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U,'i" Operating Systems:
Structure and Services

Student Learning Outcomes:

By the end of this chapter, you will be able to:

e Define an operating system and explain its role as an interface ben@Qe user and
translate user actions into hardware-level instructions.
’\Eﬂunts
nctions.

e |dentify the responsibilities of the OS in managing multiple us

o Differentiate between the kernel and shell, including their

e Explain OS layers and how each layer interacts with the othe

e |dentify the role of system libraries and device drivers%functionality.

e Explain the stages in the process lifecycle (cre execution, termination) with
examples and apply the First-Come, First- Ser&: S) process scheduling.

e Describe multitasking and concurrency, gi one real-world analogy.
e Distinguish between primary memory d wrtx@x
e Define a process and a thread, an in how s share resources within a

process.
e Give examples of how muIt|th |mprov rmance in applications.

e Define a system call and exp purpo &types

e Define file system, files, foI and and explain their roles in organizing

data. Q \'
e Explain how thesea@D entsg gether to process a user request from device to

\ server and back j

ter, we will discuss the core functions and structure of an operating
the fundamental software that manages computer hardware and
ilitates seamless user interaction. The discussion will covers:

e Operating system architecture and its role as the central controller of the
computer; process management concepts such as the process lifecycle,
multitasking, concurrency, and scheduling

e Memory management, multithreading, and the use of system calls to
securely access hardware resources

+




o1 2 1©
E O

e File system organization and the main types of operating systems,
including real time, embedded, network, and mobile OS.

1.1 Introduction to Operating System (OS)

Operating System (OS) is a type of system software that manages are,
runs application software, and provides a user interface like Windov@nacOS,
Linux, Android, and iOS, along with their basic roles. Here @go a step
further and focus on how the operating system works as the&wl controller
of the computer system, ensuring smooth and secure int on between the
user and the hardware, especially in multi-user enV|ro

Operating System (OS) as the Central m Controller

An operating system works like a traffic c r for the computer. It decides
which task should be done first, how the er's memory is used, and which
devices (like a printer or speakers) s actlv@glven time. In short, we
can say that the OS makes sur ’Qﬁmpu rks smoothly even when

multiple tasks are running at txr e tlme

Role in User Hardware

Computer hardware ot un% d human language directly. The
operating system acie a tr, r@ between the user and the hardware
system.

Example: When&@cllck an 18on or type something, the OS changes those
actions into ipgfructions that the hardware can understand. This allows people
to use com rs easily without learning how the hardware works.

&Q Humans speak languages like Urdu or English, whereas computers understand\

we Oonlybinarylanguage, or ON and Off switchi.e.0and 1.
Example: When you press the letter A on a keyboard, the operating system
converts itinto a special binary code:
= Theletter Ainbinaryis (01000001),.
= This code is then sent to the computer screen, which displays A on the
screen.
K = This process happens so quickly that it feels instant to the user. j

&
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Responsibilities in Multi-User Environments Tasks
In places like schools, offices, or online systems, many people may use the same
computer. The operating system ensures:

e The creation and management of separate user accounts.

o Keeps each user's files and information private. \k

e Shares the computer's resources fairly so that no one slow@ n the
systems functionalities.

e Protect shared resources from unauthorized access.)@

Creating and Managing User Accounts @

The operating system allows separate accounts fogdiffefent users, each with its
own desktop, files, settings, and passwords.

Example: In computer lab, students loginsw username and password
provided by the school. This keeps each stdéngt’s work separate and private. In

most modern OS like Windows, a n unt a@e created through the
Settings or Control Panel by selecti r Acc@ choosing Add New User,
é asswo@ nd account type(Standard,

and entering details like usern

I

Administrative, Guest). s\ \

1.2 Archltecture %g System

The architecture of.a in is the way how its parts are organized
and how they wo etheé part has a special role, and together they
make the com k smoothly, just like a school has different departments
that perfor flc duties but work together for the smooth working of the
school.

s Shell
$ Kernel: The kernel is the core part of the operating system, that directly
controls the computer's system software and hardware such as the CPU,
memory, and devices, as shown in Figure 1.1. It decides how and when

different programs can use these resources.

Example: When you open a file, the kernel manages the process of
reading it from the hard drive and sending it to the screen. Like Engine of
acaris kernel and accessories like steering wheel, dashboard are shells.
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Il. Shell: The shell is the outer part of the OS that interacts with the user, also
depicted in Figure 1.1. It receives commands from the user and passes
them to the kernel. Shells can be:

Graphical shells (like Windows desktop) where you click icons and use

menus.
Command-line shells (like the Command Prompt or Terminal%ere
you type instructions. 0

User ,g)plications ~\§
T 4

Operating Systerv?
Sh &

<

Qs «Qi
S o

Figure 1.1: Diagra @\ustrate ¢ relationship between the user, shell, and kernel in
@ an operating system

*

oS LQ@S d Modular Design
In F@ g systems, the design is divided into layers, where each layer has a
spedjfic]ob:

e Lower layer work directly with hardware devices like the CPU, RAM,
storage and Hard drive.

¢ Middle layer manage these resources and make sure programs can use
them when needed.

e Upperlayerrun applications and provide the interface that the user views
on the screen.

*
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Each layer depends on the one below it. This design makes the operating
system easier to manage, repair, and improve without changing the whole
system.
Example: A school system can be used as an example to understand the layered
architecture of an operating system:
e The support staff (like guards and cleaners) work at the ba %ping
the school ready (like the lower layers working with hardw,
e The administration manages resources, schedules s (like the
middle layers managing memory and storage).
e The teachers and students use these arrange teach and learn
(like the upper layers running applications and @ctmg with users).

System Libraries and Device Drivers
System libraries are collections of ready- m&n tructions that programs can
use to perform common tasks, such asfopen g fil or showing text on the

screen
Example: When a photo editln eed en an image, it uses the
éﬁay,

operating system'’s library to r, a e file. the app does not have to
create its own method to op ctures

Device drivers are speC|aI gram aIIow the operating system to
communicate with har deV| as printers, keyboards, and graphics

cards. s
“rAcTvIT é&‘b
Objectlve

Identi%shell device driver, and system library used by your computer.

Step
zocate the shell on your computer (desktop or command-line).
N . Open Device Manager (Windows) or System Information (Mac/Linux).
3. Find one hardware device (e.g., printer, keyboard) and note its driver name.
4. Open a simple program (e.g., Calculator) and identify one task it performs that may
use a system library (e.g., displaying numbers).
5. Record your findings in a table with these columns:
e OS Component (Shell / Device Driver / System Library)
¢ Your Example (e.g., Windows desktop, HP printer driver, Calculator app)

e Purpose/Role (what it does in the system).
N J

+
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1.3 Process Management in Operating System (OS)

The operating system is responsible for managing all the programs that run on
a computer. In this context, these running programs are called processes.

Process management ensures that each process gets the resources it needs,
even when multiple processes are active. Process management is o?‘ the

most important jobs of an operating system because it ensures al esses
run smoothly without disturbing each other. 0

Process Life Cycle

A process goes through several stages during its life cy \

1. Creation:

e This happens when you start any pr (Ilke MS Word).
e The OS loads the program into y and gives it the resources
(like CPU time and memory, e
2. Execution:
e The process is active ing an@ormlng tasks effectively.

3. Termination:
e The process f|n| s its ta and is closed by the user or the
system. S\
e The OS f the régourtes so they can be used by other
proces @
Example: Process(lifecycle ening a Web Browser on your mobile or
computer like e Chrome.
egins when the user clicks the browser icon. The operating

systent” loads the program into memory and allocates the required
§>urces

ecution: The browser performs tasks such as loading web pages,

$ displaying media, and responding to user actions.

3. Termination: Occurs when the browser is closed. The operating system
stops the process and releases its resources for other uses.

Multitasking and Concurrency
Modern operating systems can manage many processes so efficiently that it
appears they are all running at the same time.

&
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e Multitasking: The operating system allows more than one program to
be open and usable by a single user at the same time. You can easily
switch between them whenever you need.

Example: You can listen to music, keep a document open, and browse
the internet, moving between them as needed.

e Concurrency: More than one process is active at the same
OS, but the CPU processes them one by one in extremely cles.
Example: Like a chef preparing three dishes, working
time, then moving to the next, and repeating, the CP
processes so rapidly that the user does not noticw

A

We have learned that many processes can b ress during the same time
period, but the CPU works on them one ih very fast turns. Since the CPU
cannotrun all processes at the same @Jper stem must decide:

e Which process should run flrs@ 3\

e Howlongeach process sh ru %
This process is called scheduhﬁ\ re are%ﬂ‘f ent scheduling methods used
by operating systems. But in nit, explore only one of the simplest

scheduling techniques$€ome I;'\;%Served(FCFS)

In the FCFS method, t PU p;@es tasks in the exact order they arrive. The

first process to ar? com
hes.

the previous
Example: Li @queue at a shop counter, the first customer in line is served

Process Scheduling Concepts

first, and the next process starts only after

first, then,thehext, and so on
Num& Example: Let us use some simple data to see how FCFS scheduling

$ practice.

Process ID Arrival Time Time Needed
P1 0 seconds 5 seconds
P2 1 second 3 seconds
P3 2 seconds 2 seconds
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Step-by-Step Explanation:

1. At 0 seconds:
e P1 arrives first, so it starts running immediately.

e It requires 5 seconds to finish.

e |t runs from Os to 5s.
2. At 1 second: 0$

e P2 arrives while P1 is still running, so P2 waits. 0

3. At 2 seconds: Q

e P3 arrives, but P1 is still running and P2 is aI@g aiting.

e In FCFS, P3 will also wait until both P1 and@ ave completed.
4. At5 seconds: \

e P1 finishes.

e The CPU now starts P2, which ne seconds to complete.

e P2 runs from 5s to 8s.
5. At 8 seconds:

e P2 finishes. %gj \@
e The CPU now starts chn @'seconds.
e P3 starts and runs,froin 8s to 1

Execution Timeline: 0 \&

0 5 0§>8; 10
3

though P3 has the shortest duration (only 2 seconds), it must still wait
until P1 and P2 have finished because they arrived earlier. This is one of the
main characteristics of FCFS; shorter tasks can be delayed if they arrive after
longer ones.
Advantages and Disadvantages of FCFS:
Although FCFS is a simple and fair scheduling method, it has both advantages
and disadvantages:

= o
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Advantages: Easy to understand and implement, as processes are served in the
exact order they arrive. No process is skipped.

Disadvantages: Short processes may have to wait a long time if they are
queued behind longer processes (known as the “convoy effect”), which can
affect the overall efficiency of the system. \F

» DO
YOU The CPU in your computer can switch between processes millions 0@1 sinjust
w

KNOW?  one second. This happens so fast that you can play music, br&@ eb, and

L download files all at once. ‘\'

% y
)y ACTIVITY ?s\ \

Objective:
Use the First Come, First Served (FCFS) metho&d ermine the order and completion
time of processes.

Steps: Q \@
1. Consider the following processgay lﬁ
Process @I Time LTﬁ‘@ﬁeeded

v
Nds

P1
P2 s s‘\vb Ss
P3AN. | 2s 3s

2. Arrange the pr (@ in th o@ﬁey will run according to the FCFS method.
3. Calculate thé and fi@ne for each process.
Answer the question

e Whatj tal time taken for all processes to finish?
Wh&&r cess had to wait the longest?

.
1. @mory

ory is a fundamental component of a computer system, used to store data
and instructions required for processing. It ensures that the CPU can access
information quickly during program execution.

Primary Memory (RAM)
Primary memory, also called Random Access Memory (RAM), is the main
working area of a computer. It is a fast storage area where the computer keeps

+
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the data and instructions
temporarily. Its data is erased
when the computer is turned off.
Example: When you open a

Word document, the computer $

quickly places the program and
the document into RAM so the
CPU can work on them right

away. ’@
\@t

Virtual Memory

When the RAM is full, the operating system a t of the computer's storage
drive (like Hard drives, solid-state drives Nor Non-Volatile Memory Express
(NVMe)) as virtual memory. This ext cts I e@nporary RAM, allowing

transfer speeds and have higher ss times mpared to RAM; that's why
the use of virtual memory can r redu d system performance.
When several programs are n SI ously, the operating system may

transfer data from less a progra V|rtual memory. This frees up space in
RAM for the program % @ using, but may make those fewer active

more programs to run at the samEi Storag es operate at lower data
t|

programs slowert ond.

DO g )
*YOU b%r\/‘ personal computer, the IBM 5150 (1981), was equipped with only 16 KB
fR

KNOW2 .In contrast, modern DDR5 RAM can transfer data at speeds exceeding 50
QB per second, enabling the copying of a full high-definition movie in less than
@ one second.

1.5 Processes and Threads

A process is an independent program that is currently being executed by the
computer. It has its own memory space CPU time, and other resources (such as
files or network connections). Processes are isolated from one another to ensure
stability and security; a problem in one process generally does not affect another.

= o
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A thread, on the other hand, is the smallest unit of execution within a process.
Multiple threads can exist inside a single process, each performing a different
task. All threads in the same process share the same memory and resources, but
operate independently.

Example:

Consider a web browser
» Theentire browser applicationis one process. ’@
» Within this process, different threads are responsib
o Onethreadisloading and renderingawe :
e Thesecondthreadis playing audio or o Content.
e Anotherthreadis downloadingfil %background
By using the above multiple threads, the &r\can continue loading new
content while playing a video, without m e user wait for one task to finish

before starting another. @ \

Multithreading

Multithreading is an operatin stem tec &we that allows a single process to
perform multiple tasks at thésgme ti ividing its work into smaller units
called threads.

Each thread runs mde ntI ares the same memory and resources of
the process, enablg ster %IOH better responsiveness, and efficient use
of system reso

Benefits Wultlthreadlng

Multi ing offers several advantages, and some of the most important are
’ below:

Enhanced Performance: Tasks can be divided into multiple threads and
executed in parallel, allowing complex operations to complete more
quickly and improving overall system efficiency.

o Improved Responsiveness: Applications remain responsive even when

one thread is busy with a specific task.
Example: A word processor enables continuous typing while another
thread checks spelling in the background.

+
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e Support for Concurrent (parallel) Operations: Multiple tasks can
progress during the same period, which is particularly important in
applications such as games, video editing, and real-time communication
tools.

o Efficient Use of Resources: Threads share the same memory s%and
resources of their parent process, requiring fewer system@ urces

compared to creating separate processes. 0
1.6 System Calls \:

A system call is a request made by a program to th rating system to
perform a specific task that the program cannot do dir&y. They act as a bridge
between user programs and the kernel, allo applications to access
hardware and core OS functions safely. Wi stem calls, programs that
directly control hardware can be unsafe a plex.

Example: When you save a file in a text{editor, t @ram uses a system call
to tell the operating system to writ@ ata t orage drive(like a Hard
drive). Q 6
Types of System Calls 9‘\ é
The main types of syster§l mch%\

1. open Opens«a @ rre @o writing.

Example: O ga refile to play.

2. read Rethevwes data from a file or input device.
Exam,%. eading text from a document.

3. \@e Sends data to a file or output device.

@ mple: Saving an image to the computer.
fork Creates a new process by duplicating an existing one.
Example: Opening a new browser tab, where the OS may use fork to create

another process.
» DO
YOU Linux and macOS have a few hundred system calls, while Windows uses nearly
KNOW?  2,000. These calls handle everything from opening files to running apps and
L showing graphics in the background while you work.

+
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1.7 File System Structure and Management
An operating system not only runs programs but also stores and organizes the
users' data. This is achieved through the file system, which provides a

structured way for users and applications to store, locate, and manage
information on storage devices. A well-designed file system ensure&data

remains organized, secure, and easily retrievable, even when e are
thousands of files contain complex data. 0

Files ’\\Q

A file is a collection of related data stored on a comgu\@l may contain text,
images, audio, video, or program instructions.

Folders Y\
A folder (also called a directory) is a contaifter used to organize files and other
folders in a logical structure, making it e@to Iocat®1d manage information.

Metadata

Metadata refers to details abo t e, folder as its name, type, size, date of
creation, and date of last |f|cat|o hls information helps both the
operating system and the nﬁ@nd manage files/ folders without
opening them.

File Systems

A file system is ay an c§rat|ng system stores and organizes files on a
storage devi as a hard drive, SSD, or USB. It decides where each file will be
kept and sa&ts location so it can be access later. Some widely used file systems

includ puter-based file systems are including:
o &2- Used in USB flash drives
@ TFS —Used by Windows OS.
APFS / HFS+ — Used by macOS.
e EXT4-Commonly used by Linux OS.
The choice of file system affects performance, storage capacity, and security
features.

Example: If you save a photo on your computer, the file system makes sure it is
stored in the right place and knows exactly where to find it when you open it

+




iﬁ ‘?i r°i
O

again, just like a librarian placing a book in the right section and knowing where
tolocateitlater.

(L) ACTIVITY ~
Objective: $
Demonstrate how system calls work when managing files. 0
Instructions: O

1. Prepare:
e Give each student a small card labeled with a file (eg photo.jpg,

homework.docx, song.mp3). @

e Write "open”, “read”, "write”, and “close” on t

2. Steps:
e Call one student the “Operating System"”.
e Another student plays the “ Applic '??g Photo Viewer).
e The Application requests: “OS, pléase . open photo.jpg”.
e The OS responds by selectlng e card from thegfile list” and handing it over.
e Repeat with read, write, for dlf@les

3. Wrap-up Discussion:

L e Explain that each actlQpresents a% m call. )

1.8 Types of Ope 9 Q

Operating systems ar igne ing to the needs of the device and the
work it performs. ype a different purpose and is optimized for

specific tasks. \
ReaI-TlmQ erating System (RTOS)

A Real-Nime Operating System is designed to process data and respond within
as i@me limit, known as a deadline. It is used where even a tiny delay can
system failure or serious consequences.
o Key Feature: Processes tasks immediately as they arrive, without long
waiting times.
o Used in: Critical systems such as air traffic control, heart-monitoring
devices, orindustrial robots.
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Embedded Operating System (EOS)

An Embedded OS is a small and highly efficient operating system built into a
specific device to control only the functions it needs. It is not meant for general-
purpose computing but is optimized for one task or a small set of tasks.

o Key Feature: Uses very little memory and power, and is of; %ored
permanently inside the device.

e Used in: Home appliances (microwaves, washing n@es), printers,
smartTVs, and ATMs.

Network Operating System (NOS) @
A Network OS manages and supports multiple cor?&ers connected through a
network. It enables the sharing of resources iles, printers, and internet
connections among users like windows multifigin§servers.
o Key Feature: Focuses on c uni atlo a@coordlnatlon between
computers. % r‘\

e Used in: Offices, schools a ata cent

Example:Ina school ter| ents use different computers, but
all can save files to the eservg print from the same printer, thanks
to the Network

Mobile Operati ’k te%o
sm

A Mobile OS |@2 ed for rtphones, tablets, and other handheld devices.
Itis optimize ouch-screen use, battery saving, and mobile apps.

Feature Supports wireless connectivity, cameras, sensors, and app
S.

$ sed in: Smartphones, tablets, smartwatches.

QL

The very first mobile operating systems, like Symbian (used in early Nokia
KNOW? Phones), could only run a few small apps. Today's mobile OS platforms like
Android and iOS can handle millions of apps, 3D games, and even professional
video editing tools.

+
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Summary

» Operating System (OS) is a type of system software that manages

hardware, runs application software, and provides a user interfa
« The kernel is the core part of the operating system, that tIy

controls the computer's hardware and system software s he

CPU, memory, and devices. Q

. ThesheIIistheouterpartoftheOSthatinteractswith & er.

« System libraries are collections of ready-mad ructions that
programs can use to perform common tasks, sdﬁgg opening files or

showing text on the screen. ?\

« The operating system is responsible fo ging all the programs
that run on a computer. In this con ?ie running programs are
called processes.

« In multitasking the operating aII than one program
to be open and usable by a s erat e time.

« In concurrency more than process ive at the same time in an
OS, butthe CPU proces hem o one in extremely fast cycles.

* In the FCFS method, n es tasks in the exact order they
arrive. The first ess to |s completed first, and the next

process starts r ousoneflnlshes
 When the is f operating system uses part of the
comput rage drive (like Hard drives, solid-state drives (SSD),

andf@olatlle Memory Express (NVMe)) as virtual memory.

« A prdeéss is an independent program that is currently being executed
e computer. A thread, on the other hand, is the smallest unit of

%xecution within a process.
A system call is a request made by a program to the operating system

to perform a specific task that the program cannot do directly.
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~ EXERCISE _

Multiple Choice Questions

1. Which is NOT an example of an operating system? $
(@) Linux (b) Windows 0
(c) Photoshop (d) macOS 0
2. In multi-user environments, the OS ensures:
(@) Equal access and data (b) All users * the same files
privacy
(c) Hardware is never used (d) Int?ﬂ.speed is increased
3. In Windows, user accounts can be ¢ a?ilia:
(@) Task Manager Control Panel or Settings
(c) Disk Management ( Bl S@lngs
4. The core part of the OS t cts di with hardware is the:
(@) Shell Q (b)
(c) Device Driver & System Library
5. A graphical shell aIIO\Qhe us
(@) Type comm only (b) Click icons and use menus

(©) Interact’ ia c% (d) Access only the BIOS

6. In the FCF, edullng hod, processes are served:

(@) R @ (b) Shortest job first

() order they arrive (d) By priority only
7. ds in the same process:

@) Have separate memory (b) Share the same memory and
spaces resources

(¢) Run on different OS (d) Cannot run simultaneously
8. Which system call is used to create a new process?

(@) Open (b) read

() Write (d) fork
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Short Questions

1. Why is the operating system referred to as the “central controller”?

2. How does the OS act as a translator between the user and hardware?
3. Define one way to create a new user account in Windows.

4. How is kernel different from shell. $
5. Give one example of a system library and its purpose.

6. Explain one advantage and one disadvantage of FCFS sch %

7. Why is virtual memory slower than RAM? +

8. Define a system call.

9. What is the role of a file system? \Q

10.Define multitasking in computer system.

Long Questions E
1. Describe the architecture of an oz@g sy\@xplaining kernel, shell,

and layered design with exampl
2. Explain the process lifecycle i

Qe with@les.
3. Differentiate between Rw nd v memory, and explain how

multithreading improves p&rform

4. Describe system call he|r pu and give examples of at least three
types

5. A computer s Y@use irst-Come, First-Served (FCFS) scheduling
method to ge processes. The following table shows the arrival time

and the& urst time (time needed for execution) of three processes:

rocess | Arrival Time (seconds) | Burst Time (seconds)

QTr1 0 4
$ P2 1 3

P3 2 1

Requirements:
l.  Arrange the processes in the order they will be executed according
to the FCFS scheduling method.

