |t offers a wide range of functions, formulas, and charting tools to
manipulate and present data effectively.

*  Google Sheets: An online spreadsheet application that allows users to create, edit,
and collaborate on spreadsheets in real-time. It offers similar functionalities to
Microsoft Excel but is accessible through a web browser and allows for easy sharing
and collaboration.

o
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Instructions for Schools/Instructors on utilizing various Tools for Student Learning:

By following these instructions, Schools and IT instructors can effectively introduce
students to a variety of tools, provide hands-on practice opportunities, assign meaningful
tasks and projects, and facilitate a conducive learning environment for skill development
and academic success.

1. Introduction to Tools: Begin by introducing each tool to students, providing an
overview of its purpose, features, and relevance to their learning objectives.

2. Accessand Installation:

For software tools like Photoshop and Microsoft Office suite, ensure that they are
installed on school computers or provide instructions for students to install them on
their personal devices.

For online tools like Canva.com, Google Docs, Google Slides, and Google Sheets,
ensure students have access to the Internet and guide them through the process of
accessing these tools through web browsers.

Hands-on Practice Sessions:

Schedule dedicated hands-on practice sessions where students can familiarize
themselves with each tool.

Provide step-by-step tutorials or demonstrations on how to navigate through the
interface, use basic features, and execute common tasks.

Encourage students to explore the tools independently, experimenting with
different functions and tools to enhance their proficiency.

4. Assign Practical Tasks and Projects:

Assign practical tasks aligned with the curriculum to reinforce learning and allow
students to apply their newfound skills.

For example, in image processing tools like Photoshop or Canva.com, assign tasks
such as designing posters, editing photographs, or creating digital artwork.

In word processors like Microsoft Word or Google Docs, assign writing assignments,
essay projects, or collaborative document creation tasks.

Utilize presentation tools like Microsoft PowerPoint or Google Slides for student
presentations, class reports, or multimedia projects.

Incorporate spreadsheets such as Microsoft Excel or Google Sheets for data analysis
exercises, budget planning tasks, or scientific experiments.

5. Provide Guidance and Support:

Offer guidance and support to students as they work on their tasks and projects,
addressing any questions or challenges they may encounter.

Encourage peer collaboration and discussion to foster a collaborative learning
environment where students can learn from each other's experiences and
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« Scratch: Avisual programming language for teaching coding concepts to children.

1.8.3 Programming Languages

A programming language is a structured and systematic method of communicating
instructions to a computer. It consists of a set of predefined commands, syntax, and rules
that allow programmers to write instructions, enabling the computer to perform specific
tasks or solve problems. It serves as a means of communication between a human
programmer and a computer, facilitating the development of software and applications.

Programming languages can be classified into two categories, that is, low level
languages and high level languages.

Low Level Languages

Low level language is machine-oriented language. To understand low level language,
detailed knowledge of internal working of computer is required. Low level languages
include machine language and assembly language.

Machine Language: Programming language that is directly understood by computer
hardware is known as machine language. Machine language is associated with
architecture of computer. Therefore, programs written in machine language for one
computer will not work on another because of design differences. It consists of Os and
1s. It is almost impossible for humans to use machine language because it entirely
consists of numbers. Therefore, practically no programming is done in machine
language. Instead, assembly languages and high level languages are used.

Assembly Language: Assembly language consists of symbolic codes or abbreviations
known as mnemonics. It was developed to make computer programming easier than
machine language. The abbreviations used in assembly language make it easier to
learn and write programs compared to machine language. A program written in
assembly language must be converted into machine language before it is executed by
computer. A program known as assembler is used to translate assembly language into
machine language. Some important characteristics of Assembly language are:

« Assembly language allows programmers to have access to all the special features of
the computer they are using. Certain types of operations which are not possible in
high level languages are easily programmed using assembly language.

« Generally a program written in assembly language will require less storage and less
running time than one prepared in a high level language.
« Assembly languages are still the best choice in some applications but their use is
gradually declining.
High Level Languages (HLLs)

High level languages are English-oriented languages and they are commonly used for
writing computer programs. These languages use English language words such as print,
goto, if, end, etc. Therefore, they are easy to learn and use. Some examples of high level
languages are Visual Basic, C, Java and Pascal.

A program known as compiler/interpreter is required to translate a high level
program into machine language. Coding and debugging of a high level language program is
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much easier than a program written in a low level language.

High-level languages can be classified into procedural, structured and object-
oriented programming languages.

Procedural and Structured Languages

Procedural programming is based upon the concept of modular programming. In
modular programming, programs are divided into smaller parts known as modules. Modular
programs consist of one or more modules. A module is a group of statements that can be
executed more than once in a program. Each module in a program performs a specific task.
It is easy to design, modify and debug a program in a procedural language since it provides
better programming facilities.

Structured languages consist of three fundamental elements, which are sequence,
selection and repetition

Sequence: It means, writing program statements in a logical sequence. Each step in
the sequence must logically progress to the next without producing any undesirable effects.

Selection: It allows the selection of any number of statements based on the result of
evaluation of a condition which may be true or false. Examples of statements that
implement selection in programming are if, else-if, switch, etc.

Repetition (loops): It means executing one or more statements a number of times
until a condition is satisfied. Repetition is implemented in programs using statements, such
as for and while loops.

Some examples of structured and procedural languages are FORTRAN, Pascal, C, BASIC,
ALGOL, PL/1 and Ada Pascal.

Object-Oriented Programming Languages

Object-oriented programming {OOP) refers to a programming method that is based
on objects such as student, vehicle, building, etc. Object-oriented programming language
provides a set of rules for defining and managing objects. An object can be considered a
thing that can perform a set of activities. For example, the object vehicle can be defined as
an object that has number of wheels, number of doors, color, number of seats, etc. The set
of activities that can be performed on this object include Steer, Accelerate, Brake, etc.

Complicated large computer programs are difficult to design, develop, maintain and
debug. The concept of object-oriented programming solves this problem. The most widely
used object-oriented programming languages are C++, Visual Basic and Java.

f@ Teacher’s Guide) N

= Utilize examples and demonstrations to illustrate how system software interacts with hardware to enable
efficient computer operations.

* Encourage students to explore examples of application software relevant to their academic pursuits to
deepen their understanding.

« Provide hands-on coding exercises or interactive demonstrations to familiarize students with basic

programming concepts and syntax.
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Uses of Low Level Languages
Important uses of low-level programming languages include:

Use Explanation
Operating System Writing the core software that manages
Development hardware resources.

Creating software to enable communication with
hardware devices.

Programming microcontrollers and loT devices for
specialized functions.

Device Drivers

Embedded Systems

Developing software that resides on hardware

Firmware Development
P components.

Ensuring precise timing and responsiveness in

Real-Time Systems industrial control, robotics, and aerospace systems.

Building intrusion detection, firewalls, and

Security Tools encryption software for robust security.

Optimizing game engines, physics simulations,

Game Development and graphics rendering for performance

Uses of High Level Languages
Important uses of high-level programming languages include:

Use Explanation
Applications (Apps) Creating desktop, mobile, and web applications {Apps)
Development for various platforms.

High-level languages are used to build websites,

Web Development making them interactive and functional.

Analyzing large datasets and conducting scientific

Data Analysis and Science
research.

Machine Learning and Al | Developing machine learning models and Al algorithms.

Automating tasks and processes, including system

Alamaten snd Scoipting administration and data manipulation.

Developing gameplay logic, Al, and user interfaces for

Game Development games.

Database Management Creating, querying, and managing databases.

Scientific and

Engineering Simulations Simulating complex systems and conducting simulations

Business Software Developing enterprise-level software for various industries,

Educational Tools Creating e-learning platforms and educational software
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Wirslans connactions

1.9 Data Communication E E ’ ; l
-

Data communication refers to .
the process of exchanging data or -

v

information (through a computer Wirgless routsr

network) between two or more devices 7H— u
or systems through a transmission

medium such as cables, optical fibers, or ﬂ J | - !
wireless mediums. This communication _— .
can involve the transfer of various types
of data, including text, numbers,
images, audio, and video, and it is a
fundamental component of modern information technology and telecommunications.

Fig.1.47 A Communication Network

A simple communication network having wired and wireless connections is shown
in Fig.1.47.

1.9.1 Network Communication Components

Data communication is the process of transferring information from one point to
another in a networking environment.

Network communication consists of five B R
basic components, as shown is Fig.1.48. % TS é

« Sender Sender Receiver

Set of Set of

« Message Rules | * Rules
+ Medium | I
Protocol _—

+ Protocol

Fig.1.48 Components of Network Communication

+ Receiver
Sender

Sender, also called transmitter is a computer/device that sends the message {data or
information) from source to destination in a communication network. It may be a computer,
workstation, cell phone or camera. The sender device converts the electrical signal into a
form that is suitable for transmission over the communication network.

Message

Message is the data or information that is to be transmitted. Message can be in the
form of text, audio, video, or any combination of these.

Medium

Medium is the path through which message travels from source to destination.
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Medium can be wired, for example telephone cable, coaxial cable and fibre optics. It can
also be wireless for example Bluetooth, Wi-Fi, microwave, radio wave and satellite.

Receiver

Receiver is the device which receives transmitted message. It can be a computer,
workstation, telephone handset or television set. The data received from the transmission
medium may not be in proper form to be accepted to the receiver and it must be converted
to appropriate form before it is received.

Protocol

A protocol is a set of rules that governs data communications. It represents an
agreement between the communicating devices. Without a protocol, two devices are
connected but may not communicating with each other.

1.9.2 Modes of Network Communication

Modes of network communication refer to the methods or the ways information is
transmitted from one place to another.

The following are different modes of data communication

« Simplex, Half-duplex and Full-duplex

« Synchronous and Erier RERES
Asynchronous o

Simplex mode

v

In Simplex mode, the
communication takes place in
only one direction. In this mode
communication is unidirectional,
i.e. the communication can only take place in one direction and it is not possible for the
receiver to send data back. For example data being sent to an electronic notice board found
in train stations and Airports as shown in Fig 1.49. Radio and television broadcastings are also
examples of simplex transmission.

Fig.1.49 Simplex mode of data Communication

Half-duplex mode

In half-duplex mode, the communication takes place in both the directions but not
at the same time. The signal can
only be sent or received at one
time. Acommon example of this
type of communication is the
use of walkie-talkies, as shown
in Fig. 1.50 where each of the
persons communicating must

Sender/Receiver Receiver/Sender

&

v

Fig.1.50 Half-duplex mode of data communication
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indicate when they have finished speaking. Half-duplex transmission is used also in
transaction-oriented systems, for example communication between a computer and credit
card machine.

Full-duplex mode

In full-duplex mode, the communication takes place in both the directions at the
same time. In this mode, both sender and receiver can send and receive the data
simultaneously. For example when two computers communicate with each other to send

and receive some data, as
shown in Fig. 1.51. It is the Sender/Receiver Receiver/Sender

fastest bi-directional mode of
communication. The full-duplex < >
mode is like a two way street, : :

with traffic flowing in both
directions at the same time.

Fig.1.51 Full-duplex moede of data communication

One common example of
full-duplex communication is the telephone network. When two people are communicating
by a telephone line, both can talk and listen at the same time.

Asynchronous Transmission

In asynchronous transmission, the time interval between two characters is variable
and not fixed as shown in Fig.1.52.

The computer devices can e

exchange information at their own s TR

rate, slow or fast. Start and Stop nm

bits are used in asynchranous S M
transmission. These bits provide oo |e| [ snier: 0|4|1‘1\0f]|ﬂ11]‘ﬂ‘ [1]ut
timing (synchronization} for the ™ l s
connection between the sender e

and the receiver. The start bit tells Fig.1.52 Asynchronous transmission

the receiver that a character is
coming and stop bit indicates that the transmission of character has ended. This type of
transmission is ideal for slow-speed communication when gaps may occur during
transmission. Example of asynchronous transmission is keyboard data transmission.

Synchronous Transmission

In synchronous transmission, the time interval between two characters is always the
same as shown in Fig.1.53. In this method two communicating devices are synchronized and
they continue to send characters in order to remain synchronized, even if there is no data to
be transmitted. A special “idle” character is sent when there is no data for transmission. It
does not require transmission of start and stop bits. It sends data as one long bit stream or
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block of data and each bit
is sent one after the other.
The receiver counts the

Direction of data flow

»
v

bits and reconstructs the .
sent information in bytes. i 11111011

Receiver
11110110 (11110111 |00010000

It is essential that timing
is maintained as there are
no start and stop bits and

no gaps. Accuracy is Fig.1.53 Synchronous transmission

No Gaps between data units with fixed Time Intervals

dependent on the

receiver keeping an accurate count of the bits as they come in.

Synchronous transmission is faster than asynchronous because fewer bits have to be
transmitted; i.e. only data bits and no extra control bits are sent. The best example of
synchronous transmission is the data transmission between devices in network

communications links.
1.9.3 Communication Devices

A device that is used in
telecommunication systems for transmitting
data from one location to another is known as
communication device.

Commonly used communication devices
are: Hub, Switch, Router and Gateway.

Hub

Hub is a connectivity device used in LAN.
It connects multiple LAN devices on one network
and makes them act together as a single

Fig.1.54 a 8 Hub

network. Ahub is non-intelligent device and sends output to all the devices on the network.

A hub has multiple input/output {I/0)} ports, in
which an input in one port results in it being an
output in all the other ports, except the port
where it was input. Ahub isshownin Fig. 1.54.

Switch

Switch is a networking device that
performs the same job as the hub but are
considered as intelligent than hub. It gathers
information about the data packet and forwards
it to only the node {e.g. computer} it was
intended for. A data packet is a basic unit of

Fig.1.55 8 Port Switch
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communication over a computer network. When data is transmitted, it is broken down into
packets which are reassembled to the original form once they reach the destination. A
switch isshownin Fig. 1.55.

Router

Router is a communication device which
is used to connect two or more networks. Today,
most of the networks are connected to Internet.
When the computer is sending data to another
computer on the Internet, router receives the
data packets, looks for the remote computer
address and forwards it to a computer that is
closer to the remote computer. It forwards the
data packets by selecting the best path-way
based on network traffic. Many routers take part Fig. 1.56 Wireless Router
in transmitting the data packets from one
location to ancther. Awireless router is shown in

Fig.1.56.
Gateway

Gateway is a device that is used to /{
connect a network to another network that uses I
different protocols. If we have to link different 7
kinds of networks, such as a network of IBM 7

mainframe computers and a network of PCs, we i :
might have to use a gateway. Gateways change ( ‘ ® m !! )
the format of the data packets but not the
contents of the message, to make it conform to
the application program of the remote
computer. Agateway isshowninFig. 1.57.

1.9.4 Network Architecture

Network architecture is the design of a communication system. It includes hardware
devices {such as routers and switches), cabling, network topology and physical and wireless
connections. Computer networks consist of server computers and client computers.

Fig.1.57 Gateway Device

Server Computer: Acomputer on the network that shares resources for others to use
is called a server computer or simply server. Shared resources include information,
software, printer, plotter,; Internet connection, hard disk, etc.

Client Computer: Acomputer on the network that accesses resources that are shared
by other computers is known as client computer or simply client.
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The two commonly used network architectures are:

« Client/Server Network
+ Peer-to-Peer Network

Client/Server Networks

A computer network in which
each computer on the network acts
as either a server or a client is called
client/server or dedicated server
network. Each server computer on
the network is called a dedicated
server. Servers are not used as client
computers. Fig.1.58 illustrates how
a dedicated server network may be
designed. The computer at the top
of the figure is the dedicated server,

Client 1

Client 2 Client 3
Fig.1.58 Client/Server Network

sharing files and applications. The

remaining computers in the illustration are clients that access resources shared by the
server. Similarly, in a dedicated server network, client computers never act as servers.

Client/Server network includes one or more computers that are dedicated to acting
as servers. The servers are optimized to provide quick access to shared network resources.
Servers also provide centralized security to ensure that resources are not accessed by

unauthorized users.

Because the client/server approach centralizes control of data and other shared
resources, one person or group is typically responsible for administering the network.

Peer-to-Peer Networks

In Peer-to-Peer networks, every
computer is capable of playing the role of
client, server or both at the same time. In
this network each computer on the
network is referred to as peer. In a peer-
to-peer network, a peer computer can act
as both a server and a client at the same
time. A peer computer on your desktop
can share files and printers with other
computers and it can simultaneously
access other shared resources on the
network. A conceptual view of a peer-to-
peer network is shown in Fig.1.59.

Fig.1.59 Peer-to-Peer Network
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Peer-to-peer networks tend to be relatively small. Most of these networks fall to
range between two and ten computers. Large peer-to-peer networks become difficult to
manage, because so many network administrators control sharing and maintaining shared
resources.

1.9.5 Types of Networks

The following are different types of networks based on the size and physical area
they cover.

Local Area Networks "_.H ?

A Local Area Network (LAN) spans DSL Modem - | e
a limited physical area. It is confined to a — b
single building or a group of nearby P20

buildings. LANs are used for sharing

: Networ 4
applications, printers, group scheduling, _\\ i - - li:

e-mail, project tracking and other tasks.
ALAN is shown in Fig.1.60.

Characteristics of LAN
« Spansasmall physical area. -
« Uses high-speed wired/wireless P— P
connections between computers. Fig.1.60 Local Area Network

« It is a very reliable network.
Communication errors are very rare.
« It consists of a limited number of computers.

Wide Area Networks

AWide Area Network {WAN) spans
a large physical area, connecting several
sites of an organization across cities, B i-t:‘ -‘_ -\c’ -’F -l - -| -
countries and continents. Because of the e S | ‘z-.l." . .,,_lm
longer distances involved, WANs are LAN LAN
sometimes referred to as long-haul ashed A sites
networks. J |‘f' f’ F

B s ol

AWAN is often made up of two or -
more LANs connected together as shown e
in Fig.1.61. For example, you might have Fig.1.61 A Wide Area Network

a LAN at each site of your organization
and each of those LANs might be connected together to form a WAN.
Characteristics of WAN
« Spans a large physical area. It can be worldwide like Internet.
« Communication speed is slow compared to LAN.
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« Connects computers through public networks, leased lines or satellites.
« Connects multiple LANs.
« Sometimes communication errors occur due to its complexity.

Metropolitan Area Network

Metropolitan Area Network {MAN) can span from several buildings or a large campus
to entire cities. MAN is used by many organizations. It also connects a number of local area
networks with high-speed communication lines.

Characteristics of MAN
« It is larger than a LAN and

Branch Office 1 Head Office

smaller than a WAN. Covers an i—-l_’
area of between 5 to 50 km 1 J B If I8
. S e e S
diameter. AR
« Uses fiber optic cable or
microwave transmission. Within a City oot ped
onnections
« Provides high-speed Fatiy it il

communication. F—y i—l_'
« Used by telephone companies, . B -E -Jm -|~

. . = ;ﬂm": L‘.-Fh-u' -a%"
Internet Service Providers and LAN

cable TV companies.

Fig.1.62 Metropolitan Area Network

Virtual Private Network

Virtual Private Network (VPN} is a computer network that provides remote access to
individuals and offices to their organization's networks. It provides cheap communication by
using public telecommunication infrastructure such as Internet instead of expensive leased
lines. It allows employees at home or on trip to connect their laptops into the computer as
office through public telecommunication networks and do their work.

Characteristics of VPN

» |t uses public networks such as —
Internet to connect computers. i -

» Provides secure remote access. : -5,|~ i -|~

« Enables files sharing, video ‘ High Speed Internet |
conferencing and similar | RemoteComputer  Connection i| I o
network services. o A |*

+ Provides cheap communication e Mok
over long distance. Fig.1.63 Virtual Private Network

(ﬁ\ Teacher’s Guide\

+ Engage students in hands-on activities or simulations to simulate network configurations and troubleshoot
common network issues.
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1.9.6 Wireless Networks

wireless communication technologies to transmit data
between devices without the need for physical wired
connections. Wireless networks can operate over short
distances (e.g., within a building) or cover large
geographical areas {e.g., cellular networks). Here are
some examples and uses of wireless networks:

Examples of Wireless Networks:

Wireless networks refer to networks that use

Wi-Fi (Wireless Fidelity): Wi-Fi is a common
wireless networking technology that enables Fig.1.64 Wireless headset
devices to connect to local area networks {LANs)

and access the internet wirelessly. It is widely used in homes, offices, airports,
and public places.

» Bluetooth: It is a short-range wireless technology used for connecting devices in

close proximity. It is commonly used for wireless audio streaming, file sharing,
connecting peripherals {e.g., keyboards, mouse}, etc. Fig. 1.64 shows a wireless
headset for voice streaming.

Cellular Networks: They provide wireless communication over large geographic
areas, divided into cells served by base stations {cell towers}. They enable mobile
voice calls, messaging, internet access, and other data services to mobile devices.

Satellite Networks: They use communication satellites orbiting the Earth to
provide wireless connectivity over large areas. They are used for satellite Internet
access, satellite TV broadcasting, GPS {Global Positioning System) navigation, etc.

Advantages of Wireless Networks:

Wireless networks enable users to access the internet and network resaurces from
anywhere within the coverage area, offering mobility and convenience.

They are easier and more cost-effective to install.
Wireless networks can easily expand to accommodate additional devices and users.

Users benefit from the ability to connect multiple devices to the same network for
communication and data sharing.

Wireless networks save costs by eliminating the need for expensive cabling.

Wireless networks facilitate remote access to network resources, enabling
individuals to work from home or access corporate resources while on the go.

Disadvantages of Wireless Netwaorks:

Wireless networks can be affected by interference from other devices, neighboring
networks, and environmental factors, which can cause performance problems.

Security risks, like unauthorized access and data breaches.

Wireless networks have a limited range, so users might need extra boosters.
Sometimes wireless networks can be slower, especially in busy places.
There can be issues with reliability, like dropped signals or slow connections.
Wireless devices use power, so they can use more energy than wired devices.
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1.9.7 NetworkTopologies

The arrangement of network nodes {any devices which are part of network) and
connections between them is called the network's topology. A node represents any device
on the network. Topology is simply a map of the layout of nodes and connections in the

network. Four network topologies are popular today, namely, Bus, Star, Ring, and Mesh.

Bus Topology

Bus network topology connects each node to the network along a single piece of

cable, called a bus. Bus network topology is shown in Fig.1.65.

Features of Bus Topology
Suitable for a small network.

Easy to connect a computer
or a peripheral device to the
network.

Requires less cable to

» A

implement.

Terminator is installed at
each end of the cable to
prevent signals from

Bus

Fig.1.65 Bus network topology

reflecting back onto the bus

and cause errors. Terminator is a device that is attached to ground.

Limitations of Bus Topology

down.

Not suitable for large network.

Star Topology

In a star network topology, each network node is connected to a central device

called a hub. Large networks can require
many hubs and hubs can be connected to
each other to create a single large
network. Star network topology is shown in
Fig.1.66.

Features of Star Topology

It is suitable for both small and large
networks.

Easy to install and wire.

Easy to detect and remove faults.

Difficult to identify the problem if the entire network goes down.

If the single cable is damaged or broken at any point, the entire network can go

Hub (Switch)

o [ —

- \\\

Client 2

Fig. 1.66 Star network topology

Client 3
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« Failure of cable does not stop functioning of the entire network.

Limitations of Star Topology
+ Failure of the hub causes the entire network to go down.

« Expensive topology to implement. Lengthy cable with a hub is required to install star
topology
Ring Topology
Ring topology is shaped just like a ring. It is made up of an unbroken circle of network
nodes. Ring network topology is shownin Fig.1.67.
Features of Ring Topology

« Each node is directly connected
to the ring.

« Easytoinstall and wire.

« Data on the network flows in one
direction.

« Not costly to implement.
Limitations of Ring Topology
« If the ring is broken at any point,

the entire network stops
functioning.

+ Slower than other netwaork Fig.1.67 Ring network topology
topologies.

Mesh Topology

In mesh topology, each node is
directly connected to all the nodes as shown
in Fig.1.68.

Features of Mesh Topology

« Most reliable network topology.

