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PREFACE

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

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

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

May Allah guide and help us (Ameen).
Murad Ali Mohmand

Managing Director



UTILITY OR PRACTICAL APPLICATIONS OF THE SUBJECT

Computer science is one of the important subjects that have an impact on our daily lives. It facilitates problem-
solving, communication and team work. Students who study corputer science in grade 10 able to develop
talents such as creativity, logical reasoning and problem-solving approach. Additionally, they pull logether useful
skills that will help them succeed in this digital age. As a result they will be betier able to grasp and contribute to
the rapidly evolving world of technology.

Domain A: Computer Systems lays introduces how compulers work. An introduction to operalions of
computer system is provided. The foundational knowledge needed to represent dala in a computer along with
understanding of information processing and storage is taught such that studenls may enhance their
troubleshooting skills and understanding how system software links various components of a computer. On one
hand this knowledge makes it easier for students to develop, test and debug code at the lechnological side while
on the other hand makes collaboration and working in a team more effective by prepaning students for software
developmentin the real world,

Domain B: Computational Thinking & Algorithms educate students how lo address issues in a methodical
and logical way. It assists them in decomposing complex issues into manageable segments and formulating
detailed solutions. Students who are taught typical tasks such as sorting and searching are better able o reason
clearly and handle problems systematically, This kind of thinking is helpful not just in compuler science bul also
in daily spheres ofife like scheduling, task organization, efc.

In Domain C: Programming Fundamentals covers all the aspects required for students to be knowledgeable
for developing simple webpages using HTML. Later, how o add styles and animations within the webpage using
CSS areincluded. Finally by incorporating JavaScript the websites become more responsive and handles user
interactions like forms, etc. Last but not the least, familiarization of data structures like arrays and list; inclusion
of complex algorithm in a program and identifying and remaving of erors in a program through testing are also
part of this unit. This way, students can map the logical reasoning and execution of tasks in their daily lives and
how lo recognize their mistakes and rectify to address relevant issues.

Domain D: Data and Analysis are essential features that everyone should be able lo handle and understand
nowadays. Dala resides around s in digital form like handheld devices and smariphiones. However, lo exiracl
meaningful information that is necessary comesponding analytical skills need to be developed among students.
Additionally, in affairs of dally life students at times need to gather their own data, analyze it by studying and
applying formulation or with the help of graphical images like charts and graphs. This way, students can identify
pattems and trends for better decision-making,

Domain E: Applications of Computer Science like Intemnet of Things (loT) and Blockchain, broaden the
understanding of technological use and trends among students. As lechnology continues to change the world,
this understanding equips students to make praclical and moral judgments. Additionally, ithelps them fo blend in
with the rapid changing world. loT allows commonplace objects to interact with each other and with the internet,
therefore simplifying our lives. Blockchain is a safe transaction recording method that is frequently used for
cryplocurrencies but also contributes in supply-chain businesses for the sake of faimess. Students get an
understanding of functions and socialimplications of these technologies by studying them.

Domaln F: Impacts of Computing underiine the wide range of lechnological aspects on our life. The use of
technology and intemet aligns with our present life style and comes up with nisks associated like breaching of
personal information. This unit provides the policy quidelines and good practices that are to be followed while
using madern gadgets and how one can secure himself anline keeping up with the moral values associated with
oursociety.

Finally, Domain H: Entrepreneurship In the Digital Age guides students lo the path of 'leaming and eaming'
through skills using digital devices. With problem solving aplitude and skills like web development, kaeping}n
view the curent applications of computers and their impacts around us; Students can vigiantly come up Wilh
newer solutions and products. Thus, the need arises of creating and managing a firm as per industnal standards
which can acquire clients' demands and provide services.
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At the end of this unit students will be able to:

2 understand and describe number systems and encoding schemes for data
representation in computer systems.
2 explain how system software controls the flow of information between hardware
components used forinput, output, storage, and processing.
2 identify and learn common software tools such as translators, integrated
'develﬂpment environments, online and offline computing platforms, code
repositories, etc.




Introduction

Acomputer system fs an essential part of modern life. It has changed how we work, communicate,
learn, and have fun. A computer system isn't just one device; it's a mix of hardware (physical
parts) and software (programs) that work together to process information, solve problems, and
do many tasks.

Understanding computer systems 1s very important today, whether you're just using it for basic
things or working as a professional in technology. Knowing how they wark helps us use computers
for many purposes, like business, science, creativity, and entertainment.

1.1 Machine Level Representation of data

“Machine level representation of data” refers to how information is encoded and stored in a
computer's memory, which is understood by the machine's hardware. At this level, data is
represented using binary digits (bits), which are either Os or 1s.

Binary Representation:

At the machine level, all data is represented using

i l' RTRT L e
binary digits. A binary digit, or a bit, can have one of | J fj l’ B 'L D
two states: 0 or 1, These bits are the fundamental

units of information in a computer, For example: L D ll' U -L D D '[] ‘L ‘L B L D *
M The decimal number 5 is represented in Jig 1 UL []_L _'L L DU G L C

binary as 101.

2> The ASCIl character 'A’ is represented as § L L DBU .L UL D D D ]J E
o on 101,0002,0%.01.01.

2» Acolor in an image might be represented as a
combination of binary values for red, green,
and blue compenents.

Data Types:

Different types of data are represented in different ways at the machine level. Common data
types include integers, floating-point numbers, characters, and Boolean values.

Integers: Integers are represented using a fixed number of bits, with the most significant bit
(leftmost bit) indicating the sign (positive or negative). For example, an 8-bit integer can
represent values from -128 to 127 (signed) or 0 to 255 (unsigned).

Floating-Point Numbers: A floating point number, is a positive or negative whole number with a
decimal paint. For example, 15.5, 0.45, and -203.345 are all floating point numbers.

Characters: Characters are represented using character encoding schemes such as ASCIl or
Unicode, where each character is assigned a unique binary code. For example, the ASCII code for
the letter ‘A’ 1s 65 (01000001 in binary).

Boolean Values: Boolean values, representing true or false, can be represented using a single bit,
where 0 typically represents false and 1 represents true,




1.2 Numbering Systems

Number System:

A number system is a way of writing and showing numbers. It uses specific digits or symbols to
represent numbers, It helps us organize and understand numbers within a certain group. Number
systems alsa make it easier to do basic math operations like addition, subtraction, multiplication,
and division.
ANumber:

A number is a mathematical value used for counting or measuring or labelling objects. Numbers
are used to perform arithmetic calculations. Examplesinclude; 20, 45, -10, 3.4, 11.5, -75.6, etc.

1.2.1 Types of Number Systems
There are various types of number systems in mathematics. The four most common number
system types are:

»» Decimal number system (Base- 10)

¥» Binary number system (Base- 2)

¥» Octal number system (Base-8)

¥» Hexadecimal number system (Base- 16)

Number Systems

S L i
===

Numbers Numbers Numbers |

3

I [ 1
Base 10 Bawe 2 Base B Base 16

[ {0-9) {0.1) ©-7) 0-9.AF) |

Decimal Number System

The decimal (also called Denary) number system is compaosed of the 10 symbols: 0,1, 2, 3,4, 5, 6,
7, 8and 9. Using these symbols we can express any quantity. The decimal number system is called
base 10 system because it has 10 digits. The decimal number system is a positional-value system,
in which the value of a digit depends on its position in the number. For example, consider the
decimal number 964, Here:




9represents 9 hundreds
6 represents 6 tens
4 represents 4 units

The 9 carries the most weight. It is called the Most Significant Digit (MSD). The 4 carries the least
weight and is called the Least Significant Digit (LSD). Each digit of a number carries weight that
can be expressed as powers of 10. This is shown below, where the number 2745.214 is
represented. The decimal point separates the positive powers of 10 from the negative powers.

(8745.215)10 = 8x10° + 7x107 + 4x10" + 5x10° + 210! + 1x107 + Sx10?
=8000+700+40+5 +0.2+0.01 +0.008
= 8745215

In general, any number is simply the sum of the products of each digit value times its positional
value.

Binary Number System

In binary number system there are only two symbols or digits, 0 and 1. The base of binary number
system is 2. All the statements made earlier about the decimal number system are equally
applicable to the binary number system as well. The binary system is also a positional-value
system, wherein each bit has its own value or weight expressed as powerof 2,

(1011.101); = 1x23 + 0x22 + D2 + 2% + 121 + 22 + 123
=8+0+2+1+05+0+0.125
= (11.625)10

The binary number (1011.101), is represented above and its equivalent decimal value can be
found by taking the sum of the products of each bit value (0 or 1) times its positional value. The
left most bit carries the most weight and it is called the Most Significant Bit (M5B). The positions
to the right of the binary point are negative powers of 2. The right most bit carries the least
weight and is referred to as the least significant bit (LSB).

Octal Number System

The Octal number system has a base of 8, meaning it has eight possible digits; 0,1, 2, 3, 4, 5, 6,
and 7. Thus, each digit of an octal number system can have any value from 0 to 7. The digit
positions in an octal number system have weight with powers of 8, An octal number can be easily
converted to its decimal equivalent by multiplying each digit by its positional weight.

Forexample,
(672), = 6x82 + 7xB" + 2xB87 = 384 + 56 + 1 = (442),,

Another example:
(25.6),=2xB" + 5x8° + 6xB-"=16+ 5+ 0.75=(21.75),,




Hexadecimal Number System

The hexadecimal number system uses base 16. Thus it has 16 possible digits. It uses the digits0-9
and letters A, B, C, D, E and F as the 16 digit symbols. The table shows the relationship among
hexadecimal and decimal numbers. It is important to remember that hexadecimal digits A
through F are equivalent to the decimal values 10 through 15.

]Huidednulllﬁ‘l 1i345|5gra | E|F
! | | | |

' Decimal |u|1 is 4.5|ara n| 4|15

I—_—_ — L 1 ___ ———

A hexadecimal number can be converted to its decimal equivalent by using the fact that each
digit position has a weight that is power of 16. The LSD has a weight of 16% = 1 the next higher digit
has a weight of 16" = 16, the next higher digit has a weight of 16* =256, and so on.

The conversion process is shown below.

[AAF]ys = D16’ + 10w16* + 15x16° = 768 + 160 + 13 _1
= [848)1s |

1.2.2 Conversions from one Number system to the other
Conversion from any Base to Base-10{Decimal)

To convert a number from any base to base-10 (decimal), you need to convert each digit of the
number to its decimal equivalent. Then, you use base-10 arithmetic to expand the number by
multiplying each digit by the base raised to the power of its position (starting from 0 on the right).
Finally, add the results together to get the decimal value.

i. Conversion from Binary to Decimal

D

(10111); g (1x2%)+(0x2)+ (1227 ¢ (1x2")+ (1227
= 1640044241
= (28he

(100101.1011): - (Ax2")+ (Ox2)+(0x2")+(1x27)+(Ox2Y)
(1229 (2 x 2% +(0x 27) {1 x %) +{1 n 24

- 32+0+044+0+14+(1/2)+(0)+(1/8)+
(1/16)

- 37 + (11/16)
L 37 + D.6ATS




{i. Conversion from Octal to Decimal

L (a7 . (@x8Y)+(3x8Y+(7x8Y
= (Ax64)+(3nB)+(7x1)
= 25642447
- {287)w

s o ——— il

iii. Conversion from Hexadecimal to Decimal

Example: (1BEB)w to | ’ I

(1BES)1s (1% 16%) + (B x 16%) + (E x 16Y) + (8 x 167
= (1% 16%) + (11 x 16%) + (14 x 16%) + (8 x 16%)
= (1 x 4096) + {11 x 256) + (14 x 16) + (8 x 1)
= 4096 + 2816+ 224 + 8
= (718d)

,@ Activity-1 | -

a. Convert the following Binary numbers to Dacimal

i. 11100011 ii. 101010101 i, 11001.1001 v, 10001.111
b. Convert the following Dctal numbers to Decimal
i. 3452 li. 1236 lii. 7454 v, 2743
c. Convert the following Hexadecimal numbers to Decimal

i ABOIF il FE1628 iil. 9€170 iv. 8DO0A =
o J/

Conversion from Base-10{Decimal) to any other Base
To convert a decimal number to any other number:

> Divide the decimal number to be converted by the value of the new base and record the
remainder as the LSD of the new base number.

> Divide the quotient of the previous division by the new base again and record the remainder as
the next digit to the left of the new base number.

3 Repeat this process, until the quotient becomes zero or not divisible by the base.
3 Note that the last remainder obtained will be the MSD of the new base number.

The following examples will demonstrate the above method by converting the decimal numbers
to their binary, octal and hexadecimal equivalents, respectively.




i. From Decimal to Binary

Converting the Integer Part:

2 Divide the integer partby 2.

% Record the remainder (Oor 1).

2 Update the integer part to the quotient.

2 Repeatsteps 1-3 until the integer part is 0.

< The binary representation is the remainders read in reverse order.
Converting the Fractional Part:

< Multiply the decimal part by 2.

2 Record the integer part (0 or 1). This becomes the next binary digit.

2 Remove the integer part from the product, leaving only the decimal part.
2 Repeat the process with the new decimal part.

2 Continue until the decimal part becomes 0 or until you have reached the desired precision.
2 The binary representation is the sequence of recorded integers.

Esamplal (179357 et | r e
Liepl Comverting Integer part 179 to binary Sbepl Comverling bracthons] part 0137 la linary
By
2 | 179 | Remalnder 0.257 k2 = 0.514
1| B 1t 0514x2 = 1.028
2 | M 1 0028x2 = |0.056
- 0 0.056x2 = 0.112
2 |1 o 0112x2 = |0.224
1] 8 t 0224x2 + |0.448
2| 2 1 0848 x2 . 0.89%
1 ) 08%x2 = |1.792
—
(179} = (10130011} [0.257) s = [0.0000001):
S, (179.237) = (10110011 020000L)s

Framplel 179257 }inte | r bz
Sep L Comverting kinger part | 79 o binery Virpl Corerrting fractionsd pedd .13 7 to beinary
Binary
2 | 179 | Remainder 0257x2 = |0.514
2| » 1 0514x2 . 1.028
1|8 1 0.08x2 = 0.056
2 | 2 o) 0.056x 2 - 0.112
2 |1 L 0al2x2 " 0.224
1 5 1 033dnd - 0. 448
1 F 1 O848 x 2 = 0. 096
i (-] 0896k 2 = 1.192
—_—
S0, (179.257)m = (10110011 OLO0O01):




ii. From Decimal to Octal

Example 1:  [165)i0 to | ? & Example 2 {331l)sato [

(163} = (243} (331)w = (518)

fii. From Decimal to Hexadecimal

Example 1 (739)i0 1o | [ i Example 7

2 14 3 13 10 13
2 E 3 D A D
(788)10 = (263} (8301}10 = (DAD)2

/-@ Activity-2 } .

5. Convart the following Decimal numbers to Binary
I. 786.343 . 943.095 Iil. 6300.5986 iw. 47327034
b. Convert the following Decimal numbers to Octal
I. 759 H. 1236 il S-434 he. 2743
¢. Conwvaert tha following Decimal to Haxadecimal numbar
l. TRO2 . 4923 lii. 3678 v, G401
e A

Conversion from Octal to Binary and vice versa

The canversion from Octal to Binary and vice versa is performed by converting each octal digit to
its 3-bit binary equivalent. The eight possible digits are converted as follows:

tja|s a8 e[7]

| Octal digh | 0 |
i i :
| Binary 000 uu1|~mu'.nu|1m l01] 120] 111

Using these conversions, any octal number can be converted to binary and vice versa.

— ST O BT



i. From Octal to Binary

Exarmple. [T301 ) to | r I

7 L 0 1

1]

111 011 000 DOl

{7301} = (111011000001},

ii, From Binary to Octal

isample (1100111000101 10| 4 n

»  Take group of 3 binerkes from tha right side,
o
1 w0 11 1

w [ wmy one o teen bits sre ledt slone, sdd reros 1o the left 1o make them group
of L

001 100 111 000 101

¢ Coreert sach binary group o its equivalent Octal digh.
Bol 100 111 DO 101

L]

i 4 T @& 3

lmp = |1I'.'ﬂ!-

,—% Activity-3 ) )

s, Convert the following Octal numbers to Binary
l. 763 Ii. 1430 ill. 630035 Iw, 4282
b. Convert the following Binary numbers to Octal

L. 10011110 i, 11000010110 jil. 1000001101 iv. 1110001001101010
d.. J

Conversion from Hexadecimal to Binary and vice versa

The conversion from Hexadecimal to Binary and vice versa is performed by converting each octal
digit to its 4-bit binary equivalent. The eight possible digits are converted as follows:

Hexadecimal 25 Binary




3 0011

4 0100

5 0101

6 0110

7 | 0111

8 | 1000

9 R 1001

_ Af10) - . | 1010
B(11) ! 1011
C(12) ' 1100

_ D(13) a 1101
E(14) 1110
F(15) 1111

Using these conversions, any Hexadecimal number can be converted to binary and vice versa,

i. From Hexadecimal to Binary

Example: [D7381)s 10| f e
A A S
13 7 3 10 1

1101 0111 0011 1010 ©0OD1
({D7RAL)s to (11010111001110100001},

{i. From Binary to Hexadecimal

Bemmple (1100110001001 10L0L): ves |

* Take group of 4 binaries fram the right side,
ngg_tmum:
11~ oe1i  1sh1  bo11  Daex
= il ey one or two or thies bits are lelt alone, sdi seros to the ket 1o make
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Activity-4 J | a Convert the following Hexsdecimal numbers to Binsry
L AFTES ii, D1ACO il M3DOE v, CA2F2

| b. Convert the following Binary numbers to Hexadecimal
| I 1001100001000110 6 11011100010110 e 100011000011001

I, 111000100000110101110

Conversion from Octal to Hexadecimal and vice versa
i. From Octal to Hexadecimal

Method 1:

< Convert Octal to Decimal number

< Then convert the decimal number to Hexadecimal
Method 2:

2 Convert Octal to Binary number
2 Then convert the binary number to Hexadecimal

Method1:  (6457), = (7Sh  [Methods akready Explained) |

{3375} E [D2F) s | Mathod & aiready Explaned)
S0, (6457), to [D2F}w
Method 22 (6457}, = (110100101111}, | Methodis already Explained)
(uoipotmiil), = . (02F), { Method is already Explained)
_ 50, (6457)s to (D2F)u
ii. From Hexadecimal to Octal

Method 1:

2 Convert Hexadecimal to Decimal number
2 Then convert the decimal number to Octal
Method 2:

= Convert Hexadecimal to Binary number

2 Then convert the binary number to Octal

I Melhod 1: [ ADS0Y 4 = (41147}, { Method b already Explained)

(41127 = (120035), : { Method B already Explained)
%o, (ADSD), to [120235)
Method 2 [A050) s = (1010000010011 101), [ Mathod is already Explalned)
(1moooooom1101), = (120235} { Method is already Explained)
5a, [ADSD),, to [120035)




r—% Activity-5 :'; \

8. Convert the following Hexadecimal numbers to Octal |
I AFES il. D1C0 fii. B30E he. C2F2 \

b. Convart the following Octal numbers to Haxadecimal
. 765 Ii. 1430 lil. 63005 Iv. 4232

1.2.3 Binary Arithmetic

Computers use binary arithmetic as their fundamental way of performing arithmetic operations
because digital electronic circuits inherently operate in binary (base-Z) rather than in decimal
(base-10) like humans do. In binary arithmetic, there are only two digits: Dand 1.

Basic Arithmetic Operations: 'Cnmputers perform addition, subtraction, multiplication, and
division in binary just like in decimal, but with binary digits (bits) instead of decimal digits.

Binary Addition:

2 Binary addition is performed much like decimal addition, but with only two possible digits: 0
and1.

3 When adding two binary digits (bits), the possible outcomes are:
0+0=0
0+1=1
1+0=1
1+ 1=10 (carry 1 to the next higher bit)
Some Examples of Binary Addition:

Example2: 11101010 + 10011011

Examplel: 10010 + 111
OO (camy)

DD @
10010 ——+ 1 B(Decimal) 11101010
+ 1 11— + 7(Decimal) +10011011

| HINT! |
| SR

To verify your answer you can convert the binary number to decimal and perform decimal arithmetic,
like in Example 1 (Addition).

Binary Subtraction:

) Binary subtraction is performed much like decimal subtraction, but with only two possible
digits: 0and 1.

> Borrowing is used when subtracting a larger number from a smaller one.




2 When subtracting two binary digits (bits), the possible cutcomes are:
0-0=0
1-0=1
1-1=0
0-1=1with borrowing (borrow 1 from the next higher bit)

Some Examples of Binary Subtraction:

. 4@ = [10}=2 11 11m
B 1 (Borrow) [ a ¥ o 10
101f0 J| 1 10600¢f 01
: 101 “ 101111
e ———— [ |
10001 || 10010110
,_@ Activity-6 - it S
5. Parform tha following Binary Additions
I. 11100001 + 10110001 . 10100111 + 11110101
iil. 11111101 + 18110111 . 10101011 + 10110001
b. Perform the following Binary Subtractions
I 11100001 - 1011001 il. 10100111 + 1000101
il 11111101 - 101101 . 10101011 + 10111
N J

1.2.4 Overflow and Underflow

In computers, overflow and underflow are prablems that occur when calculations produce results
that are too large or too small to' be represented within the allowed number of bits. These
conditions are important because they can cause errors in programs and lead to unexpected
behavior or bugs. Overflow happens when a value is too large to fit in the available space, while
underflow occurs when a value is too small to be represented properly. Understanding these
issues is important to prevent problems in software. Overflow is being explained as follows at that
level.

Overflow: Overflow happens when a calculation produces a result that is larger than the
maximum value that can be stored or reprezented with the available number of digits or bitsina
system. This causes the system to be unable to properly show or handle the result.

Example: 8-bit Unsigned Integer Overflow

An B-bit unsigned integer can
represent values from 0 to 255. If 11111111(255in binary)
user attempts to add 1 to 255, the + 1
result is 256, which cannot be
represented with just 8 bits, overflow —»@-00000000
100000000 (256 in binary)




Since an 8-bit register can only store 8 bits, the ninth bit (1) is the overflow bit, which will be lost
and the overall result becomes wrong. This situation can be overcome by infroducing 16-bit register.

Handling Overflow and Underflow:

To handle overflow and underflow, programmers can:

3 Use Larger Data Types: Switching to a larger data type {e.g., from an 8-bit integer to a 16-bit
integer) can help avoid overflow and underflow for larger ranges of values. ;

2 Perform Range Checking: Before performing an arithmetic operation, check if the operation
will result in a value outside the representable range and handle it appropriately. '

¥ Use Libraries or Built-in Functions: Some programming languages provide built-in functions or
libraries that can detect and handle overflow and underflow conditions.
1.2.5 Compliments (1'sand 2's)

Complements:

In digital logic, ‘Complements' are used to perform logical operations, especially the subtraction
operation. The binary number system contains two types of complements, i.e., 1's complement
and 2's complement.

1's Complements

The binary numbers can be easily converted
into the 1's complement with the help of a

; . ; 01101 [Number)
simple technique. According to this 10010 (s I
algorithm, if we toggle or invert all bits of a

binary number, the generated binary Example.: 1's complement of binary number BO011101
number wil | become the 1's complement of

that bi ber. That means we h

tatblnawnt:m_ r o :fwetu 00011101 (Number)
ransform 1 bit into t t and O bit into 11100010 [:l. Ml

the 1 bit in the 1's complement.

2's Complements

The binary numbers can be converted into the 2's complement with the help of a very simple '
technique.

Examplel: 1's complement of binary number 01101

2 Take the 1's complement of the binary number . .
2 Add 1 to the LSB (least significant bit)

Evamplel: 2's complement of binary rumber 01010001 Exampled. 2% complement of binary number 10101110

01010001 (Numbar) 10101110 (Number)
10101 110(1's Complemant) 01010001 (1's Complemant)
» 1 [Adding 1) + 1 (Adding 1)

10101111 [Z's Complamant) G1010010 (2's Complemant)

So the 2's Complement of 01010001 Is 10101111 5o the 2's Complement of 10101110 12 01010010




a. Convert the following Binary numbers to their 1's Complement forma.
l. 00111001 ii. 11001100 Jii. 11100011 iv. 01010101

b. Convart the following Binary numbers to their 2's Complement forms.

|. 01111001 il. 10001101 (il 11101011 iv. 01011101
N, L3 : +
Binary Subtraction using 1's Complement

The following steps are used to perform binary subtraction using 1's Complement.

< Make the number of bits in both minuend and subtrahend the same by adding additional
zeros(0s) to left side.

i El.lﬂ'\iﬂ{'l Subtract 100110 fram 111000 Wi nE 1's complement
2 Convert the subtrahend to the 1's
#  Number of bits are the same.

complement.
111000 [Minuend)
< Add_the 1's complement of the 100110 [Subtrahend)

subtrahend with the minuend.
2 If the result has a carry, then add * Convert the subtrahend to the 1's complement.

011001
. . g
tlat carry in the least significant o Addthe 1's t of the sabtrahand with the mi |
bit. 111000
2 If there is no carry, then take the + ouoo1
1's complement of the resultant i=0an
tofind the answer. Inthiscasethe | * ™ "m""'m'd' AIRRe fhe oot thutes

answer will be negative(-ve). s 1

HiNT1| You can verify your answer 010010
by doing simple subtraction. * 5o the final answer Is 010010

Examplel: Subtract 10101001 from 11100011 using 1's complement

11100011 (Minuend)
10101001 (Subtrahend)
* Convert the subtrahend to the 1's complement.
01010110
* Add the 1's complement of the subtrahend with the minuend.
11100011
+ 01010110
1-001110011
* Carry is generated, add it to the LSB of the result




Binary Subtraction using 2's Complement

The following steps are used to perform binary subtraction using 2's Complement.
2 Make the number of bits in both minuend and subtrahend the same by adding additional

zeros(0s) to left side. Example: Subtract 100110 from 111000 using 2's Com
D Convert the subtrahend to the 2s | #  Numbar of bits are the same.
complement. m:“"“‘“"
2 Add the 2's complement of the — . u,] . ¥
subtrahend with the minuend. mn?:u::l. Ahend e the s senplmen.
P If the result has a carry, ignore it + v
il
and take the remaining part as 011010
answer. * Add the 2's complemant of the subtrshend with the minuend.
3 111000
> If. there is no carry, then take the .
2's complement of the resultant 1-010010
to find the answer. In this case the *  Ignore the Carry and take 010010 as the answes
answer will be negative (-ve). 1 Sothe final answer Is 010010

Activity-8 }

a. Convert the following Binary numbers to thelr 1's Complement forms. PRACTICE TIME!
i. 00111001 il. 11001100  jil. 11100011 iv. 01010101

Subtract 10101001 from
11100011 wsing 2's

b. Convert the following Binary numbers to their 2's Complement forms. complement

1. 01111001 ii. 10001101 §ii. 11101011 iv. 01011101 J

1.2.6 Signed and Unsigned Numbers Representation

Binary numbers can be represented in signed and unsigned way. Unsigned binary numbers do not
have sign bit, whereas signed binary numbers uses signed bit as well or these can be
distinguishable between positive and negative numbers.