= o
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I.
1.
V.
V.

Answer Key for Multiple Choice Questions

a) -
b) -
b) -
b) -

b) -
d) -

®NoUhWN=

c) - Photoshop

Show the execution sequence of all processes.
Calculate the start time and completion time for each process.

Find the waiting time for each process.

Calculate the average waiting time for all processes.

Equal access and data privacy é\“

Control Panel or Settings \
Kernel

Click icons and use menus ?j

) - In the order they arrive

Share the same memory and res@%
fork @ (b\.g
Ko
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UNIT

2

/\

Student Learning Outcomes

System Recovery and

O

recurring system issues.

e Distinguish between System Restore and S

e Create and use a restore point to return the syste previous working state.
set,
each.

partition style (GPT or MBR).
e |dentify the differences betwegn and MBR a heck a disk’s partition style.

e Explain the role of BIOS and UER] in syste tup.
e Describe the Power-On Self! % t (POSss and its importance.

e Access BIOS/UEFI settings,to c ang ootorder or reset defaults.

as Tenorshare.
e Perform D|sk \ to rem mporary and unnecessary files.

e Apply soft pdates (patch anagement) to improve security and stability.
e Run vig@ using Windows Defender and enable real-time protection.

o M@in repair and update logs using a standard template.
“@ the importance of keeping accurate system maintenance records.

Advanced Maintenance

By the end of this chapter, you will be able to:
e Define post-troubleshooting maintenance and explain its role@enting

e Use Task Manager, Resource Monitor, Resource Monitor an onitor CPU,
memory, and disk usage, and terminate unresponsive a johs by reviewing
system logs . K

e Start Windows in Safe Mode and explain when this m useful.

and identify when to use

e Explain the purpose of bootable recove % and is required.
e Create a bootable USB using Rufus o@ s, choosing the correct
e Recover deleted flle g built- | as well as third-party recovery tools such

o Create intenance calendar to schedule regular updates, cleanups, and scans.

)

)

Introduction

In this unit, we will explain how to maintain and recover a computer system after
troubleshooting. You will learn to monitor system health using tools like Task
Manager, Resource Monitor, and Event Viewer, and explore recovery options

such as Safe Mode, System Restore, and bootable drives.

= o
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The unit also introduces the role of Basic Input/Output System (BIOS) and
Unified Extensible Firmware Interface (UEFI) in system startup, simple data
recovery techniques, and important preventive maintenance tasks like disk
cleanup, updates, and virus scans. By the end of this chapter, you will understand
how to keep system logs and maintenance records to run a computer gystem
smoothly and handle common recovery tasks effectively. &

2.1 Introduction to Post-Troubleshooting \Q
Troubleshooting steps, including restarting the syste \écking physical
connections, and addressing simple issues related to e or hardware and
to fix common computer problems, The next ste 9%’Iearn what actions to
take once the issue is resolved. This procesg_is\¢alled post-troubleshooting
maintenance. It includes additional steps t the computer continue to
work properly and avoid the same probI &the future This chapter explains
how to maintain a computer syste ep | e secure, efficient and
reliable. @

Importance of Continuo
Solving a computer problem

care to continue workin
happen again, or ne

mte
@\tep. The system still needs regular
ithout maintenance, the same issue can
ppear. Regular maintenance keeps the
system stable an

nts% problems. It ensures better performance,
longer life, and féwer'disruptiohs in computer usage.

Example: I;@) puter becomes slow due to full storage, deleting a few files
may improYeJts speed for a short time. However, if unnecessary files are not
remov gularly or the system is not updated, the same issue may occur

agqi(Z)
ct of Poor Maintenance

If a computer is not maintained regularly, it may face several problems that
affect its performance and reliability. The following issues commonly occur due
to a lack of proper maintenance:

Below are some common problems that result from a lack of regular
maintenance:

+
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= Slow Performance: Temporary files, unused programs, and background
processes can build up over time. If these are not managed, the
computer may become slow and unresponsive.
» System Failures: If important system updates are not installed, the
computer may stop working properly. It can freeze, crash, or fajl fo start.
= Security Risks: When the system or apps are not update%&mful
software like viruses can enter the computer more easily.
» Data Loss: Without backups, important files can be Id@wg crashes
or hardware failure.

= Hardware Damage: Dust and overheating can ge the hardware
components if the system is not cleaned or proﬁq' ventilated.

Introduction to System Health Monit
For the smooth running of a system, it isi;ﬁﬁ ant to check its performance

regularly. This process is known as systemJ monitoring. Modern operating
systems, such as Microsoft Window@ e bu zools that help monitor

system activity.
These tools allow you to: Q 6

Check how much merg‘and pr smg power are being used
Monitor background

licati g services
View system warnﬁ?s and e essages
t

|dentify progr, @t W down the computer

Regular monitori ps de all issues before they become serious. By
using these tOéusers can take timely actions to improve performance and
lems.

avoid futur%

g Built-in Diagnostic Tools

lon to basic troubleshooting steps, modern operating systems provide
t-in tools to help users monitor system performance in more detail. These
tools give useful information about the computer’'s current state and help
identify problems related to memory, storage, processing power, and system
errors.

This section introduces three important diagnostic tools available in Microsoft
Windows:

e Task Manager
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e Resource Monitor

e Event Viewer
Each of these tools plays a different role in resolving system health and
performance-related issues.

Task Manager \b

Task Manager is a built-in tool in Microsoft Windows that helps us onitor
the performance of their computers. It shows real-time infornqati bout how
the system's processor (CPU), memory (RAM), and storage ( e being used.
The Processes tab of the task manager shows all active p s and how much

system resources they are using, while the Performa& b displays detailed
graphs for CPU, memory, disk, and network usagev

How to Open Task Manager? v
There are two simple ways to open Task g

l.  Press the Ctrl + Shift + Esc shor@ ro e keyboard
ll.  Orright-click on the taskbar %ager from the menu
What You Can Do with Task M

Task Manager is helpful wher§<) comp slow or an application stops

responding. It allows you to: Q Q
e See how much pr g pov}é\ d memory are being used by each
program. 6

e Selecta progg t cesses tab of task manager and click End

Task to dgm |f it is ndt,working properly (see Figure 2.1).
o View pr@ s running silently in the background.

B Task Manager — O X | ETaskManager - 0O x
File Options View File Options View
F.rlnmunc Tatory sun Detals | Services Processes Aw history | Startup Users | Details | Services
e T 1% 0% 0% | GPU CPU
Name Status G| Memon|_oik |wetwork| by engine U Intel(R) Core(TM) i5-4300U CPU @ 1.90GHz
Apps (7, _{ I 4%088GHz  %Utilization o
Expand 0.1%) 162.5 MB| 0.1 MB/s| 0 Mbps| 0% |GPUO3D
SR M Switch to 0% 187.1 MB| OMB/s| 0 Mbps| 0% 7:8/15.9 GB (49%)
\\\\\\ [ MENditask 0%| 1414 MB| OMB/s| 0Mbps 0% Disk 0 (E: F)
Resource value > HDD
> [ Microsoft|  provide feed back 0.1%|176.1M8| OMB/s| 0 Mbps| 0% o
& Task Man:  Debug 10%| 290MB| OMB/s| 0 Mbps 0%
Whaton -Create dump file 5 . Disk 1(C)

> atSAPL 0o details 0% 1632 MB| 0MB/s| OMbps 0% || =

> 1 Windows|  Open file Location 01%| 603MB| 0MB/s| OMbps| 0% il | 1% 60 seconds

5 Search online WiFi Utilizatio Speed peed 250 GH

ackground f - pr I:M WiFi 4% 088GHz  Sockets: 1
> [ 64-bit Synaptics Pointing Enhan. 0%| 05MB| O0MB/s| 0 Mbps 0% S:BOR:BOKDPS b0 oses Threads es "
rocess

> @ AggregatorHost 0%| 21mB| omB/s| OMbps 0% GPUO vl

> @ Antimalware Core Service 01%| 56M8| OMB/s| 0Mbps| 0% fhocesses e

> @ Antimalware Service Executable 0%|152.1 MB| 0MB/s| 0 Mbps 0%
< v < Slv

Figure 2.1: Task Manager Showing Active Processes and System Performance in Windows
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e The performance tab of the task manager shows real-time graphs and
data showing how your computer is performing (see Figure 2.1).

Resource Monitor
Resource Monitor is an advanced system tool in Microsoft Windows that gives a
deeper view of how your computer's resources (memory, CPU, anddisk) are
being used, as shown in Figure 2.1 While Task Manager gives a quic rview,
Resource Monitor provides more detailed information about wh@ programs
and background services are using system resources. It i ially helpful
when the system is running slowly, overheating, or using al emory without
any clear reason.
How to Open Resource Monitor?
There are two common ways to open Resource |
e Open Task Manager, go to the P nce tab and click on Open
Resource Monitor at the bottom.
e Orpresstheshortcut kemed mmand resmon in the
dialog box that appears, an ter(s@urez 2).

Key Features of Resource Moni
Some key features of the reso§ monitgfNare Ilsted below:

= CPU Tab: Shows whi oces services are using the processor.
* Memory Tab: D| s how \,C memory is used, free, or reserved.
@ Resouge M - o x

™ 49% Maximum Frequency @ }L -~
escripti... Status  Threads CPU  Average|*
2 33 0 005 —
x indow u 20 0 0.00
eard 16 0 0.00
6 u 52 0 0.00
6 uspen 21 0 000
uspen 19 0 0.00
mse uspen 10 0 000
mse exe 407, uspen 17 0 000
alc 7 alculator  Suspen 13 0 000 |,
[ Disk [ 731 Ke/sec Disk 1/0 B 6ighrest Active Time [©)
-
I Network [ 11 Kbps Network /0 / 0% Network Utilization @
-
I Memory 8 o Harel Fau\t/ ™ 45% Used Physical Memory @
Resource Run X
Monitor
Window Type the name of a program, folder, document, or
Internet resource, and Windows will open it for you.
Step1: Window+R
grer [ 7]
[v] v

Figure 2.2: Resource Monitor to Monitor the Usage of System Resources
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= Disk Tab: Monitors which programs are reading from or writing to the
hard drive.
Network Tab: Shows which applications are sending or receiving data
over the internet or network.

Event Viewer \g
Event Viewer is also a built-in Windows tool that records detailed lo stem
activities. It helps users check for errors, warnings, and import ts related
to software, hardware, and security, as shown in Figure 2.3. Q

& Event Viewer

File Action View Help. @'—
€

E Event Viewer (Local)

¥ sp Custom Views

> m Windows Logs

>[I Applications and Services Log
& Subscriptions

Event Viewer (Local)

Overview ( )
F Create Custom View...

To view events that have occ
on your computer, select 1]

approprlate source, log o ustom
Summary of Administratige Events
Event Tvpe ource

Recently VI%‘MES
%\mary
< O Size (Curre.. 1 v

Locl Name
f
Figure 2.3: The Eszwer to Viev Upcoming Events Related to System Maintenance

How to Op nt Viewer

Import Custom View....

Press cut key Windows + R, type the command eventvwr in the dialog
box t@ pears, and press Enter.
TIVITY

Objective:
Use Task Manager to identify and end an unnecessary background program.
Steps:
1. Open Task Manager using Ctrl + Shift + Esc.
2. Go to the Processes tab.
3. Find a program running in the background that you are not using (e.g., Music app,
update service).
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4. Select it and click End Task (only if you're sure it is safe to close).
5. Observe if your computer’s speed improves.

Answer the questions:

Did ending the task improve system performance?

Why do you think that happened?

In some cases, basic troubleshooting is not enough to fix a m. The
computer may crash, become unresponsive, or fail to star@ le such
situations, operating systems like Microsoft Windows p% special tools
known as system recovery options. These recovery o help restore the
computer to a working state without losing important é@; most cases. In this

2.3 System Recovery Options @\l‘
and

section, we learn about the three commonly used ery tools.

Safe Mode

Safe Mode starts Windows with only the mental drivers and services.
It disables unnecessary background rams an up software, making it
easier to fix problems caused by fau sor s

When and How to Use

Safe Mode is useful when:
s%or r \

»  The system keeps cra n

» A program or dri IS cau5| computer to freeze

*  You need to sc ma w@ unlnstaII a recent app
How to open Saf e:
On most syst o Settings > Update & Security > Recovery > Advanced
Startup > R Now. Then choose Troubleshoot > Advanced Options >
Startup Settirfgs > Restart > Press F4.
Ons Ider systems: Restart and press F8 repeatedly before the Windows

I ears. Select safe mode, press enter.
ode with Networking

This version of Safe Mode includes network drivers, so you can access the
internet. It is helpful when:

* You need to download updates or drivers

* You want to use online help tools

* You want to run a cloud-based antivirus scan
To enter it, follow the same steps as above and press F5 instead of F4.

[ 26 | o




% 2 ro
o ig

TIPS 12 -

While using Safe Mode, follow these precautions:

Do not change settings unless you understand their purpose.
= Avoid deleting system files; they may be important for Windows to work properly.
= Useonly built-in or trusted tools to fix issues.

= Restart your computer normally after finishing the task. $
= Ask for help from your teacher or IT expert if unsure. O
\ Safe Mode is powerful, but it should be used carefully. CN\ )
\4
System Restore \Q

System Restore allows you to take your computer bﬁ\san earlier state
without deleting personal files. It works by using restor& s, which are saved
versions of your system created before major cha

What are The Restore Points? '§~

A restore point is like a saved snapshot ojA0 system’s settings and files. It

helps you return your computer to an ork condition if something
goes wrong, such as after installing prog r driver. Restore points
are made automatically before upda r driver installations, or

manually by the user when |t isn
Steps to Create a Restore P

Follow these steps to create tore @manually
e Click the Start bu and o th ntrol Panel.
e Go to Syste @ ecuri en click System.

e On the lef Syste .
e In the window, under the System Protection tab, click the Create

butt
o T $1ame for your restore point (e.g., “Before installing printer driver”)
%click Create.

zVait a few seconds for confirmation. Your restore point is now saved.

s to Use a Restore Point
If your computer is not working properly, follow these steps to go back to a
previous state:
Open the Control Panel.
Go to Recovery and click Open System Restore.
A window will appear showing available restore points.
Select the most recent restore point when your system was working fine.
.
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o Click Next, then Finish.
e Your system will restart and restore the selected settings.

Bootable Recovery Media

Sometimes, a computer may stop working completely and fail to stagt. {n such
cases, normal recovery options like Safe Mode and Restore Poin not
work. So, in this case, we use bootable recovery media to recover stem.

Understanding Bootable Media and Its Uses \9

Bootable recovery media is a USB flash drive or DVD that ’&u ins important
system files. It helps start the computer from an extern ice instead of the
built-in storage. After starting the system, you can us?é@?lt—ln recovery tools

such as:
e Startup Repair to fix problems that prev indows from loading
e System Restore to go back to a workihg state using a restore point

Command Prompt for advanced frouplesh
System Reset or Reinstallatio effistall t}é’ rating system if needed

When We Use Bootable Med'aQ
We use this media in such c:évhere t ﬂstem
e Safe Mode is not acc 6
e You need to repai relnsta perating system.

How to Create and %: Boo USB
To create a bootgkleyDSB:
e Downl e system image or installer from the official website of your
oper, system provider (e.g., Windows ISO, Linux ISO, or macOS

installer
o&nload Rufus (a free USB tool) from its official site
$ ttps://rufus.ie/en/), for Windows only. For macOS, you can use its built-

in tools like Terminal or Disk Utility.
e Plugin a USB drive (16 GB or more).
e Open Rufus, select the USB and the ISO file.
For Windows or Linux systems, choose GUID Partition Table (GPT) for modern
PCs and Master Boot Record (MBR) for older systems. Then click Start to create
the bootable USB.

= o
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» DO GPT and MBR are two different ways of organizing data on a storage drive (Hard\
KNOW? drive or SSD).' - '
= MBRisthe older system. It supports up to 2 TB of disk size and a maximum
of 4 primary partitions.
= GPTis the modern standard. It supports disks larger than 2 TB, allows over
IEl

100 partitions, and is required for UEFI-based systems.

That's why new computers and operating systems now prefer GPT ove@ !
y p p g sy p P /

C

How to Check the Partition Style (MBR or GPT) ,\‘Q
To check the Partition Style, you need to: +

I.  Press Win + X and select Disk Management. @
ii.  Find the drive where Windows is installed (ﬁ’}ﬂmsk 0).

iii.  Right-click on the disk label (e.g., Disk 0), th
iv.  Go to the Volumes tab.
Look at Partition Style: &

It will show either: Q @
S X

oose Properties.

e GUID Partition Table (GPT)
e Master Boot Record (MBRQ

If your computer uses GPT, ot you cre &JSB in MBR format, it might not boot at all.
The same happens if yo tem use&&and you use a GPT USB.
*

« A - J
SO O
(L) ACTIVITY > \
Objective:
Learn create a bootable recovery drive using built-in Windows tools.
R nts:

A Windows 10 or 11 PC
9 e Anempty USB drive (at least 16 GB)
Steps:
I.  Insert the USB into the computer.
Il.  Press the Windows key, type Recovery Drive, and open it.
. Check “Backup system files to the recovery drive” and click Next.
IV.  Select your USB drive and click Next (Do not click "Create" in class unless permitted).

Answer the question: What does Windows say this recovery drive will help you with?
. J

o =




%o
b
2.4 BIOS/UEFI and Boot Process Awareness
When you press the power button on your computer, several hidden steps take
place before the operating system (like Windows) appears on the screen. These

early steps are controlled by special built-in software called firmware. In this
section, you will learn what firmware is, how the Basic Input/Ou‘%E&ystem

(BIOS) and Unified Extensible Firmware Interface (UEFI) help start th puter,
and how you can access basic startup settings if needed. O

Role of BIOS / UEFI in Computer Startup

All computers have special software built into the rboard called
firmware. It is not stored on the hard drive and does deleted when the

computer is turned off. Firmware gives the computer C instructions on how
to start.

Two common types of firmware are: Y
e BIOS older firmware software sho text-only menu and works
with the keyboard only. Q
e UEFI newer type of firmwar tware, s s a graphical menu that
uses both mouse and key nd la ard drives.
Role of BIOS/UEFI in Starting t&s pute
e Checks if the hardw worKr@ rrectly (like RAM, keyboard, and
hard drive).

e Finds the bqo@e U% rd disk, etc.) and starts the operating

system.
o Allows us@ change sSystem settings like date, time, and boot order.

» DO B&was first developed in the 1980s, while UEFI is now used in most modern

Kzg% mputers because it is faster and more secure.

@\'
ePOST Test
POST stands for Power-On Self-Test. It is the first thing the firmware does after
the computer is turned on. POST checks the most important hardware to make
sure everything is working properly. If all parts are fine, the computer continues
to load the operating system. If something is wrong, it may beep or show an

error message on the screen.
Example: If the RAM is missing, the computer will beep continuously.

= o
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Accessing BIOS and resetting to defaults
Sometimes you need to enter BIOS/UEFI to change settings or fix problems.

How to Open BIOS/UEFI Settings:

. . Aptio Setup Utility Copyright (C) 2011 American Megatrends, Inc.
To open this setting, you need

to shut down your computer. UEFI/BIOS Boot Mode [Legacy] ST O Ui Ba
i’ B
i. Turn it on and Retry Boot List e options ar A
. . Network Bpot Rgtnl [Enabled] )
immed Iately press a OSA Configuration

. L Boot Option Priorit Mg

key like Del, F2, F10, or [:Aglali)c:);?El\(jl?(Buspélloogevnony Boot Mode ~—Ris T8
[PXE: IBA GE Slot 2000
Esc (the correct key [PXE: IBA GE Slgtt beE%TCy 3 _: T —
depends on the brand, oelect ltem
like HP, DELL, and MSI). 1 Ganerai e
i. The BIOS or UEFI

screen will appear.

(CTRL+Q from serial
keyboard)
Q: Scroll Help Pane Up

A: Scroll Help Pane Down

%t —\ ESC: Exit
Version 2.14.1219. Copyright (C) 2011 American Megatrends, Inc.

@ Figﬂ(@: BIOS /UEFI
Resetting to Default Settings Q

If the wrong settings are savedfyou’can restore the system to its original state
by selecting “Load Setup [@ults" i@eset to Default” inside BIOS/UEFI

settings. Q \
Boot order and%g re%O
Boot order mea‘i sequence in which the computer looks for a device to

load the ope @g system. For example, it may try the USB drive first, then the
hard drive.

How t@nge Boot Order:
@1 er BIOS/UEFI settings.
$ Go to the Boot tab or menu.
e Move your desired device (e.g., USB) to the top of the list.
e Save changes and exit.

Sometimes the computer cannot start due to missing files or errors. This can be
fixed by using Startup Repair from Windows recovery USB or DVD.

+
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2.5 Data Recovery Techniques
Sometimes, we delete files by mistake or lose them due to system problems. In
many cases, it is possible to recover lost files using built-in tools or with the help

of special third-party software. This section explains basic methods for file
recovery and how to avoid permanent data loss. There are two mai\*ays to

recover deleted files: O
i.  Using built-in tools. 0
ii.  Using third-party software. \Q

Built-in Tools

These tools are already part of the operating system, \M&ls why we call them

built-in tools. In this section, we will discuss some b tools that are available

to recover deleted files.

Recycle Bin

When a file is deleted in Windows, it u@ goes he Recycle Bin. It stays

there until the bin is empty. You ca efrth Bin, right -click the file,

and select Restore to bring it ba or|g| ation.

File History

File History is a backup featufe\ Wln@ it is turned on, the system keeps

copies of your files at ular in You can recover files from earlier

versions, even if they @en déd or changed. To turn it on, go to Settings

> Update & Secu% ac% nect an external USB or Hard drive, and

select "Add a dri{e".”Once enabled, Windows will regularly back up your files

like Docume @ictures, and Desktop on that drive.

Previous \/?lkions

This fe@ allows you to recover an earlier version of a file or folder. Right-

cli lle or folder, choose Properties, then go to the Previous Versions tab.
ilable, you can select and restore an older copy.

Third-party tools

Sometimes, deleted files are not found in the Recycle Bin or Previous Versions. In
such cases, you can try using third-party recovery software. Tenorshare is a free
and easy-to-use file recovery program demonstrated in Figure 2.5. It can scan
your hard drive, USB, or memory card to find files that were recently deleted. You
can then choose which files to recover.

+
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How to use Tenorshare?
Steps to Use Tenorshare:

Open Tenorshare, select the location from which you want to recover a
file, such as a specific drive or folder(see Figure 2.5).
Choose the type of file to recover (e.g., pictures, documents). l

Click "Scan” to start searching for lost files.
Select the files you want to recover and click “"Recover” to re em.