« Data can be routed around failed
computers or busy ones.

« Canmanage high traffic.
Limitations of Mesh Topology

« Most expensive topology to
implement.

« Setup and maintenance is very

difficult.

Fig.1.68 Mesh network topology
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1.9.8 Packet Switching and Circuit Switching
Packet switching and circuit switching are two
different approaches to network ="
communication, each with its own advantages S

and applications. Packet switching is widely : '

used in modern networks, especially for data ’
transmission over the internet, while circuit ;
switching is still used for applications requiring “Pucket 2
guaranteed bandwidth and predictable
performance, such as traditional telephone
system and dedicated data connections. Fig.1.69 Packet Switching
Packet Switching: Packet switching is a

networking technology that breaks data into small packets for transmission over a
network. Each packet contains a portion of the data, along with source and
destination addresses, allowing them to be independently routed across the network
to their destination. Packets may take different paths through the network and may
arrive out of order, but they are reassembled at the destination. Fig. 1.69 shows the
mechanism of packet switching network.

Example: Consider sending an email from one computer to another over the internet
using packet switching:

« The email message is divided into smaller packets, each containing a portion of
the message, along with source and destination addresses.

« These packets are then transmitted over the internet, possibly taking different
routes and traveling through various network devices such as routers and
switches.

« At the destination, the packets are reassembled in the correct order based on
their sequence numbers and then presented to the recipient as the original
email message.

Circuit Switching: Circuit switching is a
networking technology that establishes a
dedicated communication path {circuit)
between two devices for the duration of a
communication session. Once the circuit is
established, data is transmitted over the path
without interruption until the session is
terminated. Fig. 1.70 shows the mechanism of
circuit switching network.

Example: Making a traditional phone call using
circuit switching:

+ A dedicated circuit is established
between the caller and the recipient when the call isinitiated.

« The caller and recipient can communicate with each other using the allocated
circuit until one of them hangs up, at which point the circuit is released.

Fig.1.70 Circuit Switching
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Data communication standards are a set of rules {protocols and specifications) that
define how data is transmitted, received, and processed in computer networks and
communication systems. These standards ensure that devices and systems from different
manufacturers can communicate and work together flawlessly. Data communication
standards play a crucial role in enabling interoperability, reliability, and efficiency in the
exchange of data.

The OSI {Open Systems Interconnection)} is one such standard conceptual framework
used in the field of computer networking to define and understand how different
networking protocols and technologies interact and work together.

1.9.10 OSI Model

The International Standards Organization {ISO) based in Geneva, developed
standards for international and national data communications. In the early 1970s, 1SO
developed a standard model of a data communication system and called it the Open
Systems Interconnection {OSI) model.

The OSI model consists of seven layers. Each layer performs a specific task during
data communication as shownin Fig.1.71.

The seven layers of OSI model are described below.
Layer 7 - Application Layer

Application Layer provides services to end-user. It interacts with the operating
system or application software whenever the user wants to send files, read messages or
perform other network related activities.

Layer 6 - Presentation Layer

Presentation Layer
takes the data provided by

Receive

the Application Layer and
converts it into a standard
format that the other layers
can understand. At the
receiving end it also formats
the information so that it
looks the way the user can
understand.

Layer 5 - Session Layer

Session Layer performs
functions that enable two
applications or two pieces of
the same application to

Transmit
Cata
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User Ii
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Session Layer
Transport Layer
Network Layer
Data Link Layer

Physical Layer

Fig.1.71 Layers of 0S| Model
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communicate across the network. It performs security, name recognition, logging and other
similar functions. It also establishes, maintains and ends communication with the receiving
computer.

Layer 4 - Transport Layer

Transport Layer establishes connections between two computers on the network. It
handles quality control by making sure that the data received is in the right format and the
right order.

Layer 3 - Network Layer

Network Layer decides which physical path-way the data should take to reach the
destination. The communication device Router works in network layer.

Layer 2 - Data Link Layer

Data Link Layer defines the format of data on the netwaork. This layer converts the
data into packets and checks them before putting them on the path-way. The
communication device Switch works in this layer.

Layer 1 - Physical Layer

Physical Layer defines cables and signalling. It provides hardware means such as
cables and connectors for sending and receiving data. Cables, hubs and repeaters work in
this layer.

1.9.11 Data Communication Protocols
Different communication protocols define how data is transmitted and received over a
network. Examples include:

« TCP/IP {Transmission Control Protocol/Internet Protocol): Used for internet
communication and provides reliable, connection-oriented data transfer.

« HTTP {Hypertext Transfer Protocol}: Used for transferring web pages and related
data on the World Wide Web.

« FTP {File Transfer Protocol}: Used for transferring files between computers on a
network.

« SMTP {Simple Mail Transfer Protocol}): Used for sending email messages.
1.9.12 The Internet

The Internet is a global network of interconnected computer networks that allows
for the exchange of data, information, and communication among users and devices across
the world. Itis a vast and decentralized network that spans continents and connects billions
of computers, servers, and other devices.

Evolution of the Internet

The Internet has evolved from its origins in the 1960s as ARPANET, a U.S. Department
of Defense project for research institutions and military installations, to become a global
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network of interconnected computer networks. In the 1970s, the development of TCP/IP
protocols established the foundation for the modern Internet, allowing different networks
to communicate. The 1990s saw the emergence of the World Wide Web and web browsers,
revolutionizing how people access and share information over the Internet. The 2000s
brought broadband internet and social media platforms, while the 2010s saw the rise of
mobile internet and the Internet of Things {loT). In the 2020s, the Internet continues to
evolve with cloud computing, artificial intelligence, and 5G technology, impacting nearly
every aspect of modern life.

Woarking of the Internet

The Internet is the largest computer network ever built. It globally connects billions of
devices and networks. It operates through a decentralized architecture using packet-
switching technology. Data is divided into packets, which are routed through a network of
interconnected routers and switches. Protocols like TCP/IP ensure data is packaged,
addressed, and transmitted correctly. The Domain Name System {DNS) translates human-
readable domain names {e.g., www.ncc.gov.pk) into IP addresses. Content is hosted on
servers, and data is transmitted as packets to and from these servers. As data travels
through the network, it is encapsulated in headers at each layer of the OSI model {(such as
the IP and TCP headers). When the data reaches its destination, these headers are removed
through a process called de-capsulation. Security measures like encryption protects data
during transmission. The Internet’s interoperable design allows diverse devices and
networks to communicate, making it a global information and

communication platform.

ISP J -
!E !E i ﬁ Information flows over many paths E_! IE
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Advantages of the Internet
The main advantages of the Internet include:
» Global Connectivity: Enables communication and access to information worldwide.
« Vast Information: Provides a vast information resources and knowledge.
+ Communication: Facilitates real-time communication and collaboration.
+ E-commerce: Allows online shopping and digital transactions.
+ Education: Supportsonline learning and research.
+ Business: Enhances productivity and global reach.
+ Entertainment: Offers streaming, gaming, and social media.
» Innovation: Promotes technological advancements and research.
Disadvantages of the Internet
The main disadvantages of the Internet include:
« Privacy Concerns: Threats to personal data and online privacy.
+ Cybersecurity Risks: Vulnerability to hacking and cyberattacks.
+ Information Overload: Overwhelming amount of data and misinformation.
« Digital Addiction: Excessive screen time and online dependency.
« Digital Divide: Unequal access to the Internet worldwide.
+ Online Harassment: Cyberbullying and harassment issues.
» Health Concerns: Physical and mental health impacts.
Common Applications of the Internet
Main applications of the Internet include:
« Communication: Email, messaging, and video calls.
« Information Retrieval: Web browsing, search engines, and online databases.
+ E-commerce: Online shopping, banking, and digital payments.
 Sacial Media: Networking, content sharing, and social interaction.
+ Entertainment: Streaming, online gaming, and multimedia content.
+ Education: Online courses, research, and e-learning platforms.
» Business and Work: Remote work, collaboration, and e-commerce.

+ Research and Innovation: Access to research materials and innovation platforms.
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Summary

4 N

@ Computer systems: are an integral part of modern life, transforming work,
communication, learning, and entertainment. They consist of intricate
hardware and software components that collaborate to process information and
accomplish various tasks.

@ Abacus: The Abacus, invented by the Chinese 4000 years ago, was a wooden
frame with metal rods and beads used for simple arithmetic calculations.

@ Napier's Bone: John Napier developed Napier's bones, which used 9 strips
marked with numerals for multiplication and division, introducing the decimal
paint system.

@ Pascaline: Blaise Pascal's 1642 invention, the Pascaline, was the first mechanical
calculator, consisting of gears and wheels.

@ Stepped Reckoner or Leibniz Wheel: Wilhelm Leibniz improved Pascal's device
in 1673, creating the digital mechanical calculator known as the stepped
reckoner using grooved wheels.

@ Difference Engine: Charles Babbage's early 1820s invention, the Difference
Engine, was a steam-powered calculating machine for basic computations.

@ Analytical Engine: Charles Babbage's Analytical Engine in 1830 was a mechanical
computer that used punch cards, capable of solving complex mathematical
problems and storing data.

@ Tabulating Machine: Herman Hollerith's 1890 invention, the Tabulating Machine,
based on punch cards, computed statistics and recorded data, leading to the
creation of IBMin 1924.

@ Differential Analyzer: In 1930, Vannevar Bush introduced the first electrical
computer, the Differential Analyzer, using vacuum tubes for calculations at a
rate of 25 per minute.

@ Mark I: Howard Aiken's Mark |, a digital computer invented in 1944, could add
eight-digit numbers and print results using punched cards; it was 50 feet long
and weighed 5 tons.

@ First Generation Computers (1940 - 1956): First-generation computers used
vacuum tubes, were slow, expensive, and huge, relied on punched cards, and
had limited memory.

@ Second Generation Computers (1956-1963): Transistors replaced vacuum
tubes in second-generation computers, increasing speed, reliability, and
reducing size and cost.

@ Third Generation Computers (1963 - 1971): Third-generation computers used
integrated circuits {ICs) instead of transistors, consuming less power and
introducing keyboard and monitor interfaces.

\.
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Fourth Generation Computers (1971 - Present): Fourth-generation computers
introduced microprocessors, becoming faster, smaller, and supporting advanced
inputfoutput devices, modern programming languages, and multimedia
software.

Fifth Generation Computers: Fifth-generation computers aim to understand
natural languages and possess thinking capabilities, relying on Artificial
Intelligence {Al} and enabling user commands in any language.

System: Asystem is a collection of interconnected components working together
to achieve specific purposes, found in various aspects of life.

Natural Systems: Natural systems exist in nature, are diverse, and self-regulate.

Examples of Natural Systems: Ecosystems, weather systems, geological
systems, hydrological systems, and the solar system.

Artificial Systems: Human-made systems designed to serve specific purposes or
solve problems.

Examples of Artificial Systems: Communication systems, information systems,
transportation systems, energy systems, manufacturing systems, and healthcare
systems.

Input Devices: Used to provide data to the computer, including keyboards, mice,
microphones, scanners, barcode readers, digital cameras, and touch screens.

System Unit: The central part of a computer, including the motherboard,
microprocessor {CPU}, and registers.

Memory Types: Computer memory includes ROM, RAM, and cache memory, each
with specific functions and retention properties.

Output Devices: Display text, graphics, and images, including monitors,
printers, plotters, and speakers.

Data Transmission: Data moves between components through buses, following
aninstruction cycle that fetches, decodes, executes, and stores data.

Von Neumann Architecture: Explains how computer hardware and software
work together, comprising a CPU, registers, ALU, control unit, and buses.

Memory Units: Memory is measured in bytes, with various units like kilobytes,
megabytes, gigabytes, terabytes, petabytes, and exabytes.

Memory Built-up: Memory can be chip, magnetic, or optical, and memory
retention power categorizes it as volatile or non-volatile.

Chip Memory: Fast memory used in various devices like RAM, ROM, cache, and
SSDs.

Magnetic Memory: Uses magnetized mediums like hard disks and magnetic tapes

J

to store data.
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Optical Memory: Stores data as pits and lands on optical disks like CDs, DVDs, and
Blu-ray disks.

Volatile Memory: Requires power to retain data, examples include RAM, cache,
and registers.

Non-Volatile Memory: Retains data even without power, including ROM, flash
memory, and storage devices like hard disks and optical disks.

Computer Software: Computer software is a collection of programs, data, and
instructions enabling computers to perform tasks.

System Software: Manages and controls hardware, acting as an intermediary
between users and hardware. Includes operating systems, device drivers,
utilities, compilers, assemblers, linkers, loaders, and firmware.

Application Software: Designed for specific user tasks, such as productivity,
business, entertainment, and education. Examples include word processors,
spreadsheet software, games, and educational programs.

Programming Languages: Programming languages instruct computers to perform
tasks. Low-level languages {machine and assembly) are hardware-oriented,
while high-level languages {e.g., C++, Java} are user-friendly. High-level
languages can be procedural, structured, or object-oriented.

Data Communication: Involves exchanging data between devices or systems via
networks. Key components include sender, message, medium, protocol, and
receiver.

Modes of Network Communication: Modes include simplex {one-way), half-
duplex {both ways, not simultaneously}, and full-duplex {both ways
simultaneously}. Transmission can be asynchronous {variable timing) or
synchronous {fixed timing).

Communication Devices: Common devices include hubs, switches, routers, and
gateways. Each serves specific roles in network communication.

Network Architecture: Includes LANs {local), WANs (wide), MANs
{metropolitan), and VPNs {virtual private}. Defines the physical layout and
connectivity of a network.

Network Topologies: Topologies dictate how nodes are connected; options
include bus, star, ring, and mesh. Each has unique features and limitations.

Data Communication Standards: Standards (like OSI} establish rules for data
transmission, ensuring compatibility and reliability in networks and systems.

0S| Model: The OSI model, developed by ISO, consists of seven layers that
perform specific tasks in data communication, including Application,
Presentation, Session, Transport, Network, Data Link, and Physical layers.

J
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Data Communication Protocols: Various communication protocols, such as

TCP/IP, HTTP, FTP, and SMTP, define how data is transmitted and received over
networks.

Internet: Internet is a global network of interconnected computer networks that
has evolved from ARPANET to the modern era, facilitating communication,
information exchange, and connectivity worldwide.

Working of the Internet: The Internet operates through a decentralized
architecture, using packet-switching technology, protocols like TCP/IP, DNS for
domain translation, and security measures to transmit and protect data.

Advantages of the Internet: The Internet offers global connectivity, vast
information resources, real-time communication, e-commerce, education,
business opportunities, entertainment, and innovation.

Disadvantages of the Internet: Concerns related to privacy, cybersecurity risks,
information overload, digital addiction, the digital divide, online harassment,
and health impacts are associated with the Internet.

Common Applications of the Internet: The Internet is used for communication,
information retrieval, e-commerce, social media, entertainment, education,
business, research, and innovation.

J/
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Select the suitable answer for the following Multiple choice questions.

i. What computing machine was capable of taking input from punch cards and
storing data in memory?

a}Abacus b} Analytical Engine
c) Tabulating Machine d} Differential Analyzer
ii. What technology replaced vacuum tubesin second-generation computers?
a) Transistors b} Integrated Circuits {lcs)
C) Microprocessors d} Magnetic tapes

iii. Which computer generation introduced the use of Integrated Circuits (lcs)?
a) First Generation b} Second Generation
c) Third Generation d} Fourth Generation

iv. Which of the following is an example of a natural system?
a) Telephone network b} Human body
c) Database d) Automobile
v. Which component of the microprocessor controls the working of input/output
devices and storage devices?
a}Arithmetic Logic Unit {(ALU) b} Control Unit (CU)
c) Memory Address Register {MAR) d} Data Register (DR}
vi. Which type of memory retains data even when the computer is turned of?
a)RAM b) ROM
c) Cache d) Register
vii. What is the main purpose of Cache memory?
a)Store program instructions b} Provide high-speed storage

¢} Control input/output devices d} Perform arithmetic operations

viii. What is the smallest unit of memory in a digital computer?

a}) Kilobyte b} Bit
C) Byte d} Megabyte

ix. Which memory type uses laser beams to read and write data?
a) RAM b} Optical memory
c) Cache memory d) ROM




COMPUTER SYSTEMS

X. In Von Neumann architecture, where are instruction data and program data

stored?
a} In separate memory units b} In the same memory unit
¢} In the processor's registers d} In the cache memory

xi. What is the primary function of the buses in a computer's memory system?
a} Control memory operations b} Display graphics
¢) Transmit data between components d) Perform arithmetic operations
xii. What is the primary function of the Presentation Layer in the 0S| model?
a} Establishing connections between computers
b} Converting data into a standard format
c) Deciding the physical path of data
d} Sending data in both directions simultaneously

xiii. In which network topology is data transmission unidirectional, like radio or
television broadcasts?

a) Star Topology b} Bus Topology
c) Mesh Topology d) Ring Topology
xiv, Which data communication standard is used for transferring web pages and
related data on the World Wide Web?
a} TCP/IP by HTTP
c) FTP d) SMTP
xv. Which network architecture requires each computer to act as either a server
or aclient but not both simultaneously?
a} Client/Server Network b} Peer-to-Peer Network
C} Metropolitan Area Network {MAN) d} Wide Area Network {WAN})

Give Short answers to the following short response questions (SRQs).
i.  Whatisthe function and significance of Napier's Bonein early computing.
ii. Howdid Charles Babbage's Difference Engine differ from the Analytical Engine?
iii.  Whatisthe primary goal of fifth-generation computers?

iv.  Name the three types of memory mentioned on the motherboard in the Von
Neumann architecture?

v.  Differentiate between volatile and non-volatile memory.

vi. Show memory hierarchy with the help of diagram.

vii. Why is the word size of a processor important, and how does it affect the

computer's performance?
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viii.

ix.

Xi.

Xii.
xiii.

Xiv.

Xvii.

What is pipelining, and how does it improve the efficiency of a CPU?

Imagine you are building a custom computer for a friend. Give three
considerations you would take into account when choosing the type and size of
memory for this computer.

You are a computer technician tasked with upgrading an older computer with a
slow CPU. How might you improve its performance without replacing the entire
CPU?

Your school is planning to purchase new printers for the computer lab. Give three
advantages and disadvantages of impact and non-impact printers to help them
make a decision.

Define "protocol” in the context of data communication.

Define simplex, half-duplex, and full-duplex modes of communication with one
example each.

What are start and stop bits, and where are they used in data transmission?

How does a switch differ froma hub in a network?

i. How does asynchronous transmission differ from synchronous transmission, and

inwhat situations are they typically used?

Explain the concept of a peer-to-peer network and its limitations compared to a
client/server network.

xviii. Compare and contrast the star and ring network topologies.

XixX.

xX.

Why is mesh topology considered the most reliable but also the most expensive
toimplement?

What is the role of the Application Layerin the OSI model?

Give Long answers to the following extended respanse questions (ERQs).

Q1.

Qz.

Q3.

Q4.

Q5.

Describe the evolution of computer generations from the first generation to the
fourth generation, highlighting the key technological developments and their
impact on computing.

Discuss the importance of categorizing and understanding different types of
systems, both natural and artificial, and provide examples of each type.

Explain the characteristics and potential challenges associated with fifth-
generation computers that aim to understand natural languages and possess
thinking capabilities. What are the implications of such advancements in
computing on society?

Explain the fundamental components of network communication, and how do
they work together to facilitate data transfer?

Describe the roles of common communication devices like hubs, switches,
routers, and gateways in data communication. How do they contribute to the

functionality of a network?
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Q6. Discuss the advantages and limitations of different network topologies, including

bus, star, ring, and mesh. When should each topology be used in a network
design?

Q7. What is the OSI model, and how does it help in understanding the process of data
communication? Explain each of the seven layers and their functions.

Q8. Explain the evolution of the Internet from its origins to the modern-day global
network. What major technological advancements contributed to its growth?

Q9. Discuss the advantages and disadvantages of the Internet, considering factors

like global connectivity, information access, privacy concerns, and digital
addiction.

Q10. Explore common applications of the Internet and their impact on various aspects

of society, including communication, education, business, entertainment, and
research.

.. | Lab Activities
G*ﬂ. ActivityD

Computer History Timeline Presentation:

Objective: To help students understand the historical development of computer
systems.

Instructions;

I.  Divide the class into small groups {5 to 6 students) and assign each group a

specific era or generation of computers {e.g., First Generation, Second
Generation, etc.).

ii.” Instruct each group to create a presentation {using PowerPoint or other
presentation tools) that highlights the key inventions, innovations, and
characteristics of their assigned era.

iii. Encourage students to include images, diagrams, and historical context to
make their presentations engaging and informative.

iv.  Have each group present their findings to the class, creating a comprehensive
timeline of computer history from early computing devices to modern
computers.

Outcome: This activity will help students visualize the progression of computer
technology over time and understand the significance of each generation's

contributions.




COMPUTER SYSTEMS
gf& Activity 9

Natural vs. Artificial Systems Comparison:

Objective: To differentiate between natural and artificial systems based on the text's
definitions and examples.

Instructions:

I Provide students with the definitions and examples of natural and artificial
systems from the text.

ii.  Ask students to work individually or in pairs to research and identify
additional examples of each type of system beyond those mentioned in the
text.

iii. Have students create a visual comparison chart or poster that categorizes
these examples into natural and artificial systems. They should explain why
each example belongs to its respective category.

iv. Encourage a class discussion where students share their findings and
insights.

Outcome: This activity promotes critical thinking and a deeper understanding of the
concepts of natural and artificial systems.

g ﬂ Activitya

Computer System Components Showcase:

Objective: To familiarize students with the core components of a computer system.
Instructions:

. Set up a "Computer System Components Showcase" in your classroom with
physical representations of computer components, such as a motherboard,
CPU, keyboard, mouse, microphone, scanner, and other input devices.

ii. Provide students with a checklist or worksheet that lists these components.

iii. Divide the class into small groups and assign each group to visit the
showcase. Their task is to identify and describe the purpose of each

component.

iv. Afterward, reconvene as a class and have each group share their
observations and descriptions.

V. Discuss the role of each component in a computer system and how they
work together.

Outcome: This hands-on activity enhances students’ understanding of computer
hardware components and their functions in a computer system.
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Gﬂ Activitya

1

Create a Data Communication Network
Objective: To understand the components and types of data communication

Instructions;

ifi.

networks.

Divide the students into groups and provide each group with a set of
components mentioned in the text (Sender, Message, Medium, Protocol,
Receiver).

Instruct each group to create a visual representation of a data
communication network using these components. They can use drawings,
diagrams, or digital tools.

Ask each group to label the components and explain their roles in the
network.

Have each group present their network to the class, highlighting the type
of medium they've chosen (wired or wireless).

Discuss the advantages and disadvantages of using different types of
mediums in data communication.

g& Activitya

1
ii.

V.

OS| Model Role-Play

Objective: To understand the layers of the OSI model and their functions.
Instructions:

ifi.

iv.

vi.

Explain the OSI model to the students, emphasizing its seven layers.

Assign each student or pair of students a specific layer from the OSI model.
Ask the students to prepare a short role-play or skit in which they act out
the responsibilities and interactions of their assigned OSl layer.

Encourage creativity in demonstrating how each layer interacts with the
others.

Have the students perform their role-plays in front of the class.

After each role-play, discuss how the layers work together to ensure
successful data communication.




Computational Thinking &
Algorithms

After completing this lesson, you will
be able to:

@ understand and apply technigues to decompose problems.

@ solvesimpleand complex problems computationally.
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UNIT INTRODUCTION

A computer is a machine that is used to solve problems by accepting inputs, performing
operations, and presenting outputs. Computers can't think but can perform those
operations that are written by us in the form of algorithms and fed into the computer in
the form of programs. You can't program a computer to do something that you don't know
how to solve. Therefore, you first need to understand the real-world problem, make some
solution, and instruct the computer to behave accordingly when it is asked to solve that
praoblem. Although computers are of various types depending upon their size and capacity
but computation is primarily based on processor and main memory. We use computers
because they work at a much faster speed and perform operations more accurately than
humans.