Unsigned Numbers Representation:

Unsigned numbers don't have any sign, these can contain only magnitude of the number. So,
representation of unsigned binary numbers are all positive numbers only. For example,
representation of positive decimal numbers are positive by default. We always assume that there
is a positive sign symbol in front of every number. The range of unsigned binary number is from 0
to (2"-1), where n is the number of bits. For example in 8-bits form the range will be from 0 to 255
(decimal) and 00000000 to 11111111 {binary)

Example: Represent decimal number 105 in unsigned binary number.
Simply convert 105 into Binary number.

105 = (01101001),
-Signed Numbers Representation:

Signed numbers can represent both positive and negative integers. There are several methods to




represent signed numbers, but the most common one used in modern computers is Two's
Complement.

Two's Complement Representation:

To get the 2's complement of a number, flip all the bits and then add 1 to the least significant bit
(LSB). We use regular binary for positive numbers and 2's complement for negative numbers.

If the sign bit is 0, the number is positive and we can just use its regular binary form.

If the sign bit is 1, the number is negative, and we need to use the 2's complement of the binary
number to get its value,

Examplel Represent-13 in 3 computer using B-bit 21 complemant

* Convert1} to binary: 13 In 8- bit binary form |s oooo110
o Invertall the bits: 111100101

*  Add 1 bogel 2's complement: 11110010+1-11110011

«  So,-13 lsrepresentedas 11110011 using 2's Complement,

Enamplel Repreient <55 in a computer using B-hit 2's complement

*  Comvert5s to binary: 55 In 8-bit binary form ls 00110111
= Ivert all M bits: 11001000

o Add 1 to get 2's complement: 110010004 1=11001001

% 50, 55 represented s 11001001 using s Complement

Activity-9 }

Represent the following numbers using 8-bit 2's complement.
i.-90 ii. -122 fif. -150 v, -200 v, -240
Floating-point Numbers Representation:

Floating point numbers are a way to represent real numbers that can have fractional parts. They
are used in computers to handle very large and very small numbers efficiently, as well as to
perform arithmetic operations on them.

Representation of Floating Point Numbers:

Floating point numbers are represented in a :':nmputer using a standard format defined by the
IEEE (Institute of Electrical and Electronics Engineers). The most common format is IEEE 754,
which specifies how floating point numbers should be stored in binary.

Components of a Floating Point Number

Afloating point number in the IEEE 754 format is divided into three parts:

Sign Bit: Indicates whether the number is positive or negative,

iixpunent: Represents the power of 2 by which the fraction (or mantissa) is multiplied.
Mantissa (or Significand): Represents the significant digits of the number.

T S ) . o — —



For example, ina 32-bit (single precision) floating point representation is shown in Figure.
1 bit for the sign
8 bits for the exponent
23 bits for the mantissa

Note: Further details about how floating point numbers are represented are beyond the scope of
grade 10 students.

1.3 Common Coding Schemes (ASCIlI and Unicode)

Coding schemes are standards that computers use to convert and represent data in a format they
can understand, such as binary digits (1's and 0s). Since computers cannot interpret human-
readable characters like letters, numbers, and symbols directly, they need to translate this data

into a machine-readable format. Different coding schemes are used for this purpose, among then
ASCIl and Unicode are common.

Why Coding Schemes are used

Data Representation: Computers use binary (0s and 1s) to represent all data, Coding schemes
map human-readable characters to binary codes, making it possible for computers to store and
manipulate text and other data.

Standardization: Coding schemes provide a consistent way to represent characters across
different platforms and devices, ensuring compatibility and accurate data exchange.

Efficiency: They optimize the storage and processing of data by providing a fixed-length binary
representation for each character.

Communication: They enable different computer systems to communicate with each other by
using a common representation for characters and symbols.

ASCII Coding Scheme

ASCII stands for American Standard Code for Information Interchange. It is a standard data coding
scheme in computers. It assigns standard numeric values to alphabets, numerals, punctuation
marks and ather characters used in computers. Before ASCII was developed, different makes and
models of computers could not communicate with one another. Each computer manufacturer
represented alphabets, numerals and other characters in its own way.

On June 17, 1963 ASCII was approved as the American standard code. However, it did not gain
wide acceptance because IBM chose to use EBCDIC (Extended binary coded decimal interchange

T i ) WS T



code) in its computers. Initially ASCIl used 7-bit codes of various combinations of 0's and 1's to
represent 128 different characters (27 = 128). ASCII-7 could not able to represent newly
developed characters so it  underwent further developments and revisions and ASCII-8 was
developed.

Extended ASCIl Code (ASCII-8 bit Code):
ASCll was extended to an 8-bit code that can represent (2¢ |

: Just to Remember] |
= 156) different characters. ASCII-8 became popular in |
1981 when it was used first time in IBMs Personal | cparacters ASClI-8 Value In
Computer (PC) and soon it became industry standard for Decimal
personal computers, Many Windows systems use an 8-bit |09 48-57
ASCll encoding and this Microsoft specific encoding is
known as ANSI code. ANSI stands for American National | A% &9
Standards Institute. In extended ASCII-8, 32 code

B . T 97-122
combinations are used for machine and control
i g K-

commands, such as “start of text,” “carriage return,” and
“form feed", etc. Control commands do not represent
printable information, but rather they help control devices, such as printers. Table 1 (Annexure 1)
shows non-printable ASCII control codes. Table 2 (Annexure 2) shows printable ASCII characters
and Table 3 (Annexure 3) shows extended ASCI| printable characters.

Unicode Coding Scheme

Even extended ASCII (ASCII-8) does not include enough code combinations to support all written
languages. Asian languages, for instance, require thousands of characters. This limitation gave
rise to new encoding standard known as Unicode (Universal coding system) that can support all
" the written languages. It was published by Unicode Consortium {a group of multilingual software
manufacturers). The first version of Unicode was introduced in 1991.

Unicode is an international character-encoding system designed to facilitate the electronic
exchange, processing, and display of written texts from diverse modern and classical languages.
The Unicode Standard encompasses letters, digits, accents, punctuation marks, technical
symbols for the world's major written languages, as well as emoji and other symbals, all using a
uniform encoding scheme. The latest version of Unicode includes aver 100,000 characters.

Unijcode assigns a unique number to each character that remains consistent across all systems
that support Unicode.

Unicede defines multiple encodings of its single character set; UTF-7, UTF-8, UTF-16, and UTF-
32. UTF stands for Unicode Transfarmation Format. Conversion of data among these encodings is
lossless, means do not lose the quality. Unicode was originally a 2-byte (16-bits) character set.
Unicode version 3, however, is a 4-byte (32-bits) code and is fully compatible with ASCII. These all

support encoding the same set of characters. Table 4 (Annexure 4) shows a part of Unicode
character set after ASCII-8.




1.4 Operating System

An operating system (05) is essential software that manages a
computer’s memory, processes, hardware, and software,
enabling user interaction. It loads into RAM when the computer
is turned on and is necessary to run any programs. OS5 has
evolved since the first computer generation and is present in
all devices like desktops, tablets, and smartphones, with
common examples being Windows, Mac 0S, Linux, i0S, and
Android.

1.4.1 Main Tasks/Functions of an Operating
System

Operating system performs the following main tasks or
functions.

ApRRIC aton

-~

D Process Management

2 Memory Management

2 File Management

» Device Management

P Network Management

2 Security management

Process Management

A process is a program in execution, and process management in an operating system allocates
resources like CPU time to various processes in memory. For example, with three processes (A, B,
and C), each having different CPU cycles (A=5ms, B = 2 ms, C = 1 ms), the 05 manages execution

times. In Case 1 (ABC order), the total time is 6.67 ms, while in Case 2 (BCA order), it's 4.33 ms,
showing that Case 2 is more efficient.

Memory Management

Memory management is the part of
operating system that controls and
manages the operation of main
memory during the operation of
computer. It allocates space to
programs that are loaded in main
memory far execution. It keeps track
of freed memory when a program fis
closed and updates the memory
status.

Example: In this example the OS is




managing memaory for two processes PO and P1. P1 is being loaded (swap in) and PO s being taken
out (swap out) from the main memory (RAM). The whole process is shown in Fig 1.5.

File Management

W Lo Bal L § U g Lasieny |

File management is the part of || adnlinyy  Baielhy
operating system that manages fles || 4. e
and folders on storage devices such || ‘tomme

as hard disk, USB flash drive and DVD. |

operations such as creating, copying, |
moving, renaming, deleting, and |
searching files and folders. It also
allows the user to perform read,
write, open and close operations on |
files and folders. Fig 1.6 shows the
management of files in various L__=
folders by O5.

Device Management

Device management is the part of operating system that controls input and output devices, such
as keyboards, mouse, printers, and network interfaces. Efficient 1/0 management improves the
performance of the computer, As shown in Fig. 1.7.

Monlitor

lications

Example: There are three programs A, B and C which are using the printer. Now the 0S5 will decide
which program to use the printer first, Aqueue will be set by the 0S and each program will get the
printer by its turn,

-




Network Management

Network management is the part of netwark operating system that monitors and manages the
resources of a network. It allows to create user groups and assigns privileges to them. It shares
the network resources among users and detects and fixes network problems.

Security management

Security management in an operating system E=
ensures resources are used according Lo user
privileges set by the system administrator. It |
creates user accounts, enforces security
policies, controls access to resources, and
protects the system from unauthorized access |
and malware.

1.4.2 Types of Operating Systems .
The following are the important types of operating systems that are commonly used on various

computer systems, "
Batch Processing Operating System

A batch processing operating system groups similar tasks into batches and executes them
sequentially. It is ideal for repetitive tasks, such as payroll processing or generating bank

statements, where the same operation is applied to multiple users or jobs. While this system
provides efficiency in handling large volumes of similar tasks, it may introduce delays as jobs are

processed one after another.



_|'[ Batch |y

Multiprogramming Operating System (RTOS) —

3 S ; Job 1
A multiprogramming operating system allows
multiple programs to be loaded into the main memary Job2 e N

simultaneously. Although the CPU can execute only -~ r = F'::;:; r:-
one program at a time, it switches between programs Jobd e ,,z"/ S
when one is waiting for input or output, thus ﬂ;"ﬂn_; r/

maximizing CPU utilization, This system is designed to System

improve the efficiency of the computer by ensuring

that the CPU s rarely idle. i1 T RRpAoping Gpetating Systan |

Multitasking Operating System

Amultitasking operating system enables multiple tasks to be performed concurrently on a single
CPU. The system rapidly switches between tasks, creating the impression that all tasks are
running simultaneously. This capability is essential for modern personal computers and mobile
devices, where users often run several programs at once.

| Word } l Web Browser | ..E;I'I_I" !

Process L

i
L]
[}
L] | #
Process . '
(]
[ ]
(]
i i

Op;rallng System




Time-sharing Operating System
Atime-sharing operating system divides CPU i iea
time into short intervals, known as time '
slices, and allocates each program a time
slice in turn. This method allows multiple
users or programs to interact with the
system simultaneously, giving the
appearance that all are being processed at
the same time. Time-sharing systems are
commaonly used in environments such as
banks, universities, and large organizations
that require multiple users to access the T
system concurrently.

Real-time Operating System (RTOS) , User

A real-time operating system is designed to process +

data and provide immediate responses. It is used in \
environments where timing is critical, such as medical |' npplinutlun Frograms
equipment, traffic control systems, and industrial *

automation. Real-time systems must operate within { RTOS wl

strict time constraints to ensure that tasks are 4

completed within a specified deadline, making them ' Hardware

highly reliable and responsive. T

Multiprocessor Operating System

A multiprocessor operating system controls the operation of multiple CPUs within a single
computer system. By distributing tasks among several processors, the system can handle large
amounts of data more efficiently and increase the overall processing speed. Multiprocessor
systems are used in environments requiring high performance, such as data centers, servers, and

scientific research applications.

|l——0| CPU2

lmn-mr;—J L—%m..ml




Distributed Operating System

A distributed operating system manages a
network of computers, allowing programs to
run on multiple machines simultaneously. In a

distributed system, the operating system
distributes tasks across different computers in

3 the network, balancing the load and providing
fast execution of application software. Users
do not need to know which machine is
processing their tasks, as the distributed OS
manages this transparently. This system is
widely used in cloud computing and other
networked environments.

Embedded Operating System
An embedded operating system is integrated into the % @
hardware of a specific device, such as a microwave

oven, TV, or camera. It is designed to perform

specialized tasks and operates automatically when the | ﬁ tmbedded _@
device is turned on. Embedded operating systems are | & Systems

optimized for the specific functions of the device and
provide reliable performance with minimal resource

requirements. They are commonly used in consumer
electronics and industrial machines.

1.4.3. How OS manages to run Applications?

Application programs run on top of operating systems by utilizing the resources and services

provided by the operating system. The opéerating system serves as an intermediary between the

hardware and the application programs, managing tasks such as memory allocation, process
. scheduling, and device management.

For example, when a user opens a word processing program such as Microsoft Word, the operating
system allocates memory for the program to run, manages input/output operations such as
reading and writing files, and schedules the program to run on the CPU. The operating system also
provides access to system resources such as printers and network connections that the
application program may need to use.

Overall, the operating system acts as a platform on which application programs can run,
providing a layer of abstraction that allows programs to interact with the hardware without
needing to know the specific details of the underlying hardware. As shown in Fig 1.18.
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1.4.4 Process Management

Process management is an important task of operating system. It allocates systems resources to
various processes so that they can run efficiently.

Process:
A process is a program in execution. For

example, when we write a program in C or ‘
C++ and compile it, the compiler creates a Input =::'" =:> Output
PN

binary code. The original code and Binary
code, both are programs. When we actually 3
run the binary code, it becomes a process. Computer
Process is a part of program under execution |
that is scheduled and contralled by

operating system. When a program is loaded in memory for execution, it becomes a process. A
program is an executable code that is stored in disk as a text file whereas a process 15 a dynamic
instance of a program during its execution in RAM. It represents basic unit of work. It uses various
resources of computer such as CPU time, files, |/0 devices, memory, etc.

Varfous States of a Process: '

There are five states of a process which are start, ready, running, waiting and terminated as
shown in Figure, !




Start/New State: This is the first state of a process when it is created. Any new operation or
service that is requested by a program for execution by the processor is known as new state o
process,

Ready State: Aprocess is said to be in ready state when it is ready for execution but it is waiting to
be assigned to the processor by the operating system.

Running State: A process is said to be in running state when it is being executed by the processor.
Aprocess is assigned to a processor for execution by operating system.

Blocked State/Waiting State: A process is in blocked or waiting state when it is not under
execution. It is waiting for a resource to become available.

Terminated State: A process is in terminated state when it completes its execution.

]

Thread and Process:

In programming, there are two basic units of
execution: processes and threads. They both execute
a series of instructions. A Process is an instance of a
program that is being executed. A process may be
made up of multiple threads. A Thread is a basic
ordered sequence of instructions within a process that
cannot be executed independently. The threads are
made of and exist within a process; every process has
at least one thread. Multiple threads can also exist ina
process and share resources.

Comparison between Process and Thread

1 An executing instance of a program is A thread Is a subset of the process. ‘

called a process. .
2 ﬁhsih;nn_:mﬂﬂuﬁruugm ' hhsﬁrmuctﬁmﬂud‘hwﬂhi

of the parent process. process. |
IMdﬂqllnﬁwmﬁﬁmhﬂmqlhhﬂvlﬂmiﬂmﬂ;]
affect other processes. behavior of the other threads of the process. !
!4 Processes run in separate m.mnﬁmhﬂ'ﬂmdnun;nrr_sﬂt;- I
' Spaces. |
T Prmhmdhdbrtheupum'ﬂwudslumuﬂdhprqrmmuhﬂ
sysiem. program.

'I Processes are independent. 'mm-uw - ]
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Process Scheduler: (et ) [ A ) {;ma ]l;

A process scheduler is part of the operating
system that manages the execution order of \ l

processes by the CPU. It ensures efficient and

fair use of CPU time by allocating processing
time based on specific scheduling algorithms. |

Fig.1.22: Process Synchronization

Process Synchronization:

Process synchronization is a method used to coordinate multiple processes or threads that share
resources. It prevents issues like race conditions, which occur when processes try to access the
same memory at the same time. The operating system controls the execution order to avoid
conflicte.

Interrupts:

Iinterrupts are signals that alert the CPU to events that need immediate attention. When an
interrupt occurs, the CPU stops its current task, saves its state, and runs a special program called
an Interrupt Service Routine (ISR) to handle the event. For example, when you receive an email,
the system interrupts the CPU to process the email quickly.

Deadlock: —_ |
A deadlock happens when two or more processes are stuck, | P ] | af '

each waiting for a resource held by the other. For example, as \

shown in Fig. 1.23, if Process P1 needs Resource RZ held by \
Process P2, while P2 needs Resource R1 held by P1, neither can : e

proceed. The operating system must detect and resolve these Lo R1 R2

deadlocks to keep processes running smoothly.

i —————

Fig.1.23: Deadlock

1.4.5. Computer System Resources managed by an Operating System
The four main computer system resources managed by an operating system are:
CPU (Central Processing Unit) Management:

The operating system manages the CPU by scheduling processes, ensuring efficient utilization of
the CPU, and prioritizing tasks. This involves process scheduling algorithms, deadlock resolution,
and handling interrupts.

Memory Management:

The operating system is responsible for managing the system's memory, which includes RAM. This
involves allocation and deallocation of memory spaces to various programs, managing memory
hierarchy, and ensuring that each process has adequate memory while optimizing the use of
available memory.

Storage Management:
The operating system manages data storage, including hard drives, SSDs, and other storage




devices. This involves file system management, managing read/write operations, ensuring data
integrity, and providing an interface for file and directory management.

1/0 (Input/Output) Management:

The operating system manages input and output devices such as keyboards, mice, printers, . .d
network interfaces. This includes managing device communication, buffering, and handling
device drivers to ensure that the I/0 operations are carried out smoothly and efficiently.

) nzacion of the File System

The file system is a critical component of an operating system, responsible for organizing,
storing, retrieving, and managing data on storage devices like hard drives, 55Ds, and USB drives.
Here's a detailed explanation of the structure and organization of a file system:

File System Components
Afile system is composed of several key components:

Files: The smallest unit of data storage, representing a collection of bytes stored on a disk. Files
can be of various types, such as text files, executables, images, etc.

Directories/Folders: Also known as folders, directories are containers that hold files and other
directories, providing a hierarchical structure.

Metadata: information about files and directories, such as their names, sizes, types, permissions,
and timestamps (creation, modification, and access times).

Directory/Folder Structure

The directory/folder structure can be organized in different ways, commenly used

directory/folder structures are shown in Fig. 1.24.
Single-Lewel Directory/Folder Two-Leved Directory/Folder Tree-Structured Directory/| okder

| (A) /(RootDir/Folder)  (B) /(Root Dir/Folder) (C) /{Root Dir/Folder)
filel userl home
file2 | p—tiex | |—usen
L file3 | —file2 | | f—tiea
| — user2 | | ‘—Hhie2
p— file3 | L—user2
L filea | p—tfie3
' | L hiled
p— var
I
| e www
— ete
I |— configa
[ L—-w

- C

Singl;g-[,wgl Directory/Folder: All files are contained in a single directory/folder. This structure
is simple but becomes inefficient as the number of files grows. Figure A shows single level

directory/folder structure.




Two-Level Directory/Folder: Each user has their own directory under the root directory, solving
some of the limitations of the single-level structure, Figure B shows two level directory/folder
structure.

Tree-Structured Directory/Folder: The most common structure, allowing a hierarchy of
directories and subdirectories, resembling a tree. This structure is flexible and scalable. Figure
shows tree-structured directory/folder structure.

File Allocation Methods
Files can be stored in different ways:

» Contiguous Allocation: Files occupy consecutive blocks, which speeds up access but can cause
fragmentation.

2 Linked Allocation: Files are stored in linked lists, allowing flexibility but possibly slower
access due-to pointer traversal.

2 Indexed Allocation: Uses an index to point to the actual data blocks, allowing faster access
while balancing storage efficiency.

File System Types

Various file systems are designed to meet different needs and have unique features. Some
common file systems include:

2 FAT (File Allocation Table): An older file system used by DOS and Windows. Simple but limited
in features and scalability.

3 NTFS (New Technology File System): Used by Windows NT and later versions. Supports large
files, security features, and disk quotas.

3 ext3/extd (Extended File System 3/4): Common in Linux environments. ext4 offers improved
performance and features like journaling, which helps recover from crashes.

File Operations

File systems provide various operations to manage files and directories. Comman file operations
ares

Create: Making new files and directories.

Open: Accessing files for reading or writing.

Read: Retrieving data from files.

Write: Adding or modifying data in files.

Delete: Removing files and directories.

Rename: Changing the names of files and directories.

1.5 Computer Software

Computer software, often referred to simply as “software,” is a collection of programs, data, and
instructions that tell a computer how to perform specific tasks or functions, It is an important
component of any computer system, enabling it to process data, run applications, and interact




with users. Software is typically categorized into the following main types:
& System Software

2 Application Software

< Programming software

2 Driver software

1.5.1 Comparing Different Software Types

oftware Type | Purpose & Function
2 Manages hardware and system resources. Windows, macOS, Linux,
5 < Controls overall system operations and |Android
System provides a platform for applications to run.
Software 2 Essential for the computer's overall
_ functioning.
: = Provides tools for writing, testing, and |Eclipse for Java, Coda for
debugging code. Mac, Visual Studio for
Programming | 5 Translates programming languages into|multiple languages,
Software machine-readable code, helping developers | GitHub for source code
create software.

2 Performs specific tasks for the user, like |Microsoft Word, Spotify,

; writing, streaming, or browsing. Google Chrome
Application . | pesigned to meet user needs for specific
Software activities.

D Acts as a bridge between the operating system | Printer drivers, NVIDIA

'Driver and hardware devices, graphics drivers, Wi-Fi
Software ¥ Ensures proper communication and|drivers

functionality between the system and

external devices.

1.5.2 Offline and Online Applications

Offline Applications

Offline applications are programs that can run without an internet connection. They rely entirely
on the device's local resources, such as storage and processing power, to function. These apps are
useful when there's no access to the internet, but they can still perform tasks.

Examples:
2> Microsoft Word - used for writing and editing documents.
2> Adobe Phatoshop - used for image editing and graphic design.
2% VLC Media Player - plays media files like videos and music stored locally on the device.




Online Applications

Online applications require an internet connection to function because they access resources,
data, or services hosted on remote servers. These apps often provide real-time data and

collaborative features.
Examples:

2 Google Docs - for creating and sharing documents in real-time.

< Spotify - for streaming music,
2 Gmail - for sending and receiving emails.

1.5.3 Uses of Common Productivity Appiic,

Fﬁm Type

Examples

L2
Uses ‘ Fg

,L-i.

Word Processors

Microsoft Word, Google
Docs

Writing essays, reports, letters, resumes,
and professional documents.

Microsoft Excel, Google

Budgeting, financial analysis, tracking

Spreadsheets Sheets inventory, data charts.
Microsoft PowerPoint, |[Business presentations, educational
Presentation Software | Google Slides lectures, and project proposals.
Database Management | Microsoft Access, Managing customer data, inventory,
Systems (DBMS) MySQL employee records, and large datasets.
Microsoft Outlook, Organizing emails, scheduling
Email Clients Mozilla Thunderbird | appointments, managing contacts.
Note-Taking Evernote, Microsoft Keeping track of tasks, lecture notes,

Applications OneNote organizing projects and ideas.
Calendar/Task Google Calendar, Managing time, setting reminders,
Management Microsoft To-Do planning meetings, tracking tasks.
Adobe Acrobat, Foxit |Editing PDFs, signing documents,
PDF Editors Reader converting documents to/from PDF.
Adobe Photoshop, Designing posters, flyers, social media
Graphic Design Software | canva content, and marketing materials.
Microsoft Project, -{Fgani:ing tasks, tracking project
Graphic Design Software | Trello timelines, team collaboration.
Video Conferencing Zoom, Microsoft Teams | Conducting meetings, webinars, virtual

Tools

classrooms, and online collaboration.




1.5.4 Application Patch

An application patch is a piece of software designed to update, fix, or improve an existing
program or its supporting data. Patches address issues such as security vulnerabilities, bugs, or
performance problems and can also add new features or functianalities to the application,

Key Functions of Application Patches:

Fix bugs: Resolve software glitches or errors.
Imprave security: Patch vulnerabilities to prevent attacks.

Enhance performance: Optimize the program to run mare smoaothly.

Add features: Introduce new functionalities or improvements to the existing software.

Examples:

Security Patch for Windows: Microsoft regularly releases security patches to fix vulnerabilities in
its operating systems to prevent malware attacks.

Game Updates: Games like World of Warcraft and Call of Duty often release patches that fix bugs,
balance gameplay, and add new content,

Adobe Acrobat Patch: Adobe frequently provides patches to fix issues or add security updates to
its PDF editing software.,
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1.5.5 Software Hosting

Software hosting refers to the process of deploying, LI LT
managing, and providing access to software . ¢
applications on servers. These servers can be located
on-premises, in data centers, or in the cloud. The Q
primary objective of software hosting is to make
applications accessible to users over a network,
typically the internet.

Some common types of Software Hosting are:

Fig.1.25: On-Premises Hosting

On-Premises Hosting: On-premises hosting involves installing and running software on servers
located

within an organization's physical premises. This setup offers complete control over the hardware,
software, and data security, making it ideal for organizations with strict compliance and security
requiremnents. However, it comes with high upfront costs for purchasing and setting up the
hardware, as well as ongoing maintenance and operational expenses. As shown in Fig, 1.25.

Pros:

2 You have complete control over hardware and data security.

< It is customizable to specific needs and compliance requirements.
Cons:

< It has high initial and ongoing costs.
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< It requires in-house technical expertise. It has limited scalability.

Shared Hosting:

Shared hosting involves multiple websites or |
applications sharing the same server resources |
provided by a hosting company. This is a cost- | =5

effective solution, making it suitable for small | se—

websites and applications with moderate |8
traffic. The hosting provider handles server |
maintenance, updates, and security. However, B
shared resources can lead to performance §
issues, and there are potential security risks due
to neighboring sites on the same server. As [
shown in Fig, 1.26.

Pros:

> Itiscost-effective.

2 Itiseasy toset upand manage.
Cons:

3 You have limited control and customization. There are potential performance issues.

2 There are security risks from other sites on the server.

Dedicated Hosting:

Dedicated hosting provides an entire physical server
for the exclusive use of a single user or organization.
This setup ensures high performance, reliability, and
security, making it suitable for resource-intensive
applications and high-traffic websites. Users have full
control over the server configuration. However,
dedicated hosting is costly and requires significant
technical expertise for server management and
maintenance, As shown in Fig. 1.27.