Recovery success depends on how recently the file was deletfﬁp:i whether new

data has overwritten it. @
e » H = -0 X

‘ Tenorshare 4DDIG

Select a location to start searchingv
Drive not showing up?

)
&5 9 Fast and Safe

Data Recovery
) Hard Drive ’ Local Drives (3) &

Specialized Data Recovery

Utility Tools \'
A esktop O

& Video/Photo Repair

Local Disk (C:) 'SSD
——

@ Big Data (F:) HDD
L ———
"""" 68.9 GB/237.2GB  NTEg 2.0GB/232.8GB  NTFs

SD Card

. Common Location
Video Recovery

I~ 4
Cloud Drive BRGCY | éelect Folder @ Windows Backup

Crashed PC -

Toolbox

;\ 2 Tips: Don't know which drive to scan, as you're not sure where the data was lost?

Figure 2.5: Tenorshare Data Recovery Tool

i @ions of recovery and best practices

data recovery tools can be helpful, they have the following limitations.

If a file is deleted a long time ago, it may no longer be recoverable.
Recovery is not always possible if the hard drive is damaged or
formatted.

Files may be permanently lost if the Recycle Bin is emptied, and no
backups were made.




Never install recovery software on the same drive where your lost file was stored. This
may reduce the chance of successful recovery.
2) Always check the Recycle Bin first before trying advanced recovery tools. It is the easiest
and safest way to restore deleted files.

\ 4

)y ACTIVITY {'QO |
Objective: +

To help students understand how file recovery works by using %Qg%are on a test file.

Steps:
1) Create a text file named “TestFile.txt” on the D?c;.
k

2) Delete it and empty the Recycle Bin.
3) Open Tenorshare — Select All Files - Chdo top as location.
4) Click Scan — When the file appears, sefect and click ver.
5) Save it to another folder (e.g., Doc :
Answer the questions: @v
Were you able to recover the file? Q 6
Why should you avoid saving new Tfilgs tothe sa

mQrive after deletion?
\ (\ @ y,

2.6 Best Practlcg r Pr,

Just like we take our
need regular ahﬁ n to ke

tive Maintenance
or maintain our vehicles, computers also
working properly. Preventive maintenance

means d0| tasks that help avoid bigger problems in the future. These
taskscani ve your computer’s speed, keep it secure, and help it last longer.
Di nup

some time, the computer collects unnecessary files such as temporary
rnet files, system cache, Windows update files, and items in the Recycle Bin.
These files take up space and may slow down system performance.

Disk Cleanup is a built-in Windows tool that helps remove such files safely.

= o
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Steps to Perform Disk Cleanup

Disk Cleanup for (C:) X

Disk Cleanup

l.  Type Disk Cleanup in the Windows |

L You can use Disk Cleanup to free up to 250 MB of disk space

search bar and open the tool from =
the list. This opens a small window || /0" bownloaded program ites 0 bytes
. . & Temporary Internet Files 441 MB
asklng you to Choose a drlve to Clean, E%Windows error reports and feedback diagn... KB
. . DirectX Shader Cache 9
as ShOWﬂ N F|gure 2.6. [ [ Delivery Optimization Files 45 MB
ll.  Select the drive you want to clean | Toiertetdsepeyosom O zame
(usually C:) and click OK. @
Downloaded Program Files arg Q ntrols and Java applets‘
”l. Check the boxes from the dlalog bOX 2own\oaded automatically frofn theWifernet when you view certain

ages. They are temporarily s the Downloaded Program
. Files folder on your
that appears after OK, as shown in yi :‘
. . -Clean uj '@‘q‘iﬂ __View Files
Figure 2.6, for the types of files you :

want to delete. G

IV.  Click OK to remove the selected files.&%ure 2.6: Disk Cleanup Menu

Patch management/ Syste tion \
Software updates, also known s ches, are ased regularly by developers
to fix bugs, add features, and rove s&ty Keeping your system updated

helps to protect it from virus nd se hreats.

There are two types of
l.  Operating syst@.J dat indows, macOS, etc.)

Il. Application@htes (f grams like browsers, media players, etc.)
To check foru in Windows:

. Ope% gs > Update & Security.

o Click Check for updates.

. Il the updates if available.

ﬁng Protected with Windows Defender
d

ows Defender is the built-in security tool in Windows that protects your
computer from viruses, malware, and other threats. It offers two types of scans.
e Quick Scan to check common problem areas.
e Full Scan to check the entire system thoroughly.
Windows Defender also provides real-time protection, which means it keeps
watching your system in the background and alerts you if anything suspicious
happens.

+
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Keeping a maintenance calendar

It's a good idea to set a regular schedule for basic maintenance tasks. A

maintenance calendar helps you remember when to clean your system, scan for
viruses, or check for updates. You can write it down or set reminders on your

phone or computer. \ l

2.7 System Documentation and Logs

Keeping proper records is an important part of a co@ system's
maintenance. When we document what we do, such as instal ftware, fixing
issues, or performing updates, it becomes easier to ma d troubleshoot
systems in the future. This section explains the basics 0\' em documentation

in a simple and practical way. ?\
Summa){K;

e Troubleshooting steps, including restarting
physical connections, and ressing s
software or hardware and mmo

e Modern operating systdms, Such as Ki(cr
intools that help moné/ste y.

e Task Manager is aayilt-Tn tog) inWlicrosoft Windows that helps users
to monitor the eir computers.

e Resource Jof i ced system tool in Microsoft Windows
that give I\%eper viewNof how your computer's resources (memory,

CPU, @l k) are being used.

o Eveﬂ&ewer is also a built-in Windows tool that records detailed logs

stem activities. It helps users check for errors, warnings, and
$ portant events related to software, hardware, and security.

system, checking
e issues related to
puter problems.

oft Windows, include built-

System Restore allows you to take your computer back to an earlier
state without deleting personal files.

e Bootable recovery media is a USB flash drive or DVD that contains
important system files.

e POST stands for Power-On Self-Test. It is the first thing the firmware
does after the computer is turned on.
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e Boot order means the sequence in which the computer looks for a
device to load the operating system.

e Software updates, also known as patches, are released regularly by
developers to fix bugs, add features, and improve security.

CEXERCISE.

Multiple Choice Questions @\
1. Task Manager is mainly used to \
(@) Monitor running (b) Clea disks

applications
(c) Scan for viruses ) nage files
2. Safe Mode starts Windows w% S @

(@) All drivers and services b) B ivers only
() Network services (d) @lvirus tools
3. Bootable USB drives a ed for &
(@) Installing games \@ System repair and recovery

() Watching vid@ \ (d) Sending emails
4. In UEFI syster’r\g)oo% B must be created in
(@) NTFS (b) MBR style
(c) GP (d) ZIP format
5. The Pdker-On Self-Test (POST) is performed

%During system shutdown (b) After login
A

@ t system startup (d) When installing software
@Tenorshare is a tool used to

(a) Play videos (b) Recover lost files
(c) Create charts (d) Monitor CPU
7. File History helps to
(@) Track website history (b) Save copies of personal files
(c) Install apps (d) Scan for malware

.
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8. Windows Defender provides

(@) File compression (b) Virus protection
(c) Disk formatting (d) Music playback

Short Questions O£
Write one key function of the Resource Monitor. QO

Define the use of Safe Mode in system recovery.
List the steps to create a bootable USB using Rufus. +

What happens during the Power-On Self-Test (PO

Why is the boot order setting important whe g recovery tools from a

USB drive? ?\
List the two benefits of running regular& anup.

How does Windows Defender help i amm@stem health?

Nhwh =

No

Long Questions @
g P

1. Explain the roles of Task Mafagéer and E@nt iewer in system maintenance.

Give one example for eac_@)ol w!‘%@can help solve a problem.

2. Your computer is not@;‘ting pr%r due to a system issue. Describe how
System Restore or@oota @avery USB can be used to fix the problem
without deleti sona

3. Briefly explat y two preventive maintenance techniques that help to keep
a comp% nning smoothly.

4. Ex how deleted files can be recovered using a third-party software. Also,
d@ why recovery may not always be successful.
%}classmate wants to clean up disk space after a large Windows update.
xplain how to use Disk Cleanup, including the option to remove system
files safely.
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Answer Key for Multiple Choice Questions

a) - Monitor running applications
b) - Basic drivers only
b) - System repair and recovery

c) - GPT style
9] O\l~

- At system startup
b) - Recover lost files 0

b) - Save copies of personal files \p
b) - Virus Protection 6\~

Ny hAWN=
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3 Introduction to Python
Programming

Student Learning Outcomes $
~
By the end of this chapter, you will be able to: O
e Understand basic programming concepts and set up a Python develo vironment.
e Write and interpret basic Python syntax and structure, including varl ata types, and
input/output operations.

e Use various operators and expressions in Python, inclu Iﬂ@l hmetic, comparison
assignment, logical operators and operator precedence.

e ??‘ )

Introduction

Welcome to the world of Python progr &g! Python is a popular language
known for its simplicity and readab|I| mng its or both beginners and

professionals. In this chapter, we with t sics, including setting up
your development environment®\g&nd learn undamental programming

concepts. By the end of t&c apte Qou will have a comprehensive
understanding of Python, e@ling ;&@ write, test, and debug your own
programs. Q \

3.1 Introducé@ to on Programming

Python is a widgly=sed highMevel programming language famous for its

simplicity an dability. It is a versatile language and applicable to various
fields, includig web development, data analysis and artificial intelligence etc.
Wheth u are creating a simple script or developing a complex software,

PgS@ user-friendly nature helps you get started quickly and efficiently.

Programming Concepts
Computer programming is the process of creating a set of instructions that tell
a computer how to perform a task. These instructions are written in a
programming language that the computer can understand and execute. Think
of computer programming like giving directions to a friend on how to reach
your house. You need to be clear and precise so your friend doesn't get lost.
Similarly, when we write programs, we give clear and precise instructions to the
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computer to complete specific tasks.

Setting Up Python Development Environment

The development environment refers to the process of preparing a computer
to write, run, and debug Python code effectively. This involves installing and
configuring the necessary software, tools, and libraries that make devglgpment

smoother and more efficient.
o 0
QQ TOOL TIP
When installing Python, make sure to check the box that dd Python to
PATH." This makes it easier to run Python from the co line. We can also

use online services to write and run Python program
Steps of Python installation ?
To complete the installation process of Pyt llow these steps:

1. Download Python: Q(
Visit https://www.python.org/. Navi o) th@n oads" section and click

on the latest version of Python (€g/J PYthon for your operating system
(Windows, macQOS, or Linux).

>yPI Jobs Community

o ST co socelie

Download for Windows
Python 3.13.7

J ents that other
- with some
tools in

Windows
Note that Python 3.9+ cannot be used on Windows 7 or earlier.
macOs Not the OS you are looking for? Python can be used on
Android many operating systems and environments.
The product is: View the full list of downloads.
Other Platforms

License

Alternative Implementations

Figure 3.1: Python Home Page
The installer will be downloaded automatically.
2. Install Python:
e Run the downloaded .exe file.
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@ python 3.13.7 (64-bit) Setup — O x
e Check the box "Add Python
to PATH" during
installation.
o Select "Install Now" or S r—
customize the installation if
needed (e.g., choose the 0

|nst.aIIat|on d.lrectory.). oython 0
o Wait for the installation to for

el " «  windows
complete, then click "Close". +
@ p Process

Setup Progress

Figure 3.2

3. Set Up an IDE:

e Download and install a popular
IDE like PyCharm, VS Code, or
IDLE (included with Python).

o PyCharm is a powerful IDE f,

Python development, ava%e
in a free Community edifio

a paid Professional edj \

*  Visit: https;//www jetb, com/p

Figure 3.3: Installation Process
to download.t L@
for your o g sys dows, macQS, or Linux).

4. Configur Qhe IDE with Python
e Open arm and start a new

£ PyCharm Setup

"Configure” or "Settings"

nu, go to "Project Interpreter."

e Click the gear icon, select "Add
Interpreter,” and choose the path to
your Python executable (e.g.
C:\Python312\ python.exe on
Windows or /usr/bin/python3 on

Figure 3.4: Python IDE
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Linux/macOS). Browse to your installation folder if it's not auto-detected.

Apply the settings and let PyCharm index the interpreter.
. Testing the Configuration

Create a new file (e.g., test.py) in your IDE.
e Write a simple script: print("Hello, Python!").
e Run the script (use the "Run" button in PyCharm/IDLE or press F5'® Code

after setting up a task).
e Ifthe output appears (e.g., "Hello, Python!"), your IDE is cq configured.

Google Colab ‘\
It

Another excellent option for using Python is Google C is a free cloud-

based platform that provides a Jupyter notebook‘owronment with pre-
installed Python and popular libraries like Num das, and Matplotlib. To

€ o C | % colab.research.google.com/drive/TYWINCsbC9GqZdbuw5m7-1Mt-Ks5gR.
(deepseek) {deepseek (deepseck) 33 | M Gmail DYouTube  Maps

co & Hello_Word.ipynb ¥ &

= Share <Gemini
File Edit View Insert Runtime Tools Help \
Q Commands | + Code + Text | D Runall v Connect~ | ~

(rvede mowi)
© start coding or generate with Al

1%,

=
&
<
(o]
D

gure ogle Colab IDE

account, and 3 hew notebook. No local installation is required, making it

get started, VISItg&éS//COI$ earch.google.com/, sign in with a Google

ideal for b s or those working on machines with limited resources. You
can wrjt execute Python code in cells.
3. ic Python Syntax and Structure

owing Python program demonstrates the simplicity and readability of
ti®language:

coO & Hello_Word.ipynb % & 2 & 4 Gemini
File Edit View Insert Runtime Tools Help

Q Commands | + Code + Text = D Runall v Eﬁr: ol A

(¢¢§c—: *QE%)

[1} © print( "Hello, Students!")
@ Vv0s | 53
2¥ Hello, Students !

Figure 3.6: Python Program in Colab

. =
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In this example, the print function is utilized to output the message enclosed in
double quotation marks. This illustrates Python's straightforward syntax, where
functions like print are used to perform actions such as displaying text.
Python Comments

Comments are the lines that are not executed by the Python interprete%w are
used to provide explanations or notes for the Programmer. @ e-line
comments start with the # symbol.

print ( "K2 is the second-highest moun in the
world " )

# This is a single - line comment I’{"Q

This is a multi-line comment. ?N

LI |
print ( "Edhi Foundation oper S Ehe world’s largest

volunteer ambulance network.z:z)
Output: \

LI B
K2 is the second—highesQo tainf ¥ the world
Edhi Foundation operaﬁﬁs the Qr "s largest volunteer

ambulance network. O O

LI | : : x ‘
Interesting Information

3 NG .
We can use ™" ..." (T oteS%Qn for multiline comments but actually they are
igngred

multiline string Iit( ichare atruntime.

Variable%z{(‘thon

Avari in programming functions as a storage container within a computer’s
memgeryN¥ allows the storage of data that can be retrieved later in the code. In
t ple below, the variable age is utilized to hold numerical data. The value

variable can change throughout the execution of a program, which is why
it is referred to as a "variable™:

age = 71

print ( "Azam lived for", age, "years")
age = 60

print ( " Igbal lived for", age, "years")

= o
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# Output
# Azam lived for 71 years
# Igbal lived for 60 years

represent the ages of Azam and Igbal, which are then printed as part of t put.
Variable Naming Rules in Python 0

Variable names in Python must adhere to the following rules: \?
e The name must begin with a letter (a-z, A-Z) or an und (_). It cannot

This example illustrates how the variable “age” is assigned diﬁerenthues to

begin with a digit. Q
« Subsequent characters caninclude letters, digits (O—9N nderscores ().
« Variable names are case-sensitive, meaning age Age are considered two

differentvariables.
o Python's reserved keywords, such as fopwhile, if, etc., cannot be used as

variable names.
e Reserved words in Python are thos whic predefined meaningin
Python. They cannotbeused asy, ¢ [ ny other identifier.

» DO Following aresomeoft&rfs ed worﬁn thon
YOU e if else, elif, for, w reak, , and, or, not, in, is, True, False, Non
KNOW? .
and print
L We Can not em as Ngble name

Types of Variables
In Python, you ¢ ate variables of different types to store various kinds of

data. Python i ecides the data type of variable unless specified. Here are
some com pes of variables:
. 1 er (int): Stores whole numbers. Example: age = 17

@ ing-point (float): Stores decimal numbers. Example: price = 19.99
$ ring (str): Stores text. Example: name = "Ali"
Boolean (bool): Stores True or False. Example: is_student = True

Input and Output Operations in Python

Input and output operations allow you to interact with the user. You can ask the
user to enter data (input) and display information to the user (output).

Input: We use the input () function to get user input. The input () function
displays a message on the screen and waits for the user to type something and
press Enter. The text entered by the useris then stored in a variable. For example:
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name = input ("Enter your name: ")
print (" Hello, " + name + "!")
# Output

# Enter your name: Maryam Ashraf
# Hello, Maryam Ashraf!

4

First line of code asks the user to enter their name and stores it in t@able
name.

Output: Use the print () function to display information on the he print ()
function takes one or more arguments and displays them. Fg‘; pIe

Second line of code displays a greeting message that mch@ e user's name.

1. In print () function we use ‘.’ between multip es/ variables to be printed
separately.

KNOW? 2. In python indentation defines struCtur€” or scope your code. Incorrect
indentation may cause enorhwyourgad

Handling Integer and Float Inputs

To handle numeric inputs, you use ) or fI@unctlons to convert input

strings to integers or floating- p0| m ers

Integer Inputs
# Example : Handling in ege fEBut

user age = int&t('@ your age: "))
print ("Your agqg :",u ge)
# Output ’\ ﬁ
# Enter your{é&;: 16

: 16

# Your age

Float |anﬁA

# Ex&ﬁi}e: Handling float input
u qup ight = float (input ("Enter your height in meters:
$ﬂt("Your height is"™, user height, "meters”)

# Output
# Enter your height in meters: 1.5
# Your height is 1.5 meters

3.3 Operators and Expressions
Operators are symbols that perform operations on operands. An expression is a
combination of operators, and values that produces a result. Let's explore
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different types of operators in Python.

Arithmetic Operators

Arithmetic operators are used to perform basic mathematical operations such
as addition, subtraction, multiplication, division, modulus, exponentiation, and
floor division as shown in the following code

# Define variables <:>£

a= 10 <:>

b= 3 \Q

# Perform all arithmetic operations on t x&e numeric
variables and print results

print(a, "+", b, "=", a + b) # Output\!%%3=l3

print(a, "*", b, "=nr , a * b) # tp 10 * 3 = 30
print(a, "/", b, nw ", a / b

# Output: 10 / 3 = 3.33333333333
print(a, "//", b, " =", floor division

# Output: 10 // 3=3

print(a, "%", b, " = ", (b\’@

# Output: 10 % 3 = 1

print(a, "**", Db, a **
#oxx represent poweq eraK
# Output: 10**3

Comparison Op r@rs

Comparison S are uﬁ) compare two values or expressions. They
determine th @tlonal logic between them, such as equality, inequality, greater
than, less thamy and so on. These operators return a Boolean value (True or False)
based b@e comparison result. Here's a Python program that demonstrates the

us @all comparison operators.
~$. :
fine variables
X =10
Y =5

# Greater than

print (x, “>”, y, “=", x > vy) # Output: 10 > 5
# Less than

print (x, “<”, vy, “=", x < y) # Output: 10 < 5

.

True

False
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#Equal to

print (x, “==", vy, “=", == y) # Output: 10 == 5 = False
# Not equal to

print (x, “'=", y, “=", x !=vy) # Output: 10 != 5 = True

# Greater than or equal to
print (x, “>=", y, “=", x >= y) # Output: 10 >= 5 Q\Eiue

# Less than or equal to
print (x, “<=", y, “=", x <= y) # Output: 10 <=<:>= False

The above code demonstrates Python's comparison oper y defining two
variables, x and y, and comparing them using various O,K’ rs like >, <, ==, 1=,
>=,and <=.

Assignment Operators
Assignment operators are used to assign va es variables. The most common

assignment operator is the equal sign ( a55| ns the value on the right
to the variable on the left. There are pou ignment operators like
+=, -=, *=, and /=, which combin etico ons with assignment.
# Define initial values
a =10 <::>
b =5 $\
# Assignment QJ Q$'
X = a; print("a =" tpu
# Addition assign \ %
a += Db; print (" t T addition a)# Output: a after addition = 15
# Subtractiong AgSonment
a -=b; priﬁi}ka after subtraction =" , a)# Output: a after subtraction= 10
# Mult ation assignment
a t("a after multiplication =" , a)# Output: a after multiplication = 50
# n assignment
; print("a after division =" , a)# Output: a after division = 10.0

oor division assignment
a //=b; print("a after floor division =", a)# Output: a after floor division = 2
# Modulus assignment
a %= b; print("a after modulus = " , a)# Output: a after modulus = 2.0
# Exponentiation assignment
a **= b; print("a after exponentiation =", a)# Output: a after exponentiation = 32.0
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Above code illustrates the use of compound assignment operators in Python. It
starts by assigning a value to a variable “a". It then demonstrates various
assignment operations including addition, subtractlon, multiplication, division,
floor division, modulus, and exponentiation. Each operation updates the value of
“a" and the results are printed with the updated values. The code comm@%ﬁhow

the output of each operation. 00

Logical Operators ‘P\Q

Logical operators are used to combine multiple condition xpressions. The
most common logical operators are “and, or, and not”, e used to perform
logical operatlons and return Boolean values based o) e evaluation of the
expressions involved.

Define variables &Q

= True

#

X

y = False

# Logical AND @
logical and = x and vy

print(x , "and ", ‘="' logl nd) # Output: True and
False =False

# Logical OR S\O
logical or = KQ
print(x , "or.," E €:> logical or) # Output: True or

False = True

# Loglcal

logical not x

print (" " =", logical not x) # Output: not True=

e

Fal
lo@_not_y = not y
$ ("not", vy, "=" , logical not y) # Output: not False=

The above code demonstrates the use of logical operators in Python. It defines
two Boolean variables, x and y, and performs logical operations such as “and, or,
not” on them. The results of these logical operations are printed, showing
whether the expressions evaluate to True or False. The code also includes
comments with the output of each logical operation.
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Operator Precedence in Python

Operator precedence determines the order in which operations are performed

in an expression. In Python as well as in Mathematics, certain operators have

higher precedence and are evaluated before others. Understanding this helps

ensure that your calculations are done correctly

+ Parentheses ‘()’: Highest precedence. Operations inside parer@& are
performed first. (3 + 2) * 4 evaluates to 20.

+ Exponentiation: Performs power operations next.