2.1 Problems

A problem is a challenge or situation that needs to be overcome using some action. The
problems are present in all fields such as economic, healthcare, education,
transportation, internet, biology and many more.

+ What to produce? + How to expand + How to increase
- How to manage access to medicines? literacy rate in
limited budgets? -+ How to stop Pakistan?

infectious diseases? |+ What subject areas
of education should
be focused on more?

Economic Healthcare Education
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+ Why is the number of |+ How to secure + How do 5G cell
vehicles growing up? maobile banking phone signals harm
-« Why the accidents on transactions? humans?
motorways are « Why do websites « How do trees give
increasing? show unwanted earth all its oxygen?

advertisements?

<
_ )

Transportation Internet Biology

2.2 ldentifying a Computing Problem

In computer science a problem is a challenge or situation that needs to be overcome using
some action. In computer science, a computing problem is a problem that is solved step-
by-step using computation. It caninclude any type of calculation such as arithmetical or
logical. These problems usually have a well-defined input and some desired properties
that output must be satisfied. Following are some of the computing problems:

+ Decision Problems

» Search Problems

« Counting Problems

Decision Problems: A decision problem occurs when a given input requires a binary
response, either Yes or No. Responses may take various forms, such as true or false. Figure
2.1 visually illustrates a simple decision problem. In complex cases, answers extend
beyond a straightforward Yes-or-No, involving multiple decision factors and criteria.

The examples of simple decision problems are:
« The problem whether a given number is odd {or even).
« The problem whether a given number is a prime number.

« The problem that is there any occurrence of "aa"?" in a sequence x of English

alphabets.
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Search Problems: In science and engineering, many
problems are solved using the search. In such types of ‘ Input \
problems, we have a set of objects among which we search
for the solution. For example, finding a path between two
cities. Search problems are often represented using graphs. Algorithm
Where we have nodes and where each link connects to nodes.
A node can be connected to multiple nodes. To solve such
praoblems, we have three things:

« [nitial State: represents the node from where we need

tostart search. Fig. 2.1: Decision Problem

« Operations: represents the moves that transition from one node to another.
+ Goal: defines the target of end condition.
Example: Route Finding Problem

The map shown in Fig. 2.2 corresponds to the
graph, where the nodes are assumed as cities
and the links between nodes represent the

G
routes in between the cities. The problem is to g 1
find a route in the graph from city S to city T. = o >
T

Example: Eight puzzle problem

A 3x3 board is given that contains 8 tiles {every
tile can contain one number ranging from 1 to 8)
and one empty space. The goal is to place the
numbers on tiles in such ordering that it matches
the final configuration using the empty space. However, we also have some restrictions
that we can only slide one step and only four types of slides are allowed {left, right,
above, and below).

target

Fig. 2.2: Route Finding Problem

Initial Final
configuration configuration
1 213 1 213
5| 6 5|1 8] 6
71 8] 4 7] 4
(a) (b)
Fig. 2.3: Eight puzzle problem
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DO YOU KNOW

Have you used Google Map application?
It is a search problem.

i =g %
Faaalabad Rt =iV ~
IRy 3 esirie S i -

= = _1'_‘{

Fig. 2.4: Google Map

Counting Problems: These problems work on the principle that if an event/decision hasA
number of choices and another decision/event has B number of choices then the total
number of possible unique combinations would be Ax B.

Let’s solve counting problems.

Example: One event is numbers of shirts, and another event is number of pants you
own then how many pairs of shirts and pants you can make from it.

' ' ' Is
Orange Blue Pink Yellow
Black Blue Brown (b)
Fig. 2.5: Counting Problem Example 1
Solution

Total possible casual dresses = {number of shirts} x {numbers of pants).

( Total casual dresses =5 x3 =15 )
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The counting problems are normally seen as an easy task that can immediately be done.
As we go deeper, the counting problems can get complicated very quickly if we want to
list out all of the possibilities.

>
You visit a computer shoptobuya | —H - &5

computer system for you. The Fig. 2.6: Counting Problem Example 2
vender asks you to choose one of 4

monitors, one of 2 keyboards, one of 4 computers and one of 3 printers. How many
numbers of possible systems you can choose from?

Solution

You must choose 1 monitor, 1 keyboard, 1 computer and 1 printer. The below given
diagram shows each component of the computer system with the number of choices you
have.

For the computer system elements, we have 4 monitors, 2 keyboard, 4 computers and 3
printers. Using the counting principle, the number of all possible computer systems that

you can buy is given by:
( N=4x2x4x3=96 )

Problem solving defines the process of analyzing some situation and accordingly behaving
to generate some response. For simple problems the following 4 steps are used:

2.3 Problem Solving

a. Define and analyze a problem: What is the problem and why it is happening.
b. Designa plan: What we are going to do {Algorithm)

c. Implement the plan: Code it by using some programming language.

d. Evaluate: did our plan work?

However, for complex problems, the 6 step problem solving process could be used
a. Define and analyze a problem
. Decompose the problem: make sub-problems that are manageable
. ldentify potential plans for each sub-problem: such as plan A, planB and plan C

b
&
d. Select and design best plan
e. Implement that plan

£

. Evaluate

Before jumping into an action for a problem, it must be thoroughly investigated to
capture all the relevant aspects of the problem. For this purpose, we properly define and
analyze a problem. In defining a problem, there must be clarity and the objectives of the

problem must be specified.
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2.4 Input-Processing-Output (I-P-0) Model

Process

Fig. 2.7: IPO Model

The computer systems work on the input-Process-Output model. The analyzing of
problem allows us to break the problem down into three components: Input, Output and
Processing. itrequiresus to have correct identification of:

« input that needs to be given to the system,

+ operations the system would perform and

+ theoutputto be presented.
Input refers to the requirements from the environment, operations are the computation

that is dependent upon the requirement while output is the thing that is presented to the
environment.

2.5 Input-Processing-Output (I-P-O) Chart

To visually represent the IPO model, we use IPO charts that represent the Inputs, Process
and Output in tabular form. IPO charts are considered a handy tool that software
designers use to solve problems.

Input Process Output
Data entered in the system Operations that will be Data that has been turned
applied on the input into the Information

For example, an IPO chart to compute the area of rectangle would be:

IPO chart to compute area of Rectangle

Input Process Output

M.

Tz O

Length Area = Length Area
Width * Width

Fig. 2.8: IPO Chart
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The input column of the above IPO chart is the input to the system. In this particular
example, we need the length and the width of the rectangle to compute the area.

Process column contains the processing that the system will perform on the input to
provide generate information. So, to compute the rectangle area we need to perform the
multiplication operation ontheinput e.g. the length and the width of the rectangle.

area= length * width

The output provides the information to the user. Therefore, the information for the user
is the area of the rectangle.

Example

Calculate astudent's average based on his grades.

7 ™) o 3 4 B
PROCESS
INPUTS QUTPUTS
Sum all grades
grage ; — *l Student grade
Grade s Divide sum by Average
radae number of grades

3 Y & , . J

Fig. 2.9: IPO Chart Example

7 Tip )
2.6 Computational Thinking '_J:f’

, , . . Before You Learn
Using computation to solve problems requires the ability Programming, Understand

to think in a certain way, which is often referred to as Computational Thinking.
‘computational thinking'.

" & ‘%‘\\«

2.6.1 Importance of Computational Thinking

Computational thinking encourages not only to reflect clearly on a problem theyre
solving but also to define a repeatable solution for it. While solving a problem, we don't
just want to solve one instance of a problem, we want an automized system that can
solve all instances of similar problem. Computational thinking can be thought of as an

extension of logical thinking.
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2.6.2 Properties of Computational Thinking

« Decomposition: Breaking down the larger problems into smaller/ manageable
ones and working on them one by one. These smaller problems are referred as sub-
problems. This way we simplify the problem and solve it easily.

« Abstraction: by removing the unnecessary details to solution, so you could be able
toidentify essential information.

« Pattern Recognition: Examine the problem for a pattern or similarities between
previously solved problems.

+ Algorithm Design: This is actual designing of solution. This involves creating step-
by-step plan of the problem solution.

Computational thinking

Decomposition

Abstraction

TR

Pattern recognition Algorithms

Fig. 2.10: Properties of Computational Thinking
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Example: If you want to create your own computer game, how these properties of
computational thinking would apply:

Consider the following diagram.

Time 045 TOP-00O765

Enemies S —

Fig. 2.11: Computational Thinking Example

Decomposition: where to go, how to complete the level
Abstraction:
Necessary Information: location of exit, where is enemy, etc
Unnecessary Information: weather
Pattern recognition: Six enemies should be handled like a single enemy.
Algorithm Design: step by step plan of action e.g. movement
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2.7 Principles of Computational Thinking
2.7.1 Logical thinking

Logical thinking refers to analyzing a particular situation or problem using reason and
accordingly reaching up to one or more decisions that are sensible. The situation analysis
requires gathering of relevant facts and then deciding the best way based on the reasons.

For example, you enter your home and see water on the floor. What do you think has
happened?

To solve such problems, you need reasoning skills that are based on evidence and
facts.

Example:

Fact: Islamabad is a city
Fact: Cities have a mayor {or some equivalent)
Inferred: Islamabad has a mayor {or some equivalent)

One of the fundamental parts of
computational thinking is to think
logically. The computers use logic in 7
their computation but it does not mean ? DECOMPOSITION v A'—SSSTETNHM
that they think logically. The '
computers themselves can't perform LOGICAL
logical thinking unless they are g HIRG
programmed to do so. By developing
the ability to align problem-solving
with technology and focusing on the Fig. 2.12: Logical thinking and
process as well as the solution CompUEEHoD L ITRing

ABSTRACTION
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2.7.2 Algorithmic Thinking Bydewlaning

Algorithmic thinking is about problem-solving. Computers do = algorithmic
nothing by magic, algorithmic thinking is a way of getting to a ' thinking skills,
solution. It is a process that involves identifying the steps needed  you can

and then implementing thase steps in a logical and efficient manner. = become a

It is a way of thinking that involves breaking down complex = Petter problem
problems into smaller, manageable parts and then solving those | SOWVer

parts one at atime.

Example: Find the largest of three unequal numbers.
Let's first draw IPO chart of the problem.

Input Process Output

Three numbers Find largest among the Display largest number
three numbers

Now we write algorithm of the process part of IPO.
Step 1: Let three number be A=10, B=20 and C=30
Step 2: CheckifAisthe largest?
Step 2.1: CheckifA> Band A> CthenAis the largest.
Step 3: If Ais largest then Stop the process, otherwise proceed to next step.
Step 4: Checkif B is largest?
Step 4.1: Checkif B> Aand B> C then B isthe largest.
Step 5: If B is largest then Stop the process, otherwise proceed to next step.
Step 6: Cislargest.

2.8 Methods to Design aSolution

Once you have completely understood the problem, the next stage is to design a solution.
In solution design, you define how a software will meet the requirements and objectives
of a problem.

There are two methods that are used to design a solution:
« Flowcharts
« Concept Maps

Let's discuss both in detail and solve some examples.
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2.8.1 Flowcharts

Flowchart is a diagrammatic representation of an algorithm. It describes what operations
are required tosolve a given problem.

Importance of flowchart in solving a problem

Flowchart illustrates the sequence of operations to be performed to solve a problem in
the form of a diagram. Computers programmers draw flowcharts before writing
computer programs. It provides an easy way to analyze and find solutions to problems.
Once the flowchart is drawn, it becomes very easy to write the program in any computer
language. It is very helpful in communicating the problem-solving method to other
people. It also helps in finding and removing logical errors.

Steps for drawing flowchart

The flowchart developer must determine the following requirements for the given
praoblem or algorithm before drawing a flowchart.

« Start of the flowchart

+ Input to the flowchart

+ Type of processing required

« Decision to be taken

« Output of the operation

+ Endof the flowchart

Start of the flowchart: Every flowchart should start with a trigger.

The graphical representation of start of flowchart is oval shape. -
Input to the flowchart: The flowchart designer must know what

exactly the input to the flowchart is. The input is determined from

the problem statement. For example, the given problem is to -
convert temperature from Fahrenheit to Celsius. Here, the input

will be the temperature in Fahrenheit. The graphical
representation of input is parallelogram.

Processing in the flowchart: The flowchart designer must decide -
what type of calculation is to be performed or what formula is
applied to obtain the required result. For example, to find the

area of a triangle. The following formulais to be used:

Area = (Base x Height} / 2

The graphical representation of processing symbol is rectangle.
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Decision making in flowchart: The flowchart designer must
decide which control structure {sequence, repetition, or
selection} are to be applied for the solution of the problem.
For example, selection structure must be applied to print
letter grade of a student based on the marks obtained. The
selection structure will check in which range the marks fall
and accordingly print the grade. Graphically the decision is
represented with diamond.

Output: The flowchart must provide the required output. The
output is represented with a parallelogram symbol as well.

End of flowchart: The flowchart should have a defined end,
and because of the possibility of multiple decision points, it
may have multiple ends. For end of flowchart the oval symbol
is used.

Flowchart to solve problems:
Flowchart 1: Flowchart to find sum, product, and average of five numbers.

From the statement of the flowchart, it is clear that sum, product and average are to
be calculated and given are five numbers. The flowchart is shown below for this.

START
r
/ INPUT A, B, C, D, E /

SUM=A+B+C+D+E
PROD=A*B*C*D*E
AVG=SUM/5

L 4

/ OUTPUT SUM, PROD, AVG /

Fig. 2.13: Flowchart to find sum, product, and average
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Flowchart 2: Flowchart to find the largest of three unequal numbers.
/ INPUT A, B, C /

Y
A>B AND A>C 7
NO

B>AAND B>C ?
NO .

Fig. 2.14: Flowchart to find the largest of three unegual numbers

OUTPUT A

OUTPUT B

[T ]

OUTPUTC

Flowchart 3: Flowchart to find the area ©
of triangle when the lengths of height START
and base are given. 1
/ INPUT B, H /
A=(B*H)/2

v

/ OUTPUT A /

Fig. 2.15: Flowchart to find the area of triangle

Software Tools for Flowchart Designing

For flowchart designing, different software tools are available to design the flowcharts.
Some of the famous tools are Microsoft Visio and LARP software.

Microsoft Visio

Microsoft Visio is a tool for drawing various types of diagrams such as flowcharts, building
plans, data flow diagrams, network diagrams, etc.

79
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How to create flowchart in Microsoft Visio
a} Start Microsoft Visio
b} Clickonthe categoryof Flowchart

c) Double-click the Basic Flowchart

d) For each step, you wish to design in the process, drag a relevant flowchart symbol
and place it onto your drawing.

e} Connect the flowchart shapes by holding the mouse pointer over the first symbol,
and then releasing it on the to the other symbol you wish to connect to.

f} Toplacetextintoashape, selectit, and then type.

The Figure 2.16 shows a screenshot of flowchart designing in Microsoft Visio.

Crawing2 - Saved

File Home Insert Design Review View Help

= e = I = Calibri Iz B I U & = Y
Shapes 7y

Search Tor zkapes ol % Fe
£ Basic Flowchart Shaoes '

H e [

Frocess Decision Subpracess

- | Y 4
Ll

SarbEnd Documeant Deta

Dralabiase Eslenidd Dula Cuslom 1

Custom 2 Cusom 3 Custom 4

Crepage Dff-page

| rage &

Fig. 2.16: Screenshot of Microsoft Visic for designing flowchart
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LARP

. . Fie Edt Vew Execute Project Options help
Logics C?f Algorithms and NG T RAR O s NEla I —
Resolution of Problems B
{LARP) is a programming Tt
language for rapid it BT o
development of 03 o & )y acan
prototypes. However, E#” | f“:w
unlike C++, Java and . :?:m
other programming || EF ek i [
languages, LARP uses SELECT concitons -

. IFELSE-IF condiboral
semi-natural syntax.
Therefore, it is very easy 100% Cut the selecton and put § on the Cipboard

for non-programmers to

£} LARP  Registered shareware [new.larp]

Fig. 2.17: Screenshot of LARP software

understand. LARP also
allows algorithms to be
expressed as flowcharts. Ascreenshot of flowchart designing is shown in Figure 2.17.

2.8.2 ConceptMaps
Like a flowchart, a concept map is another way of representing knowledge.

A concept map is a graphical tool that represents concepts and relationships between

B, Concepti

Concept 2

Concept

. Map Title

Fig. 2.18: Concept Maps
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them. The concepts in these maps are represented as boxes or circles, which relate to lines
or arrows. These lines are labeled with linking words and phrases to represent the
connections between concepts. There are different software tools for concept mapping,
for example CmapTools, Mind Manager.{Fig 2.18 shows an example concept of map)

@ .a,
Y that can exist in the form of
Mechanica Chemical Solar =
motion energy energy
created by

@

measured in

charged
particles

which can be
measured by

kilowatts
per hour,

Fig. 2.19: Concept Maps Example

that can be
that can be

creates an
attraction

Example: Consider the below given sample diagram representing concept map of
electricity
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Summary

" e

\.

Algorithm Design: This is actual designing of solution. This involves creating step-
by-step plan of the problem solution.

Algorithmic Thinking is a way of getting to a solution.
Computing Praoblem is a problem that is solved step-by-step using computation.

Computational Thinking is a problem-solving method that computer scientists
use as a skill to solve complex problems in a logical and systematic manner.

Concept Map is another way of representing knowledge.

Counting Problems: These problems work on the principle that if an
event/decision has A number of choices and another decision/event has B
number of choices then the total number of paossible unique combinations would
be Ax B.

Decision Problems: A decision problem is the situation for a given input that has
Yes-or-No Answer.

Decomposition: Breaking down the larger problems into smaller/ manageable
ones and working on them one by one. These smaller problems are referred as
sub-problems. This way we simplify the problem and solve it easily.

Flowchart is a diagrammatic representation of an algorithm.

IPO charts are considered a handy tool that software designers use to solve
problems.

LARP: Logics of Algorithms and Resolution of Problems is a programming language
forrapid development of prototypes

Logical Thinking refers to analyzing a particular situation or problem using
reason and accordingly reaching up to one or more decisions that are sensible.

Pattern Recognition: Examine the problem for a pattern or similarities between
previously solved problems.

Problem is a challenge or situation that needs to be overcome using some action.

Problem Solving defines the process of analyzing some situation and accordingly

behaving to generate some response. )

Abstraction: ldentifying essential information and Removal of the unnecessaryﬁﬁ

details to solution.
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Select the suitable answer for the following multiple-choice questions (MCQs).

1. For a problem, we face in real world situations. In what sequence we follow
the steps.

I. make some solution.
Il. understand the real-world problem.
lll. instruct the computer to behave accordingly.
ay L1, 1 by I, I, I c) I, 1, 1 d) I, 1, 1
2. Following are types of computing problems
I. Counting Problems
Il. Search Problems

lll. Decision Prablem

a) land ll b} land lll c) land lll d) land Il and lll
3. Computational thinking is
a} Programming b} Thinking like a computer
c} Coding d} Logically solving problems
4. To solve Search problems, we need to
a} Provide the moves. b} Provide start state.
c) Provide the end state. d} a,bandc

5. The eight queens puzzle is the problem of

a. Sorting b. Searching
c. Counting d. Bothaandb
6. Finding the location of the element with agivenvalueis
a} Search b} Traversal
c) Sort d} Noneof above

7. InIPO Charts, we have
a} Input, Plan, Output b} Input, Program, Output
c) Input, Process, Output d} Input, Proceed, Output
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Give Short answers to the following short response questions (SRQs).

1.

Sl

What is the major difference in solving simple problems and complex problems?
Why software designers prefer to use IPO charts?

Differentiate between Computational thinking and Logical thinking.

Write four properties of Computational thinking.

What are the methods used to design a solution?

Which Computational thinking technique breaks down the problem into smaller
parts?

Identify 3 computing problems from other subjects that you are studying in
your class.

8. Why do we need to think computationally?

9. The telephone numbers usually have 9 digits. Out of these 9, the first two digits

represents the area code and are it remained constant within a given area. The
last 7 digits represents the number, and it cannot begin with 0. How many
different telephone numbers are possible with a given area code.

10.From city A to city B, there are 4 different roads and from city B to city C there

are 2 different roads. Draw a map of given situation and identify how many
passible routes are there that someone can follow to reach from city A to city C
passing by city B?

Give Long answers to the following extended response questions (ERQs).

Q 1. Identify whether the given praoblems are Decision Problem, Counting Problem or

Search Problem. Write your answer in front of each problem given below:

a. Does a given binary string have an even number of zeros?

b. Flipping a coin result in Head or tails. | flip a coin 20 times, how many
different sequences of heads and tails are possible?

c. Does a certain Java program say “yes” to an empty input?
d. How many ways can the letters of the word TRIANGLE be arranged?

e. N-queens problem: where the goal is to place eight queens on a
chessboard such that no queen attacks any other.

Q 2. Astudent has to take one course of physics, one of science and one of
mathematics. He may choose one of 3 physics courses {(P1, P2, P3), one of 2
science courses {51, S2} and one of 2 mathematics courses (M1, M2). In how
many ways can this student select the 3 courses he has to take?

Q 3. Create an IPO chart which will accept the ages of four boys and calculate
their total age and average age. The program must display both the total

age and the average age.
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Q 4. Create an IPO chart of a scenario that allows a user to enter in two numbers. The
operation to be performed is either addition, subtraction, multiplication or
division and accordingly the output should be given to the user.

Q 5. The child wants to plan a birthday party for their friend.
a} Draw an IPO chart of thissituation.
b}  Write down properties on computation thinking.

LAB ACTIVITIES

gf‘ﬂ Acivity D

Draw a flowchart in MS Visio that takes input of two number A and B and output TRUE if A is
greater than B otherwise it should output FALSE.

GLE Activity 9

Draw IPO chart and algorithm for the following:

a) Find the exponent of a given number: Exponent or power of a number means
how many times to use the number in a multiplication. In other words, it is
the product of a number that is multiplied as many times as the exponent.

b) Print odd numbers from 1 to100.Suchas 1 3 5 7 9 11...99

C) Print the following sequence of numbers in descending order.
27 24 21 18 15 12 9 6 3 0 3 &6

d) Find the sum of even numbers up to 100.
SUM=2+4+6+8+10+12+14+...+100

e) Print a multiplication table of a given number.

. Activity9

Convert the algorithms of Lab Activity givenin Q 2 to flowcharts.

&»‘
il
A thorough framework for using computational thinking techniques in the classroom is offered by the
International Society for Technology in Education (ISTE) Standards. It highlights that educators ought

Teacher’s Guide

to be capable of "develop algorithms that break down problems into smaller, more manageable
subproblems.” (https://iste.org/standards/computational-thinking-competencies)




| d,
IJ.} 4 ¥ UNIT3

ply’
1
ﬂ ) ot A
.-: 3 3 3 Il. [! ] . r’/l / r
& After completing this lesson, you will ‘. L L o
’ be able to: ! A i £
@ understand web development and differentiate between a website and a web
application.
@ create a static website using HTML/CSS in an appropriate environment
@ create dynamic websites using JavaScript as the frontend scripting -
@ implement common algorithms that use sequence, selection, and repetition in i
JavaScript
@ determine ways of debugging their code in JavaScript
it
y ) —
) ;"_';' ’f’ﬁ / 7 F -

HTML
arrays Object .. in Object

B
e Conditional Statements

' Transitions
Attribute - Boy der Color Operators
perat

= kgywor BOX Mooode[ Function
== 3 ' Transitions ‘{.@

Fonts Event Loop | &

ROOt. Eelement: | Loop Statement
Prom™* Basic Vocabulary ' ap®

Document Object Model Variable

Browser

Tag Style



3.1 Introduction

The World Wide Web's {WWW) development has made it easier to share information and
data in many formats, which is becoming more prevalent and essential in our everyday
lives. Documents, picture, audio, video are the main types of information but not limited
to. Especially, with the rise of social media, the links and tags of information enable you
to share and search related information on the internet. Additionally, the dynamic nature
allows changing the contents for individuals and group of peoples. For example, the
contents of the website remain same whoever visits it, but after logging in as a member
customized data is shown. Hyper-Text Markup Language (HTML) is the primary language
that is used for the basic website development. Though different software and tools allow
you to create a website using a template, but basic knowledge of HTML is necessary to
customize it according to your desire.