Pros:
It provides high performance and reliability.
You have complete control over server configuration,

It offers enhanced security.

Cons:

<» Ithasa high cost.

 Itrequires technical expertise for management.

|




Cloud Hosting:

Cloud hosting uses a network of virtual and physical
servers to provide scalable and flexible resources on
demand. Managed by cloud providers like AWS, Google
Cloud, and Microsoft Azure, it offers high scalability,
cost-efficiency with a pay-as-you-go model, and
excellent reliability. Cloud hosting is ideal for
applications with variable or unpredictable traffic, §
However, it depends on internet connectivity, and
there may be concerns over data security and
compliance. As shown in Fig. 1.28.

Pros:

It is highly scalable and flexible,

it is cost-efficient with pay-as-you-go pricing. It is reliable and supports global reach.
Cons;

2 Itisdependent on internet connectivity.

2 There are potential data security and compliance concerns.

1.5.6 Programming Software

Programming software, often referred to as Integrated Development Environments (IDEs), text
editors, and compilers, helps programmers write, debug, and compile code efficiently. The
following Is a detailed explanation of how these tools assist programmers in the coding and
compilation process.

Components of Programming Software:

Text Editors: Text editors are basic tools that allow programmers to write and edit code.
Examples include Notepad++, Sublime Text, and Visual Studio Code.

Integrated Development Environments (IDEs): IDEs are comprehensive tools that combine atext
editor, debugger, and compiler in one interface. Examples include Intelli) IDEA, Eclipse, and
Visual Studio.

Compilers: Compilers translate code written in a high-level programming language into machine
code that the computer can execute. Examples include GCC (GNU Compiler Collection) for C/C++
and javac for Java. :

How Programming Software Helps:

Writing Code: Text Editors and IDEs provide a platform for writing code with features like syntax
highlighting, which colors the code according to its syntax, making it easier to read and
understand. For example, keywords in a programming language might appear in blue, while
comments are in green,




Example: In Visual Studio Code, =i =i s vm oam v S e &
typing if in a Python file ekl

automatically highlights it and | % o

suggests possible completions, f-~—= | |

making coding faster and | .. ' |

reducing errors. Bk |
|

Code Completion: IDEs offer
advanced code completion,

where the software predicts and s T+ b «Napre AV A 4 s . =8

helps in writing cm.:le faster and esibirg g ol et |
with fewer errors. |
Debugging: IDEs come with | "___l____l’u.ﬁ# Hﬂﬂimﬂ“ﬂmlﬂi o e

integrated debuggers that allow programmers to run their code step- by-step, inspect vaﬁabl:s.
and understand the flow of execution to find and fix bugs (errors). Fig.1.29 shows Python
programming language IDE.

Error Checking and Syntax Highlighting:

Text Editors and IDEs provide real-time error checking, underlining syntax errors and other issues

as you type. This immediate feedback o o rraumuuin e g oy
helps in quickly identifying and | te« fomm Run Opmens Vandows Help

correcting mistakes. Fig 1.30 shows | 1 »- |

syntax error in a program. | peae :
i iFas

Example: In Visual Studio Code, if you | - e I_|

forget a semicolon in a JavaScript file, primin, 6ty 1) -

it highlights the error and provides | | "™ . it tost wot truec]

suggestions for fixing it. P ) )

Compiling Code: Compilers take the s BN ’

code written by programmers and || nenderd hoen et mALCN afy DA indeniaten b I

translate it into executable machine

code. They also perform various e e -

optimizations to make the code run “Fig.1.30: Syntax error TEE|

mare efficiently.
Project Management:

IDEs offer project management features that help organize code files, manage dependencies,
and streamline the build process.

Example: In Visual Studio Code, creating a new project sets up a directory structure with folders
for source files, libraries, and dependencies, making it easier to manage complex applications.




Learning Activity

"Hello World! Project”

By following these detailed steps, you can create and run a simple "Hello World!" project using
HTML, CS5, and JavaScript directly in Visual Studio Code using your default browser, like google
Chrome. This setup allows you to see real-time updates as you make changes to your code.

Setting Up Visual Studio Code for HTML, CSS, and JavaScript
Before you begin, ensure you have Visual Studio Code installed.
Step-by-Step Guide

1. Open Visual Studio Code program. As Shown in Fig 1.31.
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1. Create the Project Files:
Create a new folder on your computer and name it HelloWorldProject. As shown in Fig 1.32.
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1. Open the Project Folder in Visual Studio Code:

2 InVisual Studio Code, click on File > Open Folder....

> Navigate to and select your HelloWorldProject folder.

4. Create HTML, C55, and JavaScript Files:

> In the Explorer pane on the left side of VS Code, right-click on the folder name

{HelloWoridProject). .
& Select New File and create the following files:
index.htmi '
styles.css
script.js
5. Add the Code to the Files
HTML (index.html):
> Open index.html and type the following code. As Shown in Fig 1.33.
) = - L Saweh DEmoon - o =
@ B indectmi x m -
,D 1 <IDOCTYPE himl» o
! thtml lang="en"3
i cheads
E’ 4 <meTd charsets"UTF-8"
5 (metd names"viewport™ content="wldth=device-wldth, Initlal-scales1.8%»
[ ctitlesChange Messagec/titler
7 €link rels"stylesheet™ hrefs"style.csa™»
8 o/hasd> i
) Chodys
1a cdiv ld="message”>Hello worlde/divs
@ 11 <button lds"change-sessage-button®»Change Meisaged/buttond
12 <ecript srce"scrlpt. JsTac/eCripty
13 </body»
{i 4 ofnemls ’
@0A0 WO Amm @ b g & @ Spmerd UTRE CRUF WML D Goive @Golwe 0O ‘

. e — oy s
#m =S e =¥ Ll

2 This is the main HTML file that will structure your webpage.

CSS (styles.css):

2 Open styles.css and type the following code. As Shownin Fig 1.34.
2 This file contains the CS5 styles for your HTML elements.
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JavaScript (script.js):
Open script. js and type the following code, As Shown in Fig 1.35.
This file contains the JavaScript code that adds interactivity to your webpage.

T!Q_E « - © Sesrch DEmo - 0o x”
@ B ndevhim U smieos sripts X m - +
|
jo 1 document.addEventiistener( DOMContentLoaded™, function() ( R |
F) const messageDdy = document.getElementByld( ‘message’); [
3 censt button - documant.getElemantByld( change-message-button’); ‘
i
5 button. sddEventListener( click®, function() {
] if (messageDiv.textlontent === ‘Hello World') ( I
L messageDiv. taxtfontent === 'T Love my country, Pakistan®; —
a8 | else | '
@ 9 messagediv. textContent = "Hello worldl’';
18 |
1 |3 H
{9‘ 1.
13
@oA0 WO wﬁbﬁﬁﬁl m:m*mc:uﬂihm@mmﬂ




Running the Example
View in Browser:

Your default browser (like Google Chrome) should open a new tab displaying your HTML file.
You should see a "Hello, World!” heading and a "Change Message” button. As Shown in Fig 1.36.

# @ CoeateHeloWorldw % & Trarge Veviaar . + A= 0 5

Hello World!

.. Clicking the Change Message button will activate a JavaScript alert saying "I Love my country,
Pakistan”. AsShown in Fig 1.37.

v @ CresteHeloWordim X @ TmungeVeniage X+ - D0 X

| Love my country, Pakistan
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2 Machine-Level Representation of Data: Data is stored in binary (bits) and represented
in various data types.

< Numbering Systems: Include decimal, binary, octal, and hexadecimal systems for
number representation and conversions.

< Decimal System: Uses base 10 with symbols 0-9.

. 2 BinarySystem: Base 2, using 0 and 1 for data representation.
< Octal System: Base 8, with symbols 0-7.
< Hexadecimal System: Base 16, using symbols 0-9 and A-F for compact data

representation. :

2 Number System Conversions: Methods to convert between decimal, binary, octal, and
hexadecimal.

3 Binary Arithmetic: Computers perform addition, subtraction, multiplication, and
division in binary.

<y Overflow/Underflow: Occurs when a calculation exceeds or falls below the
representable range.

> Complements (1'sand 2's): Used in binary operations, especially for subtraction.
< Binary Subtraction: Done using 1's or 2's complement to simplify operations.

2 Signed/Unsigned Numbers: Binary numbers can be represented with or without a sign
' bit to indicate positive or negative values.

2> Floating-Point Representation: Uses the |[EEE 754 standard for storing real numbers,
dividing them into sign, exponent, and mantissa,

% Common Coding Schemes (ASCIl/Unicode): Convert characters into binary; ASCll uses 7
or 8-bit codes, Unicode supports global languages.

< Operating System (OS) Overview: Manages memory, processes, devices, and software,
enabling user interaction,

2 Main OS Tasks: Includes managing processes, memory, files, devices, networks, and
security.

& Process Management: Allocates CPU time and optimizes resource use,

& Memory Management: Allocates and manages memory for programs.

< File Management: Handles file creation, deletion, and organization.

*» Device Management: Controls and optimizes input/output devices,

3 Network Management: Manages network resources and resolves network fssues.

l'\_:_} Security Management: Enforces security policies and manages user accounts. /




-

2 Batch Processing O5: Processes tasks in batches, improving efficiency. \
< Multiprogramming 0S: Executes multiple programs simultaneously in memory.

D Multitasking OS: Performs multiple tasks at once by quickly switching between
programs.

2 Time-sharing 0S: Shares CPU time across programs, simulating simultaneous
processing.

> Real-time 08: Executes tasks within strict timing constraints, often used in industrial
processes.

<& Multiprocessor 05: Manages multiple CPUs toimprove performance.
¥ Parallel Processing 0S: Runs multiple processes at once using several processors.
> Distributed OS: Manages a distributed system, balancing load for fast execution.

» Embedded 0S: Built into devices to manage hardware and perform specific tasks
automatically.

2 Application Management: OS manages resources for running applications efficiently.

> Process Scheduler: Manages CPU time for process execution, ensuring faimess and
efficiency.

2 Process Synchronization: Coordinates access to shared resources, preventing
conflicts.

3 Scheduling Algorithms: Includes FCFS, SJN/SJF, priority scheduling, and round-robin.

3 Interrupts: Signals to the CPU that require immediate action, handled by interrupt
routines.

2 Deadlock: Occurs when processes block each other indefinitely over shared resources.
2 System Resources Managed by 0S: CPU, memory, storage, and |/0 devices.

2 05 Design: Includes kernel, process management, memory management, file systems,
device management, security, networking, and user interface.

> File System Structure; Files, directories, and metadata organized into single-level,
two-level, or tree structures.

3 File Allocation Methods: Contiguous, linked, and indexed methods for storing files.

D File System Types: Examples include FAT, NTFS, and ext3/extd, each with unique
features.

2 File Operations: Include creating, reading, writing, deleting, and renaming files.
) Software Hosting: Involves deploying software on servers for network accessibility.
3 On-Premises Hosting: Software hosted on internal servers, offering control but with

' high cost. J
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[ > Shared Hosting: Multiple websites share a single server, offering low cost but putentlal\
| performance issues.

2 Dedicated Hosting: A server dedicated to one user, providing high performance and
security at a higher cost.

< Cloud Hosting: Uses cloud servers for scalability and cost-efficiency, though dependent
on connectivity.

2 Programming Software: IDEs, text editors, and compilers help write, debug, and
compile code.

= Components of Programming Software: Text editors for writing, IDEs for a full coding
environment, and compilers for translating code.

» Writing Code: Tools like syntax highlighting and code completion enhance coding
efficiency.

<> Debugging: IDEs provide tools for finding and fixing bugs by stepping through code.

<» Error Checking: Real-time error checking and syntax highlighting help avoid coding
mistakes.

<> System Software: Manages hardware and system resources, controls operations, and
provides a platform for applications (e.g., Windows, mac05).

2 Programming Software: Offers tools for writing, testing, and debugging code;
translates code into machine language (e.qg., Eclipse, Visual Studio).

<> Application Software: Performs specific user tasks such as writing, streaming, or
browsing (e.g., Microsoft Word, Spatify).

2> Driver Software: Enables communication between the operating system and hardware
devices (e.g., printer drivers, Wi-Fi drivers).

< Offline Applications: Run without internet, rely on local resources (e.g., Microsoft
Word, Adobe Photoshop).

» Online Applications: Require an internet connection to access data or services (e.g.,
Google Docs, Spotify, Gmail).

> Word Processors: Used for writing documents {e.g., Microsoft Word, Google Docs).
2 Spreadsheets: For data analysis, budgeting (e.g., Excel, Google Sheets).

> Presentation Software: Create presentations for business or education (e.g.,
PowerPoint, Google Slides).

» Database Management: Organize large datasets (e.g., Microsoft Access, MySQL).
> Email Clients: Manage emails and appointments (e.g., Outlook, Thunderbird).
. % Note-Taking Apps: Organize notes and tasks (e.g., Evernote, OneNote). )
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WEXCTCISERs

Q1. Select the best answer for the following MCQs.

1. What is the binary representation of the decimal number -43 using 8-bit two's complement
notation?

a) 10101011 b) 11010101 ¢) 11010101 dy11101011
2. Which of the following binary numbers corresponds to the hexadecimal number 3FA7?
a)0011 111110100111 b) 11000011 1101 1000
c) 1011 11000011 0111 d)0111 10111011 1100
3. How does the ASCIl code for the character 'Z' (90 in decimal) look in binary?
a) 01011010 b)01001110 c) 01011000 d) 01101001
4. In an 8-bit signed integer representation, what is the range of values that can be represented!?
a)-127to 128 b)-128to 127 c)0to255 d) -256 to 255
5. How many different values can be represented with a 10-bit binary number?
a) 256 b) 1024 ) 512 d) 2048
6. Which of the following is NOT a task performed by an operating system?
a) Process Management b) Memory Management
c) Email Management d) Device Management
7. Which type of operating system allows multiple tasks to be performed at the same time?
a) Multiprogramming b) Batch Processing c) Real-time d) Single-tasking
8. Which state of a process represents that it is ready for execution but waiting for CPU time?
a) Start State b) Running State c) Ready State d) Blocked State
9. What is the main purpose of a process scheduler?
a) To manage file operations b)To manage CPU utilization
c) To manage nmnmyatlncathzl d) To manage network resources
10. Which memory management approach involves dividing memory into fixed-sized blocks?
a) Paging b) Segmentation
c) Virtual Memory d) Contiguous Allocation
11. What is the main purpose of interrupts in an operating system!?
a) To speed up CPU processing b) To slow down CPU processing
c) Tohandle immediate events d) Tomanage network connections
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12.Which scheduling algorithm assigns CPU time in fixed time slices to each process in a cyclic

order?
a) First-Come First-Served (FCFS) b) Shortest Job Next (SJN)
¢) Priority Scheduling d) Round Robin (RR)
13.Which memory management technique divides memory into fixed-sized blocks?
a) Segmentation b) Paging
c) Fixed Partitioning d) Dynamic Partitioning
14.Which type of hosting involves installing and running software on servers located within an
organization’s physical premises?
a) Shared Hosting b) Dedicated Hosting
€) On-Premises Hosting d) Cloud Hosting

15.Which companent of programming software translates code written in a high-level
programming language into machine code?

a) Text Editor b) Compiler c) Debugger d) IDE

Q2. Write answers of the following short response questions.
1. What is the significance of the Most Significant Bit (M5B} in signed binary numbers?
2. What is a binary digit, and why is it fundamental in computer systems?
3. Why are binary numbers more efficient for computer calculations than decimal numbers?
4. How do ASCIl and Unicode differ in character representation?
5. What is the importance of positional value in number systems? Give two examples.
6. What is the process to convert a binary number to its hexadecimal equivalent?
7. What is the purpose of machine code in computer operations?
8. Why coding scheme is used in computer? Give three reasons.
9. State five differences between a process and a thread.
10.What is memory management and how does it work in an operating system?
' 11. Whatis a real-time operating system and where is it commonly used?
12. Differentiate between multiprogramming and multitasking operating systems.
13. List two pros and two cons of on-premises hosting.
14. What is an application patch? Give key functions of it.
15. Differentiate between offline and online applications. Give one example of each.

Q3. Write answers of the following extended response questions.
1. Explain decimal, binary, octal and hexadecimal number systems with examples,

mo



2. What is 2's complement, and why it is used? Give examples.

1, Define the terms Overflow and Underflow. Explain Overflow in number system with one
example.

4. What is the significance of ASCIl and Unicode character coding schemes?

5. What is an operating system? Explain any five tasks/functions of 05.

6. Explain any four types of operating systems.

7. How operating system manages applications? Explain five states of a process with diagram.

8. Explain the role of Integrated Development Environments (IDEs) in the software development
process, including specific features that enhance programming efficiency.

9.What is software hosting? Explain On-premises and Cloud hosting. Also give two pros and cons of
each.
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At the end of this unit students will be able to:

2 identify common algorithms used to develop software, store, search, or sort
information.

> develop and apply abstractions to create generalized, modular solutions.
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Introduction

Computational Thinking (CT) is a way of-solving [~
problems by using ideas from computer science. It |
helps you break down big problems into smaller

parts and come up with step-by-step solutions that |
a computer or a person can follow. |

CTisn't just about coding; it's a basic skill useful in |
any area. It involves using mental tools and |
strategies to think more clearly, logically, and |
creatively, F

Computational thinking simplifies difficult fssues
into doable stages. It teaches you to think through | _ !
many strategies and create logical answers, or Fig.2,1; Co
algorithms. Critical thinking encourages

innovation and efficient use of technology to solve issues in any industry.

2.1 Computing Problems

Acomputing problem in computer science is one that is solved step-by-step through computation.
Any kind of calculation, including arithmetical and logical ones, can be included. These problems
often involve an input that is well-defined and an output that needs to satisfy a few desired
properties. Some examples include:

<» Finding the largest number in a list.

2 Checking if a number is even or odd.

2 Simulating a scientific phenomenon.

Some of the computing problem domains are as follows:

Decision Problems
In decision problems normally ‘yes-or-no' response is found in a choice. For example, given a
number n, “isneveni”




However, some decision problems may require |
more steps tosolve, For example:

2 Given a number n, “is n prime?" requires more |
work than just checking number’s parity.

|
|
|
2 Given a string, is its length greater than 5 I
characters? i

< Given an integer on, is onan even number?

toLahore)

Counting Problems

|
In counting problems, the number of possible solutions toa |
search problem is the answer of that counting problem. For |
the above-mentioned search problem “we might wish to |

calculate a route on a map from one site to another.” The |
answer of counting problem would be two, suppasing we have |
two roads from Islamabad to Lahore e.g. G.T. Road and
Motorway.

Search Problems

In search problems, the solution is made up by
| having a set of values that satisfy a certain
| criteria. For example:

| & we might wish to calculate a route on a map
| fram one site to another (e.g. from Islamabad
|

X
\

€%

<A :

2.2 Basics of Counting Problems

The foundation of counting problems is the basic methodof |

counting while considering the options available to select
appropriate items for a given selection,

Tree-based structural approaches are the most effective
for solving Counting Principle problems. Counting Printiple
Problems could easily be understood by the use of tree
representation, where the available options are considered
as tree branches.

&
bl Trinkbag & Algontim

Fig.2.6: Basics of Counting Problems
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2.3 Basic Counting Principles
Addition

The addition principle of counting is a basic idea for counting ' 6 * 8 a ? I

the total number of possibilities that can occur when dealing |
with many events or options that are mutually exclusive.
The events that are mutually exclusive are those that cannot

occur simultaneously. This rule is used to get the total | L
number of ways that an event can occur. It is typically used ) @* =T
when you have to make a choice between multiple option. ' ’ @‘ ok
The Addition principle is written as: = <D :

Total Possibilities = Number of Possibilities for Event A +
Number of Possibilities for Event B + ... + Number of Possibilities for Event N

For example, a student wants to buy a new computer. He has to decide among J desktop
computers and 4 laptop computers.

Total number of computer options = Total options in desktop computers + Total options in laptop
computers

Fig.2.7: Addition

Soin thiscase
Total number of computer options = 3+4=7

Multiplication

The Multiplication Principle is used when we are dealing with many events, and we have toselect
one option from each event.

For example: Bilal has 3 Apples, 3 Bananas and 3 bunch of Chernes. In how many ways, he can
make fruit basket by putting fruit of one kind.

(A1B1C1)(A1B1C2) (A1B1C3) (A1B2CT) (A1 B2CZ)(A1B2 Cj] (A183C1) (A1B3CZ) (M B3C3)
(AZB1C1) (A2B1C2)(A2B1C3) (A2B2C1) (AZB2C2) (A2 B2C3) (A2B3C1) (AZB3C2)(AZB3C3)
(A3B1C1) (A3B1C2) (A3B1C3) (A3B2C1) (A3B2C2) (A3B2C3)(A3B3C1)(A3B3C2)(AIB3 C3)

R =

Using Counting Principle Problems, the total number of ways P - -f
of choasing this pairing would be: - '

2 Options available far Apples (A) =3

< Options available for Bananas (B) =3

< Options available for Bunch of Cherries©=3
Total no. of ways: 3X3X3=27

Unie 2¢ Computational Thinkira & Alae g £>



Permutation

Many different kinds of problems can be resolved using the
Multiplication Principle. Putting objects in order is one kind of
challenge. We queue up for pictures, arrange letters into words and
digits into numbers, decorate rooms, and more. Apermutatinn isaway |
to arrange items. |

1
Drawing line segments for each choice can be useful in solving |

permutation problems. This allows us to multiply by figuring out how
many of each option there are. |

Assume we have four paintings and three places on the wall to display. | .

We wish to determine how many different ways there are to arrange . .
three of them on a wall. To symbolize the three locations on the wall, we  Fig.2.9; Permutation
can draw three lines.

X X

From these three locations, for the first location have 4 paintings, so we will write 4 on the first
location.

4 x X

When we have place the first painting, for 2nd location, we have three choices, 50 we will write 3
on the second location.

4 X 3 X
Similarly, for the 3rd location, we have left with 2 choices, so we will write 3 on the third location,
4 x 3 X 2

S0 multiplying, these values gives us the answer of 24, means there are 24 permutations possible
for the paintings.

Combination

In the above theories and their examples, we have looked at problems ———_ o
where we have to arrange objects in a certain order. There are |
numerous situations where we wish to pick a few items at random from a r
collection of things, without regard to the order. The situation, when we |
are choosing objects and the sequence is irrelevant, this is called | -

combination counting principle.

Consider the above example of paintings that we solved in permutation. | |

50 without considering the paintings’ order, if we want to determine how |

many options there are to select three of the four paintings. | J
|

Combinations = number of permutations divided by the number of ways ﬂl 2,100 Cmnb!mﬂm A
to order 3 paintings.

Uriat 2 Eamputabonal Thinkang S Agarithms .}




Thereare 31 =3+ 2 - 1 = 6 ways to order 3 paintings, Hence, there are 24/6 = 4 combinations that
defines the no of ways to select 3 out of the 4 paintings.

Pigeonhole Principle

If there is a flock of 10 pigeons and we have 09
pigeonholes, means one of the pigeonholes
must have more than 1 pigeon.

The principle is stated as:

There are n boxes (n is a positive integer) and n
+ 1 objects are to be placed into these n boxes,
then at least one box contains two or more
objects.

Example

Suppose you have 13 apples and 12 baskets.
According to the Pigeonhole Principle, at least |
one basket will contain more than one apple.

Inclusion and Exclusion
Recall, the addition principle that states if a task can be performed in one of the n ways or one of
the m ways (with no common of two n+m), then there are total n+m ways to the task.

But if there are some ways in n and m to do the task, then according to the inclusion-exclusion
principle. we must sum the number of ways to complete a task one way and the number of ways to
complete it another, and then subtract the number of ways that are shared by both sets of ways in
order to count only unique ways of completing the work.

Example:

How many binary strings of length eight have two bits at the end, "00," or begin with a "1" bit?
There are 26 = &4 possibilities to fill in 6 bits if the string ends in 00",

Similarly, if the string begins with '1’, then there are seven bits left in the string and there are 27 =
128 possibilities to fill it.

If add both of the aforementioned sets and consider it the whole solution it will be incorrect
according to Inclusion and Exclusion principle of counting because there are strings that both
begin with'1' and end in ‘00, and since they meet both requirements, they are counted twice.

In order to obtain an accurate count, we must subtract these strings.

There are 25 = 32 possibilities to fill the five characters in strings that begin with 1 and end with
00", accordingly, the inclusion-exclusion principle gives us:

total String= 128 + 64 - 32 =160.




" Include Excluda

@00

~ n(AuB) n(A) n(B) n(ANB)
W Fig.2.12: inclusion and Exclusion
2.4 Algunthms and their characterist:cs

An algorithm fs a well-defined, step-by-step procedure or set of rules for solving a specific
problem or performing a task.

Computer science relies heavily on algorithms, which are used for processing data, automating
reasoning activities, and doing calculations. They can be expressed in a variety of ways, including
computer languages, flowcharts, pseudocode, and natural language.

Wil -Dafuses Wail-Defined
Clear and Cheracteristics of
Unambiguous an Aigorithm i

M“ Fig.2.13: Charactertstics of Algorithms 1 0 T

Properties of Algorithms

< Input: An algorithm can have one or more externally supplied values as inputs.

< Output: The outcome of the calculations made by an algorithm is at least one output.

» Definiteness: Every algorithmic step needs to be clearly and accurately stated.

» Finiteness: There must always be a finite number of steps in an algorithm before it ends.

< Effectiveness: An algorithm's operations must be simple enough for a human to execute them
with paper and pencil in a reasonable amount of time.

< Generality: An algorithm should be able to handle a group of problems rather than simply one
particular one. It needs to offer a broad solution for several related problems.

Role of Algorithms in Computational Problem-Solving

in computational problem-solving process, the algorithms are considers essential, because they
provide a set of instructions to follow before actually writing the code in an programming

language, The following points highlights their importance:




» Algorithms are designed to be efficient in terms of time and space.

2 Algorithms automate repetitive and tedious tasks

3 Algorithms help in analyzing and breaking down complex problems into manageable steps.
3 Once an algorithm is designed and tested, it can be reused for similar problems.

& Algorithms provide precise and accurate solutions

» Algorithms are considered foundation of programming and software development,

Algorithm Applications

The algorithms can be applied to solve various problems such as

» Sorting and Searching: For organizing and retrieving data efficiently, algorithms like
quicksort, mergesort, and binary search are used.

» Graph Algorithms: For finding the shortest paths in navigation applications, Dijkstra algorithm
could be used.

2 Cryptography: TO provide privacy and security in online transactions, such algorithms be used
to encrypt and decrypt data.

2» Machine Learning: To learn from data and make predictions, machine learning algorithms like
decision trees, neural networks can be used.

2 Image Processing: To enhance image quality or compress the image to reduce size or even to
analyze images, Image processing algorithms could provide help. These have very critical role
in medical imaging, computer vision, and multimedia applications.