2+2*%2**3=18
+ Multiplication '*', Division '/, and Modulus'%': Th ations come next.
+ Addition '+’ and Subtraction '-': These have lo erep%t(edence compared to
multiplication and division. v
Forexample:4*3+10/2-11%3
4*3evaluatesto 12, 10/ 2 evaluates to 5,Q'arg, 11 % 3 evaluatesto 2
Perform add and subtract operators 12,+§.0 42 = 1§.
Example: Considerthe following co owo rprecedence

3

print ("===  PYTHON TOR DENCE DEMONSTRATION

___\n")

<

# 1. Arithmetic Oper %SO

print ("1. ARITHME;QQ OPER ORS:")

print (£"3 + 2 = <E> 2 * 5}m) # Multiplication

before addltl

print (£" ( é&)* 5 =%(3 + 2) * 5}")# Parentheses change

order

print ( 22§ = {2 ** 3 * 4}") # Exponentiation
tlpllcatlon

befo
15 / 3 * 2 = {15 / 3 * 2}") # Division and

llcatlon (left to right)
(f"15 // 4 + 2 = {15 // 4 + 2}")# Floor division
f

ore addition
print (f"11 // 4 + 2 = {11 // 4 + 2}")# Floor division
before addition

print (£"17 % 5 * 2 = {17 % 5 * 2}") # Modulo before
multiplication

# Output

# === PYTHON OPERATOR PRECEDENCE DEMONSTRATION ===

= o
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# 1. ARITHMETIC OPERATORS
# 3 + 2 * 5 = 13
# (3 +2) * 5 = 25
# 2 % 3 * 4 = 32
#15 /3 % 2 = 10.0 \l~
# 15 // 4+ 2 =5 O
# 11 // 4 + 2 =4 0
# 17 %5 * 2 = 4 \Q

QA

N

*YDO% In python “f* before string is used for string interpola& edding variables to

KNOW? expression)insideastring. )

—

== TIDBIT ,S\ N
— Exponentiation is right associative@ri g that@en there are multiple **

operators, python evaluates the ightto |

% mar %
o Python is a high-level, @ ile ;grc\@ ming language. It is known for

simplicity and readabiljty.
o Pythonisused in velo;@u, data analysis and Artificial Intelligence
etc. S F

o Programmi oIves giviRg precise instructions to computers. Programs
tellcom how to perform specific tasks.

e Down Python from python.org (latest version)

« Irfsgalation steps: Download — Run installer — Check "Add Python to

PAT,H" — Install
&DE Options: PyCharm, VS Code, IDLE.
Online Option: Google Colab (cloud-based, no installation)
e Arithmetic: +,-,*,/,//, %, **
Comparison: >, <, ==,1=,>=, <=
Assignment: =, +=,-=,*=, /=, //=, %=
Logical:and, or, not
o Comments are used to improve code readability

. GD
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Multiple Choice Questions
1.  Which of the following steps is NOT part of the basic prograqming

process?
(@) Write Code (b) Compile/Interpret OO
(c) Execute (d) Ignore Errors

2. What should you do when installing Python tg\~ it from the
command line more easily?
(@) Uncheck "Add Python to PATH"
(b) Choose a different IDE

() Check "Add Python to PATH" ?\
(d) Install only the IDE &

3. What will be the output of: p I@ // 3)\@
(@) 3.333
© 1 ? (d)

4. What is data type of v {able x 123
(@) Integer FIoat
(c) String (d) Boolean

5. Which oper c@as th @est precedence in Python?
(a) Addit'é) (b) Multiplication (*)
(©) Exé@n iation (**) (d) Parentheses ()

6. What eresultof 5>3and 2 < 1?

%True (b) False
% Error (d) None
$ hat does the += operator do?
(@) Adds two numbers (b) Compares values

(c) Adds and assigns (d) Multiplies values

8. What is the output of the below code?
age = 25; print (" Age: ", age)
(@) Age: 25 (b) 25
() Age (d) age

+
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9.  Which symbol is used for comments in Python?

@ // (b) /*
(c) # d) --
Short Answer Questions
1. Whyare commentsimportantin programming? $
2. Discuss three basic data types in python. 0
Qython.

Describe the difference between integer and float data t
What are logical operators and name all three? @
How do you get user input in Python? +
What is the purpose of print() statementin Pytho
What is operator precedence? Give an exam

8. Write any three main rules for naming varg in Python?
Long Answer Questions

1. What are the basic data types in PyCojn? plain igtegers, floats, strings, and

NouswWw

explain when you would use t

3. Explaintheinput() and pringf) fulctions with ex@mples.

4. Explain how compariso&d logj aérators work together in conditional
statements. Provide a pr al exar&<

5. Write a program in on that %!l take a name from user and display greeting

message to theg@ ame Q
6. Write a prog@ pyth% akes two numbers from user and display their
sum.

7. Writea @ m in python that five numbers from user and display their average.
8. Solvgm ollowing expressions:

8+3%4-2%2
20%7*3+10//3

q
$® 0 2*3%2%4+10-6/2

Booleans with examples.
2. What are arithmetic operators iE . Provi mples of each operator and
f
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Answer Key for Multiple Choice Questions

1. d) - Ignore Errors

2. c) - Check "Add Python to PATH"

3. b)-3 \ l
4. c) - String 0
5. d) - Parentheses () O

6. b) - False \{ )

7. ¢) - Adds and assigns ‘\

8. b)-int(

9. a)-Age: 25 \,@

10. ) - #
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UZT Control Structures in

Python

Student Learning Outcomes 6&
By the end of this chapter, you will be able to:
e Implement control structures such as decision-making statements and_| Python.
e Work with Python modules, functions, and built-in data structures Iik%

o Perform different operations on lists.

P S

)
Introduction \'

In programming, we often need to control th of our program based on
different conditions or repeat certain a ultlple times. This is where

\4

control structures come into play. Contr tures re essential because they
help us manage the decision-makin s an petition of tasks in our
ntrol S res, Decision making and

programs. There are two main typ,
Looping: Q

4.1 Decision Makin@

Decision making in proggammin ?Sws the program to choose different
actions based on cg S. Thi g,\vmllar to how we make decisions in real
life. For example, @ o take an umbrella based on the weather
situation. Pyth V|de varkety of conditional statements to implement

decision mﬂ g

if Sta@ent

Thei ement lets us make decisions based on conditions. If the condition is
t it runs a block of code. In Python indentation defines the structure block or
sC@pe of your code. In Python proper indentation is mandatory. Incorrect

indentation may cause error in your code (Indentation Error).
# Syntax of if statement
if condition:
codetorunifthe conditionis true

Example: If the temperature is above 30 degrees(e.g. It is hot today), we print
a message.

+
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temperature = 35
if temperature > 30:
print("It's a hot day")

~# Output: It's a hot day |

if - else Statement
The if-else statement allows us to execute one block of co

true and another block if the condition is false. ‘\

# Syntax of if-else statement

if condition: \

codetorunifthe condition is true:

else: ?“
codetorunifthe condition s false &?\

Example:

if temperature > 30:
print ("It’s a hot

temperature = 15 &QQ/ 6(0'

else

priht("It’s no <;> sgw
hot,ﬁSy

#Output: It's n;ﬁ;

Nested Con&ﬂ% %
Sometimes, we o check nmultiple conditions inside another condition. This

is called nes :
# Syhtax of nested if statement
ndition1:

@ if condition 2:
code to run if both condition1 and condition2 are true

else:
code to run if condition 1 is true but condition?2 is false

else:
code to run if condition 1 is false
Example: If the weather is rainy and the temperature is below 15 degrees, we
wear a raincoat. If it is only rainy, we take an umbrella. If the weather is not rainy,

we just enjoy the day. 56
= O
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weather = "rainy"
temperature = 10
if weather == "rainy":

if temperature < 15:
print ("Wear a raincoat")

else : $
print ("Take an umbrella") <:>

else: 0
print ("Enjoy your day!") Q

# Output: Wear a raincoat

Explanation: In this example, the code checks if the @ is rainy. If it is, it
then checks if the temperature is below 15 degre f&t conditions are true,
it prints "Wear a raincoat”. If the weather is rain the temperature is not
below 15 degrees, it prints "Take an umbr he weather is not rainy, it
prints “Enjoy your day!". &

4.2 Looping Constructs

Loops help us repeat actions, ma ode fﬁaent and easier to read.
There are two main types of Ioop Python e loops and for loops.
while Loop
A while loop runs as long a ondlt true It checks the condition before
each iteration and sto ing @the condition is no longer true.

# Syntaxof Ioo

whllec&j on:
6 eto runwhllethecondition istrue

Example to a number until it reaches 10.
num L B |
number < 10: Output:

1

1nt (number) 5

number += 1 3

4

5

6

7

8

9
LI
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Explanation: In this example, the code starts with a number set to 1. The ‘while’
loop checks if the number is less than 10. If it is, the program prints the current
value of the number and then adds 1 to it. This loop continues until the number
reaches 10, at which point the loop stops running.

for Loop
A for loop repeats a block of code a specific number of times. It is&nonly
used to iterate over a sequence (like a list, tuple, or string). 0

# Syntax of for loop

for variable in sequence: +
code to run for each element in the seq @
Example: Say "As-Salaam-Alaikum" to each frien list of friends.
o — " - n " " " " vt
fr1end§ = [.Saml.' Raza", Mog‘%i Output :
for friend in friends: .
int ("Hel to m czxelcome to: Sami
brin cleome to elcome to: Raza
Q Welcome to: Moosa
y 3

ignd)
Explanation: In this example&gcode @&chrough each friend in the list and
prints a greeting message fo h on

range() Functio
We can use the ra f@generate a sequence of numbers, which is
often used in fo

# Sy range function
ran top)

Qe(start, stop)
@ ge(start, stop, step)

ple: Print First 5 Whole Numbers.

for i1 in range (5): 6G£put
print (i) 0
1
2
3
4
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end statement

In Python, the end statement is not a separate command, but rather an optional
parameter of the print() function. By default, every print() in Python ends with a
newline character, but you can change what gets printed at the end using the end

parameter N l

Example 1: Printtwo Strings on same line using “end” statement. 0
N

print ("Azhar Shah", end=" ") \)

print ("Ahsan")

# Output: Azhar Shah Ahsan

print ("Ayyan", end="***") \Q
print ("Naveed")
# Output: Ayyan***Naveed ?\

A

N

~

Strings in Python are surrounded b elt mgle otation' ' marks or double
KNOW? quotation ” " marks. Like 'Ayyan' eas” %

J

Example 2: Print Numbers from Q 5on the e line using "end” statement.

for 1 in range(

# if you want to pr@ Numk&@on same line use following

line
print (i &" ")
# Output: 1. % EO

Explanation: T ‘G?)ve code
number.

N
@)% ITY
e

ite a for loop using range() to print the even numbers from 2 to 10 on single line.
Write a Python program that prints the first 10 multiples of 3 using a for loop and the
range() function.

nerates numbers from 0 to 5 and prints each

Nested Loops
Nested loops are loops inside other loop. For each iteration of the outer loop, the

inner loop runs completely. We use nested loops when we need to perform
repetitive tasks within tasks.

Example1: Nested loops for basic Number Pattern

. =
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print ("=== Basic Number Pattern ===")
for i in range(3): # Outer loop
for j in range(4): # Inner loop
print (£"i={1i}, J={J}1")
print ("---") # Separator after each outgrlloop

iteration <:>
# Output O
=== Basic Number Pattern === Q
i=0, 3j=0 ~\Sv
= &

Jj=1
i=0, j=2 \
i=0, 3=3 v
i=1, =0 &?‘
A
e (</CJ N
RN
g O g\o*

7=3

i=2, Q
- Fa\ O

R\ \J
Example2: Nest \)S top ars (asterisk)in Triangular Pattern

print ("=== "ﬁt—Anglea Triangle ===")
n =5 le
for i in“ange(l, n+1):
J in range (i) : # Inner loop runs 'i' times

print("*", end:" ")
rint () # New line after each row

Output

* % X X%

ok %
* ok
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4.3 Libraries in Python

Python offers an extensive standard library that includes built-in modules and
data structures. A data structure refers to a particular format or method for
organizing and storing data. In this section, we will examine the utilization of
different libraries in Python. $
Using Libraries in Python

In Python, libraries are like toolboxes full of useful tools that h@you solve
different problems without having to build everything fro ch. Libraries
are like pre-built toolkits that you can use without havin %ﬂte all the code
yourself. Let's explore how to import and use diﬁa@i raries with some
simple examples.

Example: Import the random library to genera@m numbers.

import random
# Generate a random number b to 10

number = random.randint ( @

print ("The random number numb

# Output:

# The random number i

Example: Import the statisti&ary é@}brm statistical calculations.

import statisticsey — .

# Calculate the<2§€} of x\ist of numbers

data = [23, 45 , 89% Q 44, 56]

mean value = %tist%\ean (data)

print("Thizéga value Ts:", mean value)

# Outputs

# The mé;; value is: 48

Expla @n: The statistics library is a great tool for performing basic statistical

cal ébns, such as finding the mean, median, and mode of a set of data. This
particularly useful in data analysis tasks.

In Short by using these libraries, you can save time and effort, allowing you to
focus on solving the specific problem at hand rather than reinventing the wheel.

QQ TOOL TIP

When importing libraries, make sure to only import what you need. You can explore the more
libraries at https: //docs .python, org/3/
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4.4 Lists in Python

In Python, a list is a versatile data structure that can hold a collection of items.
You can create, access, and modify lists easily.

Creating Lists
A list is created by placing items inside square brackets [ ], sep by
commas. Lists can contain items of different types, such as numbeé ings, or

even other lists
Example: Create a list of your favorite fruits. « Q

fruits = ["Mango", "Apple" "Banana'"] "
print (fruits) @

# Output: [’Mango’ ’Apple ’ ’Ban
Explanation: This code creates a list named f %contalnlng three elements
and then prints the list. ¢

Accessing List Items

You can access items in a list by & index, starting from 0.
Example: Access and print the sg frm list of fruits.
fruits = ["Mango", Ao:le” “ “Banana’”

print (fruits

# Output: ppl
Explanation: The co@allzes ‘fruits’ containing ‘Mango’, ‘Apple’, and

‘Banana’, then prin , 'Apple’, using the index " 1"

& ACTI@
Write a Rythort program that imports the random and statistics libraries. Use random to

gene ist of 10 random numbers between 1 and 50. Then, use statistics to calculate and
pw® mean (average) of those numbers.

difying a List
You can modify list items by accessing them via their index and assigning a new
value.

Example: Change the first item in the list to "Orange" and add a new fruit
"Pineapple”.

62 o
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fruits = ["Mango", "Apple", "Banana"]

fruits [0] = "Orange"

fruits.append ("Pineapple")

print (fruits)

# Output: [’Orange’, ’'Apple’, ’'Banana’, ’Pineapple’]
Explanation: The code modifies the first element of the ‘fruits’ list to\*enge',
appends ‘Pineapple’ at the end, and prints the updated list. 0

Operations on Lists &
Python provides several built-in methods to work with listsN\Ffere are a few
useful ones: +

e append (item) - Adds an item to the end of th

* remove (item) - Removes the first occurren% an item from the list.
e sort () - Sorts the list in ascending ord
o reverse () - Reverses the order of th

Example 1: Add a new student to the lift of stud n nd print the list.
students = ["Ahmed", Sé:?, "A
students. append ("Hin
print (students)
#Ooutput : [’ Ahmed’”.\ / a , "Hina’]

Explanation: The code createsl ||st Wents adds 'Hina’ to it, sorts the list
alphabetically. \'
Example 2: Remom@:de t Qhe list of students and print the list.

# Remove a ﬁqpent fr he list of students
students hmed", "Sara", "Ali", "Hina", "Sara"]
students ove ("Sara')

ents)

['Ahmed', 'Ali', 'Hina', 'Sara']
ion: The code creates a list of students, removes the first occurrence
o) ra" from the list, and prints the updated list. Note that only the first
mdtching item is removed.

Example 3: Sort a list of numbers in ascending order.

# Sort a list of numbers in ascending order
numbers = [34, 12, 89, 5, 23]
numbers.sort ()

print (numbers)

# Output: [5, 12, 23, 34, 89]
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Explanation: The code creates a list of numbers, sorts them in ascending order
using the sort() method, and prints the sorted list.

Example 4: Reverse the order of fruits in a list.
# Reverse the order of fruits in a list

fruits = ["Apple", "Banana", "Orange", "Mango"]
fruits.reverse () 0$

print (fruits)
# Output: ['Mango', 'Orange', 'Banana', 'Applgal

Explanation: The code creates a list of fruits, reverses the@ of elements
using the reverse() method, and prints the reversed list. +

4.5 Testing and Debugging in Pyth N

In Python programming, testing and debu are essential practices to
ensure that your code works correctly and 9%

Testing
Testing is the process of running y wit us inputs to check if it
behaves as expected. The goal is and f| issues before the code is

used in real-world appllcatlon
Types of Testing
e Unit Testing: Tests m@dual px fthe code (like functions or classes)
in isolation. Pyth nit te ule is commonly used for this.
e Integration* @ng C @ ow different parts of the code work
together
. Functlg sting: Validates that the software behaves as expected
ser's perspective.
. ression Testing: Ensures that new changes don't affect the existing
&tlonallty.

gging
Debugging is the process of finding and fixing errors (bugs) in your code. It
involves identifying the root cause of problems and making the necessary
changes.
Common Debugging Techniques

e Print Statements: Adding print statements to check the values of
variables at different stages of the code.

= o
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Debugging Tools: Using tools like pdb (Python Debugger) to step
through the code, inspect variables, and understand the flow of
execution.

Error Messages: Reading and interpreting error messages to locate the

source of the problem. N l

Summary O

Decision making in programming allows the program@voose
different actions based on conditions.

The if statement lets us make decisions based ditions. If the
condition is true, it runs a block of code.
The if-else statement allows us to execute lock of code, if a
condition is true and another block ifh dition is false.
Sometimes, we need to check mu cdnditions inside another

condition. This is called nesting,.

Loops help us repeat actions@ng our, &nore efficient and
easier to read. Q ‘8’

A while loop runs as lo con§|o true. It checks the

condition before eac t|o ps running when the condition
is no longer true.

A for loop repe&lock e a specific number of times. It is
commonly ite a sequence.

We can
which i
In P.

range( nction to generate a sequence of numbers,
n used in for loops.

, the end statement is not a separate command, but rather

ptional parameter of the print() function.
o&ced loops are loops inside other loops. The outer loop runs first.

or each iteration of the outer loop, the inner loop runs completely.
In Python, a list is a versatile data structure that can hold a collection of
items. You can create, access, and modify lists easily.
Testing is the process of running your code with various inputs to
check if it behaves as expected.
Debugging is the process of finding and fixing errors (bugs) in your
code. It involves identifying the root cause of problems and making the
necessary changes.

O m
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" EXERCISE _
Multiple Choice Questions

1. What does the range () function do in Python?
(@) Generates a list of numbers (b) Creates a sequence ofE

(¢) Calculates the sum of (d) Prints a range of n
numbers
2. What is the output of the below code?

count =0 +
for i in range(2): )@

for j in range(3):

count +=1 ;
print(count) &Q
7

(@ 4
(© 6 @
3. Which method is used th an it the end of the list in
Python?
(@) insert() $\® append()
() add() extend()
4. Whatis the e of @I structures in programming?

(@) Only e code
(b) To ége decision- maklng and repetition of tasks

(c) ate variables
( To import libraries

@lch statement is used to execute code when a condition is false?

a) if (b) elif
(c) else (d) while
6. How do you prevent print() from adding a newline?
(@) Use end="" (b) Use newline=False
() Use break (d) Use continue

= o
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7. Which library is used to generate random numbers?

(@) Datetime (b) statistics
(¢) random (d) math
8. What does list.append() do?
(@) Removes the first item (b) Adds an item to the en
(c) Sorts the list (d) Reverses the list %
9. The type of testing which checks how different parts of G de work
together is:

(@) Unit Testing
(b) Integration Testing ®+
(c) Functional Testing \,
(d) Regression Testing
10. Which debugging technique involves,a output statements?
(@) Unit testing riht statements

(c)  Error messages @d) Inte@w testing

Short Questions
1. Explain the use of the (&eo fun & in for loop?
2. What is the differen twe append and remove methods in
Python lists?
3. Define debu
4. What are ee pa ers of the range() function?
5. Ist methods and their purposes.
6. Ho u import a library in Python?
7. at IS unit testing and why is it important?
8$ do you access the third element in a list?
hat is the purpose of the end parameter in print()?

&).How can we access an element from the list?

11.How do you modify an existing item in a list

Long Questions
1. Explain the different types of decision-making statements in Python with
examples for each.
2. Compare while loops and for loops.

.




i@\ ‘?i r°i

3. Describe how to work with Python lists, including creation and
modification.

4. Explain the importance of testing and debugging in programming.
Discuss different debugging techniques.

5. How do Python libraries enhance programming efficiency? We an
example.

6. Write a Python program using a loop that prints all t numbers

between 1 and 20.
7. Write a Python program that performs the foIIowmg-Fk
en 1 and 20.

(a) Generates a list of 5 random number
(b) Uses the statistics library to calculate an® print the mean of the
generated numbers. V
8. Write a Python program that perfor %Ilowing operations:
(a) Create a list of popularPaKigtani dishes: ["Biryani", "Nihari",
"Karahi", "Seekh Kebabs.
(b) Add a new dish "
(c) Change "Karahi" CRicken
(d) Remove' N|ha ' fr the#{i
9. Write a code to prlnt S (ast&-I rectangular pattern using nested
loops with three and fl\ggf mns.

10.Write the out @ the @ g code

Answer Key, 6{ uItlpI hoice Questions
a

1. b) -C sequence of numbers
3. )Q)pend()
- To manage decision-making and repetition of tasks
c) - else

6. a)-Useend=""

7. ¢)-random

8. b) - Adds an item to the end

9. b) - To generate a sequence of numbers
10. b) - Print statements

68 o
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UNIT
5 Data Science

Student Learning Outcomes O\F ~
By the end of this chapter, you will be able to: O
e Explain the concept and importance of data science in everyday life Q

e Describe each step in the Data Science Life Cycle (DSLC). \,

o |dentify and define real-world problems that can be solved usi%&

e Collect data using surveys, online forms, and observational ues

e Perform data cleaning and validation to improve accur
e Use simple SQL queries (SELECT, INSERT) to retrieve andgtofe data from databases.
e Analyze data using basic algorithms (sorting, classifi , clustering).

e Create bar charts and dashboards to visually r@&sa7 data insights.
e Communicate results clearly using charts a ritt sumwles

V\

Introduction

Data Science is the process ata to derstand problems, discover
patterns, and make smart de S. In h ent digital era, data is everywhere
i.e, from surveys to mo ps, sO edia, online shopping, and health
services. Data Sciense S tur aw data into useful information.
Whether it is pr@ng w%, understanding interests of students, or
improving hea , Data Sciénce is transforming the way we live, learn, and
work. Organigglibns across the whole world use data to improve decision-

making, :ave sts, and create better services.

er introduces the Data Science Life Cycle (DSLC), which includes
$ anding the problem, collecting and cleaning data, analyzing and

rpreting data, and finally communicating the results using charts and visuals.
Each step builds critical thinking and problem-solving skills.
Students will also learn how to collect, clean, analyze, interpret and visualize data
using simple tools like surveys, spreadsheets, and charts. The chapter includes
real-world examples, and hands-on activities that help them apply Data Science
in classroom and daily life.