3.1.1 Web and Website

A document which exists and is accessible through internet is a webpage, while a set of
webpages is a termed as Website. For example a news website Associated Press of
Pakistan as shown in figure 1, has different sections and each one of them has at least one
webpage in every section. To access a webpage, software namely web browser is used.
You just provided in the Universal Resource Locator {URL} in the website which is the
generally accessible address of the document. This way, web browser will locate the
document and display it.

Programing Fundamentals

In case, you are unable to e miﬂ
recall the URL of the website o E ! +
you are searching, help of M e i e

search engines is quite useful. e ff
Search engine provides the
service to seek relevant
information based on the
keywords you have entered.
The search engine on the
basis of keywords creates
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Fig-1: Website of Pakistan's Official News Agéncy

different combinations and
searches the relevant information. Apart from the relevant matches, auxiliary results are
also displayed to help user to explore extrainformation and viewpoints. Once, the results
are collected by the search engine, it displays the website address and little content from
every website; in a list fashion as shown in fig. 2. This way, it is easier to select the
website, you are looking for.

The point to note is that every website has a 'Homepage'. As soon as a webpage opens up,
its homepage is displayed and thereafter you can navigate the website to extract
information. Every website and relevant pages need to be uploaded to a web hosting
services, which offers web servers that are available round the clock. This way, clients
and visitors can access the website on their digital devices.
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Fig.2: Search Results in a search engine (a) Primary result {b) Aux. results

3.1.2 Web Application

On the other hand, a computer program which offers a service or executes tasks via a
browser and internet connection, remotely accessing a server, is called web application.
As shown in fig.3, through web browser, a web application can be visited by users like a
Customer Relations Management (CRM} system which handles retailing, supplies,
promotions, customer feedback, etc. At the backend there can be more than one server,
for each type of task or a single server handling all the requests and managing it
accordingly, while keeping the front-end updated. It all depends on the architecture
which is being deployed to facilitate the front-end, and transparent to a normal user.

3.1.3 Website Development

Website is the first step to show your presence in the digital world. Website only shares
information and contents
and does not allow any Web Browser Web Server

changes by the viewer. A d“e uest )

website can have single or (HTAL]

multiple pages linked ' ' '
together. For example, you
e Response

can create a personal page of
Fig-3: Communication between Web Server and Web Browser.

your interest highlighting
your hobbies, activities and
passion. You can share your
ambitions and achievements. Like, if photography is your hobby, you can upload picture
albums on the website on a separate page. Anyone who visits the website can view the
contents but in no manner can manipulate it.

3.1.4 Static Website

Regardless, how much content and how many pages you increase in your website as
discussed above, the contents remain unchanged; unless you change it yourself. In other




words the website is static and once accessed by the user; it will be loaded from the
server where you have hosted it. After loading, on the user's computer the link to the
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server is no more required. Such
static websites are easy to create
and load on the client’s site.

3.1.5 Dynamic Website

A website is dynamic if the
information is changed or adjusted
in accordance with user input or
choice. For example, alteration of
background color of a webpage
every time a user clicks a button. So,
why a website needs to be dynamic?
The intention of every website
owner is to have frequent visitors
and the visitors should stay long. For
example, online shopping sites offer

Online Stores &
E-commarce

mcTmA <
Famanir
e L]
- s

Add and Edit
Wehsite Pages

S

Social Media
Integration

Dynamic
website

Video and Photo
Galleries

Fig-4: Features of a dynamic website of a e-store

promotions and packages. So that

the visitors lengthen their stay on the interested page, get awareness and shop. To
achieve this, dynamicity in websites is applied using scripts, like JavaScript, python, PHP,
ASP, Net, etc. In the context of online-shopping site, every member of the website can
customize its webpage based on his/her interest as shown in fig. 4, while non-members
and visitors get the same page to view, every time.

3.1.6 Front-End Development

Afront-end of a website provides the interface which is graphical nowadays and termed
as Graphical User Interface {(GUI}. The person visiting your website views and interacts
with GUI. The front-end of a website is developed using Html, CSS and Javascript, etc. A
person, who develops such front-end websites and GUIs, is termed as 'Front-end
Developer'.

3.1.7 Back-End Development

Front-end developed websites and GUIs need to communicate with the server for every
event which the user generates and corresponding result is to be displayed on the front-
end. This bridging between the front-end and the server is taken care by back-end
development. A person who writes code about such services that are provided by the
website is called a 'Back-end Developer'. Back-end development requires more
knowledge and skill level in hand than front-end development, like knowledge of
JavaScript, Python, PHP, ASP, Net, etc.
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3.2 HTML

Hypertext Markup Language {HTML) is the language used to define and display your
contents in the form of a webpage. With the help of tags, you will define different
contents what they are, correspondingly HTML will display them accordingly. Html
identifies and provides support for every object in a webpage on the basis of tags. For
example, "This is my first attempt for a webpage.” is a sentence which you want to get
displayed in a web browser, so you have to put it like this:

<p>"This is my first attempt for a webpage."</p>

Character(s) between angle brackets '<'and ">' are called tags. The said character{(s} is as
per the defined HTML rules and is one of the elements that we can use. Every component
of Html is identified by a starting and terminating tag. Additionally, we have to define
from where to start and end the effect of every component. Therefore, we place <p>, the
starting marker, in the start of the sentence and </p>, the closing marker, after the
sentence. Now, you have put your sentence between two tags with a component to take
effect. The 'p' tag is used for paragraph/sentences.

Similarly, there are tags for everything in HTML. But, the main point to note here is that
you can write your html code in a notepad and run it in a browser. There are many
softwares/IDE environments available that help in minimizing your coding efforts. Visual
Studio, Netbeans, etc. For this chapter, we will be using the Visual Studio version 2022
environment, but the codes mentioned here will be applicable to any other environment,
aswell.

Installing Visual Studio

Visual Studio Code |

For installing the latest Integrated
Development Environment (IDE) of
Microsoft Visual Studio, visit
https://visualstudio.microsoft.co ST

m/vs/ and download the installer.

The top pidk for Javs and web developers, with

The installer is an executable file =
{.exe extension)} and you just need to | Visual Studio 2022

double click to start the installation. Open rocent Got starind

Microsoft Visual Studio is a wide-ranging m; L iR e e
IDE which can be used for writing and | "™ W i
running code for more than 30 B Openalocalfoder
languages. Therefore, it allows you to - cr;m_mmﬂ'
choose the language environment. Once “m:“‘::mm“

selected, click “install” and it will
download and install the environment on your system (PC/ Laptop)}. After the
installation, you can run the IDE from your system.
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3.2.1 HTML Document Object Model

The Document Object Model {DOM) is a standard
which provides mutual interpretation where
grammar of a language can be associated with
and can coexist on various operating systems. In
HTML, every file is interpreted as a DOM-tree
where hierarchy of the said file is defined. As
discussed in last chapter, a tree consists of nodes
and links, so is the case here where every object
and component of HTML is treated as node.
Hence, the file, components, features, script and
even comments which exist in a web page all are
treated as objects by HTML as shownin fig 5.

Simpler approach in locating any object in a web
page via accessing the DOM-tree is 'element-id'.

<html >

<head»

<tittle >

“‘My Academy™

<body»

<d» | href

www.nbforg.com

Fig-5: General DOM Tree

So, we will call function like 'getElementByld{)' and it will either return the object of the
element we seek if it isable to locate it else a null value is returned.

] File Edit Selection View Go Run - -

<IDOCTYPE html>
<html>

<body>

<p id="leid"> * </p>
<pid="hdom"> $§ </p>
<soript>

0

SOl Bedh

elem 1.innerH TML;

11. elem ZinnerHTML;

var elem_1 = document.getElementByld{"leid"};
var elem_2 = document.getElementByld{"hdom"};
document.getElementByld("leid"}.innerHTML = "Text from first p'is: " +

10. document.getElementByld("hdom”}.innerHTML = "Text from second 'p'is: " +

+ Search

12. document.write(elem_1.innerHTML};
13. dosument.write("<br/>"};

14, document.write(elem_2.innerHTML};
15, </script>

16. </body>

17.  <thtml>

& 2 C @ File| E/119%20Class%

Text from first 'p'1s: *

B YouTube 9 Maps [ re

Text from second 'p'1s: $

Text from first 'p' 1s: *
Text from second 'p' 1s: $

Fig-6: Locate and print elements by ID

In fig-6, we will locate elements using tag <p> via defining the IDs, 'leid’ {short for Locate
Element by ID} and ‘hdom’ {short for title of this section). Thereafter, on line 6th and 7th
two variables are defined which store the located elements. Next, two ways are listed to
print the values. innerHTML' is used for attaining {and if needed for updating} values of

an element.
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3.2.2 Tagsin HTML

However, since html is a tag based programming language, so we should recognize
ourselves with the most important and frequent tags that we will encounter in the
development of learning curve. With a little bit of practice, these tags will be on your
fingertips, as the tags themselves are quite self-explanatory.

3.2.2.1 HTML Tag

Any html is identified with the <html> and </html> tag-pair, i.e. anything written
between this tag-pair is recognized as a html document. An HTML-Document is arranged
just like a simple document that you write and prepare in Notepad, Wordpad or MS Word,
etc., with headings, sub-headings, sentences, etc. Similar to <html> tag-pair, everything
is characterized according to its respective tag-pair. The file is saved with extension
.html.

3.2.2.2 Head Tag

The <head> tag-pair is defined, where tags can be placed which are not part of the main
body of html, like the title of the webpage.

3.2,.2.3 Title Tag

Just like every document has a name, the <title> tag-pair allows your webpage a name.
This way, even if multiple pages or tabs are open in the browser, a webpage is easily
identifiable.

3.2.2.4 Body Tag

The main part of the html is the 'body’, all the main constituents of the document are
arranged in the <body> tag-pair.

3.2.2.5 Tagfor Headings

The headings are of different levels provided by html and there are 6 defined levels, 1
being the biggest and 6 is the smallest heading. The heading tag pair looks like
<h2>...</h2>, for asecond level heading.

3.2.2.6 Tagfor Line Break

To split a sentence into multiple lines a <br/> tag is used. If this tagis not used between 2
sentences, and even you write the second sentence on a new line; html does not
recognize this style and will put both the sentences in the same line, one after the other.

The following code in fig 7 shows how you can setup your first web page. The title of the
page is between head tag-pair followed by the body, and is shown on the browser's tab in
the output. Note that everything written in the body is displayed on the webpage.
Thereafter, you can assign suitable headings and paras, with necessary line breaks.
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1. <html=

2 <head>

3 <fitle>Main Page<fitle>

4. </head=>

5, <hody>

8. <h1=Main Heading of the Page</h1>

7. <p=An introduction about the page is to be put here telling the visitor what the page is all about. <p>

8. <h2>8ub-Heading can follow</h2>

g, <p>tis a good approach to split the information on your wehsite into various sections <bi/>

10. This way, it will he easier to navigate and manage the information on the page </fp>

11. <h2>8ub-Headings are not limited</h2>

12, <p=Why limit to one only, the more the better. But good approach is to segregate the

13 information into groups and assign each group under a different subheading. </p>

14. </hody>

1 5 <‘{htm|> < £ G (ORI RE ¥ &TELL T amputsrtliGarnes R Mook T haptert 04/ htmif 19 html 2
™ Smad N euTioe P Mape B re ) Cwmbowrz|Spring @) Perner WG -Daiy. [ FowssmFindalo. gy Soincotzom- Ame, Acmve Design Cont..,

Main Heading of the Page

An ntrcduetion about the pags s 10 be pot beve tellug the vasitor whal e pape as a1l abour

Sub-Heading can follow

T s good spomah w split the infmmtion on your websi inio variaus seelivns,
Thoaway cwill he casics fo naviges and manags the infhrmation on the pag:

Sub-Headings are not limited

Fig-7 Output of various HTML tags

3.2.2.7 Tag The Text

Span is used to provide style and arrangement to a line. For multiple lines you need to
assign the <span> tag-pair on every line. Whereas, <div> provides the same effect to a set
of lines present in the page. The style and classes, etc. are generally applied in the div
tag-pair.

The 'i' tag-pair is used for a sentence to be in italics, like a note. The <em> tag-pair is for

emphasis, whereas <b> and <strong> tag-pair are used for display of bold and strong
characters. Frequently used tags are listed in Table 3-1.

Fig 8 shows result of various text-tags, like “1” tag-pair used in line 20.

32 Tag-Pair For the Task

&' Teacher’s Guide p Paragraph, sentence
W3Schools offers a thorough b laicke ensaciers b d
introduction to HTML which can [ Text is shown in italics
help students understand the [ESg When you need to emphasize a word but with italics.
organization of static content by strong When emphasize a word but with bold
doing deeper into the ; ;

sup Superscript, helpful in formula and footnotes

fundamental cemponents of
webpages. sub Subscript, helpful in formula and footnotes
(https:/ /www.w3schools.com/ Y Underline a text
html /) small Smaller text size, like footnote

Table-3-1: List of Frequent Tags used in Text
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1. <html>

2. <title>Main Page</itle>

3. <body>

4, <h2> Main Heading of size 2 </h2>

5. <h6> Smallest Heading</hG>

G <p> We put a simple sentence, here. </p>

7 <gpan> Span is Marked in this line.</span>

8 <span> In this line as well because we didn't assign line-break before this line, so this line is in
9. continuation.</span>

10. <brf>

1. <div style="color M blue;">

12. Let's explore 'div' tag along.

13. <p> 'div’ tag changed color to blue </p>

14, <hrf>

15. <genter>

16. <h3> ALevel 3 Heading in the center</h3>

17. <p=Just a sentence with the heading, otherwise, why do we need the heading.<p>
18. <fcenter>

19. <fdiv>

20. <i>A horizontal line to differentiate sections or mark the end of the text. </i>
21. <br/>

22. <fem=>in italics, as well</em>.

23. <br/>

24. <b>Nothing of Document Text follows.</b>

25. <br/>

26. <strong>But we can have a Footnote, below the line.</strong>
27. <hr />

28. <hr>

29. <gmall>But we can have a Footnote, below the line.</small>
30. </body=>

31 .<fhtml>

Main Heading of size 2

Sesallest Heading

We pul a siznple senlence, here.

Span 3 Marked in this linz. [n this line as well because we didnt aszign line breal before this line, so this lin= is in continuation.
Let's cxplore 'dav’ tag elong.

'div tag changed color to blue

A Level 3 Heading in the center
Tust a sentence with the heading. otherwise, why do we need the heading.

A horizomtal line to differentiate sections or mark ithe end of the text,
i talica, as well

Nothing of Ducument Text Tolliws.

But we can have a Footocte, below the line.

Bt we can have e = ootnote, bolow the lne.

Fig-8: Text Variations using Tag
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So, as you have observed so far, that HTML provides support for a document to be
presentable just like a word-editor. Additionally, we can insert an image in the webpage
by assigning the 'src' meaning the path where the file is located and providing the name of
the file, as shown in fig 9.

3.2.2.8 Bullets & Numbering

Html treats bullets and numbering in the form of an unordered <ul> and ordered list <ol>,
respectively. Bullets can be of type circle, square or disc. The numbered list have the
option of numerals and alphabets to choose from, just like a word-editor.

1.  <html>
2. <itle>Main Page<fitle>
3 <center>
4, <img sre="mat-logo jpg" alt="MAT-Logo">
5. <fcenter>
8. <hody>
7. <center>
8, <h2> My Teaching Academy </h2>
g <hd> Let's Learn </hd>
10. <fcenter>
11. <p> Welcome to wehsite of My Teaching Academy. </p>
12, <brf>
13, <div style="color Mblug;">
14, <center>
15. <h3> Subjects We Teach </h3>
16. <ul>
17, <li=English</li>
18. <li=Maths </li>
14, <li=Urdu<fli>
20, <li=History<fli=
21, <li=Computer Science<fli=
22, <ful>
23, <p=
24, <fcenter>
25. <h3> Fee Structure </h3>
28, <fdiv>
27. <p>We take fee in advance. <b=Discount</h> is offered on payment of <strong=Full Fee</strong> only. </jp>
28. <hif=
29, <hd > Qption of Installments</hd>
30, A maximum of 4 installments can be arranged, on monthly hasis:<br/>
3]s <ol=
32, <li=First installment is 40%</li>
33 <li=8econd installment is 20%</li>
34. <li=Third installment is 20%</li>
35, <li>Fourth installment is 20%</li> B R feednng
36. (OIJ{> Let's Learm.
37 (hr> Welcome 10 webaite of My Tescking Acaderyy.
38, <small>We have No-Refund Policy. </small>
3G, (}’body> Subjects We Teach
40, </html> ® Loglah
s e
& [sbory
8 Computes Scexe
Fre Structure
e take fee in advance Discount o cffered an payment of Full Fee caly.
Optioa of fostllments
A maninen iof & idallmosiis cas b cesmped, o mibly e
1 Faust mstalliners is 405
1 Secomild mstallmmen 1 %5
3. Third inceallrmsnr iz 2084
4. Fourth inetalimen: is

Fig-9: Bullets / Numbering in Text
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3.2.3 Manipulating Data with Tables

Tablesin HTML

Tables are a good way to enlist data which is visually appealing. Html provides ‘table’
tag-pair to allocate and designate data within the table. The first row of the table is
the header row and is generally used for headings and is defined with the 'th' tag-pair.

Whereas data is manipulated through ‘td’ tag-pair.

1. <html>

2. <body>

& <table>

4, <tr>

5 <th=Student Name</th>

6. <th=Class<fth>

7. <th=Fee Dues<fth=

8. <ftr>

9. <tr>

10. <td=Alia</td>

17 <td>9</td>

12. <td>200</d>

13. <ftr>

14. <tr>

15. <td>Zia</td>

16. <td>9</td>

1. <td>0</td>

18. <ftr>

19. <tr>

20. <td>Ghufran</id>

21. <td>9<fid>

22. <td=500</1d>

23. <ftr>

24. <tr=

25. <td=Naveed</td>

26. <td>9</td>

27. <td>0</td>

28. <ftr>

29. <tr=

30. <td>Haris<ftd>

31. <td>9</td> (— — c @ File | E:/119%20Class%2(

32. <td>300</1d>

23 <ftr> M Gmail EB YouTube 9 Maps E re

3. <ftable>

25, </body> Student Name Class Fee Dues

36. </himl= Alia 9 200
Zia 9 0
Ghufran 9 500
Naveed 9 0
Hans 9 300

fig-10: Table of student records with Fee submitted.

97




Programing Fundamentals

3.2.4 Linksto Resources

Links are helpful components of a webpage, via which you can redirect to another
webpage or a document. Links are called Hyperlinks in html with 'a’ tag-pair. Hyperlinks
are easy to identify on a webpage, as the mouse cursor changes as soon as the cursor
touches a link element. Hyperlinks can be associated not only to text, but to images as
well. The general syntax for defining a links is like "<a href="url">link text</a>", where
href refers to the address alongwith the path and link-text is for user information. Target
is an optional parameter but its value defines where to open the webpage. If the value
chosen is 'blank’, it will open in a new tab or window; however for the value of 'self' the
destination address will open in the same tab or window. Fig-11 depicts result of adding
the following line of code in the body of the webpage:

<a href="https: //www.nbf.org/" target="_blank">National Book Foundation </a>

7\
. MTA )
\‘.\""--\_ e
My Teaching Academy

Let's [Learn

Welcome to website of My Teaching Academy.

Subjects We Teach

= Tnglish
= Maths
« Tlrdu
* Hislory
=  Comnuter Science

@her details about the offerred subjects, visit National Book Foundation PIU}MJE

Fee Structure

We take fee in advance. Discount is offered on pavment of Full Fee only.

Option of Installments

A maximum of 4 installments can be arranged, on monthly basis:

. First installment is 40%%

. Second installment is 20%
. Third installment is 20%

. Fourth nstallment 1s 20%

T

We have No-Refund Policy.

Fig-11: Adding a Resource Link in a webpage
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3.3 Cascading Style Sheets (CSS)

In the development of HTML webpage the scheme, arrangement and presentation of the
whole webpage along with the components are handled by a stylesheet language. There are
various stylesheet languages available like Cascading Style Sheets (CSS), Document Style
Semantics and Specification Language {DS5S5L}, Extensible Stylesheet Language {XSL)}, etc.
The most common and frequently used with HTML is CSS. So, this way the contents of the
webpage are defined through HTML while the look of different components is handled via
CSS. This way, it is easier to manage and troubleshoot your web designing code for extension
and digging out the errors.

There are three ways, via which we can use CSS styles in our HTML webpage.
Inline CSS:

Any CSS attribute that we want to incorporate can be added using a HTML tag {like the ones,
we have covered in the last section) and incorporated in the body section, as shown in fig-12.

4 A

1. <pstyle="color:red; font-size:40px;
2. font-style:italic; text-align:center;">
3. MyTeaching Academy
4. </p> My Teaching Academy
Fig-12: Inline CSS sample
\ 7

Embedded (Internal) CSS

Instead of assigning styles for every heading and other component at the time of its first
occurrence in the code, a better approach is to outline all the styles in the header under
the tag-pair of 'style’as shown in fig-13. This way, all the presentation related CSS code is
separated and do not indulge with the already written HTML code. Additionally, changein
one linein the CSS section will be reflected throughout the respective components.

<head>
<title>Main Page<fitle>
<center>
<img sre="mat-logo jpg” alt="mat-
logojpg™>
<fcenter>
<style>
body {
color: Molive; MTA
10. }
1. h2 {
12. color: @ red;
13. font-size:30px; ’
14, font-style:italic; My Teaching Academy
15. text-align:center; = .

Lo ol Oy T Pl —

T } </style> Let's Learn
18. </head> |

Fig-13: Embedded CSS sample
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External CSS

Alternatively, a file with extension .css' can be made and all relevant CSS code according
to your schema can be present there. Once, the contents of HTML are finalized, just
attach the CSS file in the head portion of HTML by passing the link. External CSS are used
with large projects, like in commercial purposes.

<link rel="mystylesheet" href="my_own_SS.css" />

NOTE: The priority of Inline is highest, followed by embedded styles and lastly the
attributesof external are considered; if all three are present ina webpage.

3.3.1 Decorating Tables with CSS

By using CSS, you can provide borders in table as well. For this purpose, we initially need
to state the 'style’ tag-pair just before the start of table and later inside the block, we
need to set which style to opt for and where to apply it. As shown in the following code,
as shown in fig 14 we are defining border for table, table header cells and every other cell
inthe table. Other than that, we can also designate a background color for the table.

Student Name|/Class||Fee Dues
1. <style> Alia 9 200
2. table, th, td { | Fin 9 0
3, border: 1px solid black; -
4 3 Ghufran 9 500
5. </style> Naveed 9 0
Haris 9 300

Fig-14: Applying Borders to Table

We may add background color of the table as well, by adding the following code,
as shown in fig-15 in 'style’ tag-pair.

1' <Sty19> & =2 C @ File| E/11%20CIass%2C
M Cmall BB YouTube 9 Maps B e
2. th,td{ i
Student Name Class Fee Dues
3. background-color: aqua; Alia o 200
Za ¢ 0
4. } Ghufran 9 500
5. </style> Horend =i
Haris 9 300

Fig-15: Provide table with a background color
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3.3.2 Homepage Decor

The code of fig-16{a) is similar to that of fig-11.As a first step, we define 'style' tag-pair in
the body and add lines 22 to 24, which result in changing the color of 3rd level headings in
the body to green as shown in fig-16 (b). In line 4, ‘alt’ image tag is alternative wording
which describes the picture that is being shown on the page, in a short phrase.