2.5 Logical Reasoning

Logical reasoning is the core part of algorithm development. Logical reasoning fits into
computational thinking in the followi ng ways:
3 Problem Decomposition: Logical reasoning is needed to guarantee that each component is

treated systematically when breaking large problems down into smaller, more manageable
portions.

D Pattern Recognition: Logical sequences and linkages are frequently recognized in order to
identify patterns in data or processes.

2 Abstraction: Logical thinking is needed to discern between pertinent and extraneous
information in order to simplify complicated problems by concentrating on the most important
features.

> Algorithm Design; To guarantee the accuracy and effectiveness of the process, logical thinking
isa crucial component of creating step-by-step solutions, or algorithms, to issues.

Uit 2: Compulabonal Thirking & Algormhms 3}
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Boolean Logic

In Boolean, two statements or expressions are evaluated ina
way that can only have one of two potential values as a result |
—either true or false. Boolean logic uses logical operator like |
AND, OR, NOT, etc. .
' — . Nolo
Fig.2.14: Boolean Logic

Is it hot?

The above diagram is evaluating an expression regarding today's weather “Is is hot", so it can have
either answer "Yes it is hot - represented with 1 or ‘No it is not hot - represented with 0. Following
are few of the most widely used operators with their Venn diagram and truth table.

'AND NOT

Bath terms iiihtr term Only ane term

QDIDIA0D)]

Fig.2,15: Yenn diagram of Boolean operators
A B AANDB | AORB | NOTA
False [ False |False False True
False |True |False True True
True False | False True False
True True | True True False
Table 2,1: Truth Table of Boolean operators
| Logical Reasoning Types

The logical reasoning questions of wither verbal or non-verbal, the concepts and issues in verbal
logical reasoning questions are stated verbally. To attempt such questions, first the provided
language or paragraph must be read, comprehend it, and select the appropriate respanse from
the list of possibilities. However, in non-verbal logical reasoning questions, the concepts and
issues are presented using figures, pictures, or diagrams.

Example
Among three colors (red, blue, and green), Aiza, Uzair, and Lugman each have different favorite

L OmpLE iGNt H’lli":h"u_}&,!l.llll'lnjl'.'ll'1r||". ?}
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colors, Use the clues below to determine each person’s favorite color.
»» Aizadoesnot like green
¥D Uzair's favorite color is blue
¥ Lugman does not like red

From second Clue, it is clear that Uzair's favorite color is BLUE, therefore other two persons can't
have blue as their favorite color.

From first clue, we came to know that Aiza does not like green and blue color is already the
favorite of Uzair, so left option is only RED

Now the only left over option is green, this also does not contradict the third clue. So GREEN is the
final option for Lugman.

Example
Look at the sequence of shapes below and determine which shape comes next.

AOOAOOA

To solve this, observe the pattern in the sequence, We have a a repeating pattern of Square,
Triangle, Circle. This pattern repeats every three shapes.

Following the pattern:

> After Square (1), Triangle (2), Circle (3)

2 It repeats with Square (4), Triangle (5), Circle (6)

» Again, Square (7), Triangle (8)

The next shape in the sequence, after Triangle, should be a Circle. So, the shape that comes next
isa Circle.

2.6 Standard Algorithms

In computational thinking, standard algorithms are fundamental methods used to solve common
problems. Understanding these algorithms helps to develop problem-solving skills and provides a
foundation for more complex programming tasks. Following are some standard algorithms:

Sorting Algorithms
These algorithms are used to arrange data in a specific order (ascending or descending)

T O F




Bubble Sort: Repeatedly steps through the list, : *
compares adjacent elements, and swaps them if Sbr"hﬂg ﬁlgﬂﬂ‘i’hmfﬁ

they are in the wrong order.

Selection Sort: Divides the list into a sorted and an
unsorted part, and repeatedly selects the smallest | Bl _

(or largest) element from the unsorted part to move | D '
to the sorted part. -

Merge Sort: Divides the list into halves, recursively
sorts each half, and then merges the sorted halves. c —

Insertion Sort: An in-place sorting algorithm that ~— Fig.2.16: Sorting Algorithms
builds the final sorted array one element at a time,
shifting elements greater than the current element to the right.

Searching Algorithms

Linear Search: A searching algorithm that sequentially
checks each element in a list until the target element is |
found or the end of the list is reached. |

Binary Search: A searching algorithm that works on
sorted arrays by repeatedly dividing the search interval in
half. It efficiently finds the position of a target value
within the array.

A

2.7 Steps in algorithm to solve computational problems

Core Concepts of Computational Thinking

These core concepts collectively help in designing systems and solving problems efficiently and

effectively in various fields. These concepts are:

2 Pecomposition: The problem that need solution could be a complex problem, that may not be
solved all at once. Therefore, in decomposition, the complex problems are broken down into
sub problems and these sub problems are solved one at a time. By this process, it becomes
understandable and simple. '

2 Pattern Recognition: We solve different problems in daily life, but when we analyse, many
problems have similar pattern. Identification of these similarities and differences in data or
problem helps you to make a general solution.

2 Abstraction: Focusing on the important information only and ignoring irrelevant details,
Abstraction helps in reducing complexity and makes it easfer to develop solutions.

2 Algorithms: Algorithms are the step-by-step solution of a problem. Each step defines some
rule to follow that can solve the problem, For automation and efficiency of a system Algorithms
are considered essential part of problem-solving.
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Fig.2.18: Venn diagram of Boolean operators
2.8 Abstraction

While solving problems, specifically
complex problems, the concentration

should be on core idea and unnecessary ‘ : . .
components should not be given more |

attention. By doing this, we are making ‘ '

our problems simple to solve and easy to '
understand. . Q @D E.

& Maps: For example, when we are using
maps application to reach to some

destinatmn,lwe view the map

abstractly, focusing on roads and Fig.2.19: Abstraction
landmarks and eliminate the minor S '
details like specific plants, trees or houses.

2 Symbols: We being a smartphone user, considers the icons as applications and does not care
about the complex code and procedures that are used to build these applications.

» Models: For example, when we plan to construct a house, we only consider architectural
models that represents simple depictions of structures. By doing this we can easily

communicate design without going into little details. .
Let us consider some examples of Abstraction in the filed of Computing

2 Programming Variables: In our programming chapter, we have dealt with data, and it is
abstractly represented by using different variables. Rather than, warking with constants we

use variables that make our solution generic and easier.

2 Functions: To make the programming job easier, we are given many built-in functions. These

functions are identified using some names and the programmer only call that function by their
names, rather than going into detail of activities/ procedures that this function contain. At

.t
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advanced level, the programmers also develop their own functions to be used at some later
stage in their programming jobs.

2 Object-Oriented Programming (OOP): In Object Oriented Programming, actual entities are
represented with objects. By doing this we conceal the complex details of their
implementation.

Example

Steps to Make a Cup of Tea:
1. Boil water.

2, Put tea bag into to the cup.

3. Fill the cup with boiled
water.

4. After some time, remove .
tea bag from the cup.

3. Add sugar (optional),
6. Add Milk (optional).
7. 5tir for sometime, Tea is ready.

2.9 Creating Generalized Solutions

The problems could be specific, but the best solution needs to be generic. The specific solution
could only handle that particular situation that is being faced at any particular time. However,
the generic solution could be any time to handle similar problems. This way, we can enhance
efficiency, scalability and reusability of our solutions.

Steps to Create Generalized Solutions

1. Identify the Core Problem:
% To understand the core problem, first your need

to understand specific cases of problems. Among [ Extract \\
these specific cases of problems, identify the VB
essential compenents that are common across ' '
different cases.

2. Extract Common Patterns; )

> \dentify Repeated patterns, In problems, there R

are some elements that occur periodically, [ Testwitn \l
identify such elements, Bifurcate the elements \EiTerent

Scenario

whether they are specific to the examples or
could be applied more broadly,




3. Develop a Generic Solution:

¥% Create such a solution that addresses both core and common elements of the problem. It
is better to use variables instead of constants, this will help you testing various inputs or
conditions.

Test with Different Scenarios:

2D Test the solution with a wide range of inputs to ensure validity of solution in different
scenarios. If needed, modify your solution based on test results,

Example: Sorting Algorithms

2 Specific Case: In sorting algorithms, the Bubble Sort is a specific solution that works by
swapping adjacent elements and this swapping is performed repeatedly, until we get a sorted
list of ftems.

> Generalized Solution: This sorting concept, however, could be generalized, as we have
various algorithms for this purpose e.g. Quick Sort, Merge Sort, and Heap Sort. Each of the

above algorithms use different strategies to sort the list of items, however, end result of each
algorithm is same.

Example: Calculating Area of shapes
< Specific Case: For calculating the rectangle area, we use the formula length = width,

2 Generalized Solution: There are various shapes, whose area need to be calculated.
Therefore, a generalized solution should be created to calculate the area of different shapes
(rectangle, circle, triangle). Because, each shape has its own formula, therefore, a fuhction
can be created that can handle different shapes along with their parameters.

2.10 Modular Design

Modular design is a fundamental concept in
software engineering and computational
thinking, focused on breaking down a
system into smaller, manageable, and
interchangeable parts, known as modules.
Example: In programming, functions or
methods are modules that perform specific

tasks. In Python, a function to calculate
the area of a rectangle:

ke T —
implement modular design.
Example: In web development, modular design can be applied through components and services.

Steps to Implement Modular Design

1. Define Modules: While solving complex problems, we divide the problem into sub prablems.
For each of these sub problems, there will always be core problem that needs to be handled.
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For solution of each such care problem, we may define modules.

2, Design Interfaces: Each of the above modules needs to interact with each other. To handle
this, connectivity of modules, interfaces for modules could make the job easy, This may include
input and output specifications for different interfaces.

3. Implement Modules: The modules (that are in fact solution of sub problems) needs to be
implemented according to their defined algorithmic steps and interfaces,

4. Integrate Modules: To come-up with a complete solution of the whole complex problem,
combine the modules of the complete system. However, it needs to be ensured that they
interact with each other correctly through their interfaces.

5. Test Modules: In testing, both type of testing is necessary, the separate module testing and the
complete system testing.

2.11 Algorithm Dry Run

The algorithm dry run means manual checking the execution of an algorithm by providing it
specific set of inputs. This helps not only helps to verify algorithm's correctness but also to
understand algorithm's behavior on certain inputs and conditions. By doing this, we are also able
to identify logical errors, if any.

Steps of Dry Run

1. Choose an Input: To test an algorithm, the first step is the selection of specific set of input
values,

2. Simulate Execution: to test algorithm working, each step of the algorithm is manually
performed by using the chosen inputs. However, it also needs to keep track of variables states,
that may change on performing specific operation.

3. Observe Output: After performing all the required steps of an algorithm, its final output is
observed.

4. Compare with Expected Result: The final output of the algorithm is crosschecked with the
expected result. If it matches then it means algorithm is correct, otherwise we review each
step to identify if some thing have gone wrong,

Example: Performing dry run of algorithm that finds largest number from a a list of numbers.
Algorithm:

i. Take a variable max and initialize with the first element of the list.

i, lterate through all the remaining elements of the list,

iil.Compare each element with the variable max,

iv. If the compared element is greater than the variable max, update max variable with the
compared element. -

v. Now max variable contains largest number return it.

AT

Example Input List: [3,1,4,1,5,9,2, 6]
o Unat:3 -;'f.-mr-;nI;|':|:.;|::-;§'_F_hT;1T} :'.



Dry Run:
1. Initialization:
3> max =3 (First element in the list)
Iteration (take element other than first in each iteration):
7 Compare 1 with 3: 11slessthan 3, so max will not change.
»¥  Compare4 with 3: 4is greater than 3, update value of max to 4.
77> Compare 1 with4: 1 s less than 4, so max will not change.
22 Compare 5with 4: 5 is greater than 4, update value of maxto 5.
77 Compare 9 with5: 9 is greater than 5, update value of max to 9.
»»» Compare 2 with 9: 2 is less than 9, so max will not change.
¥ Compare 6 with 9: 6 is less than 9, so max will not change.
Result:
30 maxcontains 9, return this value.

If you visually see your input list, 9 is the largest number and our dry run of the algorithm have also
correctly identified 9 as the maximum number. This shows that the algorithm steps are working as
intended. The dry runs are the powerful tool that can be used to validate the algorithm logic
before writing the code.

Trace Table

Atrace table are also used to verify the algorithm correctness. While tracing the algorithm, the
trace tahle records the values of variables and their respective change at each of the algorithm
step. The final values of the variables are considered final output of the algorithm,

inq: Current Element Max (Initial) Updated Max Comment

|ﬂ 3 3 3 Initialize max with first elemnent
1 1 3 3 15 3. 50 max remaing 3

2 4 3 4 4 > 3, so update max to 4

'3 1 4 4 1 5 4, 50 max remaing 4

4 5 4 5 5 > 4, s0 update max to 5

|5 9 5 9 9 » 5, so update max to 9

6 2 9 9 2.9, 50 max remalns 9

7 (1 9 9 6 £ 9. 0 max remains 9

End 9 Final result




In the above table at

- Step 0: Initialize max to the first element (3).

> 5tep 1: Compare 1 with 3, Since 1 is not greater than 3, max remains 3.
> Step 2: Compare 4 with 3. Since 4 is greater than 3, update max to 4.

- 5tep 3: Compare 1 with 4. Since 1 is not greater than 4, max remains 4,
*» Step 4: Compare Swith 4. Since 5 is greater than 4, update max to 5.

*» Step 5: Compare 9with 5. Since 9 is greater than 5, update max to 9.

-» Step 6: Compare 2 with 9. Since 2 is not greater than 9, max remains 9.
-» Step 7: Compare 6 with 9. Since 6 is not greater than 9, max remains 9.
-» End: The final maximum value is 9.

This trace table shows how the algorithm processes each element of the list and how the max
value is updated accordingly.

2.12 Errors

There are two of errorsand understanding these errors helps in developing accurate and effective
problem-solving strategies.

-+ Syntax Errors: Mistakes related to the structure of an expression or statement, similar to
grammatical errors in writing.

» Logical Errors: Mistakes in reasoning or planning that lead to incorrect conclusions or results,
akin to flawed problem-solving approaches.

Consider the example of Search Engine Query, where search engine returns irrelevant results due
toa both logical and syntax error in the query.

Query : "Best smartphones for college students under 500"

Here, the user meant to exclude used phones but gets results including them, it has the logical
ermor

so refine query will be
"Best new smartphones for college students under 500."

Still the user is getting irrelevant result due to syntax error of not writing the currency e.g PKR
S0, the refine query will be

“Best new smartphones for college students under PKR 500."
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2 Computational Thinking is a way of solving problems by using ideas from computer
science,

& Computing problem in computer science is one that is solved step-by-step through
computation.

¥ Indecision problems normally 'ves-or-no' response is found in a choice

Y insearch problems, the solution is made up by having a set of values that satisfy a certain
criteria.

3 Addition principle of counting is a basic idea for counting the total number of passibilities
that can accur when dealing with many events or options that are mutually exclusive.

¥ The Multiplication Principle is used when we are dealing with many events, and we have
toselect one option from each event.

2 A permutation is an arrangement of all the members of a set into a specific sequence or
order.

2 A combination is a selection of items from a set where the order of selection does not
matter.

2 The Pigeonhole Principle states that if more items are put into fewer containers than
there are items, at least one container must contain more than one item.

2 The Principle of Inclusion and Exclusion calculates the size of the union of overlapping
sets by adding the sizes of the sets and then subtracting the sizes of their intersections.

2 An algorithm is a well-defined, step-by-step procedure or set of rules for solving a specific
problem or performing a task.

» Sortingis the process of arranging items in a specific order.

» Searching is the process of finding a particular item within a set.

3 Logical reasoning is the basis for developing and evaluating algorithms, it is an essential
part of computational thinking

3 InBaoolean, two statements or expressions are evaluated in a way that can only have one of
two potential values as a result —either true or false.

3 Bubble Sort: Repeatedly steps through the list, compares adjacent elements, and swaps
them if they are in the wrong order.

3 Selection Sort: Divides the list into a sorted and an unsorted part, and repeatedly selects
the smallest {or largest) element from the unsorted part to move to the sorted part.

2 Merge Sort: Divides the list into halves, recursively sorts each half, and then merges
the sorted halves.
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Q1. Select the best answer for the following MCQs.
1. Identify the activity that is based on personal preferences rather than algorithmic logic.
a) Sorting numbers in a list.
b) Deciding what to eat for dinner.
c) Determining if a number is a prime number,
d) Calculating the square root of a number.
2. Counting Principle Problems could easily be understood by the use of
a) Graph representation b) Tree representation
c) Clock representation _ d) Map representation

3. In how many ways can you choose 2 out of 5 different books to take on a trip? (Order does not
mat‘ler} #

a)10 b) 20 c)15 d)5

4, A committee of 3 members is to be selected from a group of 8 people. How many different
committees can be formed?

a) 56 b) 84 c)28 d)120

5. You have 5 different shirts and 4 different pants. How many different outfits can you make by
choosing one shirt and one pair of pants?

a)9 b) 20 ¢)15 d)10

6. In how many ways can you select 3 different fruits from a basket of 7 different fruits? (Order
does not matter)

a)35 B c)56 d) 84

7. The Pigeonhole Principle states that if more items are placed into containers than the number
of containers, then:

a) Some containers must be empty

b) At least one container must hold more than one item
c) All containers will be full

d) Each item will be placed in a different container

il Book Foundation
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8. In a set of 50 students, 30 have completed a math project, 25 have completed a sclence
project, and 13 have completed both. How manystudents have completed at least one project?

a)i5 b) 40 c)45 d)50

9. Which property of an algorithm ensures that it produces at least one output after the
calculations?
a) Input b) Output c) Definiteness d) Finiteness

10.Which property ensures that an algorithm will eventually end after a finite number of steps?
a) Input b) Finiteness c) Effectiveness d) Generality

Q2. Write answers of the following short response questions.

1. Consider 3 boys and 3 girls want to team up as pair for the 14th August related student
performance at the school. Find the total rio. of ways these pairs could be formed using
Counting Principle Problems.

2. Suppose you have selected black pant to attend school function and have three options of shirt
tochoose, Find the total no. of ways you can dress up using Counting Principle Problems.

3. You are sitting at a study table doing homework. The penholder on the table contains 2 blue
pens, 1black pen, and 2 lead pencils. How many options do you have for writing?

4, For a race on sports day activities, a group of 20 students are given a race lane at random.
There are six students selected for the first race. How many different orders of the six lanes for

students may be chosen?

Q3. Write answers of the following extended response questions.
1. Fjaz, Javeria, Liaqat, and Zainab are standing in a line. Here are the clues to determine their
positions:
a) Javeria is standing directly behind Ejaz.
b) Zainab is not next to Liagat.
c) Liagat is not at the end of the line.
d) Zainab is standing in the first position.

In which order are they standing?
7. Provide students with a detailed map of their school. Ask them to create an abstract version,
highlighting only the main buildings and pathways.




1. Give students a problem that can be solved with a simple program. Encourage them to write
functions to handle different parts of the problem, abstracting complex operations into

manageable pieces.
4, Given the following web form inputs, identify any syntax errors and correct them
Form Inputs:
«» Name: AmjadAli < Email: amjadali@gmail <> Date: 01/01/2024

5. You have developed a web application that takes the budget head and provides total. Analyze
the following budget and identify any logical errors in the total amount.

Budget Example:
2 Rent: 51000
2 Utilities: $150
= Groceries: 5200
< Total: 51000+ $150 + 5200 = 51500

3 3
ﬁn Activity-1 |
I .
Provide students with a detailed map of their school. Ask them to create an abstract version,
highlighting only the main buildings and pathways.

- i
@- Activity-2 )
[ Give students a problem that can be solved with a simple program. Encourage them to write

functions to handle different parts of the problem, abstracting complex operations into
manageable pieces.

N =3
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f) Learning Outcomes

At the end of this unit students will be able to:

> differentiate between front-end development, and backend development of a
website.

> use more advanced HTML/CSS features in an appropriate environment.

2 use mare advanced programming constructs (lists, etc.) to create dynamic websites
using JavaScript as backend scripting

> implement complex algorithms that use more complex data structures (lists, etc.) in

JavaScript _
2 determine more advanced techniques (unit tests, breakpoints, watches) for testing e
and debugging their code in JavaScript - D
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3.1 Website Development

The development of a website first needs a plan, next tools & resources are chosen & gathered and
then it is constructed. It is impartant to first understand the purpose of the website and the
actions you would like visitors to do. Next, you design the navigation layout and appearance of
the website. The website is then created using code to accomplish your desired goals. Upon
completion, you test the system to ensure proper functioning. The website is finally launched and
accessible to everyone.

Awebsite development can be split into two segments, the front-end and the back-end. The most
COMMON reasons are:

< First of all, website development & mainlenance is easier when the front-end and back-end
are kept apart

< Secondly, not everyone is an expert at both, Developers may each concentrate on their areas
of expertise because front-end and back-end developers work independently. While back-end
developers take care of the technical details like databases and server logic, front-end
developers focus on making the website appear attractive and be user-friendly.

In a website the front-end comprises of everything you see and interact with, such as buttons and
images. It is designed to be user-friendly. Front-end developers are responsible for making the
website attractive and user-friendly. To do this, they use languages like HTML, C55, and
JavaScript. Front-end is also referred as client-side.

The back-end is where all the data resides and is displayed on-demand basis. Since, the data
generally resides on the server, the back-end is also referred as server-side. Back-end developers
ensure that everything functions properly behind the website. Back-end developers work on the
aspects of the website that you cannot see, such as data management, which they accomplish
using a variety of coding languages, like Ruby, Python, php etc, as shown in Fig. 1.

( Hational Book Foundition




When a user interacts with a webpage, the front-
end sends requests to the back-end which
processes these requests, interacts with
databases and generate dynamic content.

Websites with responsive design adjust their
functionality and layout to fit different screen
sizes, including those of desktop computers,
tablets, and mobile phones. One-size-fits-all
website design was the norm in the past, which
led to awkward presentations on smaller devices.
This problem is solved with responsive design,
which makes use of adaptable layouts via which
items are scaled in proportion to the screen in
terms of percentages rather than fixed pixel
values. For example, to improve accessibility on
a mobile device, a desktop menu may change toa
stacked menu.

For instance, for developing an online store and
to run it smoothly both front-end and back-end |
are required. Shops are created, using the front-

end technologies like HTML, €55 and JavaScript, for items to be purchased by the visitors. On the
other hand a database comprising of item details, cost and stock, etc. resides on the back-end.
When a customer places an order, the order information is sent from the front-end to the back-
end. The back-end then checks the data, updates the database and administers the stock.

3.2 Additional Features of HTML/CSS
3.2.1 Forms in HTML
HTML controls how web pages appear and navigate based on user input, HTML may display forms
containing text boxes and buttons that users can write or click on like the paperwork is filled out.
HTML creates spaces where text may be written, items can be selected from lists and check
boxes, etc. To take input on an online form, one very useful element for establishing several types

of input fields is the <input> element. It makes it easier to take user input in multiple ways in
forms such as buttons, checkboxes, text fields, etc.

*» Aparticular kind of <input> element called a list field' allows users to choose one or more items
from a list of already available options. These are frequently utilized for checkbox groups or
drop-down menus.

3 One more type of <input> button is a radio button. [t lets the user choose just one possibility
from a lict of options, which is preferred for choices that are mutually exclusive, like gender,




< Checkboxes are useful for lists of preferences since they allow users to pick multiple choices
from a group.

+» Button is also used to take input and is frequently used for completing forms, navigating to
different sites or execute various functions. The "submit” button is a typical example for
transferring information from a form to a server.

2 HTML also provides with labels which provide information for user. The <label> element is also
used to provide a clear title for each input field.

> The form that is used to gather user input is defined within 'form’ tag-pair.

For example, in the following lines of code, on second line a label provides information that
student’s name needs to be entered in the input field which is created with ID 'studentName'. The
input field is created in line 3 so that users may enter the student’s name.

form>
¢label for-"studentName™>Student Name:</labal>
<input types"text” id="studentName" name="studentName"><br><br>

With the 'select’ tag a drop down list can be created for selecting grade in which the student is.
Possible choices of values need to be provided in the next lines so that a drop down list is created
for user to choose from the provided choices, only. For instance, to provide choices of 3 classes
from 8 to 10, the code should be:
<label for="grade”>Grade:</label>
<select id="grade" name="grade">
<option value="1">8</option>
<option value="2">9¢/option>
<option value="3">10</option>
</selact><br><br>

Mutually exclusive scenarios, where only one among many choices can be true at a time, are
catered with radio buttons. To create radio buttons, the input type needs to be set as Tadio’
followed by the name for which the radio buttons are set-up and the respective value, for all the
choices.

<label for="gender”>Gender:</labal>

<input type=“radio” id="male" name="gender" value="male">
<label for="male">Male</label>

<input type-"radio" id-"female® name="gender” value="female">
<labal Ffor="female">Female</label><br><br>

On the other hand, for selecting multiple choices check-boxes are used. To create checkboxes,
we just need to specify the input type as ‘checkbex’ followed by ID. Additionally assign the label-
name with which the checkbox relates and the value. Thereafter a corresponding text (label) for
the user needs to be placed as well. For example, a student can participate in multiple sports so
the input can be taken using checkboxes as:

_o



<label for-"sports”»Sports Participated:</label><br>

<input type="checkbox" id="cricket" name="sports” valuez"cricket™>
<label for:"cricket"»Cricket</label><br>
¢input type-"checkbox” id-"badminton™ name="sports" value="badminton™»
<label for:"badminton">Badminton</label><br> '
<input type:="checkbox" id="hockey" name="sports” value="hockey™>»
<label for="hockey">Hockey</label><br>

<label for-"basketball”>Basketball</label><br><br>

<input type="checkbox" id="basketball" name:"sports” value-"basketball®>

The ‘for' attribute when used alongside
with the <label> element indicates the
form element with which a label is tied to.
Such input and label needs to be placed
for every input choice, like check-boxes.

. ) Sports Participated:
Lastly, there is a reset button using <input Cricket
type=Treset’ value="Reset’> that allows [0 Badminton
users to click it to clear every field in the 8 Hockey
form. If all the above codes are gathered O Basketball
in a single file, the output will look like as | Reset

shown in figure.

"OUTPUT: Student Name: Adil ' I

1

Grade: | 10 +

Gender: @® Male O Female

Lets us design a form for visiting the doctor, for the sake of appointment for a check-up. The code

is shown in Fig.3.

To gather particulars of the patients and details about the appointments, are as:

% 'form’ tag creates a formon line 8.

> The ‘action’ tells the form where the input data will be submitted, like ‘submit_form.html'.

3 The ‘method states the way of submissien of data, like ‘post.
Note that the different sorts of data are collected with various ‘input type’,

< “text”™ for names,

S "email” for email addresses,

> "tel" is used for phone numbers,

D "date” takesin the selected date and

% “time" for input time.