[}
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5.1 Introduction to Data Science
We are living in a world full of data. Whether we are using a mobile phone,
searching on Google, shopping online, or even walking with a fitness tracker,
data is being collected. The question arises how is this data useful?

Data Science is the field where we use data to find patterns, answer@@ons,

and help people or businesses make better decisions. It involves cting,
organizing, analyzing, and visualizing data. 0
Importance of Data in Decision Making

Data plays a big role in helping people and organlzatlons k better decisions.
Without data, decisions may be based on guesses or naI opinions which

Wistration desires to start
ich sports students enjoy

can lead to mistakes. For example, if the school a
a new sports club, they can first collect data
most. This helps them make a smart and f hoi

Real-Life Applications of Data
Data Science is used in many aspect r daﬂy&soften without our notice.
e Social media: Appllcatlo eYFaceb ouTube and Instagram use

data to show us posts o em| tlike.

e Online shopping: E-c erc es suggest products using data of
our previous pur

e Healthcare: H use cience to predict diseases and manage
patient car effe%/
. Transpor lications ke Google Maps use traffic data to suggest the

fastes
. Educﬁxon In schools, data from student attendance and test results is
to improve learning strategies and track progress.
Da ience supports in making our lives smarter, easier, and more
.@walized from watching YouT ube videos to receiving health tips or choosing
the best route.
5.2 Overview of the Data Science Life Cycle
Data Science is not covered in a single step. It follows a series of steps that are

helpful in solving a problem. This is what we call Data Science Life Cycle (DSLC).
DSLC usually comprises of the following steps:

Step 1: Understanding the Problem
o




%1 f ro
o im

Step 2: Collecting Data

Step 3: Cleaning and Validating Data
Step 4: Analyzing Data

Step 5: Interpreting Data

Step 6: Visualizing and Communicating Results N I

Understanding the Problem
Before we start talking about collecting data, it is nec Qto clearly
understand the problem under consideration. Understandin QQroblem is the
most important step in DSLC. In case, we do not un d the problem
properly, we may collect the wrong data resulting in S or wrong results.
In this initial step, we need to ask questions (what , Who) such as:

o What are we trying to find out? w

e Why is this problem important? &?\

o Who will use the results?

The following sub-sections cover ste%{ LC n@ detail.

Identifying and Defining a
First, we need to identify a a§w ant to solve using data. The
form On

problem can be related to city, or any area of life where
decisions are made based o ce a problem is identified, then
we must define it cle d si
Example: Instead o ng,
problem in a be& ay as “

nts are not happy,” we can define the
tch school activities do students enjoy the

most?” @
When deﬁm’q& problem, we need to consider the following: (i) Use clear and

simpl ds, (ii) focus on one specific question, and (iii) avoid unclear or
ge eﬁms.

TIDBIT ]

— A good problem is one that can be answered by collecting and analyzing data.
C

Setting Clear Objectives

Once we have identified and defined the problem, we must decide what we want
to achieve. These are called our objectives which help in guiding the rest of the
data science process. They state (i) what kind of data we need, (ii) what questions

.
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we will ask, and (iii) what results we are looking for.
Example: For the problem stated in above “Which school activities do students
enjoy the most?”, we can formulate our objectives as follows:

TIDBIT

w

=

Find out how many students participate in each activity.
Find out which activity is rated as most enjoyable by the st\%’cs.
Recommend which activities should be improved or rep@ :

/&
\%

Write your objectives like a checklist. This helps keep your pr@p@cused.

Examples: School, Health, Business related Pmble&
This subsection covers a few realistic examples to und

Objectives
and the concept in a

n
better way. Table 5.1 provides example prob em%ﬁd objectives related to
different domains such as school, health a

n

Table 5.1: Example Problemﬁ&bjectives

SS.

Domain Example Problem , \ubjec i
School Many students arry tgr| Find ow many students arrive
at school Iata‘p onth.

S

ﬁen.’afy reasons for being late
e.g. transport, distance,
emergency, weather issues).

A
SR

Suggest solutions to reduce late
arrivals.

Health

&

(3@’5/ students® are not
A rinking enough water

Collect data on how much water
students drink daily.

during school hours.

Find out reasons for low water
intake.

Recommend steps to promote
healthy habits.

Business

A school canteen wants
to know which snacks

Survey students on their favorite
snacks.

students like the most.

Compare popularity and sales

data.

Help the canteen manager make
smart ordering decisions.

O
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1. The first step in any data science project is to understand the problem.
2. We must define the problem clearly and set specific goals.

3. Clear problems are solvable using data.

4. Clear objectives help in collecting the right data and reaching useful results. 0$
Collecting Data
Once we understand the problem and set clear goals, the n p in DSLC is
to collect the required data. Data is like raw material, an ust gather the
right kind of data before we can clean, store, or analy

In Step 1, we asked questions like “Which school gctivities do students enjoy

the most?” or “"Why are students arriving late to\§chool?”
Step 2 is about collecting information that can us answer these questions.

We will explore:

(i) data collection methods CJ \@

(ii) where to collect data from (so

(ili) How to make sure it is useful fair (dat@ality)
(i) Methods of Data Coll n: Th re many ways to collect data,
depending on the problem a vaila s. Let us discuss the most common
ones used in schools, es, and ipesses.
e Surveys (Or’\@pape d): Surveys are the easiest and most
common d. We eople questions and record their answers.
For ex : To find out which sports students enjoy, we can create a
surv questions such as (i) Which sport do you like the most? (ii)

often do you play it? (iii) What time of day do you prefer to play?

Surveys can be done using Google Forms (online), and Printed paper forms
ow? (manual).

A

e APIs and Online Sources: Application Programmer Interface (APIs) allow
software collect data from websites or applications (apps in short)
automatically. For example, A school may use an attendance API to pull
daily attendance data into a report (use more by developers).

e loT and Sensor Data: Internet of Things (IoT) devices like smart watches,

.
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water dispensers, or temperature sensors can automatically collect data.
For example, To study water drinking habits, schools can place smart
water meters near fountains.

TIDBIT
= loT devices are useful in Health, safety, and environmental monitoring. $ ]
\ ¥

w

(N

e Web Scraping: It is a process of programmatically collecti ublic data
from websites. For example, A business student may s; xtract prices

of snacks from online stores to compare them withs@ Canteen prices.

TIDBIT
Web scraping should only be done with teac foiwebsnes that allow it. }

b

{

(ii) Choosing the Right Data Source < r
Not all data is useful. We must choos r e a , and relevant sources.

When selecting a data source, a que like (i) Is this data from a
trusted place? (ii) Is it recent o ted? d%a) Does it match the problem |
want to solve? 9

Example: If we want to% avo;{e'sgg cks of students in 2025, we should

avoid using a survey d 2020

== TIDBIT "
— Alway Xct fresh and problem-related data. ]

A

(iii) Assefsm}Data Quality and Bias

Da a means the data is (i) Complete (no missing values), (ii) Correct (no
g{ and (iii) Relevant (matches our problem).

s Mmeans the data only shows part of the truth and misses the full picture. For
example, if we only survey boys about their favorite sports, we will miss the
opinions of girls. The results will be unfair or biased toward boys.
Remember the following to avoid bias:

e Askfromadiverse group of people.
e Keep questions neutral and notleading.
e Review answers for strange patterns.

.
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(@) ACTIVITY N

Designing a Simple Survey

Objective: Learn how to collect and store data by creating a short survey about free time
habits of your classmates.
Instructions: $
1. Design Your Survey: Think of 3 to 5 questions to ask your classmates.
2. Prepare to Collect Responses: Choose a method (e.g., paper b or Google
online form)
3. Collect Data: Ask at least 5 classmates to answer your surv rite down their
responses clearly. ‘%
4. Store the Data: (i) If you are using paper, keep it neat a nlzed in columns.
(i) If using digital tools, save the file with a clear nam reeTime_YourName.xlsx
5. Optionally, show your teacher or classmate v%collected and stored the

data.
. J
1. After defining a problem, we need data help in solving the problem.
2. There are different methods of ata oIIectlon surveys APIs, sensors, and web
scraping.
3. We should always check for d uallty a% ess (bias) before moving to the next step.
. Data that is mcomplete wased can wrong decisions.
Cleaning and Vall 9 Da%
After collectin a, the next important step is to clean and validate it. Raw

data is oftemgessy. It may contain errors, missing values, or evenwrong entries.

If we us@is data without checking it, our analysis will give wrong results.

Re r that earlier we collected data using surveys and other methods.
we need to check if that data is correct, complete, and ready for use.

step ensures that the data we analyze later is trustworthy.

Raw Data

Raw data is the original information we collect from people, sensors, websites, or

apps. It has not been checked or cleaned yet. For example, assume that 20

students filled your survey about favorite sports. Some entries may look like as:
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Table 5.2: Raw Data about Favorite Sport of Students

ID. Name Favorite Frequency Study Time
Sport of Day

1 Ahmad cricket Daily Evening

2 Al Weekly Afterngqh.

3 Sara Footbal Daily

4 Sana Football Daliy Ng

Table 5.2 contains:

(i) spelling errorsi.e., Footbal (ID 3), Daliy (ID 4)

(if) missing entries (ID 2 & 3)

(iif) Mixed Capitalizations i.e., cricket (ID 1) Footb
needs cleaning.

Common Data Errors (Missing, Dupllc tI ers)

Table 5.3 shows some common |ssuesf@ raw\@
Table 5.3: ComyioD) Is¥es in va‘ ta

R
’@+

D 4). Such kind of data

ID. Error Type * Exa
1 Missing data Bsg eIIs (e.g., no sport name or study
of day)

xtim
Duplicate eﬁ?ﬁg \@éme student entered twice
Incon5|@t‘f6rm&§ "Cricket", "cricket", "CRICKET"
Spe}hﬂgﬁﬂstakes ™ | "Footbal", "Daliy"
O\Ws (strange values) | Frequency = 1000 times/week

Data tion Techniques
Da ation means checking if the data (i) Follows correct rules (e.g., only valid

names), (i) Has the right type of values (e.g., numbers where numbers are
expected), (iii) Is not fake or silly.
Example Validation Rule: Only allow one of these values for “Favorite Sport™:
Football, Cricket, Badminton, Hockey.
Validation in Surveys: For this purpose, consider the following:
o Use multiple choice instead of blank text boxes.
. Make important questions as required, so no one skips them.

.

Ul W (N
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. Use dropdowns or checkboxes to reduce spelling mistakes.
e
== TIDBIT
: Tools like Google Sheets, Excel, provides rules that can help validate data. ]
A

Data Cleaning Methods %
Once we find mistakes, we need to fix or remove them. This Qa ed data
cleaning.
The following are a few basic steps to clean data: +

. Fix spelling errors: "Footbal" — "Football" @

. Standardize formats: "CRICKET" - "

. Remove duplicates (redundanc )
same student.

te repeated entries for the

. Handle missing values: Ask he erso; ORremovethe row.

o Fix invalid data: If fre IS wri s "ten hundred", fix it or
remove it.
Why Cleaning Data Matters x
Suppose that we skip this ste atathatincludes:

. Mlsspelled SpQ r|ck

. Mlssmgn he Da dytlme
. Dupllca
Our result m "Footb : 3 votes, cricket: 1 vote, Cricket: 2 votes"

— This glve rong picture, because ‘cricket” and “Cricket” are the same
sport!
In sum , we can say that clean data leads to smart decisions. Dirty data leads
toi @ect result.

yzing Data
Now that our data is collected, and cleaned properly, we can move on to the
analysis steps. This is where we look at the data to find patterns, trends, and
answers to the questions we asked in Step 1.
Suppose that you have a clean and organized table of data, for example, student
responses about their favorite sport or study times. Now you may ask question
like “what does this data tell us?” This step helps us make decisions based on

.
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what we discover in the data.

What Does it mean to Analyze Data

Analyzing data means carefully examining data to (i) Summarize it (e.g., how
many students chose each option), (i) Compare different groups (e.g., boys vs
girls, morning vs evening), (iii) Find patterns (e.g., most students pref otball
and play in the evening).

You may use measures like counts (how many?), averages, fr@ncy (how
often?) etc.

Using Simple Tools for Analysis .X‘

You can start analyzing data with simple tools such as @ Sheets, Microsoft
Excel or manual writing in a notebook

Example: You surveyed 20 students. Table 5.4 show%t you may have found.

Table 5.4: Data Derived frg(St ent Survey
Favorite Sport{"Fr_e&ency
Cricket /N \\b
Footbal N A5 (P
Hoclgeyv‘ T4 (Ov

BadpMgton
From this data, we can o@ hat n& udents prefer cricket.
N,
@ ACTIVITY % )
Objective: Learn %ldentlfy andhcorrect common data entry mistakes (such as spelling
errors, mlssmg and inconsistent formatting).

Instructlon*
1. Revje essy Table 5.5

5 5: Raw Data about Favorite Sport of Students (with Messy Data)
$ ID Name Favorite Sport | Frequency | Time of Day

1 Sadiq cricket Daliy Evening

2 Noor Cricket Weekly

3 Maryam | Footbal morning
4 Zara Football Daliy Afternoon

2. Work in pairs: Sit with a partner and study the table together.

3. Spot and List Errors:

Find at least 5 errors. These may include:

. J

.
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e Spelling mistakes (e.g., Cricket, Daliy) )
e Missing data (e.g., blank cells)
* Inconsistent formatting (e.g., Football vs football, morning not capitalized)

4. Correct the Errors:

(i) Discuss how to fix each error logically and fairly.

(i) Rewrite the cleaned table neatly in your notebook.
5. Class Sharing (optional): $
(i) Compare your cleaned table with another group. 0
\(ii) See if they found the same errors or different ones. 0 J

"
o evevaen. \g'r"

1. Data analysis helps us find patterns and make decisions.
2. We use counts and comparisons to understand data.
3. Even simple tools like tables or spreadsheets can hel alyze data.

(L) ACTIVITY

Data Analysis C} - h
Objective: Learn how to analyze data by | g tren@drawing basic conclusions
from a frequency table. (bv

Instructions:

e Use your own survey data %/;lgble) orQ saEmpIe data given in Table 5.6 below:
p¥e Deri

Table 5.6: Sa
SpoQ Frew&or No. of Students
Cithed |7 (N

L KQveball < h\/
\C ockey N
Q Badminton | 2

e Car

ad the table showing how many students like each sport.
o ntify: (i) The most popular sport, (ii) The least popular sport
o %e one reason why each sport might be most or least popular in your class.
@resent your findings in your notebook using simple sentences.

a from Survey Data

Interpreting Data
This step is to finding meaning from data (i.e., identifying trends and patterns).
After summarizing the data, we may ask ourselves:

e What do the numbers tell us?

e Why are some options more popular?

e Are there any surprises or patterns?

.
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Example: If we find that most late students live far from the school, we can
recommend providing transport support as a solution.

Visualizing and Communicating Results

After analyzing the data, the final step is to share the results in a way that others
can understand easily. People usually understand pictures better thangumbers,
which is why we use data visualizations. %
Remember that in previous step, we found that cricket was the popular
sport. In this step, we will create a chart that shows this cle Is makes it
easy to present our findings to classmates, teachers, or oth

Importance of Data Visualization @
Data Visualizationisimportant because it: \v

(1) makes data easier to understand,

(ii) shows patterns ataglance,

(il)  helpsshareideasclearlyin presen ons0 reports

Example: Instead of saying "10stude |cke an show itinabarchart.
Common Types of Charts and Gra r, Ple etc )

Always choose a chart that matcéy le 5.7 shows the commonly
used types of charts, its use caséqt xam

le Comm& pes of Charts

O Example

omparinggroups | Number of students who
\\ like each sport
Pie'SRart Showing parts of a | Percentage  of favorite

‘Q whole snacks
(dine Chart | Showing  changes | Number of students arriving

$ over time late each week
N
—
-—

|

Keep your charts simple, clean, and properly labeled.

= o
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Communicating Results

Once the chart is ready, explain your findings. You can write 2-3 lines:

“Most students (10) like cricket, followed by football (6). Very few students like
badminton (1).”

= TiDBIT \& ]

—-—
= Use visuals and words together to tell a data story (clear, short, and
T

o ememaen. 3sgj'r"

1. Visualizing data means using charts or graphs to show findin
2. It makes data easier to understand and share.

3. Use the right chart for your data type.

4. Always label and explain your visuals.

5.3 Tools for Vlsuallzatlo
Once you know which type of chart enex |sto create itusing tools.
In Step 5, we learned how charts n%n asier erstand and present data. In
ac
eg

this section, you will learn how aIIy ke those charts using software.
Letus explore the most usefu [ rlendlytools

Google Sheets icros eI are simple yet powerful tools to create
chartsand gra;é‘ tables.
Steps to crea hartin Google Sheets:

i. nter your data into rows and columns.

Q Selectthe datarange.

Qf Click on the “Insert” menu — choose “Chart.”

iv. Pick the chart type (bar, pie, line).

V. Customize the chart with a title, label, and color.
Example: Assume that you have data (refer to Table 5.5) in Google Sheets. You are
encouraged to use these steps to turn Table 5.5 datainto a bar chart.
We make use of spreadsheets because they are (i) Easy to use, (ii) No installation

needed (for Google Sheets), (iii) Good for small to medium-sized projects Figure
5.1 shows a simple bar graph corresponding to our Table 5.5.

Creating Chartsi }g @(Excel/Google Sheets)
m




iﬁ ‘?i r°i

Frequency or No. of Students

8
6
2 - O
. Frequency or No. of 6 ts
e’ N ¢d & Q
o&o\b oO“@@ ‘%OO\L b‘&& ~\S'
< o
Figure 5.1: Favorite Sport of Students (Based o@ of Table 5.6)
{/)- ACTIVITY &?‘ ]

Drawing a Bar Cart, Pie chart and Li t fro Survey
Data given in table 5.6
Objective: Learn how to convert a freq mto a rt to visually represent survey
data.

Instructions: & &
e Use the sample data givg able5.
e Draw a bar chart, pie chart’and lin in your notebook.
e Present your flnow@/our nQ ;&ok using simple sentences.
\"‘ %"
1. Google Sh&ets and Excel are easy tools for creating charts.
2.A ard shows multiple visuals in one place to tell a clear data story.

té: The standard DSLC consists of 6 main steps, however, in some real-world
applications/ scenarios, some additional steps may be added. One such step
can be Storing and Organizing Data, especially in large projects or team
settings where databases and structured storage are important. These are
usually managed through systems like DBMS and SQL.

82 o
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5.4 Databases and Storing Data

After cleaning a messy survey table, there is a need to store the cleaned data in
a proper format (either in a spreadsheet or a database), so that it is organized,
searchable, and ready to analyze. Let us explore how and where to store data.
There are two main ways to store structured data i.e., (i) Spreadshee%n,d (i)
Databases. Difference between both is provided in Table 5.8. 0

Table 5.8: Spreadsheets vs Databases
Method Description Exanﬁ\& ool
Spreadsheets | A grid of rows and columns for small | E .f,"GoogIe Sheets
datasets \®

Databases A structured system to store a ~M'ySQL, SQlite
manage large data in tables {894\

AL

_—
= TIDBIT S ’ N
: Spreadsheets are good for small p%. ataba %etter for big or multi-user
L data systems. Q f‘ér )
What is Database? 5\ \
A Database is an organized c tion . It stores data in the form of tables.
Each table is like a mini dshee®yith’'rows and columns. Databases help in
storing, retrieving, * @deat' ta efficiently. Table 59 breaks down
database related{a@ .
) ,Mable 5.9 : Database Terms: Meanings and Examples
Term <~Meaning Example
Tabl A group of related data Sports Survey
R A single entry (row) in the table Ali's full row of data
N i A specific piece of information Name, Sport, Frequency
(V) ACTIVITY

Data Organization
Objective: Learn how to organize cleaned data into a well-structured table using consistent
formatting.
Instructions:
e Use the cleaned survey data you collected earlier.
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e N

e C(Create a table in your notebook with the following column headings:
Roll No, Name, Favorite Sport, Time of Day, Frequency

e Fillin at least 5 rows of data.

e Keep your data aligned properly in columns.

e Ensure all entries are spelled correctly, capitalized properly, and free from errors.

e DBMS and SQL.

N

A Database Management System (DBMS) is software used Qate, manage,

and interact with databases. Examples include MySQL, , and Microsoft
Access. \T

To work with data in a database, we use a lang called Structured Query
Language (SQL). SQL helps us to add, updat te, or retrieve data using

simple commands. Some basic SQL querle oIIows
e SELECT * FROM Sports: This SI ery shows all the data from the

table named Sports.

e SELECT Name FROM S %(HER |te _Sport = 'Cricket": This
query shows name tudents p nt in Sports table who like
Cricket.

e [INSERT INTO Spor ame &Qite Sport) VALUES ('Ali", 'Football’):
This query ad ew e

These basic SQL stat ts hel anaging and retrieving specific data from
large databases tly.

Q)

uld be stored in a structured way for easy access and analysis.

@y udesioea
&eadsheets are useful for small datasets.

atabases are used for bigger and more complex data
4. A table stores data using records (rows) and fields (columns).
5.0rganized data reduces errors and makes analysis easier.
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Summary

e Data Science is the process of using data to understand problems, identify
patterns, and make informed smart decisions.

e The Life Cycle (DSLC): It follows a 6-step cycle: Problem Understanding,
Data Collection, Cleaning/Validation, Analysis, Interpretatiwnd
Visualization.

e Data Collection: Data is gathered from various sources @ surveys
(Google Forms), APIs, web scraping, and loT sensors.

e Data Quality: Reliable data must be accurate, rec d unbiased;
diverse groups must be surveyed to avoid mlslead|®

e Cleaning & Validation: "Messy" raw data m aned by removing
duplicates and fixing errors to ensure the result trustworthy

e Data Visualization: Charts turn com e bers into easy-to-read
visuals; Bar Charts compare groups, Pi show parts of awhole, and
Line Charts show trends over time

e SQL Language: Structured Que uage IS used to communicate
with databases using comm et data) and INSERT (to
add data).