1. <html=
2. itle>Main Page<title>
3. <center>
4, <img sre="mat-logo jpg" alt="mat-logo jpg">
5. </center>
8. <hody>
7 <center>
8. <h2> My Teaching Academy </h2>
& <hd> Let's Learn </hd>
10. </center>
1. <p> Welcome to website of My Teaching Academy. </p=
12. <bif>
13. <div style="colorBE hlug;">
14. <style>
15. body {
186, color: B red;
17. background-image: url{"openbook.jpg");
18, hackground-repeat: no-repeat;
14. hackground-attachment: fixed;
20. text-decoration-line: underine;
21, text-decoration-style: wavy;}
22, h3 {
23, color: B green; }
24, <fstyle=>
25, <center>
26, <h3> Subjects We Teach </h3>
27. <li=English</li>
28, <li=Maths</li>
29, <li=Urdu</li=
30, <li=History</li>
3. <li=Computer Science</li>
az, <=
33. <bif=<hif>
34, <div style="color Bl black;">
35, For further details about the offerred subjects, visit
38, <a href="hitps:/fwwwwrnbf org. pk/” target="_klank">National Book Foundation Homepage<fa>
37. </center>
38. </div>
39, <h3> Fee Structure <h3>
40. </div>
41, <p=We take fee in advance. <h=Discount</h> is offered on payment of <strong=Full Fee</strong> only </p>
42, <bif=
43, <h4> Qption of Installments</h4>
44, Amaximum of 4 installments can be arranged, on monthly basis: <hi/>
45, <gl>
45. <li=First installment is 40%</li>
47, <li=Second installment is 20%</li>
48, <li=Third installment is 20%</li>
44, <li=F ourth installment is 20%</li>
50. <plf>
51. <hr=
52, <small>We have No-Refund Policy. </small>
53 <fhody=>
54, </html>
Fig-16(a): Code for Applying CSS Style to headings and body
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My Teaching Academy

Let's Learn

Welcome to website of My Teaching Academy.

Subjects We Teach

* English
+ Maths
= Urdu
¢ History
= Computer Science

For further details about the offerred subjects, visit WNational Book Foundation Homepage

IFee Structure

We lake Iee in advance. Discount is ollered on payinent ol Full Fee only.

{phion of Installments
A maximum of 1 installments can be arranged. on monthly basis:

1. First installment is 40%

2. Second installment is 20%
3. Third installment is 20%
4. Fourth installment is 20%o

We have No-Refund Policy.

Fig-16(b): Output of Applying CSS Style to headings and body

My Teaching Academy
Let's Learn

Fee Structure

et s S T = =
— S
2 - b

Fig-17: After adding Background Image and Underlined Text in webpage
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Thereafter, if we add line 14-21, then basically we are applying a new style to the whole
body ofthe webpage. On line 17 offig. 16(a) we are loading an image of an open book atthe
background ofthe webpage and kept it fixed in a non-repetitive fashion in the next couple of
lines. In lines 20 and 21, we further extend our décor by underlining the text in the whole

page and define the style of underline to be wavy, as shown in fig-17.

] File Edit Selection View Go Run - —
<> <html> Untitled-1 ®
[, <html>
Z. <head>
3, <{style>
4, body {
5, overflow: hidden;
B. margin: @;
¥ padding: ;
8. font-size: 2Zrem;
9. }
o 10, #scroll-container {
11, white-space: nowrap;
12 position: absolute;
13. top: 50%;
14, left: 35%;
15, animation: scroll 185 linear infinite;
16. }
17, @keyframes scroll {
18. 8% { transform: translatex(1ee%); }
19, 10e% { transform: translateX(-180%);}
20. }
21, .colored-message {
29 display: inline-block;
23, animation: lineap infinite;
24, color: EMpurple;
25. 1
26. </style>
27, </head>
28, «<title>Main Page</title>
29. <centery
30. <img src="mat-logo.jpg"” alt="mat-logo.jpg">
31,  </centep>
32 <body»
33, <diy id="scroll-container”><span class="colored-message™>W e 1 ¢ o m e </span»</div>
34, &center>
35, «<h2> My Teaching Academy </h2>
36. <h4> Let's Learn </h4>
37 <J/center>
38. <p> Welcome to website of My Teaching Academy. </p>
39, <br/>
40. «div style="color:Mblue;">
41,  <style>
42, body {
43,  color: Mred;
44, background-image: url("openbook.jpg");
45, background-repeat: no-repeat;
4B. background-attachment: fixed;
47, text-decoration-line: underline;
48, text-decoration-style: wavy;}
49, h3 {
50, color: Mgreen; }

£ Search
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51.
52.
53,
54,
55,
58.
57.
58.
59,
60.
61.
62.
63.
64,
65.
66.
67.
63.
69.
70,
i# s
i
73.
74,
75,
76,
Wl
78.
79.
80.
81,
82.
83.

h2 {
text-shadow: 3px 3px Mblack; }
</style>
<center>
<h3> Subjects We Teach </h3>
<li>English</1i>
<li>Maths</1i>
<1li>Urdu</1i>
<li>History</1i>
<li»Computer Science</1i»
<p>
<br/><br/>»
<div style="color: Mblack;">
For further details about the offerred subjects, visit
<a href="https://www.nbf.org.pk/" target="_blank">National Book Foundation Homepage</a>
</center>
</divy
<h3> Fee Structure </h3»
</div»
<p>We take fee in advance. <b>Discount</b> is offered on payment of <strong>Full Fee</strong» only.</p>
<pr/>
<h4» Option of Installments</h4>
&4 maximum of 4 installments can be arranged, on monthly basis:<br/>
<ols
<li>First installment is 4@f</1i>
<1li>Second installment is 20%</1i>
<li>Third installment is 2@%</li>
<li>Fourth installment is 2@%</1i»
<ol/»
<hr»
<small>We have No-Refund Policy.</small>
</body>
</html>

[Welcome to website of My Teaching Academy,
Subjects We Teach
e English
o Maths

* Undu

Fig-18: Horizontal Scrolled Text on a web page
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Asimple and impressive decor on the website can be a scrolling message. As shown in Fig-
18, we added a 'Welcome' message which continuously scrolls horizontally on our web
page. We defined a container and assigned the parameters of the text. Next, we defined
the horizontal margins where the text should move, using keyframes parameter. Lastly in
.colored_message we provided with the color of the text. So far everything is in the 'head’
tag-pair, so that as soon as the webpage loads this effect takes place. The remaining
portion of the output, i.e. the lower one is same as that of fig-17.

On line 33 inside 'body’, using id 'scroll-container’, we provided the text to be displayed. In
the output, the resultant moving ‘Welcome' message is encircled blue.

T‘—ﬂ Activity)

For every subject menticned in Fig-18, create a link which opens in a new tab and assign main contents of the
said subject and display the title cover of the relevant book(s).

3.3.3. Adding a Video Clip in Website

To add a video clip in a website, <video> tag is used where you can define the clip size and
how the clip should be available at the time when website loads up. Line 7 of the code in
fig-19 {(a) uses a video tag and specifies width and height of the clip in terms of pixels to
adjust the size of the video clip. Additionally, the controls parameter defines that
play/pause and volume controls are enabled when the video loads up as shown in fig-19
{b}. In the next line, the source and type of the video are specified. Though, Html
supports many formats, but among different browsers the most commonly supported
video type is MP4.

1. <IDOCTYPE html>

2. <html>

E <body style="text-align: center">
4 <h2 style="color: Bl green">Pakistan's First Ever Win in International
5 Football</h2>

6. <p>Congratulations !ll</p>
7 <video width="500px" height="500px" controls>

8 <source src="fifa-win.mp4" type="video/mp4" />
9 </video>

10. </body>

11. </html>

Fig-19 (a): Sample code to load a videe clip in a website
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Alternatively, autoplay parameter can be used instead of controls. Autoplay
automatically loads the video clip as the webpage loads but does not provide any controls
for volume or play/pause. Autoplay can be used by specifying additional features like
muted, looped, etc. When muted is used, the clip loads but volume is muted and needs to
be unmuted manually while looped will keep the clip running, again and again in a loop,
unless it is interrupted manually. Options for manual intervention are accessible by right-
clicking the mouse. Fig. 19 {c} is the output of following code:

<video width="500px" height="500px" autoplay muted>

Pakistan's First Ever Win in International Football | Pakistan's First Ever Win in International Football

Congratulabons 11

Congratulations '

—Somw

P

urmLte

Soced 4
Lozp

LilSzesn

S7ow Controls

Cpen Vdeoin Sew Tao
WatD In Acture4-Aciure

§  Tawe Frapshot..
Save Video L2 .
Capy Viceo Link
Emalvidea...

Insacet Accczsinil ty Tropertics
sl Q)

{©)

0:00 o) e— [0

Fig-19: Loading of a video clip with (b) control parameter (c) autoplay parameter

™)

A good programming practice is the provision of additional video formats like
Ogg in video tag-pair too, like:
<source src="fifa-win.mp4" type="video/mp4" />
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3.4 Java Script

Javascript is an exciting language primarily used in development of web pages and
scripts. It does not consume much of memory and that is why it is used at the client-
end in developing websites, for making pages dynamic. It easily works with
programming languages like Java and HTML, on any operating system.

3.4.1 Let's Meet Javascript

Javascript code can be embedded in HTML with starting and ending tag of <script>, in
a webpage. There is no limitation of where to place the code inside a HTML file. For
example, the following Javascript code embedded in the body, displays a sentence
{string} using ‘document.write(}’ function, as shown in fig-20.

1. <html>

2. <hody>

3 <script language="javascript" type="text/javascript">

4 document.write {"Let's Meet lavascript!")

5. // documentwrite (" Let's Meet lavascript = | "
) </script>

7. </body>

8. </html>

& = C @ File| E/11%20Class%2(

M Gmail @3 YouTube 9 Maps [ re

Let's Meet Javascript!

Fig-20: A simple JavaScript Text is displayed.

In the sentence, displayed above we put additional spaces and tabs, which javascript
simply discarded. For example, we will get the same output if the statement is like the
one commented on line 5. Try it for yourself.

In programming everything that a user or ancther { g ? Tip)

program does with your program that can be sensed T ivaserRE ke Cees, ses o
and triggers some task to be done, is called an | line comments and '/*.. */ for block
‘event’. Events are important and critical in the [ mments:

functioning and flow-control of your program.

Similarly, in website development, easiest way to introduce dynamicity is to allow some
event to occur and respond accordingly. Alert is the commonly used functionality that
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Javascript provides to inform user, about the result of his action or notification. Event
based code like 'onclick’ are put between the start and end of <head> tag; unlike the
above example, where we put our code within the <body> tag. The scenario in fig-21,
allows the message to be displayed when the button is clicked.

1. <html>
2. <head>
3 <script type="text/javascript">
4 function msgSure{) {
5. alert{"Are You Sure???")
6 ¥
7 </script>
8. </head>
9. <body>
10. Do You Mind, CLICKING on the Button -
11. <input type="hutton" onclick="msgSure{)" value="Be Sure" />
12. </body>
13. </html>
& > C @ File | E/11%20Class%20Computer%2(
M Gmail @B YouTube %9 Maps E r= @ Dashboard
Do You Mind. CLICKING on the Button - I Be Sure
Fig-21: Adding an event via a button.
= v i\
] . . @ file:/J
And after the '‘Be Sure' button is
pressed, the generated alert is as R i
follows. n
. 7
4 N
You can try for yourself, by
replacing different messages and © file:/ |
even arithmetic operations like: 4
alert(2+2} n
which results as:
. A
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In the following line of code in fig-22, two variables are defined. One is a boy’s name
in the variable ‘name’ while other is ‘reward’ having value 5000. So, it displays the
result in browser.

1. <html>

2. <body>

3. <script type="text/javascript'>

4.

5. var name = "Ahsan":

6

7 // document.write{reward);

8

9, var reward:

10. reward = 5000;

11

12 document.write{name, " gets a reward of Rupees ", reward);
13. </script>

14. </body> & 5 C @ File| E/11%20Class%2
15. </html>

M Gmail @B YouTube 9 Maps [Eg re

Ahsan gets a reward of Rupees 5000

Fig-22: Input from the user was, number: 7

Now, let’s amend the same program for
user input, where we want to change
the value ‘reward’; by taking input | nputanumber, please.
from the user. For input from the user
we can use the prompt{)} function,

© file://

which pops up a message window like n Cancel
that of alert() function. This input will |
be assigned to a variable at the Fig-23: An Alert Window for User Input.

backend which can be used, later. A
sample code is as follows.

1. varip=prompt{"Input a number, please."};
2. document.write("Input from the user was, number:", ip)

You can replace these lines in the previous example and will get the outputs, as shownin
fig-23.
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3.4.2 Variables

Avariable is an entity that stores some value for later use. In mathematics, a variable is
generally represented by a single character, but not limited to. Similarly, in programming
languages, variable should be named in a meaningful manner. Additionally, the type of
values the said variable can store is another important aspect. Such that the developer
after defining and assigning a variable, is later able to recall about the task and type of
values the said variable holds. The basic value that a variable can hold in JavaScript is
either a number or set of characters {called string) or a Boolean which is either ‘true’ or
‘false’. It is critical to note that variable naming convention does not support a number to
be the first character of the variable name. Since, Javascript is case sensitive; therefore
‘reward’ and 'Reward’ are two different variables. Table 3-2 enlists basic datatypes of
JavaScript.

' -
Sample Value !1' Teacher’s Guide

Experienced users may choose feature-rich
code editors like Visual Studic Code, but
beginners can start with simple text editors
like Notepad. Real-time collaboration is

Number

String

Boolean

made possible by online tools such as JSFiddle
Table3-2: Basic datatypes supported by Javascript (https://jsfiddle.net/).

with sample values.
Avariable is declared with the 'var' keyword and multiple variables can be declared in the

same line of code, too. The first ever assignment of a value to a variable in the life span of
program is called ‘initialization’. Agood programming practice is to declare and initialize
the variable at the same time.

<html>
<body>
<script type="text/javascript'>
var a,b,reward;
reward = 5555; & S5 C O File| E/11%200
a=reward % 10;
b =reward / 10; M Gmail EB YouTube 9 Maps |
document.write{a, " ---—-",b];
</script> 3--—--3335
. </body>
. </html>

1000 W 0k LR

ol
= O

Fig-24: Multiple variables.
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It is important to note that sequence of instructions in programming matters. For
example let's look at the following code, where we defined two variables and keeping the
good practice in mind, declared and initialized variable name in line 7. However, just to
highlight how things can be alternatively done, we declared the reward variable in line 8
but initial value as assigned to it in the next line. In line 12 we print the statement using
both the variables, as shown in fig-24.

&« C
Note that, if you take line 7 and put after line 11, then
the following message is displayed. £k MostVisted @
undefined

This is due to the reason that the variable is defined after the write statement is using
the variable. Unless, the variable is declared and holds a value, only then it can be
used as per the programming sequence. Hence, sequence of instructions is important
and though you might have written a program syntax-wise correctly, but the change of
sequence might lead you to unexpected bugs.

3.4.3 Operators

Javascript supports arithmetic operators to be used which are Addition {+}, Subtraction (-},
Multiplication {*) and Division {/}. Other than this, the Modulus (%) operator can also be
used which gives remainder of a division operation.

The code shown in fig-25, takes 3 variables namely, ‘a’, ‘b’ and reward. Only reward is
initialized through a constant value in line 5. In line 6 and 7, remainder of reward divided
by 10 is stored in ‘@’ and ‘b’ is assigned the value when reward is divided by 10,
respectively.

1. <html>

2. <hody>

3 <script type="text/javascript"> & 35 C O File| E/11%20
i var a,b,reward;

5. reward = 5555; M Gmail BB YouTube Q@ Maps
6 a =reward % 10; N Pk .

7 b = reward / 10; b e R

8 document.write{'Value of variable a is:',a); Vs of sanebio b 800

g0 document.write{"'<br />")

10. document.write{'Value of variable b is:',h);

11.  </script>

12. </body>

13. </html>

Fig-25: Handling and Printing multiple variables.
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3.4.4 Conditional Statement

Conditional or selection statement is an essential part of the program where amongst

choices, the program chooses on the
basis of some constraint. Applying an
‘if' statement before one or more lines
of code on the basis of some condition
is met makes a typical selection
scenario. That is, if the condition is
met, then those line{s) will be
executed otherwise skipped.

Now, to check the condition,
Javascript provides set of comparison
operators to be used for evaluating the

Operator Name Example
i Is equal K==y
= Is not equal Xl=y
> Greater than x>y
< Less than X<y
>= Greaterthanorequalto | x>=vy
<= Less than or equal to Xs=y

Table:3.3: JavaScript Conditional Operators

condition. The conditional operators are listed in table.

For example, the admission office of a Montessori school checks the age of a child, if the
kid is of at least 4 years old, then admission is granted. So, the code should look

something like, as shown in fig-26.

& 2 C O®Fie
™ Gmail &3 YouTube

Admission Granted !!!

E:/11%200

) Maps I

1. <html>
2. <body>
3 <script type="text/javascript'>
4. var kid age = 5;
5. if{ kid_age>3)
6 {
7 document.write{"<b> Admission Granted !!l </b>");
8. }
9, </script>
10. </body>
11. </html>
Fig-26: 'if’ statement.

You may check it for different values of the variable and also for different comparison

operators.

Abetter notionis to align both the scenarios, i.e. if condition is met and vice versa. This is
achieved using an 'if-else’ statement, as shown in Fig-27. This way, either of the two

situations will definitely happen.
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1. <html>
2. <hody>
3 <script type="text/javascript">
4, var kid_age = 3,
5 if( kid_age > 3 }{ & 2 C O File| E/11%20Ctass%2d
6 document.write("<b> Admission Granted ! </b>"); ~
7 } M Gmeil @0 YouTike 9 Maps e
8 else { Age Requi i i
9. document wiite("<b> Age Requirement is not met 11! </b>"); i N ——
10, }
1. <fscript>
12, </body>
13. </html>
Fig-27: 'if-else if statement.

There are scenarios where more than two possibilities exist and for that reason, we can
modify our selection statement to be an ‘if-else if-else’ statement. This way, the set of
conditions apply, first with 'if' and thereafter with 'else if' statements. For any other
condition that has not been catered for, 'else’ will take care of it. In Fig-28 the previous
code is extended by checking multiple conditions.

1, <html>

2. <body>

3 <script type="textjavascript>

4, varkid_age = 3;

5, if kid_age > 3 } N

6 document write("<b> Admission Granted in Nursery Class Il <b>"); || € =2 C @ file | E/11%2
7.}

8 elseif (kid_age » 4} M Gmail @ YouTube ) Maps
9. document write("<b> Admission Granted in KG Class 1 </b>");

10, 3 ——

M. else i (kid_age » 6){ Kid is Underage !!!

12, document write("<b> Admission Should be taken in Primary School 111

13. </b>");

14,

15, else{

16. document write("<b> Kid is Underage 1! </b>"};

17

18,  <fscript>

19. </hody>

20, </html>

Fig-28: 'if-else if-else’ statement.

T-ﬂ ActivitD

Take a number as input from the user and write a program to calculate the grade of the student in a
particular subject. If the number is greater than equal to 90 then assign A+ grade, for 80 and above
but below 90, A-grade is designated. Similarly in the range of 70-79, B grade needs toc be awarded. If
the number lies between 60-69, C grade should be printed. In case the number is between 50 and 59,
D grade and less than 50, F grade should be displayed on screen.
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3.4.5

Iterative statement like 'For Loop' is used to get similar kind of task done. Rather than
writing the same line of code multiple times, the same task is achieved in much lesser line
of code. The 'for loop' works on the basis of an index, which you can initialize in the loop.
Next is the terminating condition which needs to be set for the loop to terminate. Lastly,
step-size needs to be defined that how many steps the index will take after each
iteration; till the terminating condition is met. In the following example for loop’, an
index is initialized to 0, the value of index will increment with 1 and loop will execute till

Programing Fundamentals

Iterative Statement

index value remains less than 10. Fig-29 depicts start, end and iteration of a for-loop.

£ 3 €@ O Fie| B/11%20

M Gmail EB YouTube % Maps

For-Loop Starts Atter This ...
Index No.:
Index No.:
Index No.:
Index No. :

L S S ]

Index No.:
Index No. .
Index No.:
Index No.:
Index No.:
Index No.:
For-Loop Stopped!

L= R s ]

1. <html>
2. <body>
3. <script type="text/javascript">
4. varindex;
5, document.write("For-Loop Starts After This ... <br />");
6. for(index = 0; index < 10; index=index+1){
7. document.write("Index No. : ", index, "<br {>"};
8. }
9. document.write("For-Loop Stopped!”);
10, </script>
1. <fbody>
12. </html>
Fig-29: A simple For-Loop, shows how index value increases.

Alternatively, we can decrease the index value and set the condition accordingly; in the

code of fig-30 we increased the step size, too.

1. <html>
2. <body>
3 <script type="text/javascript">
4. var index;
5. document.write("For-Loop Starts After This ... <br />");
6 for(index = 10; index > 0; index=index -2){
7 document.write("Index No. : ", index, "<br £>");
8. }
g. document.write("For-Loop Stopped!”);
10, <Iscript>
11. </body>
12. </html>
Fig-30: For-Loop with step-size of 2.

& S5 C O Fle| B/11%20

™ Gmail EB YouTube 9 Maps
For-Loop Starts After This
Index No. : 10

Index No. : 8

Index No.: 6

Index No.: 4

Index No._:2

For-Loop Stopped!
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3.4,6 NestedLoops

Multiple iterative tasks, if can be related then they can be incorporated in such a way that
one loop can reside inside the other and are termed as ‘Nested Loop’. In nested loop,
initially the outer loop will start and then the inner loop will run and finish. Thereafter,
the index value of outer loop will increment and the inner loop will start and end again,
and so forth and so on; till the outer loop terminates. Fig-31 demonstrates a nested loop.

1, <himl> & 3 C @ File | E/11%20Class%20|
2. <body>

Gmail r
3 <seript type="textjavascript"> sy Qe 9 Méps_ & q
4, document write{"About to Enter the Loaps M<br f>"); About to Enter the Loops [!!
5. for {vari=0;1 < 5; i++)
3 The Outer Loop: 0
7 document write("<or /> The Outer Loop: ",j,"<br />"); }I!‘}ferOL?PI:_O' 1‘_1‘1“ Eoop: 1, Inner Loop: 2,
8 for {var] = 0; | < 3; j++) gy s

Inner Loop: 0, Inner Loop: 1, Inner Loop: 2,

. : The Outer Loop: 2

10, document.write{"lnner Loop: ",j,".&nbsp"; Inner Loop: 0, Inner Loop: 1, Inner Loop: 2,
1, } The Outer Loop: 3
12, } Inner Loop: 0, Inner Loop: 1, Inner Loop: 2,
13 document write("<br /> <br /> <br > Loops Terminate W<br /> "); | | The QuterLoop: 4 .

; Inner Loop: 0, Inner Loop: 1, Inner Loop: 2,
14, <fscript>
15, <’{b0dy> Loops Terminate !1!
16. <html>

Fig-31: Nested Loop

In a similar fashion, the code in fig-32 prints Mathematical Tables from 2 to 5. The outer
loop assigns the value, for which the table is required while the inner loop prints the
table.

1. <html> ™ Gral @) YouTube Q) Maos EJ e () Dashocerd|Sping (@) Partrer 8- Daly
2. <body>
3. <script type="text{avascript"> Tebleof )

o able of ]
g- for fvari =2;1 <=5; i+t) Ixl=2, 20=2, D=5, Dxd=8, 2i=1), 2uf=12, 2x7=14, i1, 2e0=1E, 21000,
6I document.write{"<br /> Table of; ",i,"<br />"); ]
7 for {varj = 1;] <= 10; j++) Tableof3 i o )
5 Ixl=3, h=h, =0, Ind=12 3x3=15 =18, 3x7=21 Ixd=2d 3x8=27 3xl0=30,
g, document.writefi,"",,"="i",", &nbsp");
10. } Tabie of 4
1, document write("<br /> <br /> "; Ix1=4 408, 4x3=12, 4x1=16, 4300 dxf=2, dx7=28 4x8=32 4x8=16 x10=40,
12}
13, e Teblz of
14, <script> SleS, Sx2=10, S, Sxd=0, Sx3=25, 5x6=30, Su7=35, Su=dl, 53945, Sul0=50
15, </body>
16. </html>

Fig-32: Printing Mathematical Tables from 2-5.
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3.4.7 Arrays

An array is a datatype which can hold a number of homogenous set of elements. Such that
we do not need to define multiple variables of the same type like num1, num2, ... num25.
Instead, we can declare an array which contains 25 values. This way, we can directly
access any value just by passing the respective array-index number. It is trivial to note
that array-index starts with 0. Declaration of an array is of the form as shown in line 7 of

fig-33.