D “textarea” element creates a large box to write details for the visit.
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<1DOCTYPE himl>
chtml lange"en®s
cheads

ctitlerDoctor®s Visit Forme/titles
< fheads
cbody»

chl»Doctor’s Visit Forme/hl>

cform action="submit_form, html™ methods"post™> wp>Patient Information:</p>
9 ‘ <label Fore“name®sName:c/label»

cinput type="text” nome="name” id="name” reguiredr <br>

g

T

- R -

i | <input typea“radio” {d="male” names"Gender® wvalue="Male™»
11 clabel for="male™>Male</label>
14 cinput type="radio” ids="female” names"Gender® value="Female®>
15 | <label for="female™>Femalec/labely<brochrs
s
17 | cinput types“checkbox™ ids"visitl™ neme="visitl® value="First"»
iu ctlabel for="visitl®™> First Visit </label»
14 cinput type="checkbox™ id="visit2" name="visit2” value="Second®»
i clabel For="visit2”» Follow up Visit «/label»
21 cinput types"checkbox™ id="visit3® name="visitd™ value="Regular™>
22 clabel for="visit3™s Regular Check-up Visit</labels<brs <brs
23 '
24 J <label for="email”>Email Address:</labels
25 | <input type="email” name="email" id-"email” requireds <br>
26
27 ‘ <label for="phone”>Phone Nuaber:</label>
8 <input type="tel” name="phone™ id="phone” requiredy <brd,
29
El] I <p*Appointment Details:</p>
i1 <label for="date">Date of Appointment:</label»
32 <input type="date" name="date® id="date” regquired> <br»
33 '
14 <label for="time">Time of Appointment:</label>
in <input type="time"™ name="time" id="time" requireds> <br>
36 |
' 37 <prReason for Visit:</p>
ig <textarea name="reason” id="reason” rows="5" cols="38" placeholder="
. 9 Describe your reason for visit here..."»</textarea> <br>
40
41 <input types"submit” values"Submit">
a2 </form
43 </body>
44 </html>

S
Finally, there is a button for submitting the fo
output in Fig.4.
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Doctor's Visit Form (a)

Pabesi Informmatinn

Name: (A |
# Nale O Female
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Form Submitted !!!
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Design and create travel reservation
form, like that of Fig.4.

For the output shown in Fig.4, extend the
output for 5 records.

3.2.2Tablesin HTML

An easy approach to organize information on webpages is with tables. They work well for
presenting information in an easy-to-read and ordered manner. HTML provides option of tables
for viewing of data. A table's basic building block, a cell is a rectangular section that can include
text, graphics, etc.

The general structure of the table is created by arranging the cells in rows and columns. The
horizontal part that represents one line of information within a table and has a number of table
cells is called a row while the vertical classification is termed as column.

Aheader is a specific kind of table cell to name or classify information contained in other cells in
the same column. Usually headers are designed to be eye-catching to highli ght their signi ﬁcance

like bold, underlined, etc.

HTML provides several attributes for creating and modifying tables, with most commonly used

tags being:

D <table> tag indicates the beginning and end of a table. Everything inside is a part of the table.

3 The <trs tag creates a row inside the table. Everything between 'tr’ tag-pair covers a single
row.




The <th> tag refers to a table's header cell & contents in <th> cells are in bold and centered.
<td> tagapplies to ordinary table cells. It contains the real data.

<caption> tag puts a heading or description to the table.

<thead>, <tbody>, <tfoot> tags divide rows into parts, such as headers, major data and
summary.

colspan/rowspan options allow cells to span several columns or rows, which is convenient for
complicated layouts.

In continuation of our example, a sample website with a title is created next in Fig.5, such that a
table in HTML is created to display an appointment list. The 'head' section arranges the patient
name, date, time, doctor and reason for visit as labels on the top row of the table.

The actual information about appointments is in the 'tbndy"m:tinn, starting at line 1B. There are
two sample appointments available right now but we may add more. A 'tr’ tag is used for each
appointment in a row and a ‘td’ tag is used for each piece of information inside an appointment.

Fig.6 shows the output.

1 <IDOCTYPE html»

! <html lang="en">»

i <head>

4 <titlerDoctor's Visit Appointments</title»

5  </head>

b <body>

7 <h1xDoctor's Visit Appointments</hl>

a8 <table>

9 <thead>

10 <tr> |
11 <th»Patient Name</th> i
12 <thyDate</th> |
13 <th>Time</th> f
14 <th>Doctore/thy
15 <th>Reason for Visit</th>
16 </tr>
17 </thead> .!
18 <tbody> ]
19 <tr> |
20 . <td>Adil</td>
2 <td>2024-05-10¢/td> [
22 <td>10:08 AM</td>
23 <td>Dr. Shams</td> !
24 <td>Fol low-up</td> :
25 </tr> i




| 26 ctrs

27 <td>Zaki</td>

25 <td>2024-85-15</td>
2o <td>2:00 PM¢/td>

30 <td>Dr. Qamar</td>
3] <td>Check-up</td>
32 <ftr>

i3 </tbody>

3 </table>

15 </body>

‘v </html>
DO - R |
@Il | Doctor's Visit Appointments

Patient Name  Date Time  Doctor Reason for Visit
Adil 2024-05-10 10.00 AM Dr. Shams Follew-up
Zals 2024-05-15 2:00 PM  Dr Qamar Check-up

Though all information is visible on the website in the table, but it is quite congested and hard to
read. So, to tidy up and expand the table for better readability we need to know that the link
between the borders of neighbouring table cells is determined by border-collapse as shown in
Fig.7. The table becomes neater and more compact when the borders are set to “collapse” which
causes them to combine into a single line. On the other hand, when the option is set to “separate,”
the edges stay distinct and the image seems larger.

<h4>Table with border-collapse: collapse</h2>
<table>
<tr>
<td»Cell 1</td>
<td>Cell 2</td>
</tr>
</table>
¢h4>Table with border-collapse: separate</h2>
¢<table border="1" border-collapse="separate">
<tr> Table with border-collapse: collapse
11 <td>Cell 1</td>
1 12 <td>Cell 2¢/td>

13 <ftr> Table with border-collapse: separate
14  </table>
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The ‘caption’ tag provides an overview of the data by placing a caption on top the table, as shown
online 21 in Fig.8B.

i < |DOCTYPE himl>»
2 <html lang="en">
3 chead»
. 4 <title>Doctor's Visit Appointments</title>
5 cstyle>
b table {
7 border-collapse: collapse; <z
8 }
9 th, td {
10 padding: 10px; o=
11 text-align: left; <=
12 } ii
13 th { = 0
14 background-color: Mgray; L=
15 }
16 ¢/style>
17 </head>
18 <body»
19 <hl»Doctor's Visit Appointments</hl>
20 ¢table>
21 <caption>List of upcoming appointments</caption> =
22 <thead>
23 <tr>
24 <th>Patient Name</th»
25 <th>Date</th>
26 <th>Time</th>
27 <th»Doctor</th>
28 <th>Reason for Visit</th>
29 <SfEry
10 </thead>
il <tbody>
32 ctry
13 <td>Adil</td>
34 <td»>2024-05-18</td>
35 <td>10:00 AMc/td>
36 <td>Dr. Shams</td>
7 <td>Follow-up</td>
in </tr>
39 ey
40 <td>Zakic</td>




41 <td»2024-85-15¢/td> 1
32 <td>2:00 PMc/td>
A <td>Dr, Qamar</td>
Al <td>Check-up</td>
45 oftr>
a6 </tbody> '
al </table>
45 </body> .
BRE [Doctor’ : B act
(el Doctor's Visit Appointments T2Vl Activity-4 }\
List of upcoming appopitments Desi timetable of r
Patient Names Dats Time Dactor Reason for Visi ':El'.l in ED o
class in html, similar to
Adl 2024-05:10 10.00AM  Dr Shamy  Follow.up Fig.9. Add caption
sk 3024.05.15 200PM  Dv Qama  Check-up Timetable for Grade 10,

papportmene, Tl \_ /

Padding is the distance between a cell's border and its content. Padding can be placed to the cell’s
four sides or specifically ta its left, night, bottom or top.

1 «table border="1"
border-collapse="border-collapse™s
ctr>

<td style="padding: 1@px"»Cell Number

1</td>
4 ¢td style="padding: 2@px"»Cell 2¢/td>
5 <td style="padding: Spx">Cell 3¢/td>
]
7

PR

—

Cell Number | | Coll2 |Cell3

</tr> ) .
(ftlbll' b ] q

e e e D Ay S |

The space among the borders of neighbouring table cells is known as ‘cell spacing’. By adjusting
the distance between cells, you may make the table appear lengthened.

1 -~ <table border="1" cellspacing="28">
2 ¢t

3 ¢td>Cell Number 1</td>

4 ¢td>Cell No. 2</td>

5 <td>Cell 3¢/td» T e o
6 </tr> -
7

</table>
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You may choose the background color of a table, table row, or specific table cell using background
color.
1 <table border="1" style="background-color:
Oyellow;">
<tr)
<td>Cell 1</td»
4 <td style="background-color: [lcyan;
“sCell 2¢/td>
ctd>Cell 3¢/td>

- [celt1[cen2cen 3]

' ¢</table> ‘ :

To improve the table’s appearance, these basic CSS are applied and evident from output in Fig.8.

‘border-collapse’ removes additional bi nes between cells to make the arrangement look more
organized (line-7). PRE

Paddhg adds some space around each cell so that cell's text becomes easier to read. (line-10)
text-align causes the left side of the cell text to align. (line-11)
" Tohelp the table headers prominent, a gray background is provided. (line-14)

Another alternate style for displaying the table is to fill the whole breadth of the available area as

highlighted in Fig.13. Athin line is added around each cell such that each cell in the table stands
out clearly, as shown in Fig.14.

TERR

o oW

e

1 <IDOCTYPE html>

2 <html lang="en">

3 <¢head>

4 <title>Doctor's Visit Appointments</title>
5 <style>

6 table {

7 border-collapse: collapse;

8 width: 100%;

9 }

10 th, td {

11 padding: 10px;

12 text-align: left;

13 border: 1px solid DOlightgray;
14 }

15 th {

16 background-color: Mgray;

17 }

18 ¢</style>

19  ¢/head>




20
21
22
23
24
25
26
27
28
29

30
i1

32
i3
id
35
36
37
I8
39
40
4]
42
43

45
46
47
48
49

OUTPUT

<body>
¢h1>Doctor's Visit Appointments</hl>
¢table cellspacing="0"> <thead>

<Er>
<th>Patient Name</th>
<th>Date</th>

<th>Time</th>
<th»Doctor¢/thy
<th>Reason for Visit<¢/th»
</t
</thead>»
<tbody>
<tro
<td>Adil</td>
<td»2024-05-18</td>
<td>10:00 AM</td>
<td»>Dr. Shams</td>
<td>Follow-up</td>
<ftr>
<tr>
<td>Zaki</td>
<td»2024-085-15¢</td>
<td>»2:00 PM¢/td>
<td>0r. Qamar</td>
<td»Check-up</td>
</tr>
</tbody>
¢/table>
</body>
</html>

Patient Nama Drata Tima Doctor

2024-05-10 10:00 AM Ds. Shams

2024-05-15 200 PM Dr. Qama

Reason for Visit
Follow-up

Check-up




3.2.3 Animations in CSS

We can easily change the appearance and movement of elements on a webpage via C55 animation

like rotate objects or change color. The animation involves creating a number of key-frames that

specify the item's styles at different intermediate moments and sequence in the animation. An

element’s style during animation is specified by the ‘@keyframes’.

< To represent each keyframe's location in the animation time-line, a percentage value (ranging
from 0% to 100%) is provided (line 15-17).

< The <div> tag on line 22 acts as a container that groups and styles other components as a single
unit. It is a useful method for structuring components on websites in a logical manner. It fs used
for layout purposes.

< Formatting the elements of HTML is defined using the <style> tag. The <head> portion of a web
page can contain the <style> tag and the matching page elements receive the styles specified
init.

In the code of Fig.15 we create a basic C55 animatiqn by spinning a red box repeatedly.

1 <|DOCTYPE html»

2  <html lang="en">

3 <head>

4 <title>Simple Animation</title»

5 <style>

6 #animated-box {

7 margin-top: 50px;

8 margin-left: S5@px;

g9 width: 10@px;

10 height: 100px;

11 background-color: Mred;

12 animation: spin 2s infinite linear; <mm
13 }

14

15 @keyframes spin { <um
16 from [ transform: rotate(0deg); )

17 to { transform: rotate(360deg); )

18 )

19 </style>

20 </head>

21  <body>

22 ¢div id="animated-box"></div> <=0
23 </body>

24 ¢/html>
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An ‘animated-box’ ID is created with the 'div’ element.
Additionally, using inline CSS we directly define the style
using ‘style' tag in HTML head. We implement a spin
animation to the element denoted with the ID "animated-
box" in this example as shown in Fig.16. This two-second
animation (as specified on line 12) repeats itself indefinitely,
where the element’s start (0 degrees) and finish points are
specified (after executing an entire 360-degree spin).

Another example animation is of changing color of the text in a webpage. The code is shown in
Fig.17. This animation changes the color of the text the |D “animated-text” assigned to it. The
'@keyframes” rule defines the animation and establishes the order in which color changing take
place, The applied animation is called "colorChange” and it animates the text to smoothly change

from blue to green every twa seconds as shown in Fig. 18.

Create a rectangle that changes
color from red to orange and
then orange to blue, with an
interval of 5 seconds.

| <IDOCTYPE html>
chtml langs"en"»
cheads
ctitlesColor Change Animation</titles
¢styler
" #animated-text |
/ font-size: 2ipx;
H color: Mblue;
L animation: calarChange 7 infinite alternate;

[ }

12 @keyframes colorChange

14 from | color: Eblue; |

14 te | color: Mgreen; |

1% }

It ¢fstyle>

¥ ¢/head»

I8 <body>

1% ¢p id="animated-text">This text will change colorl</p>
A ¢ fbodys

21 ¢/html>




(A) (B)

This text will change color!] [This text will change color!

L4 g 10 Chaining Cow

We can further extend it to a paragraph where the text in paragraph highlights in various shades

of yellow repeatedly, i.e. from lighter to dark shade. This is a simple animation that instead of

changing the color text, changes the background color repetitively. Code is listed in Fig. 19.
Initially this code creates a paragraph element with the ID "highlighted-text".

Then, to target this specific element, inline CSS styles are applied. An animation with the term
“highlight” is used; it repeats endlessly for two seconds.

This animation highlights the text by changing its background color from translucent to
yellow.

The "@keyframes” rule is used to outline the actual animation sequence.

The text is initially not highlighted and has a translucent background but is changed to yellow to
properly emphasize the content as shown in Fig.20.

I <IDOCTYPE himl>»

} <html lang="en™»

I cheads

1 ctitle>Text Highlighting Animation¢/title>
Y <styles

b Bhighlighted-text {

/ font-size: #0px;

i color: Mblack;

i background-color: transparent;

L animation: highlight /. ease-in-out alternate

infinite;
11 }
12
1 Bieyframes hipghlipht {
14 from | background-color: transparent; |
15 to | background-coler: Oyellow: |
1o }
17 ¢fstyles
16 <fhead>
19 <body>
bl ¢p 1da“highlighted-text®>This text will be
highlightedl</p>

21 </body»
17 </htal>

This text will be highlighted!




The whole table including headers and data cells is uniformly styled. Table borders, padding and
alignment are managed by properties like "border’, “padding’ and " text-align’; resulting in a well-
organized layout. Every alternate row is given a different background color via the ‘nth-child{odd)
‘rule on line 18. This way all the odd numbered lines will have different background color.

On line 22, the '#footnote’ rule applies styles including animation and font size to attribute
having the 1D "footnote™. The “highlight” animation is defined by the ' @keyframes highlight’ rule
on line 27, which changes the footnote’s background color from translucent to yellow and back.

Now, let us add the animation style in the Doctor's appointment table in the form of a footnote.

The carresponding code is in Fig.21.

1 <¢IDOCTYPE html»

2 <html lang="en">»

i <head>

4 ¢titlesDoctor's Visit Appointments</title>

5 <style>

6 table {

7 border: 2px solid Ollightgray;

8 border-collapse: collapse;

9 }

10 th, td {

11 padding: 1@px;

12 text-align: left;

13 }

14 th {

15 background-color: [Jlightblue;

16 color: Owhite;

17 }

18 tr:nth-child(odd) { 4=n
19 background-color: [gray; -1
20 )

21

22 #footnote { A=
23 font-size: 12px;

24 animation; highlight 2s ease-in-out alternate infinite;
23 }

26

27 @keyframes highlight { <=
28 from { background-color: transparent; }

29 to { background-color: [lyellow; }

30 }

31 ¢/style>
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32 «</head>

33 <body>

34 <hl»Doctor's Visit Appointments</hls

EL <table>

16 <caption»List of upcoming appointments</
caption>

37 <thead>»

38 <try

39 <th>Patient Namec/th>

a0 ¢thxDate</th>

41 <th>Time</th>

42 <th»Doctor</th>

43 <th>Reason for Visit</th»

44 <ftr>

45 </thead>

46 <tbody>

47 <tr>

48 <td>Adile/td>

49 <td>2024-05-18¢</td>

50 <td>10:00 AM</td>

51 <td»Dr. Shams</td>

52 <td>Follow-up</td>

53 <ftry

54 <kr>

55 <td>Zaki</td>

56 <td>2024-85-15¢/td>

57 <td>2:00 PM</td>

58 <td>Dr. Qamar</td>

a9 <td>Check-up¢/td>

62 </tr>

61 </tbody>

62 <tfoot>

63 <tr>

64 <td colspan="5" id="footnote">* The

appointments may subject to change.</td>

bS5 </tr>

66 </tfoot>

67 </table>

68  «</body>

69  </html>
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Doctor's Visit Appointments

[ 1 sk ol Pt SprsamisiTRe ey

Adil 2024-05-10  10:00AM  Dr Shams  Follow-up

Zaki 20240515 200PM  Dr Quamr  Check-up

* The sjpoasiserm Sy i & ¢hangs,

The footnote at the bottom of the table is highlighted as can be seen in Fig.22. “@keyframes
highlight" rule as defined on line 27 is used for this animation property. For this a single tale cell
with the ID “footnote” spans over all the columns on line 64. Such highlighted fnotnotes are quite
useful for projecting important information.

3.3 Advanced Programming Constructs in JavaScript

Conventional wehsites are static since they are only made with HTML and CSS. Every time a user
visits the website, the same content is displayed. This configuration is sufficient for basic
informative webpages; however, JavaScript is used to provide further interaction. Few reasons
that sophisticated programming concepts is crucial when using JavaScript to create dynamic

webpages are as follows:
“1‘“"' cn

Interactivity

User input such as clicks, scrolling, and form submissions are
not supported by basic HTML. Writing code that responds to
these events is made possible by JavaScript, which enhances
the user interaction on the website, When a button changes
color or a form verifies your data before submitting, such
functionalities which manage user interaction are examples
of JavaScript enhancement.

DATA HANDLING | Datatandiing

In order to show information about products or user
comments, for example, websites frequently need to
interact with data. Functions & loops are examples of ideas
that help manage and change this data. For instance, you
might use functions to carry out computations depending on

— user input or a loop to List things from a database and plot
them in the forma graph .

Dynamic Content Updates
in the absence of JavaScript, modifying the content of a website requires a page refresh, Updates
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to some sections of the website may be made without a page reload using JavaScript, which
enhance user involvement and performance. For example a newsfeed that updates itself with
new content without requiring you to click on a "refresh” button.This way, manulal clicks are
minimized for newer content updation.

Complex User Interfaces

Drop-down menus, picture slideshows, live chat
and other such compenents are common on DYNAMIC CONTEN
. modern websites. This can only be
accomplished via manipulating the webpage
structure, using JavaScript. However at times, if
the focus resides more on incorporating more
and more features rather than the layout and
navigation; it can result in redundancy. Hence, a
complex user interface may arise as shown in
Fig. 26, where every option is accessible from main menu as well as side menu.
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Javabcript arrays are a good way for organizing sets of similar data as they allow storing numerous
values in a single container. For instance:

Let's say to store names of fruits, distinct variables for every fruit type will look like:
"apple” be fruit1, "banana” be fruit2, "orange” be fruit3, etc.

Alternatively, you may keep every fruit in a single variable by using an array. Creating an array
will look like this:

const fruits = ["apple”, "banana”, "erange™]:

A JavaScript array's index is used to access each element and starts at 0. This indicates that the
index of the first element is 0, the index of the second element is 1, and so on. As stated above,
our array is named ~fruits’ and contains the words “apple”, "banana” and "orange". Every object
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has an index number where the object is placed in the array. First, "apple” is placed at index 0,
followed by "banana” at index 1, then "orange” at index 2. In JavaScript, an array can store various
types of data, such as alphabets, numbers or a combination of both.

To traverse elements of an array and if same operation needs to be applied on several
companents, loops are used. To demonstrate the use of loop that iterates through every item in
the ‘fruits' array and outputs the result to the console is as follows:

¥ for (let i=0; i < fruits.length; i++)

2. | apple

3. console. log(fruits[i]); banana
4, } orange
Key points about arrays:

2 Youmay use push()’ to add more items to the end and "pop()’ toremove items from the end.
<& Use ‘length()’ to find out how many items are in the array.

& Togo through every thing in the array, you can use a ‘for-loop’.

JavaScript arrays are flexible in a sense that they can expand or contract to accommodate
additions or deletions of items. JavaScript does not require that every element in an array be of
the same type, as compared to several other programming languages. Hence, different types of
data can be combined in a single array. Arrays are a good tool to manage groups of data in
JavaScript code.

Let us start with a simple program to calculate the sum of first 10 positive integers using a 1or-loop

on line 13 as show in Fig.27. Thereafter, it stores the integers in an array using push() function.
line 15 and later prints these numbers and the sum; as can be seenin Fig.28.

<IDOCTYPE html>
<html>
<head>
<title>Sum of First 18 Integers</title>

1

2

3

4

5 <fhead>

6 <body> r—( Do you knnrw?)_\
7

B

9

¢<scripty In JavaScript, you can move around

function calculateSum() { an object’s structure by using the dot
operator (.) for obtaining the

ﬂ-i

10 if: sum "'“l- i parameters and methods of the
i; et numbe : object. Either to get the value of a

_ r property from an object (use the dot
13 for (let i = 10; 1 <= 10; i++) | 4 operator and then the name of the
14 sum += 1; property) or tocall a function.
15 numbers.push(i); =
16 } \ )




17
18

19
20
21
22
23
24

25
26
27
28
29
30
31
32
33
34
35
36
37
18

On line 9, we define a function namely -
Calculate Sum
‘calculateSum()’, in which a for-loop is { J OUTPUT

document . getElementById( “sumDisplay”).textContent = “The sum of the
first 10 integers is: " + sum;

let output = "The first 10 integers are: [ *;
for (let i = 0; i < numbers.length; i++) |
output += numbers[i];
if (i < numbers_length - 1) {

L] i

output += ", ";

}

output += "]";
document . getElementById( "numberDisplay™}.textContent = output;
)

<fscript>

<button onclick="calculateSum()">Calculate Sum</button>
<br>

<p id="numberDisplay™></p>

<p id="sumDisplay"></p>

</body>
</html>

=

executed starting from 1 till 10. On line 14, a | The first 10 integers are: [ 1,2, 3,4, 5,6,7, 8. 9, 10

variable ‘sum’ which has initial value of zero,

is added with the index *i*. This way , by the [The sum of the first 10 integers is: 55

line the loop terminates, we will be having s

the sum of all the ten numbers, stored in variable ‘sum’. Noteable point is the next line where the
index is stored in the array using push() function, which will always append (add to the existing)
array value of 'I".

ﬂ )
%h Activity-3
Change the code of Fig.27 for the following output:

ri ™

The[TexT] 10 integers are: [ 11, 12, 13, 14, 15, 16, 17, 18, 19, 20]

The sum of theext]10 integers is: 155 J
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42

<IDOCTYPE html>
<html lang="en">

chead>
<title>Shopping Liste¢/title>
<style>
table {
border-collapse: collapse;
width: 100%;
1
th, td {
Elddin:: Vg ;
order: Ipx solid LIJLIghTEray;
text-align: left;
}
</style>
</head>
<body>

<h1>My Shopping List</hl>

¢input types"text” id="newItem" placeholder="Enter item name">
¢<button onclick="addItem()">Add Item</button>

<br>

<table id="shoppinglListTable"»></table>

¢script»
let shoppinglist = [];

function addItem() {
const newItemName = document.getElementByld

("newltem”).value;

if (newItemName |== "7) |
shoppinglList.push(newltemName);

document . getE lementById(“newltem”).value = "7,

updnthhgppingLiitTahlc{);

| else |
alert("Please enter an item name!”);

1
}

function updateShoppinglistTable() {
const table = document,getElementByld
{"shoppingListTable”);

CE T O T TR



43

a4 table.innerHTML = **;

45

4h const headerRow = document.createElement("tr");

47 const headerItem = document.createElement("th");
48 headerItem.textContent = “Shopping List Items”;

49 headerRow. appendChild(headerItem);

50 table.appendChild{ headerRow) ;

51

52 for (let i = 0; i ¢ shoppinglList.length; i++) |

53 const itemAow = document.createElement(“tr");

54 const itemCell = document.createElement("td");
55 itemCell.textContent = shoppinglList[i];

56 itemRow. appendChild(itemCell);

57 toble.appendChild{itemRow);

58 ]

59 }

60 </script>

61  «</body>

62  <¢/html> |

(@) My Shopping List (&) | My Shopping List

[Etar dorn namn || Add nom | nh-;pﬂul-.m“mn

R
Ailk
gy
Fpn
The next code of Fig.29 shows how to use a JavaScript array to handle a shopping list. The array

keeps track of the item names and the functions in the code handling of adding new items and
updating the list on the webpage automatically.

The webpage has a heading, an add-item button, a text box where you may write the products
and a table that shows your shopping list.

We maintain the list using JavaScript, as:

) The items are being added in an array we call “shoppinglList”.

& The "additem()" function is activated upon clicking the "Add Item" button which checks to see if
the box has entered text that is then added to the “shoppingList™ and the box is cleared to be
rewritten.




2 After that the new item is then shown in the table by using a different function called
“‘updateShoppingListTable()".

P Additionally, a top row labeled "Shopping List Items™ also is visible.

2 Lastly, it adds each item to a new row in the table by going through the “"shoppingList” one by
one. In this manner, any chosen item to be purchased is added to the table.

The respective output is shown in Fig. 30.
The major functions associated with arrays in JavaScript are:

2 Push() function adds the value at the end of the array. In the following code, initially an array is
created and later another value is inserted using the push() function that appends at the end.