Multiple CI@G Questions:
1. Wha% first step in the Data Science Life Cycle (DSLC)?

Collecting Data (b) Visualizing Data
@) Understanding the Problem (d) Analyzing the Data
Which method is best for collecting opinions from many students?

(a) loT Devices (b) Survey
(c) Web Scraping (d) Database
3. Whatis "bias" in data?
(a) Very large data size (b) Unfair or one-sided data
(c) Well-cleaned data (d) High-speed data

O m
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4.

10.

ounhkwh=

Which tool is ideal for beginners to create charts?
(a) Tableau (b) Python
(c) Google Sheets (d) Hadoop

A relational database store information in the form of:

(a) Slides (b) Tables *

(c) Blocks (d) Layers

Which of the following charts is best for compa ups?

(a) Pie Chart (b) BarCha &

(c) Line Chart (d) Area

What is the main goal of analyzing data?

(a) Delete old data (b rate data

(c) Find patterns and make pload to the internet
decisions @

Which of the following t i an a% d data visualization

platform?

(@) MS Paint s\Q (anogle Data Studio
(c) Notepad O @) WhatsApp
What should be@;e befoi\s'toring data?

(a) Add anTr\Qns so (b) Clean and validate it

c) Encr, d) Translate it
(0) (d)

Whi%@ is an example of a data source?
uTube (b) Survey form

(
$ Whiteboard (d) Slide show

t Questions

What is the importance of understanding a problem before collecting data?
Name any two methods of collecting data and give one example of each.
What do we mean by “cleaning” data?

Why is it important to validate data before using it?

What is the purpose of visualizing data using charts?

How does bias in data affect results?

= o
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7. Write two steps you will follow to clean a messy survey.
8. Name any two tools used for creating charts.

Long Questions:
1. Explain the six steps of the Data Science Life Cycle (DSLC) with one Jine each.
2. Give a detailed comparison between Bar Chart, Pie Chart, and hart

with examples. 0

w

Differentiate between DBMS and SQL
4. Write a Query in SQL to get all data of a student who's r mber is 15
from student table. E -

Answer Key for Multiple Choice Questlov

) - Understanding the Problem ?\
b) - Survey &

b) - Unfair or one-sided data

1

2

3

4. c) - Google Sheets @Cj @
5. b) - Tables

6. b) - Bar Chart Q
7
8
9.
1

c) - Find patterns and m&&decisio@

. b) - Google Data Studio \
b) - Clean and vall§ﬂ
0. b) - Survey forrr ?O

>

\\

.
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UET Introduction to
Artificial Intelligence (Al),
and Machine Learning (M\l:)

Student Learning Outcomes

>
By the end of this chapter, you will be able to: \p
e Define artificial intelligence (Al), and machine learning (ML). +
e Differentiate between Al, and ML, understanding their characteristics and
applications.
e Understand the concept of supervised learning and it ication to teach systems to
make predictions.
e Comprehend unsupervised learning, used fo&% and pattern recognition.

e Understand different algorithms and ch vant algorithms based on specific

business problems. This includes simpl I| ear Jegres o

e Familiarity with key model performa e rics acc

e Understand where Al and ML are dally siness, and education.

e Discuss bias, privacy, and resp, ty when 5|
N 9( J

O‘ \O‘

Introduction Q
In the present digj N te y is not just about machines, it is about
smart systems th thlnk lea¥n, and help us in making better decisions. This

chapter intro the exciting fields of Artificial Intelligence (Al), and Machine
Learning MAThese are powerful technologies behind many commonly used
things@w as voice assistants like google assistant, ChatGPT, video
ndations on YouTube, and even predicting the weather.
standing these fields helps you see how computers are becoming more
ligent and helpful in solving real-life problems.

In this chapter, Students will explore how data is used to train machines to
recognize patterns, make predictions, and group information just like a human
brain, but more quickly and accurately.

.
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6.1 Overview of Al and ML

In the modern world, huge amounts of data are being collected every second
(more than humans can handle alone). This is where Al and ML come in. These
technologies learn from data and help machines think, decide, and improve (just
like humans) but faster and more consistently.

What is AI? 0

Al means teaching machines to do tasks that usually require @ Intelligence
such as understanding voice, recognizing images, or makin% isions.
Definition: Al is the ability of a machine or computer gr\'@ to perform tasks
that normally require human thinking and ability.

Real Life Examples:

e Urdu speech-to-text apps used in G%EIOHN institutes including

schools
e Chatbots used by banks for custdme supp
e Traffic control systems in big€igfes such %Q introduced by Safe City
Authority in Lahore. 6
What is ML? 5\
Machine Learning is a part o It me&\ ining a machine to learn from data

and make decisions on |?vn withgut being programmed every time.
Definition: ML is a e@nputers learn from past data to predict or
decide somethln{ é

Examples:
o Netfli ouTube recommend videos based on watching history of
users.
. ather app uses past temperatures to predict weather for next day.

%rences between Al and ML
Table 6.1 shows the differences between Al and ML.

Table 6.1: Differences between Al and ML

Feature Al ML

Definition Making machines smart Teaching machines
enough to mimic human to learn from data
behavior and improve

o =
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Main Goal To perform smart tasks like | To make predictions
humans or decisions from
data
Needs Data? Sometimes (uses data to act | Always (needs data
smartly) to learn) N\
Human Like | Yes (like speaking, seeing, or | No (just lear 0
Behavior? understanding) pattern 6
Real Life Chatbot on JazzCash that App t &dicts
Example replies to customers ele usage next
Ve
4

_—
é TIDBITS

e Think of Al as the brain, and ML as th &ence that teaches brain how to
improve.

e Al is the broader concept of m@ actmg h|Ie ML is when machines
learn from data to make pre decisj

6.2 Machine Learni@ Typ&%
In the previous section L helps machines learn from data to

make predictions of. lons. ike students can learn with the help of a
teacher or by ex& on th n, machines can also learn in two main ways,
ie., Superwse ning and Unsupervised Learning.

SuperwseALearnmg
In sup d learning, the machine is given data with correct answers (labels).
It @oy comparing its own guesses with the correct answers and its learning
~j@ves over the time.
Deéfinition: Supervised learning is when the machine is trained using labeled
data, where both instance and correct output are provided.
Example 1: Suppose you are training a machine to predict whether a fruit is an
apple or a mango. You show the machine many Apples and Mangoes and label
it as that
e "Thisis an Apple"
This is a Mango"

: _—
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The computer learns from these examples. Later, it can predict with high
accuracy when shown a picture of apple and mangoes such pictures.

Example 2: A system can be trained based on marks and attendance of
students to predict who might fail.

Unsupervised Learning

In unsupervised learning, the machine is given only data without&bels. It

has to find patterns or group similar things (cluster) by itself.

Definition: Unsupervised learning is when the machine finds % ns or group
w

or similar things (cluster) in unlabeled data without bein hat the correct
answer is?

This helps the store in marketing products in tter way, even without
knowing the exact customer types. V\
Example: A school wants to divide studgfts {hto study groups. The system
checks their interests and subjects and f oups ust based on similarities
and without knowing which group is
Supervised vs Unsupervise Q)ﬁ
The comparison between bot Q

Table 6.3:

S prowded in Table 6.3.

|sed VS erwsed Learning

Feature Super Unsupervised Learning

Labeled Data? Yes@q ine | ‘dd the | No (machine finds patterns on
co1( answe its own)

Main Task fict or cldssi Group or cluster similar data

Example d&redict student  results | Group customers based on

using marks and study | shopping behavior

help groups for projects

\Q hours
U;e@ chool | Identify students who need | Make automatic  student

(L) ACTIVITY

Discuss and Match (Supervised or Unsupervised Learning)

Objective: Understand the difference between Supervised and Unsupervised Machine
Learning by identifying the correct type for real-life situations.

o |91




% f ro
o ig
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Instructions:

e Read each situation below carefully (refer to Table 6.4)

Table 6.4: Match as Supervised (S) or Unsupervised (U) Learnin

Sr. No | Situation Statement SorU

1 Predicting if a student will pass or fail *
2 Grouping students based on subject preferences O\

3 Identifying spam emails from inbox {'\\/

4

Dividing products into types based on features
® In your notebook, write the correct ML type for each: whethe situation is an
application of supervised or unsupervised learning. +

e Write your answers in your notebook with a brief reasor\'

e Discuss your answers with a classmate and groups
e Explain your reasoning during class discussion.t‘

TIDBIT &
Think of Supervised Learning @ g wit @cher and Unsupervised

Learning as exploring on your

o remmgen. \0

.

—
-—
-—

1. Supervised Learnm Q\beled predlct or classify.

2. Unsupervised Leal uses un data to find hidden patterns.

3. Bothareusedi s, busi , apps, and government systems in Pakistan.

4. If the systeéeaming from examples with correct answers, it is supervised. If it is
t given answers, it is unsupervised.

groupin“

6.3 &tical Applications of Al/ML
y

ou understand what Al and ML are, and how machines learn, now it is
o explore where these technologies are being used around us. We use
these technologies everyday similarly.

Smart Assistants and Recommendations

Al powers many smart tools and apps that help make our lives easier.

Smart Assistants: Smart assistants like Google Assistant, Siri, use Al to
understand voice commands, translate languages, set reminders, and answer
questions.

|92 o
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Example: Say “Kal 8 bajay mujhe jagana” to Google Assistant in Urdu, it will set
an alarm using speech recognition and natural language processing techniques,
both powered by Al.

Recommendation systems: These systems suggest what you might like, based

onyour past activities. ‘ l
Examples: 0

e YouTuberecommends videos after you watch a few clips.
e Shopping apps suggests clothes based on your browsin
e Instagram shows videos similar to what you have Wat%; fore
These apps use ML to analyze what you like and i |mprove insuggestions over

time.
e
—1
= If the app makes suggestions, understan&m oice, answers you, or learns

L your habits. , ,

(ZrACTIVITY ~

Al in Our Daily Life s\
Objective: Recognize how Al ang are us&geryday tools and applications.
Instructions:
e List 3 Apps yo @ € use @ previous week that may use Al. For example,
YouTube, Goé % Snapchat.
With a class partner, discuss hat the Al does in each app. Does it suggest videos?
Does j %ond to voice commands? Does it help you search faster?
° th&;ur examples and the Al Role in your notebook.

businesses understand customers, answer questions, and improve their

ices.
Customer Analysis: Companies collect data about customers to find:

e Which productis bestto sell.
Example: A grocery delivery app uses ML to suggest items you often buy, and
predicts which items are needed in which city.
Chatbots and Automated Help: Many Pakistani banks, telecoms, and e-
commerce sites now use chatbots which are smart systems that can answer

o =
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questions without needing a human agent.
These chatbots use Al to understand typed questions and respond
automatically.

\\I

Al helps businesses work faster, save money, and keep customers h% }

KNOwW? Using the power of data.
o 00
Bias, Privacy, and Responsibility \Q
While Al is powerful, it must be used responsibly. ‘\
he data they are

Bias in Al: Sometimes, machines learn unfair patterns f
trained on. This is called bias. For example, if an Al S)%\em is trained only on
English or male voices, it may not work well with Urd akers or female voices.

?\
H evnnen. N o

Privacy and Data Use: Al systems'gjten use pe@al data (like name, location,
or choices) which raises privacihconcerns &r example, if an app tracks your
movements or listens to y micrcﬁx without permission, it can be
misused.

Best Practice: . OQ 6\'
e Askfor user@ssion%
e Protect & Ing encryption

e Dono ct more than needed
Responsjbility of Humans: Humans must use Al wisely as it is just a tool. If an
system makes a wrong decision, the responsibility lies with the
who created or used it. For example, if a facial recognition system
ly accuses system should be fixed and detect.

Always use diverse and balanced data togfe

e Alis used in smart assistants, shopping apps, and chatbots.
e Businesses use them for customer service and sales analysis.
e We must always consider ethics: fairness, privacy, and responsibility.

= o
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6.4 Supervised and Unsupervised Algorithms

As stated in the previous Chapter, Data science uses various algorithms to find
patterns, make predictions, or analyze large data. Choosing the right algorithm
depends on the type of data and the kind of problem you are trying to solve.

Some common data science algorithms are:
o Linear Regression: Predicts future values based on a str&b-ﬁne

relationship (e.g., predicting student scores from study hour

o Decision Trees: Uses a tree-like model to make dedgis ased on
yes/no questions (e.g., predicting if a customer will buy,
e K-Means (Clustering): Groups similar items to (e.g., grouping
students with similar interests). X
problems such as

These algorithms help organizations solve re
predicting exam results, grouping custome?\ better marketing and

|dent|fy|ng patternsin fraud or health data

— TIDBIT
—  Thinkofanalgorithm like arecipej chen It ecomputerwhatingredients
L (data) to useandwhatstepsto t getthe sh (prediction or group).

Linear Regression 0 5\0

Simple Linear Regressiongnthnﬁelps us predict a value based on the
relationship betwee\ thing xample, a teacher wants to predict how
well students will min a ased on the number of hours they studied.
Here, study h is taken as Input (X) while test score is used as Output (Y).
Linear regre§ finds a line that best fits the data and helps predict marks if
studenﬁu led for, say, 6 hours. Predicting sales, temperature, or student

perfog6 e based on past data are among the few use cases of linear

nario: A teacher wants to predict student test scores based on their study
hours using data provided in Table 6.5. Linear Regression draws a best-fit
straight line to predict future values as shown in Figure 6.1. In this graph, blue
dots are actual student scores while blue line shows the predicted trend. If a
student studies for 6.5 hours, the model can predict their score using the line.

o =
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Table 6.5: Student Data

Study Hours Test Scores
01 35
02 40

03 45 \l‘
04 50

05 55 00

06 60 \\9

07 65 i \
08 70 SZ’
09 75 p

10 80

80-| X Actual Scores Q @
——Regression Line @ E

Test Scores

3 4 5 6 7 8 9 10
Study Hours

Figure 6.1: Linear Regression: Study Hours vs Test Score

\ |
‘ e Simple linear regression uses just one independent variable (input) to predict

KNOW? one outcome. However, in real life, outcomes usually depend on many things.
e Multiple linear regression helps the computer understand more complex
patterns and improve prediction accuracy.

= o
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6.5 Evaluating Model Performance

Once a ML model is trained, (like predicting who will buy a product or whether a
message is spam), then we are required to measure the performance of the
model. This helps in deciding if the model is accurate and reliable. In this section,
we will explore four important performance metrics with simple defini xla
examples.

Confusion Matrix

A confusion matrix is a simple table that shows how predlctlons/

classifications were correct orincorrect.
Table 6.6 shows a simple confusion matrix considerinéﬂ&her a student will

pass or fail (classification problem).

Table 6. 6'& on Matric
Predicted: pass |cted fail
Actual: pass | True Positive gé#’
Actual: fail | False P05|t

e TP = Model predlcteons ané\ student was pass in actual as well.

e TN = Model pr fail e student failed in actual as well.
e FP = Model { ted Nodit the student failed in actual.
e FN=Mo dicted fail'and the student was pass in actual.
The confusio trix helps in understand whether a model is making

classificati rediction mistakes and helps in calculating the accuracy (an
impor easure) of the model.
Ac @
$ (A) tells us how many predictions were correct out of all predictions
e

Accuracy = o TN
It is calculated as follows: Y = TPTTNLFPLFN

Let us assume that we have data for 15 students. In actual, 8 students were pass
while 7 failed. The model produced the following results:

e TP = Correctly predicted pass = 7

e TN = Correctly predicted fail = 5

.




% f ro
o ig

e FP = Wrongly predicted pass = 2
e FN = Wrongly predicted fail = 1
Using the above formulas and model results, we calculate accuracy as follows:
7+5 12

- = = 0,
715+ 241 15 O800T80A) 0$

Summary
e Al enables machines to perform smart tasks. ML, a ’&Al, allows
machines to learn from data to make predlctlons E entify patterns
without being explicitly programmed everytlme

e Supervised Learning: The machine is given d ith correct answers or
labels (e.g., predicting student grades orc r purchases)
e Unsupervised Learning: The machl is given data without correct

answers or labels (e.g., grouping pe@b pref ces or behavior)
e Linear Regression for predicting’y, ;&elatlonshlp between

two values
o DecisionTreesformakingge onsba; yes/no questions

e K-Means Clustering for fi g pajt data (overview)

XS CISE _
Multiple Chmfﬂuestlo
1.What is A Intelligence (Al)?

(a)Solving m problems by hand

performing tasks like humans

fhg emails using a computer

atching videos online

2.Which of the following is an example of Al?
(a)A chatbot replying to your questions
(b)Using a whiteboard

(C)A TV remote

(d)Typing on a keyboard

= o
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3.What is Machine Learning (ML)?

(@)Teaching humans to use machines

(b)Teaching machines to learn from data like human

(C)Learning computer hardware basics

(d)A machine without internet 0$
4. Which app recommends videos using ML?

(a)Google Maps (b)Microsoft Paint \Q
(c)YouTube (d)Windows Medio@yer

5.In supervised learning, the data is:

(@)Unorganized (b)Witho y answers
(c)Labeled with correct answers (d)On -based

6.Which of the following is an exampl@qs pervised learning?

(a)Predicting student marks @ \@

(b)Identifying spam emails
(c)Marking quizzes s\

(d)Grouping students by mte@ Wltth.eIs

7.Google Assistant is anQampIe
(a)A game app ’ (b)A word processor
(C)A smart assist |ng AI (d)A calculator

8.Al is mosilé@' for:

(a)Handwritihg notes (b)Making phone calls
(c)Ch phones (d)Smart decision making and automation
9 ot on JazzCash is an example of:
loud computing (b)Data visualization
(C)Al in business (d)Unsupervised learning

Short Answer Questions
1. Whatis the difference between Al and ML?
2. Give onereal-life example of Al used in Pakistan.
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How does supervised learning work?

Define confusion matrix.

How can businesses use Al?

Give one example each of a smart assistant and a recommendation system.
What kind of data is used in unsupervised learning? $
Define linear regression. 0
O

Long Answer Questions Q

1. Explain supervised and unsupervised learning with su&@o xamples.

2. Explain how model performance is evaluated in n@ e learning using
the following metrics:
a) Confusion Matrix
b) Accuracy

3. A model predicts if students will pass r fail (0). Out of 20 students:

(
True Positives (TP) = 8
True Negatives (TN) =6 @ \®
False Positives (FP) = 4 Q 6@'
False Negatives (FN) = 2
You are required to (a) fill theé‘usiog@&, and (b) calculate accuracy.

PN AW

Answer Key for | iple Clé%e Questions

b) - Machine rmin like humans
a) - Acha i lying to your questions
b) - Teac machines to learn from data

c) - You e
C eled with correct answers

rouping students by interest without labels
- A smart assistant using Al
8. «¢) - Interpreting and visualizing data
9. d) - Smart decision making and automation
10. ¢) - Al in business

SuAwN
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UNIT
7 Applications of Al
Student Learning Outcomes \&_\
By the end of this chapter, you will be able to: O

e Explain how Al can be applied to specific applications in areas li ,
Robotics, Speech Recognition.

e Conduct a technology recognition experiment where studs*; teract with
products based on NLP, Robotics, Speech Recognitio&p

e Discuss the benefits and limitations of NLP, Robotics, ech Recognition,

and others
e Show that there are instances where use of A s social injustices.
e Develop critical thinking skills to assess sifgtiohs where Al has led to social
injustices and identify potential areas rovem
e Effectively communicate the social ilons o e%lrtlcularly regarding
injustices and ethical responsibjjti thin and verbally.
r‘é | development and

.e  Exhibit an awareness of ethigal 8ghsideratio
usage, as well as the poten &onsequ s of overlooking these
considerations. 6

e Analyze case studlesQ@enarios here Al has caused social injustices, and

k discuss the unde ctori uting to these issues. /

IntroductloK(O $'

Computer S @a is not just about using computers, it is about solving
problems, cPeating smart tools, and making life easier. One of the most
import b field of modern computer science is Artificial Intelligence (Al).
Na anguage Processing (NLP) helps computers understand human
ge. Chatbots, text analysis tools, and automatic translation apps are all
part of NLP. Speech technology powers voice assistants like Alexa and Google
Assistant. Recommendation systems suggest audios, videos, or products based
on what users like. Autonomous vehicles, such as self-driving cars, use Al to
move safely without drivers. Robotics is used in factories, hospitals, and even
space missions.
Al must be used fairly and safely. It is important to study ethics, so that Al does

o =
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not harm people or create social injustices. Some systems may show bias or
make unfair decisions if they are not designed carefully. That's why students and
future developers must learn about data privacy, accountability, and ethical rules
for creating Al tools. This chapter will also teach how to think critically about Al,
recognize both its benefits and risks, and understand how Al affet%jobs,

education, health, and society. 0
7.1 Artificial Intelligence (Al) 0
Artificial Intelligence (Al) is a modern field of computer sci \Qhat teaches

machines how to “think” and "act” like humans. It he@ mputers solve
problems, learn from data, and make smart decisions wi being told what to
do step by step. Al is used in many areas such as m apps, online shopping,
health care, and transportation. For example, w ?Lguse a voice assistant like
Google assistant or a chatbot on a website, ;gi?;lslng Al. It helps doctors find
diseases, drivers use maps, and students fj ersonline.

Q/ \
\O

\b Fig ur§71 Al helping people
= oA
= TIDR(Y
-—

?an now write stories, solve math problems, and even create art, just
eahuman!

‘\

- ACTIVITY

“Al Around Us” Poster Task

Students will work in pairs to create a small poster showing how Al is used in different parts
of society — such as hospitals, schools, or banks. They can draw, use magazine cutouts, or
describe with words. Posters will be shared in class to understand Al's importance in
different sectors.

Go2) |
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Figure 7.2: Al helps doctors j &

gno @‘dlseases
Impact of Al on Jobs and Wo
Al is changing the way people v@ in man)@igs. In factories, robots and

machines now do jobs that we nce do human experts. These machines
can work faster, longer, and few akes At the same time, Al is also
creating new kinds oﬂo@eople eded to design, test, and manage Al
systems. Jobs like dat ntist. veloper, and machine learning engineer

are growing fast. 6

@) ACTl\Qg‘

Befﬁnd After Al” Chart
S ug ill be given a worksheet with two columns: “Before Al” and “After Al." They
Jobs or tasks that humans experts used to do and how Al now helps with or
ces those jobs.

7.2 Data and Al

Data is the most important part of Al. Al depends on data to learn, just like a
student learns by reading books. If the data is large and correct, the Al system
becomes smarter and gives better results.

o =




An Al trained with poor-quality data can give wrong answers or make unfair
KNOw? decisions.