<html>

1
1

<head> &€ 5 C @ File| E/11%20(

1

Z

3 <tile>Arrays in JavaScript<fitle>
4 </head>

B, <body>

6 <script type="textjavascript">

7

8

9 <fscript>

0. <hbody>
1. </html>

M Gmail B YouTube 9 Maps

varAm=[4,2 51, 3]; Array1s:4.25.13
document. write("Array is.", Arr);

Fig-33: Array declaration and initialization in a single line.

Alternatively, we can declare a null array first and assign values to it later, as shown

below:
1. <html> |
2. <head> £ 5 @ @l | E/11%20C%20Computeri0ider
3 <title>Arrays in JavaScript<fiitle>
4 </head> M Gmal B vocTuse 9 Meps E e @ Dhbcard | Springd
5, <b0dy> Elements of Array arz, after declaring 2 mull array: 4.2.5.1.3
6. <script type="textfjavascript">
7. var Arr =[]
8. Anf0] = 4
9. An[1]=2; -
10. Anf2] = 5
i Anl3] =1,
12, Anld] = 3;
13. document write("Elements of Array are, after declaring a null array: ", Ar);
14, <fscript>
15, <hbody>
18. </html>
Fig-34: Initialization of an array, element by element.

So, rather than

array on line 7.

assigning values one by one, as highlighted in the lines 8-12 in above code,
we can alternatively use for-loop to populate an array. The code in fig- 35 initializes a null-
In the next couple of lines a for-loop is taken into account in which user

inputis taken, via prompt{) function.
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1. <html>
2. <head>

3 <tifle=Arrays in JavaScript<ftite>

4, <head>

5. <hody>

B <script type="text/javascript’>

7 var Arr =]

8. for (i=0; i< 5; i+4)

9. Arr [i] = prompt("Input Array element”};

10. document.write{"Elements of Array using For-Loop are, after declaring a null array: ", Arr);
1. <lscript>
12. <hbody>
13. <fhtml>

This page says

Inpur Amray efement

Fig-35: Use input for multiple values

Once, the userinputis taken and the loop terminates, in line 12 the elements of the array
are displayed as in pervious example.

Elements of Array using For-Loop are, after declaning a null array: 5.3.7.1,9

3.4.8 Functions

Function is a set of line which occurs in the code quite often that can be segmented once,
and called again and again. This way, rewriting the same set of code for similar results can
be eliminated. Through functions, different sets of code can be separated resulting in
fewer lines of code assigning them meaningful names based on their functionality. This
leads to efficiently managing a large computer program. Programming languages provide
built-in such functions like earlier we have used functions prompt{}, input{), etc.
Whenever the function is called, the caller does not necessarily need to know the code
behind that function, to use it.

A function has a name through which it is identified and called. Additionally, a function
can have arguments which are variables local to that function and their life span is
limited to the said function. Variables outside functions are global variables and can be
accessed anywhere from the program. Recall the earlier program of fig-11 where we
defined a function, namely msgSure{} and whenever the button is pressed an alert pops
up asking “Are you sure?”. Inline 4 of the said code, we used the 'function' reserved word
to define and named it. However, on line 11, we called the same function just with its
name.
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We extend the same code, and provide it with values which are assigned to arguments of
the function. And thus, we can use them in the function, as shownin Fig-36.

1. <html>

2. <head>

3 <script type="textjavascript">

4, function msgSura{currency, amount) {

5. alert{"Are You Sure, you gave me "+currency+""+amount,"?7?")
6. }

7. <fscript>

8.  <head>

9. <hody>

10. Do You Mind, CLICKING on the Button -

1. <input type="button" onclick="msgSure('Rupees, 5000)" value="Be Sura" f>
12, <hbody>

13. </html> | s

Arc You Sura you gove ma Rupees. 5000

Fig-36: A function with arguments

Lastly, lets define another function calcBill{)} which is similar to the above as it accepts 2
arguments, namely bill and ‘amount_rcvd’. The function subtracts bill from
‘amount_rcvd’ and returns the result. An important point to note in fig-37 is the lines 5
and 10, where the former prints inside the function and latter displays the result outside
the scope of the function. Similar approach can be used for testing the values of a
function, when frequent occurring set of codes are selected to form a new function.

1. <html>

2 <body>

3 <script type="textjavascript'>

4, function calcBill{hill, amount_rcvd) {

5, document.write("Your Balance is: "),

6 retum{amount_rcvd - bill); & > C ® File| E/11%20(
7 ;

8. 3 M Gmail @B YouTube % Maps |
9, var balance =calcBill( 2345, 5000),

:l] E]J <fJscriptgocument.\»'«rnte(balance), Vour Balsnce iz 2655

12, <hbody>

13, </html>

Fig-37: Function returns value.
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GO Hun - q M Viswl
3.5 DebugThe Code Pause/ Continue

o Start Debugging FS -
Debugging refers to ——  Run Without Debugging Ctri+FS
locating an error or a bugin Stop Debugging Shift+F5
the code. In Visual Studio Restart Debugging Ctri+Shift+F5

.Net, Select Run from the
menu and apply choose
"Run Debugging'.
Thereafter; you will get the
Debugging menu with some
buttons and a debug
console. Rather than every
time accessing the menu
and choose options from
there to debug the code,
the debugging menu is
quite handy and allows you
to 'Pause/Continue’ your
debugging code with the

Steplnto  Restart

Open Configurations

A-Logo" height="2@8px"> ©
Add Configuration.. %8 SI20R

h2»

Teaching Academy. </p»
Togale Breakpoint Fo
Conditional Breakpoint...

Edit Breakpoint
Enable All Breakpoints -

nline Breakpoint

Disable All Breakpoints
Function Breakpoint...

Logpoint...

Remove All Breakpoints

Install Additional Debuggers...

¢/uly
<pr
</center>

first button.

15 OUTPUT. DEBUGCONSOLE  TERMINAL

‘Step Into’ will go through
the code line by line, as the

Fig-38: Debugging Menu and Console

program will normally
execute, so that you have a thoroug

htracing capability of the code.

To emphasize on lines where you want to check the values of variables, you can assign a

breakpoint as shown in fig-38.

You can assign multiple
breakpoints for the sake of
traceability. In Visual Studio .Net,
a breakpoint is shown as a red dot
at the start of line, as shown in
fig-39. While the code is executed
in debug mode, the execution
halts at every breakpoint such
that behavior of code according
to the values can be analyzed.
This way, it becomes easier to

html 5.html > 14.html b 4
E 11 Class Computer Science Book > Chapter 3 > htm 14

1 <!DOCTYPE html>
2 <html>
E <head>
4 <title>Arrays in JavaScript</title>
5 </head>
5 <body>
7 <script type="text/javascript">
3 var Arr = [4, 2, 5, 1, 3];

e O document.write("Array is:", Arr);
1@ </script>»
11 </body>
12 </html>

trace a bug and fix it accordingly.

Fig -39 : Assigned Breakpoint in code
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3.6 Create a Dynamic Website

If a school wants to display the result of each student on their website, then they have to
create a different static webpage for each student. And as the students increase, so does
the handling and managing of these webpages. The solution is to provide dynamic
website such that contents change according to the userinput. Such dynamic website can
be created via JavaScript along with Html and CSS.

Recall Fig 29, where we printed index number via a loop from 0-9. We extend the same
code and the revised code is shown in fig.40 {a}), where the initial 2 lines are the same. At
line 10, a new function is added namely 'descOrder{) which when is called prints the
index in descending order. Additionally, the program has an id of 'dynamic content' and a
button which when pressed calls the descOrder{} function. A dynamic content is
component/ portion of the website that alters based on userinput.

1. <html>

2. <body>

2 <script type="text/javascript”>

4. var index;

5. document.write("For-Loop Starts After This ... <br />"};
6. for(index = 0; index < 10; index=index+1}{

7. document.write("Index No. : ", index, "<br />"};
8. }

9. document.write("For-Loop Stopped!”};

10. function descOrder () {

1. for(index = 10; index > 0; index=index -1}{

12. document.write("Index No. : ", index, "<br /="};
13. )

14. J

15.  </script>

16.  <pid="dynamicContent”>Click the button to change output to Descending Order.</p>
17.  <button onclick="d escOrder(}">Descending Order</button>

18. </body=>

19. </html>

Fig-40 (a): Code to create dynamic websit

As the webpage loads, the index numbers are printed in ascending order and button with a
message is visible as shown in fig- 40(b). On pressing the button, the index numbers are printed
in reverse order, as shown in fig- 40(c).

Moreover, after line 13 in the code, if we add the following line of code:
document. body.style. backgroundColor = "peachpuff’;

Save the file, refresh the webpage and press the button, then the output changes to fig-40(d)
where the background color of the webpage also changes.

You may try to add another button and separate the functionality of changing the
background color.

For-Toop Starts After This . 10 Mol Wsiled B Gellng Sterbed LF MostVisited A58 Gelling Slai Led
Iindex No. . O
Index Mo 1 Index No. : 10 Index Nao. = 10
IndexNo. ;2 ludex No. : 9 Iudex No. : 9
Index No. @ 3 »
Index No. : 1 Index No. : 8 Index No. : 8
lodex Mo. : 5 Indcex No. * 7 Index No. : 7
TREEST 10/ ¢ Indecx No. : 6 Index No. : 6
lIl:icx EU' ; ; Index No. 5 Index Na. - 5
Tndex No. : 9 Index No. - 4 Index No. : 4
Fuou-Loop Stopgped! Tndex Na. - 3 Index No. : 3
e Index No.: 2

Click the button to change output to Descending Order. Tndex No. : 2 Ihderx Moo= 1

Tndex No. : 1 =
Dscanding Oodey | = = 1

7 == Fig 40 (c): Index printed Fig 40 (d): Change of
Fig 40 (b): Initial screen in D diing Ord back d color d icall
n Descenaing Uraer acKground color dynamicatly
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Summary
r

\
@ A document which exists and is accessible through internet is a webpage, while
a set of webpages is termed as Website.

@ Universal Resource Locator {URL} is the accessible address of the document.

@ Search engine provides the service to seek relevant information based on the
keywords you have entered.

@ A computer program which executes tasks via a browser and internet
connection, remotely accessing a server, is called web application.

@ Static Website once loaded on the user's computer the link to the server is no
more required. Whereas dynamic website contains pages which are created on
demand basis, at the spot.

@ The front-end of a website is developed using Html, CSS and Javascript, etc.,
while back-end development requires more knowledge and skill level than front-
end development, like knowledge of JavaScript, Python, PHP, ASP.Net, etc.

@ Hypertext Markup Language (HTML) is the language used to define and display
your contents in the form of a webpage.

@ Anything between angle brackets '<' and '>" and the character(s} between these
angle brackets is said to be a tag.

@ Links are called Hyperlinks in html with 'a’ tag-pair. Hyperlinks are easy to
identify on a webpage, as the mouse cursor changes as soon as the cursor
touches a link element.

@ Arrangement and presentation of the whole webpage along with the
components are handled by a stylesheet language, like CSS.

@ There are three ways, via which we can use CSS styles in our HTML webpage,
i.e. Inline, Embedded or External CSS.

@ JavaScript is primarily used in development of web pages and scripts. It does
not consume much of memory and that is why it is used at the client-end in
developing websites, for making pages dynamic. It easily works with
programming languages like HTML, similar to CSS.

@ For input from the user we can use the prompt{(} function, which pops up a
message window like that of alert{} function.

@ Avariable is an entity that stores some value for later use. In programming
languages, variable should be named in meaningful manner. A good programming
practice is to declare and initialize the variable at the same time.

@ |n conditional statements, on the basis of some constraint the program flow is
chosen.
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\

@ The 'for loop' starts with an initial value of index, and iterates till the
terminating condition is met; and adjusts every iteration on the basis of step-
size.

@ Multiple iterative tasks, which are incorporated one loop inside the other and
are termed as Nested Loop.

@ An array is a datatype which can hold a number of homogenous set of
elements.

@ Function is a set of code that occurs in the code quite often which can be
segmented once and called again and again. A function has a name through
. which it is identified and called. A function can return a value. )

';]i Teacher’s Guide

The Odin Project’s "Debugging Challenges" offers
helpful activities specifically designed for JavaScript
debugging.

-

Exercise

(https:/ /www.theodinproject.com/paths/full-stack-
Javascript/courses/ javascript)

Select the suitable answer for the following Multiple Choice Questions (MCQs).
1) Everything in HTML is identified on the basis of :

a} Brackets b} Title
C) Tags d) Image
2} The output of HTML code is visiblein
a) Notepad b} File
C) Browser d) Spreadsheet
3} Name of a web page can be given using _ tag.
a) Body b} Title
C) Head d) Footer
4) Main parts of a document are arranged in ___ tag.
a) Head b} Title
C) Body d) Line Break
5) The heading tag-pair for 5" level heading is _ y
a) <h5 .. h5> b} <h5 .. /h5>
C) h5> .. </h5 d) <h5> .. </h5>
6) Span is used to provide to a line.
a) Font b} Border
C) Style d) Color1)

7} First row of table in HTML is called _
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8)

9)

10)

a) Title row b} Top Row

C) Header Row d) Upper Row’

p' tag-pair is used for .

a} Print b} Page align

C) Page break d) Paragraph

A variable cannot start with a

a} Alphabet b} Number

C) Character d) String

The first value assigned to a variable after declaration is called
a) Beginning value b} Starting value
C) Initialization d) Substitution

Give Short answers to the following Short Response Questions (SRQs).

1
Z)
3)
4)
3)
6)
7)

Contrast between website and web application.

What is ‘href' refers to and how to use it?

Enlist the optional parameters to open a webpage.

List out the frequent tags used in text of a webpage and what are they used for?
Explain the role of <body> tag-pair in a document.

How the event based code is used in JavaScript?

Infer about the External C557 Where are External CSS generally used?

Give Long answers to the following Extended Response Questions (ERQs).

1
Z)
3)
4)

3)
6)

7)
8)

9)

10)

What is Document Object Madel? Explain with the help of an example.
Write code to differentiate between different types of headings in HTML.
Elaborate steps and provide code to load a background image in a webpage.

With the help of sample code, highlight different methods to incorporate CSS code
in a HTML webpage.

Sketch steps and provide code to apply border and color to a table in a webpage.

Discuss the functionality JavaScript can provide in a webpage with the help of a
suitable example code.

Articulate steps and write code to create a scrolling text on a webpage.

Enlist steps to add a video clip in a website which starts playing as the web page
loads.

Cite steps on compiling the result of your last examination in a tabular form and
display it in a webpage.

In context of Fig. 40{d}, add another button namely Revert’ which when is
pressed, it will reverse both the color and index values.
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Qﬂ Project - D

Design a webpage for Annual Function of your school.

Provide with:
» Schedule of Events
« List of Invited Guest Speakers
« Major awards that will be distributed by Chief Guest.

Add some relevant text paragraphs and photographs for each point, along with an
introductory paragraph.

CI=D

Create a webpage about you and your hobbies {like stamp collecting, pets, etc.)

The webpage initially should highlight about your family background, your personal
achievements and activities. Later, provide details about your every hobby for creating
awareness and motivation for others.

You may add some related links for others who want to start and opt for the same
hobbies.

=D,

Home-made food items are getting popularity, but majority are lacking a website to
market their products and new innovations. Your target is to come up with a
colorful webpage emphasizing the awareness of organic and home-based meals.

Moreover, you need to put in a menu of food items with the prices and number of
persons servings.

The major ingredients need to be listed against each item of the menu with a picture.
Design a corresponding logo for the website, too. And use the same logo as a
background for the website.

Lastly, provide contact details and delivery options.

fﬂ Activity) i ﬁ ActivitD

Create a timetable for the subjects Using \ and '/ draw a big X, as shown:
mentioned in the fig-16, and display on a \/
new page by providing a Time Table' link

on the main page.

/\
/ \
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Data and Analysis

After completing this lesson, you will Sy [ I
™ ! be able to:
@ explain the scope of the data science field as an interdisciplinary field (computer sciences,
mathematics & statistics, and business knowledge & understanding).

@ define and explain data types, data collection, and data storage.

@ define and explain bigdata, and applications of big data in real-world business.
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Introduction

A computer system is a fundamental and important part of modern life. It has
revolutionized the way we work, communicate, learn, and entertain ourselves. . In
today's world, we are surrounded by a lot of data, which may be on our computer system
or otherwise. This data is continuously growing and to get meaningful information from it
we need to follow some discipline. Data science is the branch of knowledge, in which
computer programming skills along with mathematics and statistics is used to extract
meaningful information from the collection of data.

4.1 Data and Analysis

Data: Data is a collection of information or facts that we gather about something. It can
be represented by numbers, measurements, descriptions, sounds or pictures. Here are
two examples of data. In a science experiment when you record the temperatures at
different times, that temperature values are data. If you conduct a survey of your
classmates and get to know how many of them like Mathematics, it will be called data.

Data Analytics: Data Analytics refers to the process of carefully examining and studying
datatoidentify patterns, draw conclusions, or make the data meaningful. It's like solving
a puzzle or retrieving meaningful results from the given or collected data. To analyze
data, you can use mathematical calculations, statistical techniques, charts, or other
tools to understand data. For example, after recording hourly temperature data in a
science experiment you can create a graph to see how it changed over time. From
graphical representation of data, you draw a conclusion that it got warmer as the day
went on, that information will be the result of your data analysis.

Therefore, data is the information we collect, and data analytics is the way we observe it
to get meaningful information. Data analytics can be quantitative{numeric} and
qualitative.

4.1.1Data Science

Data Science refers to an interdisciplinary field of multiple disciplines that uses
mathematics, statistics, data analysis, and machine learning to analyze data and to
extract knowledge and insights from it. It is like a pipeline from data to insights. This
insight or knowledge is used to find patterns in the data. The result drawn can be used for
making informed decisions to solve real world problems e.g., medical, education,
scientific research, and business etc.

4.1.2 Concepts of Data Science

Data science consists of many components, theories, and algorithms. To understand data
science and make its productive usage, following are some key concepts or components
that lay the foundation of data science:

Data: As mentioned earlier, data is a collection of observations, facts or information
collected from different sources. This data can be in the form of numbers,
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measurements, words, observations, or in audio or video form. It could be
structured{processed) data which is in the form of tables or unstructured{unprocessed})
datain the form of audio, video, tweets, pdf files etc.

Dataset: Dataset is a structured or processed collection of data usually associated with a
unique body of work. This collection of data is related to each other in some way, for
example a collection of brain CT scan of brain tumor patients is a dataset which can be
used to evaluate certain pattern or trend commonin the entire dataset.

Statistics and Probability: Statistics is the analysis of the frequency of past events and
probability is to predict the likelihood of future events. Data scientists use statistics and
probability to find patterns and trends in the data.

Mathematics: Mathematics is a fundamental part of data science which helps to solve
problems, optimize the model performances, and interpret huge complex data into
simple and clear results, for decision making.

Machine Learning: Machine learning
is a branch of Artificial Intelligence
and computer science which

emphasis on the use of data and Maths &
algorithms to imitate human learning Statistice
Visualization

by the computers.

Deep Learning: Deep learning is the
subset of Machine learning, with
emphasis on the simulation or
imitation of human brain's behavior
by using artificial neural networks. The relationship of some of the key concepts is shown in
Data Mining: Data mining is the LFg 4.1

subset of data science which

primarily focuses on discovering patterns and relationships in existing datasets. The
usage of techniques and tools is limited in data mining as compared to data science.

Data Visualization: Data visualization is the graphical representation of data using
common charts, plots, infographics, and animations. These visual displays of information
communicate complex data relationships and data-driven insights in a way that is easy to
understand.

Big Data: Big data refers to handling large volumes of data. Data scientists use big data to
find patterns and trends in datasets, to obtain more accurate and reliable results. The
huge size of data provides more opportunities for machine learning and provides better
results.

Predictive Analysis: Predictive analysis is the use of data to predict future trends and
events based on historical data.

Natural Language Processing(NLP): It is the study of interaction between human
language and computers. The common uses of NLP are chatbots, language translators and
sentiment analysis.
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4.1.3 Scope and application of Data Science

Data science is used for a wide range of
applications which includes predictive SR el o) 4

analytics, machine learning, data EEENSNENEHENSERERGERGEERIE=R]
visualization, recommendation systems, [JRECASIFRGERENIRNTERE§: Rl -y
sentiment analysis, fraud detection, and [ERAGUERZAUERGIEREARIRCLEIIGIE
decision-making in various industries like
healthcare, finance, marketing, and

product. The sentiment can be positive,
negative, or neutral. Sentiment

. . analysis can be performed on reviews,
technology. A business problem is a gap BRI

between the existing and desired state of a
situation. It is a desired action or series of

actions to achieve an objective. Various business problems can be solved through data
science, some of them are as follows:

« To decide the best routes for shipping of goods or passenger airplanes.
« To choose the best product among many, which one to buy Aor B.
« To foresee delays for flight/ship/train etc. {through predictive analysis).
 To create promotional offers {(which products are more popular than others)
 To find the best suitable time to deliver goods to reduce cost.
 To forecast next year's revenue for a company.
« To analyze health benefit of physical training programs.
 To predict some fore coming event like who will win elections.
4.1.4 Business problems and Data Science

Data science can be applied to various businesses after analyzing the available data,
some of them are:

Industry: Data science can be used to make data driven decisions by analyzing historical
data and predicting future trends. It can also help in effective marketing an improving
quality control.

Consumer goods: Data science skills can be used to optimize inventory according to the
demand forecasting of particular goods in particular social groups, communities, and
demographics.

Logistic companies: These companies can apply data science for their rout optimization,
demand forecasting, real-time tracking, load balancing, carrier selection, cost reduction
and global trade optimization.

Stock markets: Data science techniques and tools can be helpful in algorithmic trading,
market sentiment analysis ,volatility predictions, quantitative analysis, machine
learning based trading, market surveillance and risk management etc.

E-commerce: In e-commerce data science helps in recommendation systems, customer
segmentation, shopping cart analysis, fraud detection, supply chain optimization and
customers sentiment analysis etc.
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4.2 Data types in Data Science

In data science we can mainly classify data Data Types

into two main types qualitative{categorical}) { \

and quantitative(numeric}). S "-““"*‘C“‘Eg‘j' o0 S e
Qualitative or Categorical data describes an f )
object or a group of objects that can be labeled s ] (Wil (o oe chded) [ e be ktod
according to some group or category. It cannot be | | |
represented in numerical form. For example, [EEtteNgvs vutacs | con
data including colors, places, etc. it is further
subdivided into two types: Fig. 4.2 Data types in Data Science

i. Ordinal data

ii. Nominal data
Ordinal Data:

Ordinal data sees a specific order or ranking, it uses certain scale or measure to group
datainto categories. Such asintest grades, economic status, or military rank.

Nominal Data:

Nominal data does not have any order, it can be labelled into mutually exclusive
categories, which cannot be ordered meaningfully. For example, if we consider the
categories of transportation as car, bus or train. Similarly, gender, city, color,
employment status are also examples of nominal data.

Quantitative or Numerical data deals with numeric values, that can be computed
mathematically to draw some conclusions. Examples of numeric data are height, weight,
number of students in a school, fruits in a basket etc. Quantitative data can be further
divided into two types:

i. Discrete data
ii. Continucus data

Discrete Data: It includes data which can only take certain values and cannot be further
subdivided into smaller units. This data can be counted and has a finite number of values.
For example, the number of product reviews, ticket sold, computers in certain
departments, employees in a company etc.