Code: Output:
oddNumbers = [1, 3, 5, 7, 91; Initial array: 1,3,5.7,9
oddNumbers,push(11); After push(11): 1.3.5.7.9.11

2 Index0f() function searches for and locates the given element in an array. If present, it returns
the index number where the said element resides. For instance:

Code: Qutput .
i oddNumbers . index0f(11); Index of last added number (L1): 5_;

*) ToString() function when applied to an array, converts all the elements of the array into a
_single string, such that elements are seperated by commas. Such as:

Code: ) Output: _I
Cﬂmbinedﬁr'r‘a}‘ 3 tDStr‘iﬂgi Ihj 1'3151?19111}17416!8110
2 Concat() function merges 2 arrays, like: - o
Code: Output:
evenlumbers = (2, 4, &, B, 18], 9 |
:ﬂ'ﬁhiﬁﬂﬁﬁrr'a} = gddiumbers . concat auanluhbarsl; I'Jiij_'l_l'hffiﬂil_u__ '
d Slice() function creates a new subset array of the original array. For example:
Code: Output:
| wddNumbers . slice(2, 4); Slice of 2 consecutive numbers: 5,7

3.3.2 Bullet Points in HTML

Recall that, you may create lists with bullet points in HTML in two major ways:

2 Unordered List (<ul>):
Lists with bullet points that often resemble squares, circles, or other symbols fall under
this category.

2 Ordered List (<ol>):
Lists with bullet points that are numbers (1, 2, 3, etc.) in order fall under this category.




Now, let's modify the doctor appaintment example to use an unordered list and incorporate
several pricing packages. The code is shownin Fig .31,

1 <IDOCTYPE html>»

? chtml lang="en">»

i cheads

4 ctitle>Doctar's Visit Appointments</title>
5 <style>

1 table {

7 border: 2px solid Mblack;

G border-collapse: collapse;

1] }

10 th, td {

11 padding: lupx;}

14 text-align: left;

13 }

14 th

1% background-coler: [Jlightblue;
16 color: Owhite;

17 }

i trinth-child{odd) {

16 background-color: [Olightyellow;
20 }

21 <fstyle>

27 <4/head>

21 <body>»
24 chiDoctor’s Visit Appointments</hl>
25 <table>
26 <caption>List of upcoming appointments</caption>
27 cthead»
2R <Ery
29 <thrPatient Name</th>

0 <thsDatec/th>

b} <th>Time</th>

12 <th»Doctor</th>

13 ¢thaReason for Visite/the

14 eftrs

15 </thead>

b cthody>

LY <try

18 <tdrAdil</td>

39 <td»>2024-05-10¢</td>
a0 <td>10:00 AM</td>
4] <td»Dr. Shams</td>
4} ¢td>Follow-upe/tds
a3 ftes




a4 <try
.45 <td>Zakic</td>
46 <td»2024-85-15¢/td>
| 47 <td»>2:88 PMc/td>
dd | «td»*Dr. Qamar</td»
| 49 <td>Check-up</td>
50 oftry
51 </thody>
52 ctfoat:
53 ekry
54 ¢td colspans="3"%
| 55 ®* This table displays a sample list of appointments. <br>
56 "Sfee Packapes:
54 €l
. 98 ¢lisStandard Consultation: RAs.500</11
59 ¢<lirFollow-up Visit: Rs.380</li>
i <li»Comprehensive Check-up: Rs.1,000¢/1i>
&l cfuls
il <ftdy
63 ftrs
i </tfoot>
65 ¢frables
66 ¢/body>

a7 </html>

T il

Doctor's Visit App;inhnents

Ll o e iag) dppoiicaany
Adil 20240510 10:00AM D Shams  Follow-up
ZLaki 0240518 200PM Dr Qamar  Checkeup

* Thas tahie displavs o sample Ust of appoabments,
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* Compeehensive Chock-up: Fa.1.000
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The colors can either be named or
their respective hexadecimal code
can be used.

For example, the color name
‘LightBlue’ can be replaced with
#ADDBES. A detail list can be found
at https:/ /htmicolorcodes.com .

line 52. Earlier code is unchanged. An unordered list (bullet points) may now be found after the
footnote on line 57. In this list, each fee package is represented by a list item (*li°) element. The
line break (<br> tag) is inserted between the phrase “Fee Packages:" and the asterisk (*) symbol to

make it easier to read and helps in understanding the content, as shown in Fig.32.
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3.3.3 Bullet Points can be Values from Arrays

The next example demonstrates how to create dynamic web page features with JavaScript and
arrays. The code creates a simple shopping list to which users may add new items. The
‘shoppingltems’ JavaScript array contains the list of items. The content of the array is used by the
updateList() method to create list. Any modifications made to the array are therefore reflected
in the list, The code is shown in Fig. 33.

1

1  <IDOCTYPE html>
2 v <head»
3 <title»Shopping List</titles
4  <¢/head>
5 « <body>
6 ¢hl»My Shopping List</hl>
7 <ul id="shoppinglist"s</ul>
B v <script
a const shoppingItems = ["Milk", "Bread”, "Eggs”, "Apples"]; <mm
10 3
11 ~ function addItem() { ’
12 const newltem = document.getElementByld("newItemInput"),value;
13 shoppingItems.push(newItem);
14 updateList();
15 }
16
17 v function updatelist() { <=
18 const listElement = document.getElementByld("shoppinglist™);
19 listElement.innerHTML = "";
10
1 ~ for (let i = 0; i < shoppingltems.length; i++) {
22 const item = shoppingltems[i];
23 const listItem = document.createtlement("11i");
24 listItem.textContent = item;
25 listElement.appendChild(listItem);
26 }
27 }
28 updatelist();
29 </script>
30 <br>
31 <input type="text" id="newItemInput" placeholders"Enter new item">
32 <button onclick="addItem()">Add Item</button>
33 </body>
34 </html>
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As can be seen in Fig. 34, the webpage has a heading "My Shopping List", an empty list that displays
the items in bullet points and a box where you can enter additional items and an ‘add item’
button. The “shoppingltems"” list defined on line 9 in this code maintains record of all that we add.
The "additem” function is activated upon clicking the “Add Item” button. The text we entered in
the box is added to the “shoppingltems” list by this function. The “updateList” method on line 17 is
then called in arder to énsure that the new item is displayed in our list on the webpage.

Ablock of code which is repeatedly used for a particular cperation is called a function. Afunction
may be defined once and called several times in the program which simplifies code and decreases
lines-of-code. When defining a function the "function’ keyword is used followed by the name of
the function and parenthesis for any input parameters.

The code for the function is enclosed in curly brackets. The function "updateList” locates every
item on the web page and removes any content that is already there. Subsequently, it iteratively
moves through the "shoppingltems” list, converting each ftem to a bullet point and appends itto
the list displayed on the website, In this way any purchase is constantly added to the list.

3.4 Complex Algorithms in JavaScript
3.4.1 Array & List are Similar
Anordered sequence of elements is called list. Alist is an Abstract Data Type (ADT), where an ADT
is the data type which acts for defined operations only. In simple words, though JavaScript
provides some basic data types to use but allows to introduce newer data types that are abstract,
for which the definition and corresponding operations need to be explicitly mentioned.
Arrays and lists are JavaScript data structures that can hold and manage collections of data. Lists
and arrays may both arrange things in an ordered fashion for a set of elements. Every element is
stored and accessed via an index number which starts at 0 which shows its position. Based on this
index number, values can be searched for and updated if required.

Both are able to hold all types of data, i.e. an array or list can include words, numbers or even a
combination of the two. Both are able to expand or contract to hold items, since adding or

removing of items as required is quite easy. In simplest form, list is implemented using array,




Major Differences:

> Array is a collection of items, that are stored in memory at contiguous location, whereas list
consists of memory locations that are not necessarily contiguous .

2 Square brackets [ ] indicate that an array is a built-in JavaScript tool. Lists are not a
component of JavaScript. Tools like arrays are frequently used to create them.

< Since arrays have a fixed arrangement, adding or deleting elements may require some
rearranging. Based on how they are constructed, lists can be resized more easily.

2» The functions of Arrays are already available, such as to add and remove an item. Lists may
need additional steps and are flexible enough to incorporate newer functions and operations.
For example, we can define a function ‘getElement()’ to view the value of current element.

> Arrays are best suited for working with numbers, while lists are chosen for general usage.
Selecting Among Lists and Arrays: .
Arrays are a great option for the majority of sin:nple JavaScript tasks since they are simple to use.
However, if you want something more Versatile, list are more suitable.

3.4.2 Find an Elementina List

The standard procedure is to search the entire list until you locate the item you're looking for.
Here's a basic example that demonstrates how it works. Initially, every item in the "Shopping List™
list is shown i.e. bread, apples, milk, and cheese. Thereafter it searches for a certain item (like
"milk”) and indicates in the "Result” whether or not it is included in the list.

The shopping list's algorithm and how it finds a certain item is as:

Algorithim:?

~ R
1. Initialize:

(a) To store shopping goods, create an array called shoppingList.

(b) listContent ({string): This is how the shopping list is put together for
presentation,

(c) The item to be searched foris held in itemName (string).
2. Enlisting Shopping List (the initial Loop):
(a) Iterate shoppingList array using a loop.
3. Within the loop:
{a) Update the listContent string with the current item.
(b) If this is not the final item, separate it with a comma and leave space.
(c) Using the entire listContent string, update the HTML section with the ID "list".




i ™

4. The second loop:
(a) search for an item by going over everything in the shoppingList array.

{b) In\side loop: Verify that the item we now have matches the itemName that we
are searching for.

{c) If amatch is discovered, use return to end the loop and update the HTML section
with the ID “result™ and a message indicating the item is found.

(d) Update the HTML code in the section with the ID “result” with a notification
indicating the item is not found if the loop concludes without finding a match.

5. Using the Algorithm:
{a) To begin, call the finditem method and search the required itemName.

The respective implementation of the algorithm is as follows:

8 A

1 <|DOCTYPE html>

2 . ¢html lang="en"*

3 ~ <head>

4 <title»Finding Element in Array</title>

5  </head>

6 « <body>

! <h1>Shopping Cart</hl>

H <p id="list"></p>

9 <p ide"result"s</p>

10

11 « <{scripty

12 const shoppinglist = [“apples”, "bread”, "milk", “cheese”]; = |

13 function findItem(itembame) ( 4rm

14 let listContent = "Shopping List: ";

15

16 ~ for (let 1 = 0; i ¢ shoppingList.length; i++) {

17 listContent += shoppinglist[i];

18 ~ if (i < shoppinglList.length - 1) {

19 listContent += ", ";

20 }

21 ]

22 document . getElementById( "list").textContent = listContent; =

21 v for (let i = @; i < shoppinglList.length; i++) { <

4 if (shoppingList[i] === itemName) {

25 document . getElementById( “result™).textContent = ~"${itemName}"
is in your shopping listl”;

26 return;

27 }

28 )




29 document .getElementById("result”™).textContent = ~“${itemName}” is
not in your shopping list.”; ==

0 )

31 findItem("milk");

iz ¢fscripty

33 </body>

M < html>

The program of the above algorithm is shown in Fig. 35:

< Ashopping-list array with some items is created in line 12,

< On line 13 function ‘finditem()’ is defined which takes an ‘itemMName as an argument and
searches for a certain item within the array.

2 Next, on line 16 using a for-loop every item in the shopping list is traversed and a string is
constructed and printed on line 22.

2 Thereafter, the loop on line 23 searches for the respective item, if the item is found then the
result is updated as shown in Fig. 36.

2 Otherwise a message is displayed on line 29 informing the user that the said item was not found
in the list.

Shopping Cart |G Avre —

Design an algorithm which
displays a list of 10 courses
offered, and allows user tosearch
for a course. J

Shopping List: apples, bread, milk, cheese

"milk" is in your shopping list!

The webpage output in Fig.36 has undergone minor modifications. There are now two

paragraphs.

2 First one is the list which displays the whole shopping list. Additionally, a new paragraph
displays any search results. We created a new variable named “listContent” on line 14 to do
this. All the goods on your shopping list are kept in what looks like a box.

& Next, each item on your list was added to the "listContent” list by means of a loop on lines 16-
20. To make it simpler to read, we put commas in between each item. The “list” is updated
using its entire "listContent” list after the loop is complete on line 22.

The process of searching for any item remains unchanged. However, we are now searching the

shopping list with another loap to find the item in the list.

L
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3.5 Advanced techniques for testing and debugging

3.5.1 Unit Test

In software development, unit test is a crucial activity to ensure that every module of code
functions properly, i.e. the code performs as desired. Unit tests are intended to test each line of
code to make sure it functions properly. Error detection at an early stage is critical to prevent
maore serious issues in the later stages.

Unit test also help in outlining function of every section of code. This makes it easier for
developers to understand and maintain their code, If the unit tests continue to pass, you may be
certain that the primary functionality will continue to function even after you make significant
modifications or rearrange the code.

Unit test can be applied to a function, a module or even to a single line of code. For instance, a
mathematical formula is to be incorporated to calculate Zakat of yield from an agriculture land.
So, the written formula needs to be tested by the developer for different values based on
different possible scenarios; till this line of code passes multiple unit tests. Hence, unit tests
ensure the quality of code, by providing developers the confidence in making changes, identify
errors early and facilitate code management.

Two test cases are presented in Fig. 37, for the code of shopping list example of Fig.33. Test 1 looks
for the abject “milk,” which we know exists and anticipates that the function will return "true.”
Test 2 looks for the nonexistent object "eggs” and anticipates a "false” response from the method.
The tests outcomes are displayed in the Fig. 38 based on the return value of the finditem’ method.

The website layout is mostly unchanged, with a title and a paragraph displaying the unit test
results. For the sake of simplicity, the finditem() method is not modified in this example.

<!DOCTYPE html>

|

2 <html lang="en">

1« <head>

4 <title>Unit Tests for Array Search</title>

5 </head>

o <body>

7 ¢hl>Unit Tests for “findItem’ Function</hl>

8 <p id="testResults"></p>

9 <seript>

10 const shoppingList = ["apples”, "bread", "milk", "cheese"];
11
12 function findItem(ir miiame) {
13 for (let i = 0; i < shoppingList.length; i++:
14 - if (shoppinglist[i] == itemName) {
15 return true;




17 )
18 return false;
19 }
20
21 let testResults = “":
22 testResults += "Test 1 (Existing Item): "
23 ~ if (findItem("milk"} == true) {
24 testResults += "Passed \n":
25 } else {
26 testResults += "Failed \n";
.o }
28 testResults += "\n Test 2 (Non-Existing Item): ";
29 if (findItem( “eggs" == false) {
30 testResults += "Passed\n":
31 } else {
i? testResults += "Failed\n":
13 }
14 document.getElementById("testResults”).textContent = testResults;
35 <fscript>
16 </body>
v < fhtml>
- —

B8] Unit Tests for “findItem™ Function

Test |1 (Existing Item): Passed
Test 2 (Non. lixisting ltem): Passed

WS toAnalyze the Code
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Debugging is useful as;

.+ Debugging identifies flaws in the code that might affect the layout or functionality of your
webpage.

*» Debugging allows you to observe step-by-step operation of your code.
2 Youmay create your website more quickly by identifying and recti fying mistakes right away.
Debugging techniques in IDE like Visual Studio.NET involve mainly:




Breakpoint:

Assume you are monitoring a certain line of code where you think that something is dubious. The
application pauses at breakpaoints and allows you to examine the code (variable values, data flow,
etc.).

Watchpoint:

In a watchpoint, you establish a rule (for example, whether the value is utilized or changed) on
variables or expressions. The software pauses at that particular watchpoint if the rule is
followed.

Breakpoints and watchpoints can indicate issues in the code that may be affecting the
functionality of your website by highlighting issues and erros.

Let us consider the already discussed example of summing up first 10 integers.

< We have incorporated a bug for the sake of discussion in the for-loop on line 13, in Fig.39. Such
things happen unintentionally like typing errors, etc.

2 Since, the desired values were not being achieved, so we deployed a breakpoint and added the

next 2 lines as watchpoints. Thereafter, we ran the code in debug mode and ‘Step-Over for line
by line execution.

3 As the loop started, the value of i’ is shown as 10 in the function block section under variables
heading (marked as blue square) and same was the value of 'sum’ in watch section (green
rectangle).
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o Hach: cakulntrSam I <IDOCTYPE himls
) thtmls
¥ this ® Hinibos ] chead»
- CLo 4 ctitlesSum of First 18 Integers</ftitles
i s st | 5 c/heass -
» musbers = (1) [18) g chody>
Sl = [ 7
v YBATEH B <script»
|I"-' s= iy = 18 = aq function calculateSum() (
| numbers.push(i); = 1] 10 let sum = 0;
' : 1 let numbers = | ];
1d
& 13 For (det | = 10, | D<= 10; Lee) | \
14 Fum es L] =
1% | nusbers.push(l); <ErE
» CALL STACK 16 ]
¥ LOADID SCRIFTE 17 :
« ERLAKPOINTS LE dog ument . getE lementByld( “susDicplay™) . textlontent »
“rhe sum of the First 10 Integers 1o 7 & suom,
I...Wl Ex¢ epliomi .
(2 ticaugh faepll in let output = "The First 10 lntegers are: | 7
® Barayibim 1 1 31 for (let | = 0: § ¢ nusbers. length; bes) |
» EVENT USTIMIR BRIAXPOI 1 output +« nusbers(i];

if (1 ¢ nusbers.length - 1) |




50, the bug was identified and fixed, as shown in next Fig.40,

"ﬂ = = - 2 Saarch DE@MmMn - o =x
R AND DFOUG B arapimml x i ¥ 4 00O m -
¢ WARIABLEE &

o etk cabeiltdum I <|DOCTYPE hitmls
El ¢ «himl>
? this = Window g <head>
ps: | etitlesSum of First 10 Intepersc/titles
| 3 d/heads
i ¥ numbers = (1) [1] 6 chodys
i sum = 0 7
~+ WATCH ! ssoripty
sum #= i3 = | 9 function calculateSum{) (
nunbers. push{i); = 1 10 let sum = 1
| T R M LRI 11 let mumbers = | );
12
& 13 for (let 4 = 1; & Oocm 105 Les) | |
| sum #= [ 4mm
15 numbers.push(i); =
¥ CALL STACK 16 |
¥ LOADED SCRIPTS 17
» BREAKPOINTS 18 document . getElement By 1d( "sumDisplay™) . textContent »
[ Caught Exceptions . "The sum of the first 10 integers is: ° + sum;
X 1
= 5::?:::"?”'“ 10 let output = 'Th:z first 10 integers are: | "
11 for (let | = 0; 1 ¢ numbers. length; Les) |
2 EVINT LISTINTR BREAXPON.., i output = numbers[i];
» PIRIPHINALS F£] if (1 <« numbers.length - 1) |

_[nnni Project-2

/._[ Mini Project-1)
Write code to take initially 2 arrays with 5
numbers each, as follaws:

D Arr1=[1,3,5,7,9]
> Arr2=[2,4,5, 6, 8]

Check every number in the first array
against every number in the second array.
Display result for each number of the first
array whether it was found in the second
array or not, Lastly, add 2 unit tests in it by
providing the numbers for:

2 Check for common elements in both
arrays.

» Check for uncommon elements with
respect to Arr1, i.e. the numbers which
\: are present inArr1 but notinArr2. 7

Create a list such that through buttons, the
following operations are executed:

> Create List & Insert Number
2 Find Number 2 Remove Number
2 Total NumbersinList < Print List

Whenever a button is pressed, corresponding
function should be called.

You may use alerts for user input where
necessary, as shown in figure.

List Operations

[©rwwte |t b | T st | s s | |Gt Tt sty | e |
Lime 24, 52, 15,43, 45, 44
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> It is important to first understand the purpose of the website and the actions you would
like visitors to do.

< HTML controls how web pages appear and navigate based on user input.

2» HTML may display forms containing of text boxes and buttons that users can write or
click on like the paperwork is filled out.

2 An easy approach to organize information on webpages is with tables. HTML provides
option of tables for viewing of data,

& With CSS animations, we can easily change the appearance and movement of elements
on a webpage.

< Response to user input such as clicks, scrolling, and form submissions is made possible by
JavaScript.

2 In the absence of JavaScript, modifying the content of a website requires a page
refresh.

< Drop-down menus, picture slideshows, live chat and other such components are
common on modern websites. This can only be accomplished via manipulating the
webpage structure, using JavaScript.

< In JavaScript, an array stores various types of data, such as alphabets, numbers or a
combination of both.

< You may create lists with bullet points in HTML in two major ways, Unordered List and
Ordered List.

2> Arrayis a collection of items, that are stored in memory at contiguous location, whereas
list consists of memory locations that are not necessarily contiguous.

3 Unit tests are intended to test each line of code to make sure it functions properly. Error
detection at an early stage is critical to prevent more serious issues in the later stages.

2 To monitor a certain line of code, the application pauses at breakpoints and allows you
to examine the code (variable values, data flow, etc.).

< In a watchpoint, you establish a rule (for example, whether the value is utilized or
changed) on variables or expressions. The software pauses at that particular watchpoint

\_iftherule s followed. Y,
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Q1. Select the best answer for the following MCQs.

1. Which of the following is primarily associated with front-end development?

a) Server management b) Database design

) User interface and design d) Memory Management
2. Which of the following HTML attributes is required in the <input> element for email ?

a) type="url" b) type="text" c) type="email” d) type="password”
3. In JavaScript, which method would you use to add a new item to the end of a list?

a) push() b)add() c) leftshift() d) rightshift{)
4, In JavaScript, how do you access the third element in an array called myArray?

a) myArray(3] b) myArray{2] c) myArray[1] d) myArray[0]
5. Tomanually stop JavaScript code execution at a certain point, you can use!

a) console. log() b)stop C)break d) debugger
6. What is the primary purpose of unit tests?

a) To validate code syntax

b) To test individual parts of the code for correctness

) Tostyle the user interface

d) To deploy code to production *
7. Front end development is also called

a) Label b} Client-side c) Server d) Database
8. Table is an easy way to organize information in

a) columns b) rows c) webpages d) list
9. Table's hea..dercell andcontentisreferredin_____ tag,

a) <th> b) <td> c) <caption> d) <tr>
10. Link between the borders of neighboring table cell is determined by

a) Link border b) border collapse ¢) border separate d) border




11. Distance between the cell's border and its content is called

a)Cell b) Qutput ¢) Padding d) Style
12. An element style during animation is specified by

a) @key frame b) @style frame c) @highlighted frame d) ®@anchor frame
13. Asingle table cell is indicated by a tag.

a) <tc> b) «<tf> c) <td= d) <th=

14, Arrays and list can contain data types containing

a) Alphabets b) Numbers c)Alphanumeric d) Checkboxes
15. ADT stands for

a)Abstract Data type b)Abstract document type

c) All Data type d) Any Data type

Q2. Give short answers to the following Short Response Questions (SRQs)

1. Give an example where back-end development may not be required and all of the
functionalities are handled by front-end.

2. What are the ‘td’, ‘th' and 'tr’ tags used for? Explain with the help of an example.

3. Find error(s) in the following codes.

1 <IDOCTYPE html> 1 <IDOCTYPE htal>

2 <html> 1 <html>

3 <chead> 3 <headr

4 ¢title»Bug in Array</title> 4 ¢titlerBug in the Array</title>

5  <fhead> 5 < /head>

b <body> 6  <body>

7 ¢h1>Find the Bug</hl> 7 ¢hl>Hunt the Bug</hl>

B cscripty 8 <script> .

9 const myArray = (“apple”, 3.14, 9 const myArray = “apple”, 3.14,
true, "orange); true, "orange”;

1@ document.write( <p>My Array: % 10 document .write( <p»My Array: $
{myArray[1]}</p>"); {myArray}</p>");

11 <fscript> 11 «fscript>

12  </body> 12 </body>

13 </html> 13 ¢/html>

(a) (b}

— crrrr—
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<1DOCTYPE htmls ' 1 <IDOCTYPE html>
b <htmls { | 2 thtml»
i cheads | theads
| 4 stitlesBig in Arrav & Loope/ i ctitlesbups in Array & Loope/
titles titles ’
b efheadd % </head>
L <body> | b <body>
¢h1ylumbers are Bugged</hl> L |7 chisBugs in Numbers </h1>
v eRerapts v e H cscripty
i I: ';-nzit :“mt rE_: [1| ?-I -a [] j]l' 3 l:ﬂﬂlt I1I.II'II|J¢I"1. = [1; 2, }l '1-, 5];
i1 et output « "7, | a2
14 let output = "7,
i ¥ % |- & den h.' i
| 11 :;‘ (i = 0; § <= mumbers.length; i I 11 for (i = nusbers.length; i <0 ;
12 ( : : A==}
b B output +» numbers(i] « 7 " ! 12 { :
14 ) 13 output = <p>Number: $
| 15 document.writel "<p2” 1+ output o . (numbersii|)</p>”;
TefprT); 14 }
1t <fweripts 14 document .write{output);
17 </body> L ¢fscripts
18 </htal> I/ < fhody
[+ <fhtml>
(c) (d)

4. How is unit testing used when adding a function to an already written program?
5. Enlist 3 key differences between array and list,

6. How are breakpoints useful in debugging? Elaborate with help of an example,

Q3. Write answers of the following extended response questions in the form of code.
1. For a Bakery, design a simple HTML form to take order online, which includes:

2 radio buttons for the option of home delivery or self-collection,

<» drop down list for 3 sizes of the cake,

2 check boxes for candles, balloons, etc.

3 Lastly, add a submit button which generates either an alert or redirects to another form; and
responds with an order number.

Sample output is shown as follows:
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2. Design a website titled "My Weekly Evening Schedule”, as follows:

My Weekly E;ren_i“ng Schedule |
" Day Activity
Mondsy Enrnie Class

Tuesdsy  Calligraphy Lessons

L.,.. Wednesdsy  Math Test
.-'"-r-;; T | Gardeni

:Ii !tw p - .

1, (a) Write code to display the following table:

My Favorite Fruits




3. (b) Now change the table appearance as follows:

My Favorite Fruits

| Apple Hed
Hamens Yellow

| Crnage Dirmngr

4, Write code for:

2 A colored text which repeatedly vanishes for a second and appears in the next second, giving
the impression of a “blinking text™

» An image, which spins a whole circle, waits for one second and spins again, in an iterative
manner.

Sample output is as follows:
B —— . b ks
99
BLUE TEXT Lyy W ap,
IN AN IMAGE “ I

5. Write code to change the bullets into ordered list for the program ‘Sum of first 10integers'.
6. Create an array with the following values anﬁ print it as follows:
My_Mix_Array : [ apple, 3.14, true, Ali, 25]

7. A list contains 10 entries and we want to search a particular value in the list. Write code, to
determine how many iterations it took:

% If the list is found in the list
2% If the list is not found in the list

oo (115) s et B



Data and Analysis

-

At the end of this umt students will be able Lo:

' 3 understand and explain the scope of data science, Artificial Intellinence (Al), and
Machine Learning (ML), including types of supervised and unsupeivised learning
models, and thewr applications ta commen real-world problems.

| & understand and explain the types, uses, and methods of data visuatizations and
| understand the benefits of visualizing data.

|

| ™ toapply stages of the data science life cycle 2.g. understanding a real-world business
|

problem, data gathering, building model, interpreting results).