Automatic Data Collection

Automatic data collection means gathering information without nggding a
person to enter it by hand. Many devices and applications can coll ta on
their own. For example, mobile phones collect location, usa d search

history automatically. Online websites also collect user & ) views, and
preferences.

() ACTIVITY

“What Data Do Apps Collect?” Survey
Students will check 2—-3 apps on their phone and nqt kind of data the app collects
(location, voice, clicks, search history).

With automatic collection, Al can adJus@ responesyto user needs quickly. It
also saves time, reduces errors, an syste work without needing

human input all the time. Ql
Types of Data: Quality a ant

In Artificial Intelligence (AI) used is very important. “Quantity
refers to how much da a|Ia en an Al system receives a large
number of example famlllar with different situations. For
instance, if a machi rent images or texts, it becomes better at
understanding n@es “Quatty means how useful and correct the data is”. If
the data has es, missing values, or confusing labels, the Al may learn the

wrong things\T erefore both the amount and the accuracy of data play a big
role inng strong Al systems.

\\I

Al learns better with both types of data: big (quantity) and accurate (quality).

() ACTIVITY

Clean vs. Dirty Data” Matching Task

Students are given two small data tables: one with clear (good quality) and one with
missing or wrong details (bad quality). They match questions to each table and realize how
difficult it is for Al to make good decisions with poor data.

= o
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7.3 Real-World Applications of Al

Al is now used in many areas of daily life. It helps businesses, schools, hospitals,
and even homes become smarter and more efficient. These are real uses of Al
that make work easier and faster.

Natural Language Processing (NLP)

Natural Language Processing (NLP) is a part of Al that helps uters
understand human language. It allows machines to read text, lis speech,
and give answers in a way people can understand. For exam;@en someone
types a question in a search bar or talks to a voice assist helps the Al
system understand and reply correctly (as shown in Fi 7.3). In customer
service, it helps answer common questions without hu’rs?en help.

_—
== TIDBIT
: Chatbots on websites can answer your;@s 4/7, all thanks to NLP. ]
W ( ) \@

Figure 7.3: Talking Chatbot helps people
Robotics in Everyday Life
Robotics is an important sub field of Al that involves machines designed to do

tasks like humans. These machines are called robots. They can perform tasks like
lifting heavy items, helping in surgeries, or cleaning floors intelligently. Robots
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can help old or disabled people with simple daily tasks. Because robots do not
get tired and can work with great accuracy.

\\‘

* Robots are now used in some restaurants to serve food and clean takleg. }
-

Speech Technology and Voice Control

Speech technology is a type of Al that allows comput@u listen and
understand spoken words. It helps machines turn voice im.% t and respond
with answers. Voice assistants like those used in pho mart devices are
examples of this technology. For example, in customer'service, it helps answer
calls and guide users without a human operator. art homes, people can
control lights or devices just by speaking. hcare, it can help doctors
record notes without typing. Speech techgo makes it easier and faster for
people to use machines with just their,vQice @

A
= TIDBIT

f Smartphones can now unlo Q:] your vom@) need to touch anything. ]

K

‘ Some cars now regpond’to vmceWands to turn on music, make calls, or }
A

KNOW? Jgive dlrectlon}\

“Speak an% ractice
Using one Or computer, students try out voice-to-text tools (like Google Voice Typing).
They % sentence and see if the tool types it correctly. Then they try speaking in different
speeds and compare the results.

mmendation Systems

Recommendation systems are a part of Al that give users suggestions based on
their likes and past actions. These systems study what a person has viewed,
searched, or selected before, and then show similar options. For example, on an
online shopping website, if someone looks at school bags, the Al may suggest
other types of bags or related items. In education, a website can suggest helpful
videos or articles based on a student’s learning history. Recommendation
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systems improve the user experience by making content more personal and

useful. However, these systems must be used carefully to protect privacy and
avoid showing the same types of content again and again.

: TIDBIT
= When YouTube shows you "videos you may like," that's Al learning your %ﬁts.
= ( N

;@} ACTIVITY \&
“Guess My Choice” Simulation \

Each student secretly picks a favorite type of video or item. Thestgagher shows different
choices (e.g., comedy, sports, cooking). Based on previou@ces, students try to
“recommend” the next item to each other. This mimics howsAl makes suggestions based on
past behavior. VV

VS

Autonomous Vehicles (Self-drivi ,%hicles
o@ are vehicles that can

Autonomous vehicles, also called se g velh

move on the road without a huma ? These les use Al to understand
their surroundings and make deci8igns on the@wn They are equipped with
smart sensors, cameras, Glob sitionin stem (GPS), and radars to detect
traffic lights, road signs, oth hlcleQ\ people on foot. With the help of
these tools and Al, the c safely¥peed up, slow down, turn, and stop when
needed. They can c@ he @er of road accidents caused by human
mistakes such as tion dness. They can also help people who are

unable todrive as the elderly or disabled.
However, the e also some challenges. These vehicles must be tested many
times tp paakeSure they are safe in all situations. There are also concerns about
joblo rivers and the need for strong traffic laws for Al systems. People also
r out who is responsible if a self-driving car causes an accident. That's
ngineers, governments, and companies are working together to improve
safety and create fair rules for these smart vehicles.

(L) ACTIVITY

“Map the Journey” Planning Task
Students draw a map from their school to a park or market. Then they mark what a self-
driving car would need to detect (like traffic lights, people crossing, or road signs).

.
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Figure 7.4: Self- d&&“

7.4 Benefits and Challenges 0f Al Watlons

Al applications are helping peopl ete ta ster and more easily. In
offices, Al systems manage files, er ques@. In education, Al can guide
students with smart learning apfs that adjyst to their level. This saves time and
helps people focus on more i rtant ons. At the same time, Al supports

businesses in planning, 'cting S s, d giving better service. These smart
tools are improving 4|v uman errors and increasing efficiency in

manyfleldsllkea I re, ba ,and transport etc.
Limitation éChallenges of Al Applications

Al systems a ot always correct and sometimes give wrong results if the data is
low qu rbiased. A chatbot, for example, might misunderstand a question if
the age is unclear. In fields like law or health, small Al mistakes can cause
blems. That is why careful testing is needed. Another challenge is that Al
can'replace human workers in many jobs e.g., customer services, data entry and
clerical works which may lead to job loss. Also, many Al systems cannot make fair
decisions if they are not designed carefully.

\\I

Al systems can make mistakes if they are trained on incomplete or biased data.
KNOW?
~ =
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7.5 Ethics, Fairness, and Social Impact of Al

Ethics in Al means using Al in a way that is fair, honest, and safe for everyone.

Since Al can make decisions, it is important to make sure those decisions do not
hurt people or treat anyone unfairly. For example, if an Al system gives better

service to one group of people and ignores others, it is not fair. Al ?é#be

developed with care, keeping in mind fairness, safety, and respect f man
rights.

= TIDBIT %90
—

Al can be unfair if not designed properly that's why devel ’*HUSt think about
L what's right and wrong. @

i \

Bias in Al and Algorithms

Bias in Al happens when the system gives upfa ults because of the data it
was trained on. If the data only represent oup of people, the Al may not
understand or treat other groups fairly{ Fop exa face recognition tool
may not work well for all skin colorsqft was trai ostly on images of only
one type. This shows that data s)‘@ Iude$ent people, languages, and
situations. Removing bias is a towgrd mfaking Al more fair and helpful

for all. s\o

() ACTIVITY Q>

O
“Same Input, Differe put7
Students are glve end Al that\gives random or unfair results based on the name,

color, or gen @r ers. They analyze whether this is fair and how real-life Al systems can
become blase& t designed carefully.

Fairn&nd Transparency in Al
Fai in Al means that the system should treat all users equally, no matter

ir face, gender, age, or background. This is important in systems that make
decisions about Human Rights, school admissions, job interviews, or legal cases.
To ensure fairness, Al must be trained on data that includes all related types of
people and situations.
Transparency means that people should understand how an Al system works
and why it made a certain decision. If an Al rejects a loan application or selects a
student, users have the right to know what rules or steps the system followed.
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Transparency helps avoid mistakes and gives confidence that the system is
working honestly.

)y ACTIVITY

“Explain Your Choice” Al Role Play

One student plays “Al," and others ask it to make a choice (like selecting a studen%a,
prize). The Al must explain the reason.

-

Privacy, Data Security, and Surveillance
Privacy means keeping personal information safe and not @19 it without
permission. Many Al systems collect data from users, su @ mes, addresses,

location, or search history. If this data is not protec’ﬁ& t can be stolen or
misused.

Data security means protecting information hackers, viruses, or other
attacks. Al systems must use strong secur m&thods to keep user data safe.
Surveillance is when systems or camerm e's actions. While it can
help in safety, it must be used caref Ch”&k‘ all the time without

reason can harm freedom and pri

Al and Social Equity (Faigg‘h n Sogi€
Al should be used in a Way elp éople equally, including the poor,

disabled, and those living ote ar metimes, new technologies like Al
are only available to ré duca roups, while others are left behind. This
opl

creates a gap betw port fairness in society, Al tools should be
designed so eve can bengfit, not just a few.

@) ACTlQQ

Al fc@ Poster Drawing
St d% eate a poster showing how Al should help everyone ; rich or poor, city or village.
should show fairness and equal access.

7.6 Responsibility of Al Designers

Al systems do not make rules by themselves; they follow instructions created
by human designers. This means the people who build Al have a big
responsibility to make sure their systems are fair, safe, and helpful for society. If
an Al system makes a wrong decision or treats someone unfairly, the mistake
often comes from the way it was designed. That is why Al designers must think
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carefully about how their tools will affect people in real life. Making Al that is

helpful and trustworthy is not just a technical job it is a moral duty.

*Y%% Al is only as good as the people who build it, that's why designers must act

KNOW? responsibly.

|

(&) ACTIVITY OO

“Build a Fair System” Brainstorm
In small groups, students design a fair Al system (e.g., for school ad or job

selection). They list what rules they will follow to avoid bias, mls@ arm.

Following Ethics in Al

Ethics in Al means doing what is right and en creating or using Al
systems. Al designers must make sure their %do not hurt people, spread
false information or treat anyone unfairly h| help esigners make decisions

that protect users and support Just win cs also includes being
honest about how the Al syste sers know what data is being
used and how decisions are thlcal de uilds trust between people

and technology.

(L) ACTIVITIES -
“Right or Wrong?” E @nz SO\'

The teacher reads sh |tuat|o spying, unfair selection). Students vote: Is this right
or wrong? Thené lain their answer

Activity (N
Type a sen in English into Google Translate or a translation app, and convert it into

Urdu. %change a few words and try again.
Acti obotics):

short video of a robot performing a task (like assembling parts, serving food, or

~

« ing).
er watching, write 3 lines about:
e What the robot did e How Al helped it
e  What would happen if it made a mistake
Activity (Speech Recognition):
Use voice typing on a phone or computer (e.g., Google Docs voice typing). Speak a
sentence and watch the text appear. Then speak a different sentence and check if the text is
\_correct. )
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Summary

e Al Field of computer science that teaches machines to "think" and "act"
like humans
e Al capabilities: Solve problems, learn from data, make smart d@)ns

without step-by-step instructions
e Real-world applications of Al : Mobile apps, online shop@
healthcare, transportation, voice assistants 1&
a

¢ Impact on jobs: Replaces some jobs (factory work) b tes new
ones (Al developers, data scientists) \

e Autonomous Vehicles: Self-driving cars using rs, cameras, GPS,
and Al. It Reduces accidents, and provide as ce for
disabled/elderly people. ?\

e Fairness: Equal treatment regardlesv&a e, gender, age, background

e Transparency: Understandable dgcisign-maki rocesses

e NLP: Natural Language Procesgj elps ters understand human

language &
N
RO
e
©
o
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* EXERCISE _
|

Multiple Choice Questions

1.

ous
. What is the role of robot tories {

What does Al stand for?
a) Automatic Intelligence b) Artificial Intelligence *
c) Active Interface d) Applied Information
. Which of the following is an example of Natural Lang roessmg

(NLP)?
a) Online calculator b) Voice typing @\
c) File copying d) Image editing

. What type of data helps Al make better dec
a) Short and weak data b) Only |
) Large and good quality data  d) Da ithout labels

Which tool uses Al to understand fuman v0|c
a) Video player % slato
¢) Speech recognition Jb'

a) Watching videos b) Making websites
¢) Doing repeated or Qous ta d) Writing stories
What is a challen sing

a) It works sIowI b) It cannot be turned off
c) It may repl manjc$ d) It cannot store data

If data re ts only a group of people it is called:

a) Unbi ata b) Biased data

) C@data d) Reliable data
8. fairness important in AI?
0 the system looks good b) To avoid slow speed

9.

) To give equal treatment to all users d) To use more memory
Which of these is NOT an Al tool?
a) Chatbot b) Face detection

c) Spell checker d) Paper notebook
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Short Questions

1.

WONOUAMWN

What is Artificial Intelligence (Al)?

How is Al used in daily life?

Why does Al need large and good-quality data?

What is the role of Natural Language Processing (NLP)? $
Give one example of robotics in everyday life.

What is the purpose of speech recognition technology? 0

How do recommendation systems work?

What is meant by bias in Al systems?

Why should Al systems be transparent and fairg\iot

Long Questions

1.

NouAswN

What is the importance of data in Al? E why good and large data
is needed. x

Write in detail about any three refj app@uons of Al (such as NLP,
robotics, or speech technolo

Explain the ethical issu e fairness, privacy, and
transparencylmportant Q

Answer Key for Mu§le Chqjce uestlons

b) - Artificial Intell
b) V0|cetyp

) - Large ood quality gata

c) - Speﬁ cognition
ing Tepeated or dangerous tasks

iased data

c) - To give equal treatment to all users

9. d) - Paper notebook
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UNIT
8 Digital Entrepreneurship

Student Learning Outcomes &
By the end of this chapter, you will be able to: \
e Explain the significance of legal compliance and ethical @e in digital
entrepreneurship. +
e |dentify and describe key data privacy laws.
e Apply ethical decision-making to resolve conflicts of int and ensure fairness in
business operations.

e Recognize responsible marketing practices a xRlain the necessity of truthful
advertising and obtaining user consent for ta %rketmg

e Use structured problem-solving metho s root cause analysis and SWOT
analysis, to address business chaIIenge

e Explain the concept of data-drive setting measurable goals,
defining Key Performance Indlca usmg s tools, and measuring Return

on Investment (ROI).
e Describe the role of Custom Ia |onsanagement (CRM) systems in building

long-term customer on t rou sonalized communication and loyalty
programs.

e Explain how marketi omati Is can improve efficiency, reduce operational
\ costs, and expan; mer re? J
Introduc %

This unitprovitles an understanding of the legal, ethical, and strategic skills that
are i ant to operate a successful digital business. It explains how

t neurs can comply with relevant data privacy laws, such as Pakistan's

Protection Bill, the General Data Protection Regulation (GDPR), and the
Children's Online Privacy Protection Act (COPPA). It further outlines the
principles of ethical decision-making, conflict of interest management, and
balancing profitability with customer welfare.

The unit also examines the role of digital ethics in promoting safe and respectful
online environments for both businesses and customers. Strategic marketing
concepts, including data-driven decision-making, customer management (CRM),

o




%1 f ro
o ig

competitive analysis, and marketing automation, are discussed with practical
examples. By the end of this chapter, you will have the knowledge and skills to
make informed, responsible, and strategic business decisions in the digital
age.relationship

8.1 From Basics to Advanced Entrepreneurshi

In Grade 9, you learned that entrepreneurship is the process esigning,
launching, and managing a business to create value. We dISC w it drives
economic growth, generates employment opportuniti mtroduces
innovations that improve everyday life. You w mtroduced to

tforms, e-commerce
able entrepreneurs to

fundamental digital tools, such as social media
websites, and market research applications, th
connect with customers and manage their ope s effectively.

In Grade 10, we build upon that foundati explore advanced skills required

in the competitive digital business{ en wonr@ These include legal
compliance, to ensure a business o @Wlthlng w; regulatory awareness,

to keep pace with changing and try requirements; ethical
frameworks, structured proble |ng, ess challenges effectively; and
strategic marketing, to stren t&e 's presence and relationship with

r b today’s entrepreneurs are expected

its customers. These skill
to protect their mtg pro Q espect customer rights, safeguard data
privacy, and malnt é ir community.

8.2 Pro@ Solving & Adaptability
In the b@ine world, challenges can appear at any time. These may include

losin mers, facing new competitors, or changes in technology. Successful

t aneurs do not give up when faced with difficulties. Instead, they use a

ethod to understand the problem, find its main cause, and take effective

steps to solve it. They also stay flexible and ready to change when conditions
demand it. These skills are known as problem-solving and adaptability.

Structured Problem-Solving
Structured problem-solving means using a step-by-step approach to identify a
problem, understand why it is happening, and decide the best solution. This

o
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avoids guesswork and helps prevent the same issue from happening again. This
concept has already been explained in detail in the Grade 9 textbook.

Root Cause Analysis
Every problem has a main reason behind it, called the root cause. If we only fix
the surface problem, it may return. Root cause analysis helps in fir@and
addressing the main reason, so the solution is long-lasting.
Example: If an online shop receives many complaints, the Q should
investigate whether the cause is late delivery, unclear prod riptions, or
poor packaging. Once the root cause is found, it can be cor%&e :
SWOT Analysis @
SWOT is a simple tool that stands for: \v
e Strengths, things the business does well (e!
e Weaknesses, areas that need improv
e Opportunities, chances to grow or |
product).

e Threats, outside factors t)@n ha;&% business (e.g., new

competitors). g
SWOT analysis helps businesdes dersta&dt eir current situation and plan

wisely for the future. 0 s\o

— O\
A— N
== TIDBIT "
-— * . . " ”
—  Everychalleng den JesSgi™BUsinesses that stay curious, ask “why” often, and
L actquickly t %o lems intgopportunities for growth.

Adaptabi‘l-ik/ & Resilience

Adapﬁ?(y means being willing and able to change when needed. Resilience

m r% usiness can recover quickly after a setback. These two skills help a
@ess in surviving and growing even in difficult times.

ReSpond to Change in Market or Technology

The business environment changes quickly. New customer needs, competitors,

or technologies can appear at any time. A business that adapts to these changes

has a better chance of success.
Example: A shop that starts home delivery when customers prefer online

shopping.

Prigh-quality products).
.g., slow customer service).
oVe (e.g., high demand for a new

o
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Setbacks Recovery

Mistakes, failures, or losses can happen in any business. A resilient business

accepts the setback, learns from it, and works harder to improve.

Example: If a bakery receives complaints about taste, it can improve its recipe,

test the new version, and invite customers to try it again. $
o\
\J

DO
¥YOU Some of the world's biggest companies, like Netflix and Y |d not
KNOW?  start the way we know them today. Netflix first rented D g! mail, and

YouTube was made for video dating. They changed themg\; nd became
famous all over the world.
L\

8.3 Ethical Business Practlce tal Ethics

Ethics in business means following mor. es and doing what is right, fair,
and honest. In the digital age, busi @must e that their decisions,
marketing, and online activities re@ both w and customer rights.

Ethical practices build trust and a usme W in a responsible way.

Ethical Decision-Makin 5\
Ethical decision-making g§®ces in business that are fair, honest,

akln
and responsible. It is @@omg ht thing, even when it may be easier or
more profitable to anot y. A business that follows ethical decision-
making earns ct and Nust from customers, employees, and the
community. Eé decision-making is not always the easiest path, but it is the
one that S a business grow with integrity, keep loyal customers, and
maintay ositive image in society.

Co of Interest
~@ﬂict of interest happens when a person’s benefit or relationship can affect
th&ir business decisions. This can lead to unfair treatment or bias.
Example: If a shop owner hires his cousin for a job without giving a chance
to apply to other skilled people, it's unfair. The fair and ethical way is to let
everyone apply, check their skills, and then hire the person who is best for the
job.

o
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Balancing Profit with Customer Welfare

A business needs profit to continue operating, but profit must not come from
harming customers or risking their safety.

Example: If a business sells food at a high price while using low-quality
ingredients, it may earn more money at first. However, customers Iosew and

the business suffers in the future. An ethical business charges a fair6 ,uses
safe and good-quality products, and provides honest mformatlo

Digital Ethics Q
Digital ethics means using the internet and digital too pon5|bly and

respectfully. Businesses keep customer mformatlo provide accurate
details, and interact politely online. Customers aIso rules, treat others
with respect, and avoid harmful actions. Busmesse intain safe online spaces
by setting clear rules and taking quick actl harassment or bullying.
Responsible Marketing

Responsible marketing means promoti p odu s services honestly and
fairly, providing customers with corr rmatlon and avoiding
false promises. This approach h cfstom e informed decisions and

builds trust in the business. x
|se

e Every busmess a ust present truthful and clear

information, exa tlons or hidden conditions that may
mislead cus
e When a personal data of users to show targeted

advertige nts u esses must obtain clear permission from
cu t@ers and explain how the information will be used.
I:»

V

ppIy ethics by making fair business decisions, protecting customers online, and
ating an honest marketing idea.
Steps:
1. Scenario:
“You and your team are running a small online shop for students. Today, you will
face three quick challenges. Will your shop stay honest, safe, and trusted?"
2. Challenges:
1. You have two job applicants: a close friend and a more skilled stranger.

Decide who to hire and explain why in one sentence.

o
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2. A customer posts rude comments on your shop’s social media. Decide how
to respond politely and keep your platform safe.
3. Create one short ad line for your business that is truthful, clear, and not
misleading.
3. Each group shares its answers. The class votes on the most ethical and trust-
building solutions.

SN

Data Privacy Laws ¥
Data privacy laws are rules that protect personal informg@collected by
businesses, such as names, addresses, phone numbers, orp,% nt details.
In Pakistan, the Personal Data Protection Bill says th&t' esses must:
e Collect only the information they need.
e Use the information only for the pur%? they explained to the
customer.

e Keep the information safe and are it without permission.
|v
ion (

Some other countries also have stron laws, h as:
e General Data Protection to protect the personal
data of people in Euro @ untri
e Children’s Onllne Prot ion”Act (COPPA) to protect the

personal data of c n u
These laws matter for Pakigtani b rgvs if they have customers from other
countries because the folloée rules of those countries as well.
Regulatory Awar )g

Regulatory awaﬁ% s means Rnowing which laws and rules apply to your
business and ing sure you follow them.
This involves:

tay Updated: Checking regularly if any laws have changed that may

affect your business
$ e Compliance Audits: A process where the business is checked to see
if it is following all the required laws and rules.
Example: If a school is willing to launch an online portal where students can
check their homework, grades, and attendance. To use the portal, students must
enter their name, roll number, and contact details.
The school follows data privacy rules by:
e Collecting only the information needed for the portal.