Continuous Data: It refers to the unspecified number of possible measurements between
two realistic points or numbers. For example, daily wind speed, weight of newborn
babies, freezer's temperature etc.

4,2.1 Sources of data

To analyze data for predictive analysis and decision making, the initial step is data
collection through various reliable sources. Data can be divided into two categories,
primary data, and secondary data. Primary data is collected directly by questionnaires,
surveys, and interviews. Primary data can also be collected through experiments and
recording observations. secondary data is collected from some previously recorded from
primary data. Following are some sources of data:
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Website: Collecting tweets regarding some topic or thread.

Surveys: Collecting firsthand data by performing surveys about some event, movie, or
anything else.

Sensors: Collecting seismic data regarding changes under the earth which cause
earthquakes.

4,2.2 Dataset and Database

Adataset is a structured or organized collection of data , which is usually associated with
a unigue body of work. However, a database is an organized collection of data stored in
multiple datasets or tables. These tables can be accessed electronically from the
computer system for further manipulation and update.

To perform actions on the data stored in a database, we need a Database Management
System {DBMS). DBMS is the interface between the database and the end user, providing a
platform to create, modify, and retrieve data. There are many different database
management systems available, depending on the type of database being used.

For example, relational databases, which store data in tables, can be managed by
database management systems such as MySQL, Oracle, MS-Access and IBM Db2. These are
the most used databases in Data Science, for the data which is presented in a tabular
format. Non-relational databases, which store data in forms such as key-value pairs,
column families, or graphs, can be managed by database management systems like
MongoDB and Cassandra. Non-relational DBMS are also called NoSQL DBMS.

Relational databases Non-Relational databases
KEY VALUE Columm-Family

-

EASL | I

Column 1 Column 2 Caolumn 3 m:
Row 1 [ 2 — |

Row 2 Graph Dacument

Row 3

Fig. 4.3 Dataset and Database

4,2.3 Role of database in data science

Before the advent of database systems, computer scientists relied on file management
systems to store and manage data. However, without a structured method of storing
data, it would be of little use. This is why databases were introduced to manage and store
large amounts of data. The first database management system was developed in 1960s.

There are two key reasons why databases have become so popularin recent years:
« Therapidincreasein datageneration
« The dependence of datascience ondata
To better understand the importance of databases in our daily lives, let's take an example

of supermarkets' evolution. In this case study you will learn how data science had impact
on the shopping in current age.
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Case study for the use case of Database and Data Science

In the old days, people used to buy their
necessities from various shops. For example, if DO YOU KNOW?

you had to buy a calculator, a box of yogurt, EESTIV =V Tas FRR= V= 4 lo s Mo A sel (= s
shoe polish and a pair of socks of school EEINEIENENllRIel Rl iale (M NNt
uniform, you were supposed to visit four JEIgeeil=Ro]F-R-(01a7=3 0 8 de Neiall[=lo(as - ¢-N do}
various shops. Such shopping was never an [RallsiglelNaiiy{=li=l ) 1 g=Ta g & o)
enjoyable experience because shops often had [REHREESTIGESARGTEI A elglo RNl h =N
less space for customers, and they had to wait [ESESSUNCALEEERSHER TR Eh LRI
for the shopkeeper to find their desired item. (it a R ICIREIEECIES
The introduction of supermarkets, however,
changed that, as they made shopping much more

pleasant by displaying all the products in a large space and making them easily accessible
to customers. As the number of products and customers in supermarkets increased, the
need for a database system to keep track of all the purchases became critical.

Data Science plays a crucial role in determining the place of various products in various
shelves of the supermarket. For example, the information gathered from the database
will guide us to place the products with less shelf life in the most easily accessible
shelves. Similarly, predictive analysis provides adequate guidelines that which products
would be in high demand in which season/month. For example, in Pakistan during the
months of religious and national festivals, the demand of food items and clothing
increases as compared to the rest of the year. By analyzing sales data from different
supermarket branches, supermarket owners can identify which products need to be
stocked in larger quantities and during which months the sales are highest.

To determine the months with the heaviest customer traffic, a graph was plotted
between the month and gross income. The analysis showed that the sales were highest in
the months of festivals. In this way data science provides maximum benefits to the
supermarket owners as well as customers, who can find their desired items easily.

Month |:::; c':: m;m Monthly income of all the supermarkets in a small
P i ] i town in Pakistan (In Billion PKR})
Feb-23 1175 9.54| 25
Mar-23 16.53| 10.52 20
Apr-23 15.01 20.25
May-23 10.75 9,52 15
Jun-23 16.11 18.73 ,,
Jul-23 11.56 7.66;
Aug-23] 1052 871 >
Sep-23 11.25 8.15
Oct-23 12.75 9.57 Jan-23 Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 DOct-23 Now-23 Dec-23
Nov-23 11.23) 8.41 B Food items  ®Clothing and Footware
Dec-23|  11.89] 10.63

Fig. 4.4 Monthly income of all the supermarkets in a small town in Pakistan
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4,2.4 Data Collection in Data Science

Data Collection is the process of collecting information from relevant sources to find a
solution to the given statistical enquiry. Collection of Data is the first and foremost stepin
astatistical investigation. Data collection methods are divided into two categories:

i. Primary data collection
ii. Secondary data collection
Primary data collection methods:

It involves the collection of original data directly from the data source or via direct
interaction with the respondent. A respondent is a person from whom the statistical
information required for the enquiry is collected. Some common primary data collection
methods are as follows:

i Surveys and Questionnaires
5 Interviews

iii. Observations

iv. Experiments

V. Focus groups

vi. Sensors

vii. loT devices

viii.  Biometric devices

Secondary data collection methods:

It involves data collection using existing data collected by someone else for some
purpose. Such data is usually available in the form of published material like research
papers, books, websites etc. Some common secondary data collection methods are as
follows:

i Published sources

ii. Online databases DO YOU KNOW?
jii. Government and institutional records Investigator: An investigator is a
iv. Surveys and Questionnaires conducted persqn who canducts the statistical
: enquiry.
TEnEEas, Enumerators: To collect
V. Social media data/posts information for analysis, an

investigator needs the help of
some people. These people are

vii. Past research studies known as enumerators.

vi. Publicly available data
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4,2.5 Data Storage

After data collection, effective storage of data is an essential step for managing and
analyzing the large volumes of data. There are various data storage methods according to
the nature of data. Some common data storage methods are as follows:

i. Relational/NoSQL databases
ii. Data warehouse

jii. Distributed file systems

iv. Cloud based data storage

V. Blackchain
4,2.6 Data Visualization

Data visualization is graphical representation of data to get meaningful insight, trends,
and patterns from data. The visual elements which help in data visualization are charts,
graphs, maps, figures, and dashboard etc.

4.,2.7 Summary statistics

It is information about the data in a sample. It can help understand the values better. It
may include the total number of values, minimum value, and maximum value, along with
the mean value and the standard deviation corresponding to a data collection. Summary
statistics help to understand the trends, outliers, and distribution of valuesin a data set.

4,2.8 Requirement of Summary Statistics

The summary statistics provide a quick overview of characteristics of data. It leads
towards a better understanding of data cleaning, data preprocessing, feature selection
and data visualization.

4.3 Big Data

Big data contains greater variety, arriving in increasing volumes and with more velocity.
This is also known as the three Vs. Big data is larger, more
complex datasets, especially from new data sources.
These data sets are so voluminous that traditional data
processing software cannot manage them. These massive
volumes of data can be used to address business problems
which were difficult to handle before.

Volume

Velocity | Variety
The three Vs of big data are: L

Volume: It refers to the amount of data. Big data deals
with huge volumes of low-density, unstructured data. The
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size/volume of data may vary from system to system. For some organizations, this might
be tens of terabytes of data. For others, it may be hundreds of petabytes.

Velocity: It refers to the speed of data. Velocity is the fast rate at which data is received.
Normally, the highest velocity of data streams directly into memory rather than being
written to disk. Some internet-enabled smart products operate in real-time and will
require real-time evaluation and action.

Variety: It refers to the various formats and types of data that are available. Traditional
data types were structured and fit neatly in a relational database. With the rise of big
data, data comes in new data types. These unstructured data {text, images, videos) and
semi structured data (JSON, XML) types require additional preprocessing to derive
meaningful insight.

4.3.1 The history of big data

The term big data emerged in the early 2000s as a term to describe exponential growth of
data. Around 2005, people began to realize just how much data users generated through
Facebook, YouTube, and other online services. In 2005 a tool called Hadoop {an open-
source framework created specifically to store and analyze big datasets) was developed,
which helped store and manage huge data.

With the advent of the Internet of Things {loT), more objects and devices are connected
to the internet, gathering data on customer usage patterns and product performance.
The emergence of machine learning has produced still more data. The analysis of this
huge data provides business insight for optimized decision making.

4,3.2 Advantages and benefits of big data

Big data contains more information therefore it helps individuals, organizations, and
businesses to optimize and generate cost effective solutions. Big data has many
advantages for the betterment and progress of business, some of them are as follows:

Product development: Developing and creating new products, services or brands is
much easier when based od data collected from customers' needs and wants. Companies
use big data to anticipate customer demand. They build predictive models for new
products and services by classifying key attributes of past and current products.

Predictive maintenance: It is a proactive maintenance strategy that uses the analysis of
existing data to predict when equipment, machinery or product is likely to fail.
Therefore, it indicates the potential issues before the problems happen.

Customer experience/satisfaction: A clearer view of customer experience is more
possible now than ever before. Big data enables the businesses to gather data from social
media, web visits, call logs, and other sources to improve customer satisfaction.

Fraud and compliance: Big data analytics can identify and detect unusual suspicious
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patterns and anomalies. As a result provides an effective tool to detect fraudulent
activities and enhance cybersecurity measures.

4.3.3 Big datachallenges

Since there are many advantages of big data, businesses encounter many challenges of
big data. Some of them are as follows:

i. Data Quality: Poor quality of data may lead to errors, inefficiency, and misleading
insight after data analysis.

ii. Data Security and privacy: It is difficult to manage the protection and privacy of
massive datasets to prevent unauthorized access.

iii. Rapid growth of data: Making systems that can handle more and more data as it
keeps on growing without slowing down is challenging.

iv. Big data tool selection: Ensuring compatibility and seamless interaction between
different big data tools and platforms.

v. Dataintegration: To create harmony among diverse data formats and structures is
a difficult task.

4.3 .4 Application of big datain business

Big data applications can help companies to make better business decisions by analyzing
large volumes of data and discovering hidden patterns. The following are a few business
domains where big data can be applied:

1. Healthcare

2. Media and Entertainment

3. loT

4. Manufacturing

5. Government

Health care

Big data is making a major impact on the huge healthcare industry. Wearable devices and
sensors collect patient data which is then fed in real-time to an individual's electronic
health records. Healthcare providers are now using big data to predict epidemic
outbreaks, real-time alerting, predict and prevent serious medical conditions etc.
Researchers analyze the data to determine the best treatment for a particular disease,
side effects of the drugs, forecasting the health risks, etc.

Media and entertainment

The media and entertainment industries are creating, advertising, and distributing their
content using new business models. The media houses are targeting audiences by
predicting what they would like to see, how to target the ads, content monetization, etc.
Big data systems are thus increasing the revenues of such media houses by analyzing
viewer patterns.
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Internet of Things (loT)

Big data plays an important role in enhancing the capabilities of loT devices. loT devices
generate continuous data. The analytics based on this huge data helps in personalized
customer experience. In brief, big data is essential for unlocking the full potential of loT
by providing meaningful insight derived from the massive amount of data generated by
loT devices.

Manufacturing

Big data helps the manufacturing companies to make better products and smarter
decisions. It helps in predicting when machines might need a break (predictive
maintenance}, making sure they don't unexpectedly stop working. Big data also looks at
how products are made better and cheaper. It is like having a smart assistant that guides
the whole manufacturing process, making things more efficient and helping companies
build the best products. The following are some of the major advantages of employing big data
applications in manufacturing industries:

+ High product quality

+ Tracking faults

+ Supply planning

+ Predicting the output

+ Increasing energy efficiency

+ Testing and simulation of new manufacturing process

+ Largescale customization of manufacturing

Government

Analytics through big data management techniques allows governments to understand
the needs of their citizens, combat fraud, minimize system errors and improve
operations, reducing costs and improving the services of any government entity. By
adopting big data systems, the government can attain efficiency in terms of cost, output,
and novelty.

Big data applications can be applied in each and everywhere big data finds applications
include:

« Agriculture

+ Aviation

« Cybersecurity and intelligence

« Crime prediction and prevention

+ E-commerce

» Fake news detection

+ Fraud detection

« Pharmaceutical drug evaluation

+ Scientific research

« Weather forecasting

« Taxcompliance
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Summary

(" @ Data is a collection of information or facts that we gather about something. It can
be represented by numbers, measurements, descriptions, sounds or pictures.

@ Data Analytics refers to the process of carefully examining and studying data to
identify patterns, draw conclusions, or make the data meaningful.

@ Data Science refers to an interdisciplinary field of multiple disciplines that uses
mathematics, statistics, data analysis, and machine learning to analyze data and to
extract knowledge and insights from it.

@ Dataset is a structured or processed collection of data usually associated with a
unique body of work.

@ Machine learning is a branch of Artificial Intelligence and computer science which
emphasizes the use of data and algorithms to imitate human learning by the
computers.

@ Deep learning is the subset of Machine learning, with emphasis on the simulation or
imitation of human brain's behavior by using artificial neural networks.

@ Data mining is the subset of data science which primarily focuses on discovering
patterns and relationships in existing datasets.

@ Data visualization is the graphical representation of data using common charts,
plots, infographics, and animations.

@ Predictive analysis is the use of data to predict future trends and events based on
historical data.

@ NLP is the study of interaction between human language and computers. The
common uses of NLP are chatbots, language translators and sentiment analysis.

@ Qualitative or Categorical data describes an object or a group of objects that can be
labeled according to some group or category.

@ Ordinal data sees a specific order or ranking, it uses certain scale or measure to
group data into categories. Such as in test grades, economic status, or military rank.

e Nominal data does not have any order, it can be labelled into mutually exclusive

@categories, which cannot be ordered meaningfully.

e Quantitative or Numerical data deals with numeric values, that can be computed

@#mathematically to draw some conclusions.

e Discrete data includes data which can only take certain values and cannot be

@further subdivided into smaller units.

e Continuous data refers to the unspecified number of possible measurements

@between two realistic points or numbers.

e Primary data can also be collected through experiments and recording observations.
@®secondary data is collected from some previously recorded from primary data.
Following are some sources of data:

\_ ® Primary data collection methods involve the collection of original data directly fromy
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7

@the data source or via direct interaction with the respondent.
e Secondary data collection methods involve data collection using existing data
@collected by someone else for some purpose.

e Data visualization is graphical representation of data to get meaningful insight,
@#trends, and patterns from data.

e Big data contains greater variety, arriving in increasing volumes and with more
@velocity. This is also known as the three Vs. The three Vs of big data are Volume,
Velocity and Variety.

e Hadoop In 2005 a tool called was developed, which helped store and manage huge
@data.

~\

Q1. Select the suitable answer for the following Multiple-choice questions.

i. is a structured or processed collection of data usually associated

with a unique body of work.
a) Database b} Dataset
C) Data and Information d) Information

ii. refers to the process of carefully examining and studying data
identify patterns, draw conclusions, or make the data meaningful.
a) Data analytics b} Data Predictions
C) Dataset d) Database

to

jii. is the graphical representation of data through use of common

charts, plots, infographics, and animations.

a. Data cleaning b. Missing values
£, Data visualization d. Data hiding
iv. is subset of Machine learning, with emphasis on the simulation
or imitation of human brain's behavior by using artificial neural networks.
a. Data visualization b. Computer vision
£ Deep learning d. Big Data
V. is the use of data to predict future trends and events based on
historical data.
a. Statistical analysis b. Predictive analysis
& Graphical analysis d. Deep learning
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vi. isthe fast rate at which data is received and acted on.
a. Volume b. Velocity
5 Variety o 8 Vision
vii. includes the data which can only take certain values and
cannot be further subdivided into smaller units.
a. Discrete data b. Continuous data
o Ordinal data d. Referral data
viii. islimitation of big data.
a) Statistical data b} Unlimited growth of data
C) Data visualization d) Predictive maintenance
ix. Customer satisfaction level such as satisfied, dissatisfied, and neutral are
examples of data type.
a) Ordinal data b} Continuous data
C) Numericdata d) Discrete data
X. isa method of collecting information from individuals.
a. Survey b. Data hiding
6 Data visualization d. Data finding

Give Short answers to the following short response questions (SRQs).

1) Define data analytics and data science. Are they similar or different? Give
reason.

2} Canyourelate how data science is helpful in solving business problems?
3} Databaseis useful in the field of data science. Defend this statement.

4} Compare machine learning and deep learning, in the context of formal &
informal education.

5) What is meant by sources of data? Give three sources of data excluding those
mentioned in the book.

6} Differentiate between database and dataset.

7} Argue about the trends, outliers, and distribution of values in a data set?
Describe.

8} Why are summary statistics needed?

9} Express big data inyour own words. Explain three V's of big data with reference
to email data. {Hint: An email box that contains hundreds of emails)

10} lllustrate the purpose of data storage?

Give Long answers to the following extended response questions (ERQs).

1} Sketch the key concepts of data science in your own words.

2} Develop your own thinking on the various data types used in data science.
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3} Compare how big data is applicable to various fields of life. Illustrate your
answer with suitable examples.

4) Relate the advantagesand challenges of big data?

5) Design a case study about how data science and big data has revolutionized the
field of healthcare.

- “d Lab Activities
g;ﬂ ActivityD

Conduct asurvey:

Objective: To help students understand the process of data collection through survey and
questionnaires.

i. Provide the class with a sample guestionnaire about the sentiments analysis
of small enterprises. Sample questions may include, why did you choose this
business/occupation? How do you manage to meet the market competition? What
limitations do you feel about your business? What short term and long-term
goals/objectives have you set regarding your business?

ii. Ask the students to modify the questionnaire according to their favorite
business/occupation. Help the students in modifying the questionnaire.

ili. Arrange a field trip or ask the students to get it filled by asking questions from relevant
shopkeepers around them.

iv. Letthestudentsarrange the collected data and organize it for the next activity.

Outcome: This activity will help students understand various businesses/occupations
around them as well as understand the opportunities and shortcomings regarding various
businesses.

Cfﬂ Activity 9

Data Visualization:

Objective: To help students understand the process of data visualization.

|. Ask the class to make groups according to the professions about which they
conducted survey. Group similar professions according to their nature.
ii. Ask the students to plot the data by using charts and graphs. They can use
software tools if available.
iii. Let the students draw conclusions about various professions and what are the
sentiments of business owners about their businesses.
iv. Ask the students to add modifications to the current businesses model to overcome the
existing shortcomings.
Outcome: This activity will help students understand data visualization and how it is helpful
for decision making to improve it and make new strategies or modifying the existing one.
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Cm Activity§

Data collection about various businesses:
Objective: To help students understand the importance of data collection to get insight

about data.
v. Divide the class into small groups (5 to 6 students) and assign each a business

topic, preferably from their own surroundings, so that students have

appropriate information about it.
vi. Instruct each group to write a case study, that how that business can be related

to big data.
vii.Each group will present their case study and other groups can ask questions

aboutit, try to keep it a supervised interactive session.
Outcome: This activity will help students understand the relationship and impact of big

data on various businesses.

ﬁj Teacher’s Guide

Learning Data Science Concepts through games (https: //www.iggi-phd.org/themes/game-data)

Teacher’s Guide

il
‘Our World in Data’ put emphasis on Coronavirus data, employing interactive charts and graphs to
illustrate the rapid speed at which data is gathered, particularly in scenarios like a pandemic.

(https://ourworldindata.org/coronavirus )
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APPLICATION OF COMPUTER SCIENCE

@ discuss the social implications of the usage of Al in decision-making that affects
humans.

@ describe uses and applications of computing like Al, Machine Learning, and Cloud
Computing.

Science 6@

Forecasting

Training
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UNIT INTRODUCTION

This unit is dedicated to learning about popular fields in Computer Science which include
Artificial Intelligence, Machine Learning and Cloud Computing. It also describes the
importance of data and social implications of using it to make decisions and provide
services.

5.1 Artificial Intelligence and Machine Learning
5.1.1 Artificial Intelligence

Artificial Intelligence {Al} is a branch of computer science to make computer-controlled
machines that can intelligently perform human-like tasks. Using Al- based machines is
like fixing an intelligent brain in the machines that has decision-making capabilities to
solve complex problems.

Using Al technology, computer can be trained to perform various tasks by imitating
actions of human beings. It is the technology related with making intelligent machines
and developing intelligent software. In other words, it is the intelligence shown by
machines to help human beings in solving various problems efficiently and with high
precision. Al is changing the world by helping us in complex problems what was not
paossible before.

5.1.2 Machine Learning

Machine learning is a field within Artificial Intelligence that teaches computers to learn from
data inputs and experience like humans without direct programming. Al algorithms are
based on ML to predict output. Machine learning algorithms facilitate computers to train on
data inputs and analyze it to produce accurate output values. It is the technology that
recognizes patterns in large databases to build models to automate decision-making.
Machine learning algorithms improve their decision-making capabilities over time as more
sample data is input in the computers.

Machine learning has become very useful technique for solving problems related to many
areas. These include recognizing images and speech, detecting fraud in banking
transactions, identifying spam, email phishing, image and video recognition, translation,
virtual personal assistant, Google search engine, self-driving cars, manufacturing, medical
devices, etc. Fig.5.1 Shows development stages of Al algorithm.

Types of Machine Learning

There are two types of machine learning, that is, supervised and unsupervised machine
learning.

Supervised Machine Learning

Supervised learning algorithms take a set of known input data and known output responses
to build a model to make predictions. In supervised learning the goal is to learn how to do
the mapping to match the input to the output. Once the model is built, it is used to make
new predictions on unseen data as well. Machine learning is used to solve complex problems
that involves large amount of data but there is no formula to predict the output.

Forexample, assume that we want to predict price of a car. In this case we need to create
a dataset of cars having the input like:
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« Engine type and power

« Transmission type {(manual/automatic)
» Number of seats

+ Front-wheel/rear-wheel drive

+ Keyless entry

» Push button start

« Safetyfeatures

« Country of manufacturing

We have to label the cars with their prices. After entering the data for a large number of
cars, we can train the algorithm and create a model. The price of a new car can be
predicted based on the input fed in the supervised learning algorithm.

Unsupervised Machine Learning

In unsupervised learning, the training data is unseen and it is un-labelled. The meaning of
un-labelled is that the data is not assigned a category or group. The unseen data is fed
into machine learning algorithm to train the model. The trained model tries to search for
a pattern and gives the desired result. The unsupervised leaning algorithm looks for
hidden patterns in the input data. It uses learning technique known as clustering
{grouping). The unsupervised learning algorithm finds hidden patterns or groupings in the
input data to make them suitable for clustering and data analysis.

For example, a bank wants to predict how capable an applicant is of repaying the loan. A
machine learning system is to be set up to ensure that the loan is given to the applicant
who can repay it. In this case, the applicant will provide the data about his monthly
income, debt, credit history, etc. along with his personal data such as age, mobile
number, gender, etc. Information about age, mobile number and gender are not
important for determining the loan risk. Therefore, age, mobile number and gender can
be eliminated for setting up the ; .
machine learning system for Machine Learning Process

predicting the loan risk.