Introduction

Data science is a branch of knowledge, which joins = ' SeLSSSS
together mathematics and statistics skills with the f""f; ; H”“‘,, N i
programming domain of computer science. This Wﬂ N !
combination is useful in various fields of life e.g. ifwe | [ = 4 oo

want to predict the result of a football match, data | MsChine .. .
science will help us. Currently, in the age of artificial Mﬂ{: :
intelligence, organization of available data into i T

meaningful form is necessary, Data Science helps us to 2 avplangt -

achieve the objective of getting insight from the data. | ™ “efig.4.1:Ingroduction

Consequently, we can find optimized solutions along e
with predictive modeling. In the previous grade we learned some basic concepts about data
science. Now, we will learn some advanced topics based on our previous knowledge.

-
4.1 Data Science_'__;‘ﬁl"‘?‘-—'-"‘ .
Data Science refers to an interdisciplinary field of mathunmticﬂ?a@istms. and computer
science. Main objective of data science techniques is to get meaningful insight from the available
data. The available data can be structured as well as unstriftIfE@T TR objective is achieved
through the steps of data collection, data cleaning, data preprocessing and data visualization.
Various programming languages like Python, R studio and MATLAB can be used for data
visualization.

* DATA

/- 3SCIENCE

=
LY i s
M)

Fig.4.2: Data Science

B
4.1.1Data Science and its scope

Data Science has wide scope in many disciplines of life and it is continuously expanding. We can
briefly learn about its scope in some common fields of life as follows:

Healthcare: To predict the possibilities of some disease, based on X-Rays, Ultrasounds or other
analytics of patient.

4: Mational Book Faundation 0 Unit 4: Data and Analysis




Sports: If we want to predict who is going to win a cricket match, based on the previous
performance of teams, data science will help us.

Finance: In the banking and finance sector, data science is helpful in fraud detection. It is also
helpful in developing trading and investment strategies.

Goods transportation: It helps in route optimization and minimize delivery times. Data driven
approach helps to reduce cost. It also helps in real time tracking of transportation of goods.

Airline: It helps in efficient route planning to reduce fuel consumption. It helps to improve
services based on customer experience and feedback.

Energy and utilities: |t helps to optimize energy production and distribution. Realtime
monitoring is useful for load distribution and facilitates immediate response for demand
fluctuations. '

Education: It is useful to enhance personalized learning based on the performance of learners. It
also helps to predict students' performance based on previous data.

Communication Media: It is used for content creation and distribution. Various approaches like
sentiment analysis, social media monitoring and recommender systems are a few examples of
scope of data science in media and communication sector.

Entertainment: Data science plays important role when you get suggestions about your favorite
songs while playing online computer games.

Business: Data science helps in intelligent decision making about the business to get optimal
profits. Customer insight and sentiments are also analyzed to improve the business.

T “ @ DO YOU Kuuwﬂ-\

AHEAtHCACS M),
————— A recommender system is a
N e AR tool or technology. It is used
'Egﬂ%_j I &ﬂ@ to recommend products,
services or information to the
user based on their past
Lhehavhrmdintmm.

_/

DO YOU HND\W_J\

Sentiment analysis is the term
used to identify the
sentiments of a customer by
analyzing the review about
the product. The sentiment
can be positive, negative, or
neutral. Sentiment analysis

can be performed on reviews,
text, opinions etc.
Yisgady J
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4.1.2Artificial Intellispence and

The term artificial intelligence is not new. In 1950 a British mathematician Alan Turing proposed a
Turing Test, which measured the ability of machine to exhibit intelligent behavior. Now a days the
modern robots are supposed to be smarter if they can pass the Turing Test. The term Artificial
Intelligence is referred to the ability of a machine to exhibit human behavior like problem
solving, understanding natural language and interacting with the environment intelligently.

Like data science, the scope of artificial intelligence is wide. Here, we can discuss a few of them
as follows:

Future Scope of Artificial
Intelligence In Industry

Healthcare @' & L P Ik Information & Technology

n._ﬁl.”-'.'lh-.l‘i‘::urii.- e ; . @ Construction
Banking 0 - Manufacturing
Edurcation 0 ; oy [ y

Decision making: Artificial intelligence is very useful in optimal decision making, based on a data
driven approach.

Personalized recommendations: It helps to provide personalized feed to customers, based on
their past usage of machines. ;

Automation industry: It has played a vital role in automating the tedious jobs like car
manufacturing and image & video analysis. The most important utilization of artificial
intelligence is integration of internet in the devices of daily use. The entire industry of loT and
smart devices is based on automation.

Natural Language Processing (NLP): Al enabled the machines to understand and respond to the
natural human languages. ChatGPT and chatbots are examples of it. Now you can switch ON your
air conditioner with voice command rather than picking up the remote controller.

Robotics: Whether you watch some latest robot, talking and cooking like a human being or you
get a small robot to clean your house, all this technology is due to significant advancement of
artificial intelligence.

Healthcare: Like data science, artificial intelligence has played equally well in the field of
healthcare. The examples are personalized treatment recommendations based on medical

(-;' Hatipnal Bank Foundatian

imaging.
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Computer vision: It is a specialized branch of Al that teaches computers to draw meaningful
results from digital images, videos and other visuals.

Smart cities: Artificial Intelligence enables to develop efficient infrastructure and services,
which can be used to manage energy consumption, traffic management and other necessary tasks
for smart cities.

Al Agents: Artificial Intelligence provides bases to develop modern Al agents like Siri, Alexa,
Google assistant, ChatGPT and Cortana.

4,1.3 Machine Learning and its scope

Machine learning is used in many fields of life, like healthcare, automation industry, to develop
recommender systems, finance and banking, pattern recognition, NLP, computer vision, research
and innovation. An example of machine learning is Automated fraud detection. It helps to identify
fraudulent activity by finding anomalies such as sudden large transaction or unusual network
traffic. In short, the entire scope of Data Science and Artificial Intelligence is based on the
algorithms developed in the field of Machine learning.

Do You Know?

Automation Computer
Industry vision

It 15 a field of Artificial
intelligence which enables
the compulters Lo
understand visual

avers i, dnbes et

generate hoaman language

Fordexampla ivirtunl
yeslstants ke Siri

infarmation form images
and wideo, For example,

| ) face racognition feature in

Google, "Assiitant, Aloxs smartphones and googie
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4.1.4 Data Science, Artificial Intelligence and Machine Learning Skills
Artificial Intelligence and Machine Learning skills refer to develop systems that can learn and
perform decision making. Data Science skill refers to extract insights from data and make
informed decisions. There are many skills to achieve excellence in artificial intelligence. These

skills include programming language, machine learning, and acquiring domain specific




knowledge. In programming languages, Python and R are the most used languages in Al. In
machine learning algorithms, the knowledge of TensorFlow framework, deep learning, neural
networks and NLP are very important,
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Fig.4.6: Data Science, Artificial Intelligence
and Machine Learning

4.1.5 Machine Learning Models

Primarily, there are three models of machine learning.
2 Supervised Machine Learning Model

2 Unsupervised Machine Learning Model

2 Reinforcement Machine Learning Model
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4.1.6 Supervised Learning Model

In this learning model a set of labeled data is provided to the machine/computer. The labeled
data means that questions with their correct answers are provided to the machine. After
reading/learning a lot of questions/answers the machine is trained. Now, only new questions
without correct answers are provided to that machine and it provides us with the possible correct
Answers.

For example, if we provide the features(labels) of types of fruits i.e. shape, color and texture and
give their names{answers) as well. After the machine is trained when we will give the features of
a new fruit the supervised learning model will predict/provide the name of that fruit.
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4,1.7 Unsupervised Learning Model

In unsupervised learning model, unlabeled data is provided to the machine/computer. The
algorithm identifies the pattern in the data and divide it into groups based on similarities and
differences. When the training is completed, the computer can identify new data and put it in the
relevant category.

Un:ubervlsad Learning in ML
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For example, if we provide various types of news to a computer then it will start dividing them
into various groups, based on keywords. Suppose from a huge dataset the computer divides the
news into various categories i.e. national politics, international politics, entertainment,
medical, and technological news. When we give a new piece of information “Scientists
successfully, saved the cancer patients at last stage” to the computer, it will categorize it into
medical news.

4.1.8 Reinforcement Learning Model

In reinforcement learning the machines are trained with the help of positive or negative
feedback. To explain reinforcement learning we will use the following key terms:

1. Agent (machine/computer)

2. Environment (where agent takes actions)

3. Actions (moves made by agent)

4. Rewards (points for helpful actions)

% P?nulties [pﬁlnts deducted for unhelpful actions)

:l Agent !

state| | reward action
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[ 5. | Environment
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The agent is provided with an environment where it must take certain actions, if the action is
helpful towards the desired solution the agent will be rewarded with some points through
feedback. If the actions are not helpful towards the desired solution the agent will be

penalized(punished) by deguctinﬂ the points, The agent improves its actions based on the
feedback. This model is used to get optimal results.

For example, if you are learning to play chess and whenever you start your game by moving
knights (name of a piece in chess game) you win, you will always try to start your game by moving
knights. On the other hand, whenever you start your game by moving Queen piece , you lose the
game. Therefore, you will always avoid moving Queen piece in the beginning of game in future. In
this way, by winning and losing the game by moving certain pieces you have learned winning
moves. In reinforcement learning this process is continuous until the model is trained and
provides accurate results.

Fig. 4.10 shows reinforcement learning pictorially. The Agent(Chess Player) takes an action
(moving Knight piece) at a certain time (in the beginning of the game). The Environment(Chess
Board) is in certain state which changes after the Action At. Suppose the Agent moves Knight and

o




captures the Rook of the opponent player. The state of board changes to new state 5(t+1) The
capturing opponent’s rook is a rewarding move. In this way the Agent(Player] learns from his/her
winning or losing moves and imprayes his/her performance by reinforcement learning.

4.1.9 Choose and appropriate machine learning model

As we learnt different models, how will we decide which machine learning model to use for a
certain problem. First, we will define our problem, what output or solution we want? Do we want
to identify some items, classify the given items, or forecast some future value. The next stepis to
analyze the given data.

If the given data has labels or questions/answers information, then we can use supervised
learning model. If we don't havéfigparent labels and data have various groups which may have
some similarities and some differences. We can apply unsupervised learning model. If in the given
data, you identify some agent must achieve some goal then you will apply reinforcement learning
model.

Machine Learning Process
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Machine Learning Process Steps:

Following is the brief description of Machine Learning Model;

Step 1: The preprocessed, cleaned data is split into Training data and Testing data. Sometimes we
divide it into three parts and keepgfsmall amount of data to validate the final results.

Step 2: A suitable algorithm is selected to train the machine, There are several algorithms like
neural network, decision tree etc,

Step 3: The model is trained on the training set, it learns the pattern from data and develop a
decision making ability.

Step 4: After the model is trained, test data and validation data is provided to the model and
results are compared with actual values. The performance of the model can be improved by
changing or improving the algur:‘;'t'hm or by adjusting other necessary parameters which are
beyond the scope of this book yet.

4.1.10 Artificial Intelligence, Machine Learning and Data
Science(Similarities and Differences)
Artificial Intelligence is based on creating intelligent systems. Machine learning is a subset of Al

that focuses on algarithms and statistical modeling to learn from data. Datascience is used to get
meaningful insight from the data to make informed decisions. There are many similarities and




differences among these three concepts. Some of these are as follows:
Similarities:

Data Driven Approach: All the three fields rely on data to provide optimal results. They use data
to make predictions, recognize patterns and make decisions.

Use of Algorithm and Models: All the three fields work through various algorithms. For example,
artificial intelligence relies on search algorithms. Machine learning relies on
supervised/unsupervised/reinforcement learning algorithms. Data science relies on statistical
and visualization algorithms.

Goal of Automation: The net goal of all the three fields is to automate various activities which
were previously performed manually.

Differences: -

L
Tools and techniques: They use various techniques, e.g. artificial intelligence uses neural
networks, expert systems, and natural language processing. Machine learning uses supervised
learning, unsupervised learning, reinforcement learning and deep learning techniques. Data
science uses statistical analysis, data mining and data visualization techniques.

Application: The application of artificial intelligence is in speech and image recognition,
autonomous vehicles, chatbots and virtual assistants. Application of machine learning is in
recommendation system, fraud detection, predictive analysis spam filtering, and personalized
marketing. Applications of data science includes busings§ intelligence, market analysis,
healthcare analytics, risk management and scientific research.

Output: The output of artificial intelligence systems is that mimic human behavior. The output of
machine learning is prediction and classification. The output of data science is insight, reports
and visualization.

Difference between Data Science, Al & ML
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4.1.11 Churn Prediction and Behavioral Segmentations

Churn Prediction is the technique to find out
the possibility of a customer, to stop taking the
services or products of a certain company. Itis
used in the fields of business and marketing.
For example, a telecommunication company
receives frequent complaints about their

service from certain customers, then they can Churn

Prediction

predict that these customers might stop using
their service. These unhappy customers can
switch to some other telecommunication
company. Churn prediction is needed to run
the business successfully. It is often abserved
that getting new customers is less beneficial
than keeping the existing customers loyal to
your business.

For example, a store is selling formal clothing. The store wants to predict which customers might
stop buying in the future. The store will collect data about the customers, how often the
customers buy cloth(purchase frequency) , since how long are they buying(brand loyalty) any
feedback they provide about their products etc. After applying various algorithms and visualizing
the results the store might observe that some customers are not visiting the store as often as they
were visiting a few months ago. Then the store might send some personalized offers to the
customers which can reduce the possibility of losing the customers.

Behavioral segmentation is the process of dividing customers into groups based on their
behavior. It is marketing strategy used to categorize customers according to their behaviar
towards some service or product. This approach enables the business to design marketing
strategies and offerings more precisely. It enables the business to meet the specific needs of
customers segments. The key aspects of behavioral segmentation are analyzing purchase
frequency, brand loyalty, usage occasions and response to market stimuli.

4.2 Data Visualization

It is the process of creating graphical representation of data and information. It involves various
visual elements like charts, graphs, and maps. This graphical representation is useful to make
decisions in the field of science, arts and in daily life. It is a powerful tool that transforms raw data
into meaningful and insightful information.

Data visualization through charts, graphs and plots, makes complex information simple to
understand and helps in making meaningful decisions. Some interactive data visualization
techniques are helpful to get optimal results from the available data. Data visualization have
variety of techniques and types that helps to get meaningful information from data and use it for

the improvement of business and services.




4.2.1 Methods of Data Visualization

Methods and types of data visualization are interrelated terms. However, methods of data
visualization are the techniques to prepare data for visualization, These methods are explained
briefly as follows:

Bar Chart: This method of data visualization is used to show comparison among discrete values.
For example, we can use Bar Chart to visualize marks of students in various subjects or sales data
of various products in a company.
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Line Chart: It is used to display trends of data over short or long period of time. For example, gold
prices over the last five or ten years can be displayed by using a Line Chart, Similarly, stock prices,
or change in temperature over a year can be presented by using a Line Chart.
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Pie Chart: It is used to represent proportions of various categories of data in a whole. For
example, market shares of variouscompanies.
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Fig.4.16: Pie Chart

Scatter Plot: It is used to display the relationship between numerical variables. For example,
correlation between height and weight of a group of peaple or correlation between head volume
and head circumference of male and female students of certain grades.
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Histogram: It is used to show the distribution of a single numerical value. For example,
distribution of score in a class.
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Box Plot (Box-and-Whisker Plot): It is used to summarize the distribution of data with the help of
minimum, first quartile, median, third quartile and maximum data. For example, analysis of

salaries of various emplnym ina curmpany
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Heatmap: It is used to represent data in matrix form. Data values are shown by using color
intensity. For example, images received from the space to analyze weather forecast. Another
example is of climate change, or measurement of different parts of flowers.
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Bubble Chart: It is similar to scatter plot, but it has a third variable which is represented by the
size of bubble. For example, points in a 2D space where area of each point is proportional to the

third variable.
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4.2.2 Types of Data Visualization

Thera are different ways to represent data graphically to make it easier to understand. Son
common types of data visualization are as follows:

—

Categorical
Yiualization

Interactive
Yisualization

Multfvariant
Visualization
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Quantitative Visualization

Quantitative visualization is used to represent numerical data. It focuses on quantities or
numbers to show measurable data. It is used to display data that can be measured or counted. For
example, a bar chart showing sales figures of a company over several months effectively
communicates quantitative information.

Categorical Visualization

Categorical visualization is used to represents data that falls into distinct categories. It helps to
show proportions or parts of a whole. This type is ideal for displaying nominal or ordinal data. For
example, a pie chart showing the market share of different companies in a specific industry.

Temporal Visualization

Temporal visualization is used to display data that changes over time. It is used for time-series
data. Line graphs are usually used to represent temporal data. For example, a line graph.

Spatial Visualization

Spatial visualization is used to represent data related to physical locations or spaces, visualizing
geographic or spatial data. For example, a heatmap showing population density across different
regions.




Multivariate Visualization

Multivariate visualization is used to represents data involving more than two variables or
dimensions, Scatter plots and heatmaps are effective tools to represent such data. For example,
a scatter plot matrix showing relationships between income, age, and spending habits.

Interactive Visualization

Interactive visualization allows users to interact with the data, through digital platforms. These
digital platforms can be dashboards and filters. A dashboard helps the user to filter and
manipulate data visualizations and explore different trends and insights is

Statistical Visualization

Statistical visualization is used to present data to show statistical properties, such as distribution
or correlation. Histograms, box plots, and scatter plots are popular choices.

Information Visualization

Information visualization is used to present complex data sets in an easier way, often for abstract
or conceptual data. Network diagrams, tree maps, and word clouds are effective tools. For
example, a network diagram showing relationships between entities, suchasa social network.

4.2.3 Uses of Data Visualization

Like Artificial Intelligence, data science and machine learning, data visualization is useful in
almost all the fields of life. Some of them are as follows:

Business Intelligence: Data visualization helps to make data
driven, well informed decisions. It is used to find market trends
and helps to track and improve performance.

Healthcare: It helps to visualize the
| impact of various diseases affecting the patient. It is helpful to track
disease and visualize the spread of disease.

Education: Data visualization is very helpful to teach data literacy skills,
concept building, creative thinking, and critical thinking. :

Science and Research: It is useful to visualize complex findings, very huge
and complex data such as complex scientific data received from satellite i

the form of photographs.

Sports and gamming: It is useful to visualize performance of players
whether they are playing football in a ground or chess players playing in
online tournaments. It is also helpful in sports broadcasting, and other
predictions.
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y ~ Finance: It is helpful to analyze market trends, to track portfolio
~ performance and to identify investment opportunities.

Entertainment: It helps the entertainment industry, to visualize
movie performance data to predict future trends. It helps in content
optimization by visualizing audiences insights and trends.

4.2.4 Advantages/Benefits of Data Visualization

Data visualization has many advantages and benefits, some of them are as follows:

2 It helps non-technical stakeholders to understand complex data and make decisions regarding
their business and services.

2 It helps the decision-makers understand the existing data and make well informed strategic
decisions.

> Itimproves the performance of related business or services.

> It helps in better communication, understanding, and getting better insight from well-
organized real-time data.

2 Data visualization saves time and identify trends quickly.

2 It saves time and enable us to make quick and accurate decisions as compared to manual
analysis.
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4.2.3 Database and Machine Learning

Database is collection of related data stored in the form of tables. Various computer software is
used to create databases to store data in organized form so that it can be managed, retrieved and
stored efficiently. Traditionally databases have a key role in the development of modern
technology of computer science. Oracle, Ms-Access and MySQL are some well-known database
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management software used Lo create and manage databases.

Apparently, database and machine learning seem to be very distinct disciplines of computer
science domain. However, they are interrelated closely. To understand relationship between

Data storage

Data preprocessing

Data retrieval

Data Integration

Scalability

Realtime Data
Processing

Analytical Tools

‘softwore etc.

In dotobase dota is stored in
structured_format such as
table.

Database stores doto ofter
normalization, therefore dota
is cleon without any
duplication, dataredundancy
ond other errors.

As datais stored in the tobles
in an organized manner, the
retrievol of dota through SQL
queries Is very easy. fast and
relioble.

Data in o database is kept
integroted. It is stored after
removing duplicated values
ond other possible ermors.
Therefore. integrity ol data in
thedataboseis ossured,
DBMS can handle various
sizes of datobases ronges
from student daotabose of 50
students to the dotabase of
entire country or even more.

Database provides Realtime
doto storage and retrieval
support. .

Dotobase provides various
tools for doto onolysis, e.g.
SQL server ond other

Algorithms of machine learning
require the some structured dato 10
troin  thelr models. Datasets are
organized in rows and columna.
Machine learming alao require clean
dota. If the dota is not clean the
performance/result of the algorithm
is alfected.

Dota is organized in the lorm of
Dotaset: therefore, it can be retrieved
by using simple ond easy algorithm of
machine learning.

For comprehensive model training
integrated dotois required. In this way
Dota provided by the dotabase is
equally useful for machineg leaming to
train its algonthms.

Machine learning requires scoloble
dota storage solutions. In this way It
can Implement big dota opplications.
Numberof records In o dataset varies
from hundreds to thousonds and
even |nmillions in o single dotoset.
Machine leaming model requires
Realtime data to train model for
anline data. m
Database analytical tools are helpful
for machine learning to provide fost
and accurate solutions.

4.3 Stages of the Data Science Life Cycle

Data science life cycle is an iterative process. It has various stages, each has certain steps to be
taken to move forward. It requires a structured approach to solve data driven problems. The

stages of data science life cycles are as fallows:




Problem
Definition
Maintenance —
and Monitoring Collection
Model Data Science n:uam'
i Deployment Life Cycle
Model
Evaluation
Data
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Problem Definition: ; ‘
At this stage the business problem or research question is defined with clear objectives and

outcomes, The scope and limitations of the problem are determined. Preliminary research and
literature reviews help the stakeholders to understand their needs and expectations.

Key performance indicators (KPI) are defined to measure the success of proposed solutions. KPls
are measurable targets that help us track progress and success of a process.

For example, increasing sales by 15% in two months can be set as a KPI of some business problem.
Another example of KPI is improve the speed of website loading by 20% in 30 days. By setting KPls,
we can focus on finding the right solutions and track our progress. The outcome of this stage isa
hypothesis or well-defined problem.

Data Collection:

At this stage, data is gathered by using various reliable and useful sources. The method of data
collection depends on the kind and complexity of problems. For simple problems, we can observe
and write down what we see, while more complex problems we might need surveys, experiments,
or even using online services through APIs (Application Programming Interface). APIs are small
programs that act like messengers between two or more software.

These are like waiters in a restaurant who receive an order from us and bring back the food as
response to our order. The data collected should be relevant and accurate, as the quality of the
data directly affects the results at later stages



Data Cleaning:

It is also called data preprocessing, this step is about fixing the data to make sure it's ready for
analysis. In this step we remove errors, such as wrong information or duplicate values. If some
values are missing, which might cause problems, we fill in with estimated values.

During this process, data is organized into an easily workable format. Sometimes, new features or
attributes are created from existing data. For example, if we have dates, we might create a new .
column for the day of the week. Clean and well-organized data is essential for making good
predictions later on.

Data Analysis:

After cleaning the data, we have to analyze it. Statistics or machine |earning techniques are used
for data analysis. These techniques help in finding patterns, trends, or important details. By
looking at the data closely, we can test early ideas or assumptions about the data.

For example, we might want to know if a certain factor is causing an outcome, like is the weather
affecting sales of certain products? At this stage, visualization tools like graphs or charts can be
used tounderstand what's happening in the data.

Data Modeling:

In this stage, the data is organized into a structured model. It helps to create diagrams that show
the relationships between different entities (like customers and the products they purchase) and
their attributes (like names, prices, or dates).

We also focus on how to store and retrieve this data efficiently by setting up databases or other

systems. Once the model is ready, it is tested using historical/previous data to see if it performs
well. The goal is to create a structure that can be easily used for predictions or other analysis.

Model Evaluation:

At this stage we evaluate the performance of our machine learning model. This is done by
measuring how accurate and reliable the model is, and whether it meets the performance goals
we set earlier,

For example, we can test how often the model makes the right predictions or how fast it delivers
results. If the model doesn't perform as expected, we might need to go back to the data modeling
stage to make improvements. This stage also includes making sure that the data and the model
are secure and respect privacy rules, especially if sensitive information is involved.

Model Deployment;

Once the model is working well, it is time to deploy it for use. This stage is called deployment, and
it means the model is set up in the system or infrastructure where it will be used. It means to
integrate the model on a website, application, or database.

Sometimes, deployment is done in small 5tép.=. (partial deployment) to test if everything works
fine before launching it completely, Other times, the model is deployed all at once. After
deployment, the model starts working with real data, providing insights or making predictions.



Maintenance and Monitoring:
After the model is deployed, it is important to keep an eye on how it performs. This is a continuous

process where the model's accuracy, speed, and reliability are monitored over time. If any issues
are detected, like the model becoming less accurate or slow, adjustments can be made.

Feedback frem users can also help improve the model. This ongoing maintenance ensures that the
. model remains useful and effective as conditions change, like if new data becomes available or

the problem evolves.

4.3.1 Case Study: Understanding a real-world business problem and its

formulation to data science problem
We will learn to apply the data science life cycle in real-world ( (E j DO YOU KNOW? J’\

1 2 we hav imi
business problem. Suppose we have a task to optimize the Investigator: An investigator Is a
inventory of a smart phones. person who conducts the statistical

Problem definition: Suppose you own a super store and you | enquiry.

want to ensure that you want to have good enough stock of | Enumerators: To collect information
_The oblactive | ) for analysis, an investigator needs
popular smart phones jective is that you don't run out of the Felp of some peoole. These

stock to meet the demand of your customers. Keeping in mind | o 10 are known as enumerators.
that you also don't' want to make unnecessary purchases that

would be difficult tosell. N o
Data Collection: The first step is to gather data related to the smartphone stock and sales. The
data includes:

> Current stock levels for each smartphone model (how many phones of each type are in stock).
-» Sales data showing which models are selling fast and which are slow-moving.
2 Supplier information about new models and upcoming promotions or price changes.

This data can be collected from several sources, like the store’s sales system, purchase invoices,
supplier's record, and even from customers' feedback on popular models. Gathering this data
helps the superstore understand the current state of their inventory and the demand trends.

Data Cleaning: After collecting the data, the next step is to clean it to
ensure accuracy. Thisinvolves:

Removing duplicates: such as cases where the same model is listed
multiple times with different spellings or slight variations.

Fixing errors: in the stock levels and sales data, like incorrect quantities,

Handling missing values: such as missing prices or sales figures, by cross-
referencing supplier information or older data.