.
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e Using the information only for school purposes, such as sending

homework updates or exam schedules.
e Protecting the information with passwords so no one else can access

it.
» DO &
YOU In 2019, Google and YouTube were fined $170 million in the US eaking
KNOW?"  cOPPA (Children's Online Privacy Protection Act) rules by personal

data from children without their parents' permission. This & ow seriously
data privacy laws are enforced worldwide. +

XS J

8.4 Legal Framework & Complj
Legal Framework & Compliance means theé\]aws and rules a business must
follow to operate legally. It includes gls erin usmess paying taxes,
protecting customer data, and me ustr% rements. Below are the
rules that prevent legal problems@ ildm rust for any business.

tan

Business Registration in S(
Starting a business in Paklsta tJus%’e having a good idea. It also needs
to be made legal by reg ing it w government. Registration makes the

business official, aIIp o wQr out legal problems, and helps gain the
trust of customers% businesses.

Registration
The Securi@d Exchange Commission of Pakistan (SECP) is the main

authority to™“register any new startup business in Pakistan. The registration
proce sists of the following steps:
oose a unique business name and get it approved through the SECP
website using the following URL(https://secp.gov.pk/).
Prepare the required documents, such as the Memorandum and Articles
of Association for companies or a partnership deed for partnerships.
e Apply online.
e Get the Certificate of Incorporation, which proves that the business is
officially registered.

o




%1 f ro
o ig

Obtain National Tax Number
The NTN is an identification number for taxpayers in Pakistan. It is issued by the
Federal Board of Revenue (FBR). To obtain an NTN:

e Apply through the FBR's “Iris” online portal.

e Provide SECP registration documents, proof of address, and@ness

activity details
e Once approved, the NTN allows the business to open b&counts,
issue invoices, and meet tax obligations. \Q

Tax Filing and Record-Keeping

Registered businesses must:
e File annual income tax returns and, if appli monthly sales tax

returns.
e Keep accurate records of sales, purch aries, and expenses.
e Avoid late or incorrect filings, as th af lead to fines or legal actions.

Industry-Specific Regulations
Some businesses in Pakistan must speC| in addition to general

registration and tax requirement

Example: Consider two stud s\f n@ass Mr.X and Mr. Y want to start

an “online bookstore” f
l.  SECP Reglstratl Qey ch meanlngful and professional name like
"E- bookHu elr% s and got it approved on the SECP website.
They sub the requed documents online and receive a Certificate

of Inc tion

I. Obtﬁi&wg NTN: They apply for a National Tax Number (NTN) through
@CBR’S Iris portal, using their SECP documents, address, and business

ails.
@ Tax Filing: They keep proper records of sales and expenses and file their

annual tax returns on time.

IV.  Industry Rules: As an e-commerce business, they add terms of service, a
privacy policy, and return/refund rules to their website to follow
Pakistan’s E-Commerce Policy rules.

.
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By completing these steps, Mr. X and Mr. Y start their new online bookstore

legally, approved by the government, which is more trustworthy for customers
and suppliers.

YOU mentioned documents:
KNOW? L . . .
Memorandum of Association: Basic details of a company, li ame,

purpose, and location. 0
Il. Articles of Association: Rules for running the compa@

Ill. Partnership Deed: An agreement between two or ople who start
a business together, explaining each per@ hare, role, and

responsibilities. \‘ -

Contracts in Digital Business
A contract is a written or spoken agreemen en two or more people or

organizations that is legally binding. In digj uSiness, contracts are important
because they set out the terms and copditiops fo}$ng together, whether it

» DO When we register a new business, we need to understand the purpose ofEbove\

is with business partners, suppli€rs! ,or cu s. They help prevent
misunderstandings and provide | otecti@' disagreement occurs.

Basic Elements of a Valid C&ct &
For a contract to be valid, it t havéxo
o Offer: One side @mises td{do Something, such as sell a product or

provide a se @ 0

. Acceptan{" othe agrees to the offer without changes.

e Consid on: Something of value is exchanged, such as money, goods,
or serwces.

o lLegal Purpose: The contract must be about something lawful.

. ent: Everyone agrees willingly, without being forced or tricked.

@ ance in Digital Business
igital businesses, contracts can be signed on paper or electronically. They

are used for:
e Partnerships, to set clear roles, responsibilities, and how profits will be
shared.
e Suppliers, to fix delivery times, payment terms, and quality standards.

e Online Transactions, to state terms of service, refund rules, and customer

rights.
.
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Clear contracts build trust and make business dealings smooth and safe.
Example: The students of Class 10™" are planning to arrange a farewell party.
Mr. X have to manage the party arrangements. He is asked to make a simple
contract with school management.

e Offer: Mr. X offers to arrange the food and drinks for the partys l

e Acceptance: The management will accept his offer.

e Consideration: School will contribute Rs. 5000 towards the cost.

e Legal Purpose: Organizing a class party with the sch ermission is

lawful.

e Consent: Both agree willingly without any presg(ébt

Contract Terms:

e Mr.X will confirm the food order three vs\%efore the event.

e Food items will be delivered on tim

Ly ACTIVITY N

Objective: ?
Students will work in groups to plas\s all busw& idea for the “school canteen” and
ensure it follows the legal frame e rules. They will also prepare a

nd ¢
simple contract to define ea ber's re& ibilities.
Steps: é
. Form Groups: thecl groups of 4-5 students.
Il. Business Id€axfach gro%magme they are starting a small business in the
school ¢ ﬁ‘( e.g., snack cQunter, juice bar, stationery corner).
lll. Crea imple Contract:
W basic contract between two group members showing:
Offer ——— what each member will do.
Acceptance ——» agreement to the plan

Q0! .
$® e Consideration—» what each member will contribute (e.g., money,
[ ]

time, materials).
Legal Purpose —p lawful activity in school.

Consent —— agreement without pressure
- J

8.5 Intellectual Property Rights (IPRs)
IPRs are legal rights that protect the creations of a person or business. These
creations can include inventions, books, songs, artwork, brand names, or logos.

o
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IPR ensures that no one can use or copy these creations without permission.

This protection encourages people to be creative and helps businesses keep
their unique identity.

Registration of Intellectual Property in Pakistan
The following fundamentals are required to register an intellectual p;{gty in

Pakistan:
|.  Trademarks: Protect brand names, logos, or symbols us&identify

goods or services. ’@
e Apply at the Intellectual Property Organizatio q Pakistan (IPO

Pakistan).

e Apply with the name or logo, description o™NgBods or services, and
the required fee.

e Once approved, the trademark sto hers from using a similar

name or logo.

ll.  Copyrights: Protect original cr@e work@uch as books, songs,
computer programs, or drawi

e Apply to the Copyrlgh klstan
e Send details of the rooft created it, and a copy of the

work. Q 9
e Copyright is giyen utomé& when the work is created, but

registration i tron aI protection.

lll.  Patents: Giv. to a new product, design, or method that
someoneg eated is means only the inventor can make, use, or sell
it fo n time.

. y at the Patent Office under IPO Pakistan.
Qubmlt details, drawings, and descriptions of the invention.

@ nce approved, only the inventor can make, use, or sell the invention
}§ for a set period.
t

ecting Trade Secrets in the Digital Age
A trade secret is private business information that gives an advantage, such as
a recipe, a formula, or a list of customers.
e Keep this information secure, both on paper and in digital form.
e Use passwords, encryption, and limit access to authorized people
only.

.
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e Ask employees or partners to sign a Non-Disclosure Agreement
(NDA) so they cannot share the information.

() ACTIVITY \

Objective:

To practice the creation of a business logo and prepare a mock tradema ion to
0go.

understand how legal protection stops others from copying a business name @

Steps: Q
* Design a unique logo for their canteen business. \

® Prepare a mock trademark application that includeS'@

e The business name \(e

e A sshort description of the food or servicesghe canteen will provide.

e A drawing or printed copy of the logo.
e Present the application to the class anj@ ow having a trademark will

protect the business name and logo f: being copied by others.

\ Vi N

= TIDBIT N
: Think of your business name @ go as yo ity in the market; make them
original, easy to recognize, aningfult A stftbng trademark not only protects
your identity from belng but (Q customer trust, supports marketing,
and gives your busmessa gcom 5& edge. )
8.6 Strategi arke & Branding
Strategic maretifg is the process of planning and carrying out activities to
promote ah&lness in a way that attracts customers and keeps them loyal. In
today’ ital age, businesses use data, technology, and customer insights to
desi er marketing strategies, strengthen their brand, and build long-term
r nships.

a-Driven Marketing
Data-driven marketing means making marketing decisions based on facts,
numbers, and analysis rather than guesswork. Businesses collect information
from customers, websites, and sales records to plan effective campaigns to
grow.

e Setting Measurable Goals and KPIs (Key Performance Indicators):

.
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Example: An online clothing store in Lahore sets a target to increase T-
shirt sales by 20% within three months. They track progress using KPIs
such as the number of T-shirts sold each week, website visits, and
customer reviews.

Using Analytics Tools: \ l
Example: A Karachi-based bakery uses Google Analytics to@ which

Facebook ads bring the most customers to their webmt@ey notice
that ads showing cakes for birthdays get more click general ads,
so they focus more on birthday-themed promot|0n+

Measuring Rol (Return on Investment)

Example: A small bookstore spends Rs. 1 OO’C&?n Instagram ads and
earns Rs. 25,000 in sales from those ads. By paring the cost with the
profit, they confirm the campaign ssful and decide to repeat
the strategy. &

Customer Relationship Mana &

CRM is a way of handling all |n S w omers to build trust and
create long-term relationshi good approach helps a business
understand its customers b Rand e@ hem in a more personal way, as
shown in Figure 8.1 {\

How CRM Tp rk? N\
Example: shog.l mabad uses Zoho CRM to store customer

names, C details, Shoe sizes, and purchase history in one system.
When sports shoe arrives in the size a customer usually buys, the
shop send them a quick message or email about it.

o&mmg Customers
ample: A coffee shop in Karachi uses a loyalty program where

customers get a free drink after every 10 purchases. They also send
personalized emails with the customer’'s name and favorite drink offers,
making customers feel valued and more likely to return.

.
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Customers
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©

Loyalty Prog*m

Customer dat

Figure 8.1: CRM organizes cust

a to b\@dsting relationships

Zoho CRM is a cloud- & oftwa :E by over 250,000 businesses in

180+ countries to ma usto onsh|ps from small startups to large
companies, helpm th ncreas& and improve customer satisfaction.

Marketing Aut@ %
Marketing aut tign means using special software to handle marketing tasks

KNOW?

automaticall out needing to do each step manually. This helps businesses
save time, work more efficiently, and stay connected with customers.
Exam

ailchimp can automatically send welcome emails to new customers,
share special offers, and post updates on social media.

HubSpot can track customer activity, send follow-up messages, and
create reports on marketing performance.
Benefits for Small Businesses:
e Saves time by handling routine tasks automatically.
e Reduces costs by lowering the need for extra staff.
e Sends timely updates to customers, improving engagement.

.
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e Helps reach a wider audience with less effort.
e Tracks campaign results to see what works best.

y__=
g TIDBIT

Abrand is not just a logo; it is the feeling customers have about your busine@ry
message, product, and service shapes that feeling.

N\S)

(&) ACTIVITY
Objective:

plan how to brand and market it.
Steps:

—_

post).

4. Customer Engagement:

Your group has created a new snack to sell in the school tuck SF&

2. Brand Message: Write one sentence that explgins why students should buy it.
3. Marketing Method: Choose one way o p mote't\®ter, slogan, or social media

Name and Logo: Select a catchy product& nd draw a simple logo.

Plan

.\." B
:ou have 20 minutes to

v

od toé@ﬁstomers returning (discounts,

free samples, or a quiz).
5. Outcomes: Each group will Pgesent its &n 2 minutes. The class will vote for the
most appealing product @ L, x
P J
A
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Summary

e In the business world, challenges can appear at any time. These may
include losing customers, facing new competitors, or changes in
technology.

e Adaptability means being willing and able to change when N%ded.
Resilience means a business can recover quickly after a setback. O

e Ethical decision-making means making choices in busines are fair,
honest, and responsible.

e A conflict of interest happens when a person's benefir.[*’iuationship can

affect their business decisions.

e Digital ethics means using the internet and digitg&ls responsibly and
respectfully.

e Responsible marketing means promotin cts and services honestly
and fairly, providing customers with g§re§t and complete information,
and avoiding false promises.

e Data privacy laws are rules th%@t p% information collected
esses,

by businesses, such as nam e numbers, or payment
details. Q 6

e The Securities and Exchaﬁgz ommisgion of Pakistan (SECP) is the main
authority to registeran)@ star&‘ ness in Pakistan.

e The NTNis an ident#fication n or taxpayers in Pakistan. It is issued

by the Federal B
e Some busine

Reve BR).

iS ﬁnust follow special rules in addition to
ion and tax requirements.
e A contragDisa written or spoken agreement between two or more people
oror ions thatis legally binding.

I are legal rights that protect the creations of a person or business.
é‘; creations can include inventions, books, songs, artwork, brand

es, orlogos.

Data-driven marketing means making marketing decisions based on
facts, numbers, and analysis rather than guesswork.

e CRMisaway of handling all interactions with customers to build trust and
create long-term relationships.

e Marketing automation means using special software to handle marketing
tasks automatically, without needing to do each step manually.

.
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~ EXERCISE _
|

Multiple Choice Questions

a) Shop furniture b)Brand logo

) Raw materials d) Office rent
2. Which of the following laws protects personal data in the@an Union?
a) COPPA b)GDPR (R

Aﬂct

c) DMCA d) Cybercg
3. The document is required to register a tradema& /

a) A bank statement b) P of product purchase
C) A copy of the logo and business name ial media profile link

4. Which of the following is a risk of pqﬂ a privacy?

1. An example of intellectual property is: |

a) Increased customer trust < ) Cybgebullying
) ldentity theft d) L ad costs
5. Which of the following is a e of nal data?

a) Office address mployee ID card number
C) Store opening hours é\ d\ d) Website theme color

6. A conflict of interest gccfs when
a) Employees share c@y 906\, b) Personal benefit affects a
¢ business decision

c) A business ing@e\s prof$ d) Customers give feedback

7. Which ;@ f digital ethics?
a) Using f information in ads b) Protecting customer data
Q respectfully
C) @ ullying d) Avoid online presence
hich of the following is a CRM tool?
a) Photoshop b) to Zoho
c) Google Maps d) Canva
9. Which tool is used for marketing automation?
a) Mailchimp b)PowerPoint
¢) MS Word d) Paint

o
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10. In marketing, Rol means:
a) Return on Investment b) Rate of Information
¢) Revenue on Ideas d) Reach of Internet

Short Questions
. How does copyright protect creators in the digital world? 0$
Differentiate between a patent and a trademark. O
Define data privacy. Q
Give one example of ethical decision-making in busineﬁs.o
Why is honesty important in business decisions?
Explain the purpose of data-driven marketing.
What does SWOT analysis help identify?

Explain the purpose of setting KPIs in m@gﬁ

Long Questions

®NOUVAWN S

1. Explain the process of proble %(g an ab|I|ty7
2. Write a note on ethical bu ractlc digital ethics.
3.
a) (a) Discuss how CRM oks aé@alty programme help in retaining
customers. Q
b) (b) Explain M\@ing a tlon and describe their benefit for small
businesse 6
Answer I@r Multiple Choice Questions
1. b)- logo

2 PR

. &'A copy of the logo and business name

) - Identity theft

5 b) - Employee ID card number
6. b) - Personal benefit affects a business decision
7. b) - Protecting customer data respectfully
8. b) -Zoho
9. a) - Mailchimp
10. a) - Return on Investment

.




iﬁ ‘?i r°i
O

Instructions for Preparation of Exam Paper of
Computer Science & Entrepreneurship for Grade-10

ESSENTIAL INSTRUCTIONS FOR PAPER SETTERS, l

The paper ofComputer Science & Entrepreneurship for class 10 \@consist
of 50 marks. The duration for the Multiple-Choice Questions s) section
will be 15 minutes, while the time allocated for the short a g questions
section will be 1 hour and 45 minutes. The paper made as per
following details:

Q-1: 10 Multiple-Choice Questio M&s will be
o developed from the entire cont the textbook.
Objective: |. One MCQ will be asked fr %Chapters No.

Part-I: 1Tx10=10

1,3-6 and 8.
* Two MCQs will be a meaoK@apter No.
2 and 7. é
Part-ll: This section will ontam P%z short answer |2 x4 =8
Subjective: questions. Eaé‘n estlon will be asked
from thec oft book The detail is as
foIIowsA
Q-2:' r sho uwer questions have to be

a @ed out . The detail is as follows:
éwe short answer question should be asked
from Chapter No. 1

Q * Two short answer questions should be asked
@ from Chapter No. 2

* Three short answer questios be asked from
b Chapter No. 3

Q-3: Four short answer questions have to be 2x4=8

answered out of 6. The detail is as follows:

* Two short answer questions should be asked
from Chapter No. 4

* Four short answer questions should be asked
from Chapter No. 5

.




%1 f ro
o ig

Q-4: Four short answer questions have to be Sx4=8
answered out of 6. The detail is as follows:

* Two short answer questions should be asked
from each Chapter No. 6-8 N
This section will contain three detailed questions @W_

o and students have to attempt two questlons<> 16
Subjective: | c3rrying 8 marks each. Each detailed que
should be asked form the content of the te%

Part-lll:

The detail is as follows:

Q-5:

* One detailed question should ked from
Chapter No. 1

Q-6: /\

* One detailed questio ked from
Chapter No. 4 @

Q-7:

* One detaile Qtlon be asked from
Chapter N r Chmqte( 0. 8.
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Model Paper
Computer Science and Entrepreneurship Class 10
Time Allowed: 15 minutes u"ls:::u
Multiple Choice Questions (MCQ S e

e bl osu*_//mmu‘\b(

(i) In multi-user environments, the OS ensures:
(A) Equal access and data privacy

(C) Hardware is never used

(D) Internet speed is increased \ _é&[,m/yd/v;/A
:c.t%OST)_/”u&’w sl G
(iii) The Power-On Self-Test (POST) is ed
(A) During system 0 S/ )’ After login S LSy
shutdown @

(C) At system startup (D@n installing  ~,.50 4

6 oftware ERDa
(iii) Windows Defender s\ies O’\ e b )k Gid)

(A) File comp J® (B) Virus protection Sl S

re
(C) Disk for $§Jﬁ (D) Music playback Lk S
&

WL Louad st VUt G0

(iv) S@he following operators is used for exponentiation in

(B) ** <Q // (D) #
e b Uiy ol el L bnf um//néu)u‘u" )
$ hich method is used to add an item at the end of the list in
Python?
(A) insert() (B) append() (C) add() (D) extend()
?‘Ll/u)/ Jju: A ééé’gbd/;w’;o/ Gvi)

(vi)  Which method is best for collecting opinions from many students?

(A) loT Devices Aigior  (B) Survey Py
(C) Web Scraping _,@,"C_._,“, (D) Database Ui

.
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(vii) In supervised learning, the data is: FhAldR b0 i)

(A) Unorganized # 4 (B) Without any answers £_iz5"2
(C) Labeled with  Z_jze-, (D)Only  text- ,?,gug,g_,-/
correct answers  FL- LAY based

(A) Automatic Intelligence (B) Artificial | ence
(C) Active Interface (D) Appli rmation

(viii) What does Al stand for? - @* i)

(ix) What is the role of robots in factories? o] 2 AN
(A) Watching videos ek (B) Maki @ sites  ¢herlgs

(C) Doing repeated or 2.t (D) v’@g stories ey
dangerous tasks Lt

(- A c):r 43_ Zin/ Vs 9. u(/l'fg/‘ )

(x) Which document is required t mark?
(A) A bank statement @ (B) P Ot product ¥§srdeShiy

hase ords
(C) A copy of the log8 (uiwﬁ @) Social media L S
and business na @ 6 Q profile link JJVJIG%

Question 2: Wri to any Four (04) questions. (2x4=8)
% 0 SOV 758 W TIPS /’J(os)(“/ T )
() How. @the OS act as a translator between the user and hardware?
A Ceudera it S G
(i) @y is virtual memory slower than RAM?

-q&f"ﬂ)»i‘g@,wﬁ@;fﬁg (iii)
il List the two benefits of running regular disk cleanup.

?Lgr?lg)ﬂ/t// e /jljlw;ﬁu’;' /g Giv)

(iv)  Why is it important to setup Python Development Environment?
_gj.:/(/“/”df'})}L&}(Z:'%}(’t}(])ﬂd/“)u:U;{g )

(v)  Write down two variable naming rules in Python. " »
NG REALT LU B S G

(vi)  Differentiate between arithmetic and logical operations in Python.

.

. ~§ \ WSS 1f Mz L..-,wm(g.»_éf 201y
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Question # 3: Write Short answers to any Four (04) questions.(2x4=8)
Co il e o ifelsee I (D)
()  How does the if-statement differ from the if-else statement?
?‘Lﬁ‘ggﬁ/jappend uﬁ‘fugﬁvg Gi)
(i) What is the purpose of append operation in Python lists? \ l

.

S F O e s Lu'*@ Giid)
(i) Write down two real world applications of Data Science.
?96/5/U}.&/&.Q5@[&3 Gv)
(iv)  Why is it important to validate data before using it?

S eI L v B (117 B 0]
(v)  Write the important to choose right source fo
SURSET I ek ()
arts?
ayzﬁ?éau:mg‘—.&( :4Jlr’
OUR (4) questions. (2x4=8)

&@f 5 A BN e 6)

(i)  How does supervised Iearni@rk?
Q dm%@?@[ FEI eI Al G

(vi)  What is the purpose of visualizing data usi

Question # 4: Write Short answerséy

¢

(i) Why does Al need large afd goodguakty data? )
9§ {,{/ Ve SENCP B LR U2 (Gid)
(iii)  Write the role of NaQI Lang& Processing (NLP)?
\' Sesl e BIASUSATAL (V)

(iv)  Whatis me@?bias 1 @ystems?
gical decision-making in business.

(v) Give on@mple of e r
te 3 utestl g K ASWOT (i)
(vi) V\ﬁ% oes SWOT analysis help identify?

_pJeidsndedes Sy W)

Q :L[//_,/’aglﬁyéaﬂlf»cg:{
@ uestion Solve any Two Questions. (2x8=16)
e S E L2 sy
uestion # 5: Describe the architecture of an operating system.
SISl LS S ot bl s L2016
Question # 6: Write a Python program using a loop that prints all the odd
numbers between 1 and 20.

EUY SN o VPt - NS TON VIS £ 18 (1Y I

Question # 7: Explain the process of problem solving and adaptability.

.
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