The machine learning process consists

of 5stagesasshowninFig. 5.1. p —-’]:Jéa — €—~ m = %
a} Collectionof training data
b} Creating algorithm TRAINING
c) Learning process Pevin
d} Creatingtraining model Fig. 5.1: Machine learning process

e} Predicting results

Algorithm Leaming Trained model Results

Al machine learning algorithms shown in Fig. 5.2 can make errors and produce wrong
results as they do not apply formulas like traditional algorithms. It is difficult to find out

S E N _ﬁﬂl': %

a) Training Data b) Training the Machine c) Building a Model d) Predicting Result

Fig. 5.2: Development stages of Al algorithm
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what went wrong in the Al algorithms as there is no proper breakdown on how the Al
algorithm is making decisions. Therefore, sometimes Al algorithms can make wrong
decisions. Al algorithms with lack of transparency can create dangerous Al systems which
can make wrong decisions and harm people or destroy humanity. Behavior of Al
algorithms may even be unpredictable to the developers or experts. Inaccuracy in Al
algorithms work in the background when Al systems are used. Inaccuracy in algorithms
can put peoplein jail, cause business to collapse or even death of a patient.

The following are some harms or disadvantages of Al algorithms

« Al algorithms are developed by humans who can intentionally or unintentionally
introduce bias in them. These algorithms can produce bias results that can lead to
discriminatory consequences on the grounds such as ethnicity, gender or age.

« Driverless self-driving car can have an accident. This shows how Al algorithms can
cause death.

« Errors in Al algorithms in healthcare systems can output inaccurate information.
For example, the Al system can recommend a wrong medicine for a patient which
can be very harmful and can even cause death.

« Hackers can develop powerful Al algorithms to bypass cybersecurity and cause
malicious cyberattacks.

« Al based automation can lead to job losses in many areas such as automobile
manufacturing, business, education, healthcare, agriculture, etc.

« Dependence on Al systems can cause loss of creativity and critical thinking skills in
humans.

+ Unexpected behavior of Al systems can result in having negative impact on
individuals and society as a whole. Al systems that do not observe human values
can lead to big disasters.

5.1.3 Usage of Al for Benefiting People
Designers of Al algorithm must instill moral and ethical values in Al systems and focus on
benefiting people.
There are many benefits of Al systems. Utilizations of Al based systems is transforming our
day-to-day activities and improving our life style. It helps is solving many complex
praoblems that depended on human intelligence in the past.
The following are some important benefits of using Al systems.
« Al-based systems make correct decisions and help us in solving complex problems
efficiently and increase productivity.
« Al systems used in hospitals provide better diagnosis and treatment of diseases at
early stage such as cancer.
« Help in design and production of high quality products and increase production in
safe environment.
« Helpin travel and transportation by suggesting shortest routes for the drivers and
inform about traffic conditions in real time.
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Correct decision making helps in improving marketing, sales and enhance customer
satisfaction.

Help in developing better learning software and introduce new teaching
techniques.

Usage of Al-based assistants such as Siri and Alexa, suggest products by monitoring
our browsing habits.

Provide better security against cyberattacks.
Enable new innovations in developing intelligent computer software.

5.1.4 Ethical Issues in Using Popular Al Tools

Al tool is an intelligent application software
used to solve problems. It analyzes vast
amount of training data and makes
predictions to solve problems efficiently and
improve productivity.

Brief Description of Some Popular Al Tools
and their Ethical Issues

ChatGPT

ChatGPT stands for Chat Generative
Pre-trained Transformer developed by
OpenAl. OpenAl is an American Artificial Intelligence Research Laboratory.
ChatGPT helps in performing tasks such as creating essays, emails and coding. It is
an easy to use virtual assistant that provides text-based responses to users
questions. It is a very useful Al tool but it raises some ethical issues as well. Ethical
issues include harm due to misinformation, cheating and plagiarism in schools and
universities that can have negative impact on teaching/learning process and
assessment of students' work. It also has issues such as bias, discrimination, data
privacy and security. Fig.5.3 shows the use of ChatGPT.

4
Fig. 5.3: Use of ChatGPT

Grammarly

It is an Al tool for correcting spelling and grammar mistakes in documents. It
provides a safe platform for improving writing skills. To check a document or piece
of writing, you copy and paste it into a form and then Grammarly automatically
checks it. It protects users' data that is checked for correction and prevents
unauthorized access to their account. It is not a perfect tool as it has some
inaccuracy issues. It does not catch every mistake and some suggestions it gives
may not be correct. Since it is not 100% accurate, it is not a replacement of manual
proofreading.

Lovo ai

Lovo ai is a tool based on Al algorithm that converts text to speech. It is the award
winning most realistic online text to speech generator. It uses Al techniques to find
out the most suitable voice for your text. It supports 500 high quality voices and
more than 100 languages. It is an easy to use tool for creating audios and videos for
advertising, marketing, education, training, etc.
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There are some ethical issues that must be considered when developing text to
voice software.

The developers should take measures to ensure that personal data collected for
processing is not mishandled or misused and there is no violation of privacy.

The training data used for developing the voice Al system should be unbiased.

Developers should also be open and honest about the working of their Al-based
algorithm to implement transparency.

Al tools that create new contents such as audio, video, music, text and images can
raise the issue of copyright infringements and harmful contents.

It is the responsibility of developers to ensure that the voice Al systems are
designed for the benefits of people and do not harm anyone.

« Virtual Assistants

Virtual assistant is an interactive Al based application program that can
understand natural language. Popular virtual assistants are Apple's Siri, Amazon
Alexa, Google Assistant, ChatGPT and Microsoft Cortana. Youcan aska questionto
it and it will give you the answer. Virtual assistants have become part of our daily
life. It can perform various tasks such as sending text messages, making phone
calls, playing music, making purchases, making search queries, and creating
emails. Fig.5.4 shows Google Assistant on computer screen.

&
Google Assistant

on Computer

.o'

Hi2 How can | help?

Fig. 5.4: Google Assistant

Developer of virtual assistants face many ethical challenges. Virtual assistants
store information of people who use it. The user does not know where the
information is stored and how it is protected against security and privacy risks. The
developers of virtual assistant should be honest, trustworthy and abide by the
code of ethics. They should ensure that the information about people is not
misused or cause any type of harm to individuals or people.
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5.2. Different Areas of Al

Al has become very useful
technology for solving problems
related to many areas. These
include healthcare, education,
transportation, research and |
development, customer support,
biometrics, fake account
verification, advertising and
marketing, helping wildlife,
cybersecurity, agriculture,
business, defense, etc. Fig.5.5
shows application of Al in various
areas.

Fig. 5.5: Application of Al in various areas

5.2.1 Speech Recognition

It is used for various purposes. These include dictating text into a computer instead of
typing it to save time. It is used by virtual assistants like Siri and Alexa. Avirtual assistant
is a program that takes verbal commands and performs various tasks on devices such as
mobile phone, tablet, smartwatch, etc. It is also very helpful for people who have
physical disabilities in typing on the keyboard.

There are some disadvantages of using speech recognition. People have different
pronunciation and this may make it difficult for the speech recognition system to
understand all the words. Due to lack of accuracy in communication some users may
hesitate to use it. The efficiency and accuracy of speech recognition is increasing as the
technology develops.

5.2.2 Computer Vision

Computer vision is a field of Al that enables computer systems to obtain meaningful
information from digital images and videos. To achieve this, it uses camera, data and
algorithms.

A large amount of data {images/videos) is fed into the computer. Computer vision
applications repeatedly performs data analysis until it recognizes and distinguishes
images. After gaining deep understanding of data, computer system carries out
automated actions. Al computer vision gives ability to computer to see just like it gives
ability to think.

Computer vision applications are used in various fields. These include healthcare,
security and surveillance, facial recognition, self-driving car, parking occupation
detection, traffic flow analysis, manufacturing, construction, etc. Fig.5.6 and Fig.5.7 are
application of computer vision at crossroad and in traffic flow analysis.
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p' ! ,/_-5_, [ | T
- Camera Recording .

Fig. 5.7: Application of computer vision for traffic flow analysis

5.2.3 Natural Language Processing

Natural Language Processing {NLP} is based on Al. It is about giving computers the ability
to understand spoken and written words just like we do. The purpose of NLP is to provide
easy communication between computers and humans by using natural language. In other
words, NLP is concerned with training the computer to process spoken and written words
and take actions accordingly. It helps us to automate our workflow. NLP is a difficult task
to achieve. Very complex algorithms are used to analyze, understand and translate the
natural language in both spoken and written forms instead of using computer languages.
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The following are some areas of application of NLP in our daily life.

« Language translation {Google Translation)

« Email filtering and spam detection

« Voice recognition

+ Websearch

+ Chatbots

« Personal assistants (Siri, Alexa, Google Assistant)

« Spelland grammar check

« Sentiment analysis

+ Bias and fake news detection.

« Advertisement to targeted audience
5.2.4 Expert Systems

Expert system is an interactive Al based computer program designed to solve complex
problems. It has decision-making ability like human experts. It uses knowledge and
reasoning to find solutions of problems related to a specific area.

Application of Expert Systems
The following are some application areas of expert systems.
« Diagnosis in hospitals such as cancer detection
« Loananalysisand fraud detection in finance industry
« Cyber security
« Designing and manufacturing of products such as automaobile
« Planning and scheduling projects
« Monitoring operation of a plant
5.2.5 Development of Expert System
Development of expert system includes the following steps

« Sufficient amount of knowledge about a specific area is obtained from many
experts and fed in the expert system. Aknowledge database is created.

« When an end user makes a query, the expert system asks the user to enter required
information about it by filling a questionnaire.

« The expert system applies rules and reasoning to extract knowledge from the
knowledge database and interprets it to find the solution.

« Finally, the expert system will provide the solution to the end user.
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5.3 Applications of Al

( Robotics ‘Al Daily Life |

[ Healthcare Self-driving Cars]

( Education Applications of Al Business )
[ Gaming Defense ]
[ Agriculture Chatbot j

Fig. 5.8: Applications of Al in various areas

The following are applications of Al shownin Fig.5.8.
5.3.1 Robotics

Robotics is concerned with computer controlled machines that can perform specific tasks
with little or no human intervention. A robot is a machine that contains censors, cameras,
microphone, control systems, etc. Designing of robot combines mechanical, electrical
and structural engineering, mathematics, physics, etc. Fig.5.9 show application of
robotics in automotive industry.

Fig. 5.9: Application of robotics in automotive industry

Some areas where robots are used include manufacturing industry, transporting goods in
warehouses, packaging medicine, working in extreme temperature and handling
hazardous material in high-risk environment.

5.3.2 Healthcare

Al-based software is fed in various machines used in hospitals to help in diagnosis of
certain diseases such as cancer. Al-based microscope can scan harmful substances and
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Fig. 5.10: Application of Al in healthcare

bacteria in samples of blood. Al-based patient monitoring systems in ICU help in
measuring real-time data such as heart-beat, blood pressure, temperature, etc. that
helps doctors inanalyzing patient's health conditions. Al software provides personalized
interaction between the patient and the hospital in managing health by reducing visits to
the hospital. Fig.5.10 shows application of Al in healthcare.

5.3.3 Education

®
Filling gaps between Effective
learning & Teaching Engagement

Fig. 5.11: Application of Al in education
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Al-based systems in education have many benefits for students, teachers and
school/university administration. It enhances students' learning and helps teachers to
carry out their tasks efficiently to provide quality education. Al based systems adapt to
meet each student’s individual learning needs. It helps teachers in grading students’
assignments, examinations and essays. It helps educational administrators to schedule
courses, create class timetables and analyze students’ data to make better decisions. It
can help university administration in reviewing each student's enrollment application for
admission. Fig.5.11 shows various applications of Al in education.

5.3.4 Gaming

Al in gaming refers to the use of computer technology in developing games that give the
impression of intelligence and makes the game more challenging, appealing and fun. Al is
applied a lot in modern games to make the opponent player seem intelligent to present a
challenge to the player. It creates exciting playing experience to keeps the player
interestedin game.

Fig. 5.12: Application of Al in gaming

Most of the video games such as car racing, shooting, role playing, adventure are
developed using Al. Al based high quality 3D graphics technology and virtual reality in
games provide a realistic gaming experience to the user and increases player's interest in
playing the game. Fig.5.12 shows application of Al in gaming.

5.3.5 Agriculture

Al in agriculture refers to using Al based modern techniques to help farmers produce high
quality crops and increase production by using land more efficiently.

To solve the issue of food shortage and livestock in the future, it is important to use Al
techniques and innovative farming ideas to increase production on existing farmland.
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The following are some benefits of application of Al in agriculture

« Al is used for scanning images of insects that attack crops and livestock to detect
and prevent spread of disease.

« Al can help in monitoring and detecting health problems in livestock using drones,
cameras and computer vision to avoid spread of disease.

« Al based drone technology is used for efficient spray of pesticide.

« Al-based farming machinery such as drones, driverless tractors, smart spraying and
fertilization systems are very helpful in increasing crop production.

« Al surveillance systems can help in providing security by not allowing unauthorized
people and animals that can harm the crops, to enter the fields.

Fig.5.13 shows use of Al drone in agriculture.

Fig. 5.13: Use of Al drone in agriculture

5.3.6 Alin our Daily Life

Al filters our spam emails by sending them to spam or trash folders and allow us to see only
filtered email. Mobile phones and laptops use Al technology for facial recognition for
identification purpose to provide secure access. Search engines such as Google and Yahoo
use Al to organize information on the Web and make it accessible to us. It provides
personalized recommendations based on our online shopping. The ads that search
engines display on our screen while using Internet are based on our search history using Al
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technology. Al is deployed in banking system to detect fraud and provide us secure
transactions.

5.3.7 Self-driving Cars

Al is used to build self-driving cars. Self-driving car uses Al software connected with
devices such as sensors, cameras and radars to travel without a driver. The Al software
gathers information from these devices and takes real-time actions accordingly. Many
automobile companies including Audi, BMW, Volkswagen, Tesla, General Motors and Volvo
are developing self-driving cars. Fig.5.14 shows application of Al in self-driving car.

-

!iicm

P

Fig. 5.14: Application of Al in self-driving car

5.3.8 Business

Al is used in business in the areas of e-
commerce, marketing and business Benefits of Al in Business
management. Al software is used to run the
day-to-day business activities. It has many
benefits in business. It helps people become
efficient, improves productivity, and makes
accurate decisions. Use of Al in business
provides better services to customers, helps
in business growth and generates more
revenue. It helps in cybersecurity, smart
pricing and automated recruitment as well. Fig.5.15: Application of Al in business
Fig.5.15 shows application of Al in business.

® Machine Learning (ML)

® Customer Relationship
Management (CRM)

® Cybersecurity
® Smart Pricing
® Automated Recruitment
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5.3.9 Defense

Al is used in defense security systems to detect threats from hackers to steal confidential
information. It helps in finding suspicious activities in computer systems and prevents
unauthorized access. It is used in defense to improve surveillance and develop advance
arms and ammunitions. It helps in training soldiers in computer simulated wars as well.
Fig.5.16 shows application of Al in armed military drone.

Fig. 5.16: Application of Al in armed military drone

5.3.10 Chatbot

A chatbot is a computer program that combines Al with natural language to provide
instant answers to website visitor's questions through text or voice interaction. It mimics
human conversation as a virtual assistant and automates responses to customers
questions. Chatbots are very beneficial in business. Using a chatbot is much cheaper than
hiring employees to provide service to customers. Chatbot can help in selling products
and hiring employees. Chatbots are available 24/7 to provide online customer service
and improve business.

5.4 Cloud Computing
5.4.1Whatis Cloud Computing?

Cloud Computing refers to delivery of computing services over the Internet by cloud
computing vendors. These services include servers, storage , databases, networking,
software etc. Cloud computing enables businesses and organizations to access databases
and cloud applications over the Internet from remote physical servers. It is an alternative
to in-house data processing. The Internet becomes the cloud and users can access and
process the data with any device that can connect to the Internet anywhere in the world.
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5.4,2 Types of Cloud Computing

There are three types of cloud computing, that is, public cloud, private cloud and hybrid
cloud. Fig.5.17 shows application of Al in cloud computing.

Mobile

Storage L%) Applications

N ————

fl Private —— " Hybrid )

g o =k
{ Public. ™\
\ cioud J

Fig. 5.17: Application of Al in cloud computing

Public Cloud

In this cloud computing model, resources are owned and operated by a cloud service
provider instead of being installed in-house on local devices. The resources that are
delivered to businesses and organizations over the Internet include servers, software and
storage. These resources are managed and maintained by the cloud service provider.
Public cloud provides high speed connectivity to ensure rapid access to application and
data.

Private Cloud

In this cloud computing model, resources are owned by and used inside a single
organization. In other words, cloud computing is dedicated to a single organization. The
user organization is responsible for the operation and maintenance of infrastructure
{hardware, software, network, etc.). Private cloud solution provides more control over
servers and computer network.

Hybrid Cloud

Hybrid cloud is a combination of public and private cloud. This cloud computing model
uses technology that allows data and applications to be shared between them.
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Summary

~\
@ Artificial Intelligence (Al) is a branch of computer science to make computer-

controlled machines that canintelligently perform human-like tasks.

@ Machine learning is a field within Artificial Intelligence that teaches computers to
learn from data inputs and experience like humans without direct programming.
Machine learning algorithms facilitate computers to train on data inputs and
analyze it to produce accurate output values.

@ Supervised learning algorithms take a set of known input data and known output
responses to build a model to make predictions.

@ In unsupervised learning, the training data is unseen and it is un-labelled. The
unseen data is fed into machine learning algorithm to train the model. The trained
model tries to search for a pattern and gives the desired result.

@ Speech recognition is an Al technology that converts words into written text.
Speech recognition software recognizes or understands the words spoken by a
person and translates it into text.

@ Computer vision is a field of Al that enables computer systems to obtain
meaningful information from digital images and videos. To achieve this, it uses
camera, data and algorithms

@ Natural Language Processing {NLP) is based onAl. It is about giving computers the
ability to understand spoken and written words just like we do. The purpose of NLP
is to provide easy communication between computers and humans by using
natural language.

@ Expert system is an interactive Al based computer program designed to solve
complex problems. It has decision-making ability like human experts. It uses
knowledge and reasoning to find solutions of problems related to aspecificarea.

@ Robotics is concerned with computer controlled machines that can perform
specific tasks with little or no human intervention. A robot is a machine that
contains censors, cameras, microphone, control systems, etc.

@ Al-based software is fed in various machines used in hospitals to help in diagnosis
of certain diseases such as cancer.

@ Al-based systems in education have many benefits for students, teachers and
school/university administration. It enhances students' learning and helps
teachers to carry out their tasks efficiently to provide quality education.

@ Al in gaming refers to the use of computer technology in developing games that
give the impression of intelligence and makes the game more challenging,

appealing and fun.
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@ Al in agriculture refers to using Al based modern techniques to help farmers
produce high quality crops and increase production by using land more efficiently.

@ Al is used to build self-driving cars. Self-driving car uses Al software connected
with devices such as sensors, cameras and radars to travel without a driver.

@ Al is used in business in the areas of e-commerce, marketing and business
management. Al software is used to run the day-to-day business activities.

@ Chatbot is acomputer program that combines Al with natural language to provide
instant answers towebsite visitor's questions through text or voice interaction.

@ Cloud Computing refers to delivery of computing services over the Internet by
cloud computing vendors. These services include servers, storage , databases,
networking, software etc.

@ In public cloud computing model, resources are owned and operated by a cloud
service provider instead of being installed in-house on local devices.

@ The cloud computing resources that are owned and used inside a single
organization is known as private cloud. In other words, cloud computing is
dedicated to a single organization.

@ Hybrid cloud is a combination of public and private cloud. This cloud computing
model uses technology that allows data and applications to be shared between
them.

@ Algorithm means method, procedure or plan. It is a step-by-step problem solving
method that clearly defines a sequence of operations to solve a problem.

@ ChatGPT stands for Chat Generative Pre-trained Transformer developed by
OpenAl. ChatGPT helps in performing tasks such as creating essays, emails and
coding. It is an easy to use virtual assistant that provides text-based responses to
users' questions.

® Grammarly is an Al tool for correcting spelling and grammar mistakes in
documents. It provides a safe platform for improving writing skills.

@ Lovoaiisatool based onAlalgorithm that converts text to speech.

@ Virtual assistant is an interactive Al based application program that can
understand natural language. Popular virtual assistants are Apple's Siri, Amazon
Alexa, Google Assistant, ChatGPT and Microsoft Cortana. Youcan aska questionto

it and it will give you the answer.
. J
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Q1. Select the best answer for the following MCQs.

l. The process of taking a known data set as input to train the algorithm to create a model for
prediction is known as:

a. Natural Language Processing b. Expert system
c. Supervised Machine Learning d. Unsupervised Machine Learning
il. The Al technology that enables computer systems to obtain meaningful information from
digital images or videosis called:
a. Image Recognition b. Speech Recognition
c. Scanner d. Computer Vision
iii. Instant answers to website visitors’ questions through text or voice interaction are
provided by:
a. Robot b. Chatbot
. Cloud Computing d. Expert System
. Cloud computing model in which resources are owned by and used inside a single
organizationis called:
a. Private Cloud b. Public Cloud
c. Hybrid Cloud d. Remote Cloud
A The Al toolused for correcting spelling and grammar mistakes is:
a.ChatGPT b. Lovoai
c. Grammarly d. Virtual Assistant
vi. Virtual assistant that belongs to Apple Inc. is:
a. Siri b. Alexa
c. Google Assistant d. Cortana
vii. The Al tool that converts text tospeech is:
a.ChatGPT b. Grammarly
c.Alexa d. Lovo ai

viii.  The technology used in self-driving carsis called:
a. Natural Language Processing b. Chatbot
c. Computer Vision d. Virtual Assistant
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ix.

The technology concerned with training the computer to understand spoken and written
words and to take action is known as:

a. Virtual Assistant b. Natural Language Processing

c. Language analysis d. Virtual training

The technology concerned with performing specific tasks with little or no human
intervention using computer controlled machine is called:

a. Computer vision b. Computerintelligence
. Robotics d. Virtual technology

Q2. Write answers of the following short response questions.

6)

Briefly describe the positive impact of Al in our daily life.
Differentiate between supervised and unsupervised machine learning.
Describe how computer visions applications help in automation of tasks.

Compare the use of Natural Language Processing (NLP) with computer languages for
interaction with computer.

What is a robot? Mention four areas where robots can replace humans that are not
mentioned in this unit.

Is the use of Grammarly Al tool a perfect replacement of manual proofreading?

Q3. Write answers of the following extended response questions.

1)
Z)

Relate how Al can be beneficial in education and business.

Articulate how Al-based technology can improve healthcare professionals and assist farmers

increase crop production.

Categorize the benefits of cloud computing? Contrst between public and private clouds.

Compare between traditional algorithms and Al-based algorithms that use machine learning.

Criticize Al-based algorithms for producing wrong results, at times.
Interpret the ethical issues in using the following Al tools:

a) ChatGPT

b) Lovo Al

C) Virtual Assistants
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Lab Activities

f—ﬂ Activity 1 )
Create six groups of students and ask each group to find two applications of Al that are not menticned in this unit.
The leader of each group should explain it to the whole class.

Cfﬂ Activity 2)

Create eight groups of students and ask each group to download a video from Internet on one of the following topics
and play it on the projector to demonstrate its application.

Application of Al in:

a) Manufacturingusing robot e} Agriculture

b} Hospital for healthcare f} Self-drivingcars
c) Education g) Business

d} Gaming h} Defense

G‘ﬂ Activity 3)

Create six groups of students and ask each group to explain the issues that may arise in the application of Al on cne
of the following areas.

a) Speechrecognition d} Self-drivingcars
b) Robotics e} ChatGPT

¢} Healthcare f}  Grammarly

(o1

il Teacher’s Guide

Students are challenged to consider moral problems in the context of self-driving automobiles by
means of an interactive game created by the MIT Media Lab. In a variety of collision scenarios,
players have todecide what a self-driving automobile should prioritize. (www.moralmachine.net )

=
ﬁ' Teacher’s Guide

Google's TensorFlow Playground is an interactive tool that lets people explore and play with basic
machine learning ideas. Students may explore subjects like neural networks and linear regression

with this application by changing variables directly and seeing results shown in real time.
(https://playground. tensorflow.org/)
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