By cleaning the data, the you ensure that the inventory and sales data is reliable and ready for
analysis. For example, if there are missing prices for certain models, they can be updated with
information from suppliers.

SR i (17)



Data Analysis: Now that the data is clean, the next step is to analyze it. The goal
of this analysis is to understand which smartphone models are in high demand |
and which are not selling well. Key questions to answer include:

2 Which models sell the fastest?
= Which models have stayed in stock for too long?
* Are there seasonal patterns in sales?

After answering these questions, you can identify the smartphones that need to be reordered
more frequently and the ones that are less popular. Visualization tools like graphs or charts can
help show sales trends over time, making it easier to see which models are consistently popular.

Data Modeling: At this stage, you will build a model to keep track of inventory levels and predict
future demand. The model includes:

-+ Attributes for each smartphone like model, price, stock level, and sales history.

 Relationships between stock levels and sales rates. For example, when a phone sells quickly,
the stock level drops, and the system signals the need for a reorder.

The model can use historical sales data to predict future demand, it helps to avoid running out of
popular phones. In this way you will prevent overstocking on less popular models. The model is
tested using past data to ensure it works accurately before it is put into use.

Model Evaluation:

After completing the model you will evaluates it to see how well it predicts inventory needs. Key
performance measures include:

‘> Accuracy: How well does the model predict when a phone will go out of stock?

~ Efficiency: Does the system notify the staff, in time to reorder popular models before they run
out?

* Cost-effectiveness: Is the system helping the store avoid over-purchasing models that don't
sell well?

If the model doesn't perform as expected, adjustments can be made. For example, if the model
predicts too many unnecessary purchases, the store might fine-tune it to be more careful in its
predictions. Security of sales data is also evaluated to ensure it is handled responsibly.

Model Deployment: Once the model is ready, it is deployed in, - — —
the store's inventory management system. This could involve|
setting up alerts when stock levels of popular smartphones get TR
low. Integrating the model into the store’s existing sales »

software. The deployment may be done in phases, starting with
a few popular models, or it may be used across the entire ﬁ w
inventory at once. After deployment, the model starts working, Evaluation

in real-time, sales tracking and adjusting stock levels BAD?

accordingly. i i it
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Model Evaluation: Monitor the performance of the model by comparing the actual sales records
with the predicted sale data. Adjust the model as needed to improve the accuracy of this model.

Maintenance and Monitoring:
After the model is deployed, you will continue to monitor its performance. This ongoing stage
includes:
Checking if the machine learning model correctly alerts staff when stock is low for popular
models.

Ensuring the store is not over-ordering less popular or even popular phones.

Collecting feedback from store staff to see if the system is easy to use and helping them
manage the inventory better.

Regular updates are made to imprave the model, such as incorporating new data on sales trends
or adjusting reorder levels based on changes in customer preferences. The system is continuously
refined to ensure that the superstore never runs out of stock for popular models while avoiding
excess inventory.

By following the above data science life cycle, the superstore successfully developed a system to
manage its smartphone inventory more efficiently. The system helps the store keep popular
smartphones in stock while preveiiing over-purchasing of less popular madels, ensuring
customer demand is met without wasting resources.




7

- Data science: It is a branch of knowledge, which joins together mathematics and
statistics skills with the programming domain of computer science. It refers to an
interdisciplinary field of mathematics, statistics, and computer science.

< Turing Test: It measures the ability of machine to exhibit intelligent behavior.

2 Artificial Intelligence: is referred to the ability of a machine to exhibit human behavior
like problem solving, understanding natural language and interacting with the
environment intelligently. Personalized recommendations: It helps to provide
personalized feed to customers, based on their past usage of machines.

% Automation industry: It has played a vital role in automating the tedious jobs like car
manufacturing and image & video analysis. The most important utilization of artificial
intelligence is integration of internet in the devices of daily use. The entire industry or
loT and smart devices is based on automation.

2 Natural Language Processing (NLP): Al enabled the machines to understand and
respond to the natural human languages. ChatGPT and chatbots are examples of it. Now
you can switch ON your air conditioner with voice command rather than picking up the
remote controller.

< Robotics: Whether you watch some latest robot, talking and cooking like a human being
or you get a small robot to clean your house, all this technology is due to significant
advancement of artificial intelligence.

> Computer vision: It is a specialized branch of Al that teaches computers to draw
meaningful results from digital images, videos and other visuals.

< Smart cities: Artificial Intelligence enables to develop efficient infrastructure and
services, which can be used to manage energy consumption, traffic management and
other necessary tasks for smart cities.

% Al Agents: Artificial Intelligence provides bases to develop modern Al agents like Siri,
Alexa, Google assistant, ChatGPT and Cortana to generate human language. For
example, virtual assistants like Sir, Google Assistant, Alexa and Cortana use NLP to
understand human voice commands.

2 Deep learning: is a type of computer learning which uses layers of artificial neural
network to learn from data. It is a learning method which is implemented by using some
Neural network.

> Neural Network: It is system designed to work like human brain. It is made up of
artificial neurons. These tiny neurons make decisions like human brain.

» Supervised Learning Model: In this learning model a set of labeled data is provided to
\ the machine/computer. The labeled data means that questions with their curren/




answers are provided to the machine, After reading/learning a lot of questiﬂnafanswwers\
the machine is trained. Now, only new questions without correct answers are provided
to that machine and it provides us with the possible correct answers.

2 Unsupervised learning model: In this model unlabeled data is provided to the
machine/computer. The algorithm identifies the pattern in the data and divide it into
groups based on similarities and differences. When the training is completed, the
computer can identify new data and put it in the relevant category.

2 Reinforce learning model: In this model the machines are trained with the help of
positive or negative feedback. The agent is provided with an environment where it must
take certain actions, if the action is helpful towards the desired solution the agent will
be rewarded with some points through feedback. If the actions is not helpful towards
the desired solution the agent will be penalized|(punished) by deducting the points.

2 Churn Prediction is the technique to find out the possibility of a customer, to stop
taking the services or products of a certain company. It is used in the fields of business
and marketing.

<» Behavioral segmentation: is the process of dividing customers into groups based on
their behavior. This approach enables the business to design marketing strategies and
promotional offers more precisely, it enables the business to meet the specific needs of
customers segments.

< Data Visualization: It is the process of creating graphical representation of data and
information. It involves various visual elements like charts, graphs, and maps.

2 Methods of Data Visualization: Methods of Data Visualization are Bar Chart, Line Chart,
Pie Chart, Scatter Plot, Histogram, Box Plot, Heatmap, Bubble Chart etc.

< Quantitative visualization is used to represent numerical data. It focuses on quantities
or numbers to show measurable data. It is used to display data that can be measured or
counted.

«» Categorical visualization is used to represents data that falls into distinct categories. It
helps to proportions or parts of a whole. This type is ideal for displaying nominal or
ordinal data.

<» Temporal visualization is used to display data that changes over time. It is used for
time-series data. Line graphs are usually used to represent temporal data

<» Spatial visualization: is used to represent data related to physical locations or spaces,
visualizing geographic or spatial data. For example, a heatmap showing population
density across different regions. Multivariate visualization: is used to represents data
involving more than two variables or dimensions. Scatter plots and heatmaps: are
effective tools to represent such data, For example, a scatter plot matrix showi

ng
\ relationships between income, age, and spending habits. /
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Interactive Visualization Interactive visualization allows users to interact with the
data, through digital platforms. These digital platforms can be dashboards and filters. A
dashboard helps the user to filter and manipulate data visualizations and explore
different trends and insights is

Statistical Visualization Statistical visualization is used to present data to show
statistical properties, such as distribution or correlation. Histograms, box plots, and
scatter plots are popular choices.

Information Visualization Information visualization is used to present complex data
sets in an easier way, often for abstract or conceptual data. Network diagrams, tree
maps, and word clouds are effective tools. For example, a network diagram showing
relationships between entities, such as a social network.

Business Intelligence: Data visualization helps to make data driven, well informed
decisions. It is used to find market trends and helps to track and improve performance.

Database is collection of related data stored in the form of tables. Various computer
software is used to create databases to store data in organized form so that it can be
managed, retrieved and stored efficiently.

Data science life cycle is an iterative process. It has various stages; each has certain
steps to be taken to move forward. It requires a structured approach to solve data
driven problems.

Problem Definition: At this stage the business problem or research question is defined
with clear objectives and outcomes, The scope and limitations of the prablem are
determined.

Data Collection: At this stage, data is gathered by using various available, reliable and
useful sources. The way data is collected depends on the kind of problem. For simple
problems, we can cbserve and write down what we see, while more complex problems
might need surveys, experiments etc.

Data Cleaning: Also called data preprocessing, this step is about fixing the data to make
sure it's ready for analysis. Any errors, such as wrong information or duplicates, are
corrected or removed. Missing values, which might cause problems, are either filled in
with estimated values or taken out altogether.

. Data Analysis: After cleaning the data, we have to analyze it. This is done using tools
like statistics or machine learning techniques, which help in finding patterns, trends, or
important details.

., Data Modeling: In this stage, the data is organized into a model, which is a structure
that represents the data and how different parts relate to each other. This could involve
creating diagrams that show the relationships between different entities (like

customers and the products they purchase) and their attributes. )
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Q1. Select the best answer for the following MCQs.

1. Which of the following is the primary benefit of integrating Mathematics and Statistics with
Computer Science in Data Science? '

a) Improved data visualization b) Better forecasting
c) Increased accuracy d) Better decision making

2. Which of the following best describes the relationship between Data Science and Artificial
Intelligence?

a) Data Science is a subset of Artificial Intelligence

b) Artificial Intelligence is a tool used in Data Science

c) Data Science and Artificial Intelligence are unrelated
d) Data Science enables Artificial Intelligence

3. The Turing Test, proposed by Alan Turing in 1950, measures a machine’s ability to exhibit
intelligent behavior. Which of the following is the fundamental assumption underlies this test?

a) Humans are better b) Machines are equal
c) Intelligence levels vary d) Machines copy humans

4, Which of the following should be considered critically while developing Al-powered chatbots
and virtual assistants?

a) User experience b) Data security
c) Contextual awareness d) Emotional intelligence

5. What ethical consideration arises from the integration of Artificial Intelligence (Al) into daily
life devices?

a) Job displacement due to automation. b)Increased energy consumption.
c) Improved customer service. d) Enhanced data security.

6. Which of the following fields of Artificial Intelligence (Al) enables smartphones to recognize
faces and unlock devices?

a)NLP b) Computer vision c) Deep learning d) Neural networks

7. A company wants to develop a system that categorizes customer feedback into positive,
negative, or neutral. Which learning model would be most suitable?

a) Supervised learning b) Unsupervised learning
¢) Reinforcement learning d) Deep learning




8. In a Reinforcement Learning model, what is the primary function of rewards and penalties
provided as feedback to the agent?

a) Labeling data b) Evaluating performance
¢) Improving action choices d) Classifying outcomes
9. Which stage of.the data science life cycle ensures the model’s accuracy, reliability, and
compliance with privacy rules? .
a) Model Deployment b) Model Evaluation
c) Data Analysis d) Maintenance and Monitoring ¥
10.Which of the following is the key characteristic of the "Data Cleaning” stage in the data science
life cycle?
a) Data collection _ b) Error removal and data organization
c} Pattern identification d) Model deployment

Q2. Write answers of the following short response questions.

1. Describe how data science helps businesses make informed decisions and provide two industry
examples.

1. Identify three ways data science contributes to machine learning and artificial intelligence. |
3. Differentiate between supervised learning and unsupervised learning.

4. Describe an everyday example that illustrates reinforcement learning.

5. Write the appropriate machine learning medel for each of the following scenaros:

You have a basket of mined fruits (apple and banana) and you want a
robot/machine to sort them.

You are given a task to learn how to ride a bicycle to participate in some sports
mnli

3 You have pile of Lego blocks of different colors, and you want your computer to
group them by colors regardless of their shapes.

4 |You have a book with pictures, and you want to teach your sibling to recognize
them.

§ | You want to train a toy robot to find its way out of maze.

Your parents want you to clean your messy room if you want to attend the

birthday party of your friend.

7 You have a set of shapes (square, triangle, circle) and you want to teach a
computer to recognize them.

8 You have a book collection without specific categories, and you want your sibling

to arrange them according to size, choice or ease of access,

| 9 |[Youare given a task to find the similarity in various flavors of ice cream.

Lﬂ} You have to unlock some rewards in your favorite video game.
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Q3. Write answers of the following extended response questions.

1. Anal;_m: the interrelationship between Data Science, Machine Learning, and Artificial
Intetligence.

2. Identify any three types of data visualization, give their applications as well.

3. Discuss the way data visualfzation can be used to communicate data uncertainty, provide two
specific examples.

4, Describe the key considerations in selecting appropriate visualizations for different types of
data and analyses?

5. Explain the uses of data visualization in detail

6. What are the potential consequences of poor data quality on model performance?

,—@ Activity-1 | s - .

Predicting Pet Preferences:

Objective: To help students understand the usage of data science, machine learning and
artificial intelligence by analyzing and predicting pet preferences in their daily lives.

Make the groups of students, to collect data from younger kids on their preferences about
pet. The students will collect the age and gender of the younger kids and write down their
preferred pet, which they want to have.

Ask the students to calculate the mean median and mode of the collected data after cleaning
data and removing and errors or duplication from their collected data.

Create a bar graph or pie graph to display the results and ask them toapply MLand Al on it.

Guide them to use a simple algorithm like decision tree to predict the pet preference for
new data. For example, take the age and gender of a new kid which was not part of the
survey, apply the algorithm and predict that which pet would be preferred by this kid.
Compare the results with the actual choice of the kid.

To apply artificial intelligence concepts, ask them to imagine virtual pet assistant, that uses
Al to suggest a pet based on the kids' preferences.

Outcome: This activity will help students with the implementation of machine learming,

data science and artificial intelligence in daily life.
\ _/
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Visualize Favorite Foods:

Objective: To help students understand significance and application of data visualization to
understand and compare data. They will learn how to find the opinion of people if they want
| tostart some business somewhere.

| Make the groups in the class, each group may contain 3 to 4 students. Ask them to conduct a

f’{ﬂﬁ' Activity-2 Emmm—

| survey of students’ favorite food like biryani, nihari, pizza, ice cream etc. Each group will |

design different questions for the survey but overall it will be about food preferences.

Calculate the frequency of each food, like how many students like biryani, nihan, pizza, ice |

| creamelc,

| Ask the students to clean the data and create a graph best suitable for the collected data.
Let them visualize their data and check which food is more popular,

'~ Let them compare the resultsof one group with the results of another group.

They will understand the differences in the results based on the differences in the questions.

Outcome: This activity will help students understand how data visualization is helpful to
| start some food business in some area. They will also learn that their results may vary
{ depending upon their questions and methods of data collection.

,(fh Activity-3 |
ctivity- SR S
il Activity-3

Churn Prediction:

business.

This activity can be assigned to the students on an individual basis. Ask them to choose the
business being conducted by some of their family member or someane in their friends’ circle.

Students will collect the data about the products or services provided by the business they
_chase.

They will collect data about the customers as well.

By following the method explained in the case study given in this unit. they will make
predictions about the customers who are likely to stop taking the product or services from
that business.

Students will design affordable business offerings tor the potential customers who are likely
to leave that business.

They wili comoare the results of their oredictions. And improve their model if they can.
Dutcome: This activity will heln students understang usage of churn predictions.

Objective: To help students understand how churn prediction can be helpful for any |

)
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Applications of

Computer Science

(02 )
. @ Learning Outcomes
At the end of this unit students will be able to: .
> describe uses and applications that are enabled by technologies like loT and _
Blockchain. 1 | I

> explain that Al can be applied to specific applications in areas like NLP, Robatics,
Speech Recognition, etc.

! 2 demonstrate the social implications of Al. ‘..
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5.1 Internet of Things (loT)

ioT is an infrastructure that consists of network of servers that provides connectivity between
multiple devices and facilitates man to machine and machine to machine interaction. It collects
data from multiple loT devices, stores it in cloud storage and processes it using technologies such
as data analytics and machine leaming algorithms. The aim of loT is to provide automation in
various areas such as home automation, automation in manufacturing industry, healthcare,
traffic monitoring, hospitality, etc.

Smart Home Smart Transport Services

Smart Environment Monitoring Smart Industrial Monitoring
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5.2 Foundational Components of loT
There are five foundational components of loT that make it work.
» Sensors/Devices
2 UserInterface
2 Cloud
¥ Connectivity
?» Data Processing
5.2.1Sensors/Devices

Sensors or devices are used in loT system to collect data from our surroundings. This data can
come from a large variety of sensors.




Some commonly used sensors are;

& Temperature sensors

< Humidity/Moisture level detection sensors
2 Pressure sensors

2 Light intensity sensors

2 Proximity detection sensors

These sensors are simple ones but it can be complex as well such as surveillance camera paired
with IaT devices like alarm to take action when criminal activity takes place. A device can be
mare than just sensing various types of data. For example, a smart phone is a device that has
multiple sensors which include camera, light , proximity, temperature, heart rate, etc. A sensor
can be a standalone device or a multiple device like a smart phone,
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5.%2.2 User Interface

User interface provides user-friendly interface and functionalities that allows users to access and
control the loT devices.

For examples, a user has a camera installed in his home, he can check the video recordings
through a web server. As another example, in case any intruders are sensed, the loT system can
generate an alert to the owner.

2.3 Cloud

The data collected from different devices is stored on the cloud storage. Cloud computing or
cloud infrastructure is a set of servers that works continuously {24x7) over the Internet. loT cloud
is responsible for data collection from devices, processing of data and management. The data can

be accessed remotely from the cloud storage at any time by tha users (0 take decisions.
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loT cloud is a network of servers that efficiently handles data at high speeds for a large number of

devices and analyzes it.
5.2.4 Connectivity

The data collected by loT has o be sent to the cloud infrastructure through some type of
communication media. Devires are connected to the cloud through cellular networks, satellite

networks, Wi-Fi, Bluetooth, wide Area Network (WAN), etc.

5.2.5 Data Processing

Data processing is the process of analyzing and interpreting the data stored in the cloud storage
using software. Data processing is responsible for receiving raw data from the loT devices,
processing it and making it available for action. A variety of technologies such as analytics
platforms and machine {earning algorithms are used for data processing.

Do you know?

An analytics platform is an integration of
multiple application software that provides
comprehensive capabilities to connect,
organize, visualize and analyze data. It helps
organizations to build their strategies based
on gata,

Do you know?

Machine learning algorithms are
computational models that allow computers
to understand data patterns and make
decisions or predict output based on it. These
algonthms form the foundation of artificial
intelligence.

5.3 Applications of loT

The following are common applications of loT.

5.3.1loT Wearables

Weather Display
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Many small wearable devices equipped with sensors have been developed by many companies for
measurements and readings of users' data. Some examples include wearable bands used for
monitoring heart beat rate, calorie expenditure and GPS tracking belts. Samsung, Apple and
Google have developed many wearable Internet of Things that are used in our daily life.

5. 3.2 Healthcare

Special loT devices are used in hospitals to enhance the quality of healthcare services for
patients. In modern hospitals smart beds are used that are equipped with various types of sensors
to observe vital signs of patients in real-time. These sensors continuously monitor patient's vital
signs such as blood pressure, oxygen level in blood, temperature, etc. and alert the nurse or
doctor to urgently attend the patient if needed. Wearable sensors are also connected to patients
outside the hospital that allow doctors to monitor them In real-time.
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5.3.3 Traffic Monitoring

Traffic jams have become a big issue in big cities. loT allows authorities to monitor and analyze
real-time traffic data. It helps in improving the flow of traffic in areas with congestion and ensures
road safety for drivers. Cameras and sensors are used to detect accidents, vehicle breakdawns
and road hazards. The traffic data collected by loT devices is transmitted to the traffic
management control center for quick action to resolve issues. Moreover, loT devices provide real-

time updates on weather conditions for safety of drivers.




5.3.4 Hospitality

Smart hotels are using loT technology to improve the quality of services for guests by automating
many things.

. FRS9Rebot providing servce i hotel room
The following are some applications of loT in hotels.

2 Some hatels are staffed with robots that help in performing various tasks such as cleaning
rooms, transporting guest's luggage, providing location-relevant information, etc.

2 Hotels use sensors to detect when the guest enters the room and automatically adjust the
room temperature and lighting.

2 Sensors can detect whether the guest is in the room or not. When he leaves, appliances used by
him are automatically switched off, saving electricity.

2 Using loT technology, hotels can automatically send a digital key to guest's mobile phone that
can communicate with the door to open or close. It is also a security feature enabled by loT.
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5.3.5 Industrial Automation

There are various applications of loT
technology in automation of various tasks in
industry. These tasks include guality
control, product flow monitoring, supply
chain optimization, inventory
management, packaging of products,
safety of products, etc. loT sensors can
collect and analyze data on machine
performance, temperature, vibration and
other factors. Application of loT in
industrial automation has enhanced
efficiency, productivity and safety in
manufacturing,

5.3.6 Smart Grid

Smart grids and traditional electrical grids use the same-transmission lines, transformers, etc.,
for supply of electricity. The only difference is that smart grids use loT devices that can
communicate with each other and also with the consumer. It provides valuable information to the
consumer about their electricity consumption and how they can reduce their electricity
expenditure. Smart grids can monitor and analyze the production of electricity and make
predictions when power supply may not be available. This will allow power companies to take
quick actions to reduce chances of this happening. Traditional grids generate estimated bills
whereas smart grids can generate more accurate as it measures electrical usage in real-time for
each household.

Fig.5.10: |uT1n automative
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5.3.7 Smart Farming
loT-based smart farming uses various sensors that provide detailed information about soil
condition to farmers. It uses sensors that monitor light, humidity, temperature, moister, level of

acidity, etc. Smart farming helps farmers control irrigation. It helps in making more efficient use
of water, specify best time to start sowing and discover the presence of diseases in plants and soil.
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Asmart home is based on loT technology to provide convenience to home owners in using home
appliances. All the appliances equipped with sensors are connected with each other to collect
and share information and automatically perform specific tasks. The smart home system consists
of devices such as smart light bulbs, smart security system having cameras, smart door locks,
television, refrigerator, air-conditioner, etc. All these devices are remotely controlled using
Internet connection from anywhere through an app installed on mobile phone, tablet or
computer.

5.4 Blockchain Technology

Blockchain technology has become popular during the recent years. A Blockchain is a digital
ledger or database of transactions that continuously grows. It is created, maintained and shared
by network users, It plays an important role in cryptocurrency networks such as Bitcain. It is very
safe to use Blockchain for recording sensitive transactions as it is difficult to modify or delete the
contents of a block (transaction) after it has been added at the end of the Blockchain. It also
provides quick and easy transactions for individuals when needed.

5.5 Applications of Blockchain
The following are common applications of Blockchain:

5.5.1 Management of Supply Chain

Blockchain technology is very useful for real-time tracking of products during their journey across
the supply chain. Blockchain helps in allocating the current location of products as products
change hands between different parties in the supply chain. It also provides increased
transparency and security as it is very difficult to change or delete contents of transaction data in
the ledger.

5.5.2 Healthcare
Application of
Blockchain in Healthcare
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Blockchain has wide range of applications in healthcare. Some appticatinns of Blockchain in
healthcare are managing healthcare data, patient authentication, remote patient monitoring,
fraud detection and electronic medical records. It is implemented in healthcare for dala




integrity, access control and data logging. Blockchain provides patient data security which aids in
improving healthcare services in hospitals and research institutes.

5.5.3 Protection of Copyright and Intellectual Property

Blockchain technology makes it easy to protect copyright and intellectual property rights

internationally on music, films, books, blogs and other internet contents as it operates globally. It

is very useful in protecting people’s creative work by making it easy to apply copyright

regulations. It helps in reducing copyright violations due to its secure and transparent nature. Any
. type of unauthorized downtoad of digital material can be traced easily.

5.5.4 Voting

Blockchain technology helps in building trust and satisfaction of citizens on Election Day and
speeding the time for announcing the final results. It is useful in solving issues related with
manual and digital voting systems such as voter privacy and fraud. Through encryption Blockchain
makes voting safer, more transparent, protects privacy of voters and it is more cost effective as
well. Application of Blockchain technology in voting is still under research.

Blockchain Node  Blockchain Node

5.5.5 Cryptocurrency

Blockchain technology has enabled the existence of cryptocurrency. Bitcoin is the best-known
cryptocurrency. Cryptocurrency is a digital (or virtual) currency that facilitates direct payment
without the involvement of intermediaries such as bank. It works through peer-to-peer global
network without central clearing authority. Global peer-to-peer network is a worldwide network
of computers in which all the computers have the same capabilities. In a peer-to-peer network,
each computer can access the shared resources of other computers and share its own resources
with other computers as well. In this type of network there is no need of a central computer or
server. Cryptocurrency uses Blockchain technology to record and process transactions while
maintaining transparency and security of financial information. Blockchain has the ability to
improve business processes between companies by providing a direct and quick way of making
payments,



5.5.6 Asset Administration

The key features of Blockchain technology such as decentralization, transparency and security
create efficient and trustworthy system for managing assets. It is a new approach to managing
digital assets. Digital assets means anything that is created and stored digitally, has value and

ownership. Digital assets include photos, videos, books, cryptocurrency, music, illustrations,
logos, etc.

Today, our lives are more digitally based. For example, when we are looking for information about
anything, we turn to the Internet that stores digitally hosted information on any topic because it
is easier and quicker than going to a library.

5.6 Cloud Computing

Cloud computing is the delivery of computing services such as servers, storage, database,
networking and application software over the cloud (Internet). It is an alternative to on-premises
computing in business. It enhances business productivity in various ways.
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5.6.1Benefits of Cloud Computing

Cost Reduction

With on-premises computing, we have to purchase and install hardware, install the operating
system and required applications and set up the whole infrastructure. Cloud computing reduces
huge cost of buying hardware, software and setting up the networking infrastructure. Besides,
the cloud provider is responsible for the maintenance of hardware and software.

Security

Cloud providers provide better security than on-premises systems. Cloud service providers follow
best security practices and take active steps to defend against modern-day cyber-attacks. It is
the responsibility of cloud providers to update cloud systems, fix bugs and resolve security issues.
Data stored in cloud storage is at low risk. Cloud providers can restore the data from backups
maintained in cloud storage.

'QT Hationat Boak Fagndation



Quick Access

Cloud computing provides quick access to resources, within few clicks. Employees can easily
connect to cloud services from anywhere using devices like smartphones, tablets and laptops.
Clients and customers can also log in and access their information.

Scalability

Cloud computing allows businesses to scale up or scale down in response to the changing
circumstances and requirements. If business grows and demands increase, the cloud capacity can
be easily increased without having to invest in physical infrastructure. Scalability minimizes the
risks associated with on-premises operational issues and maintenance.

Enhanced Collaboration

In cloud computing, employees have easy access to essential business information whether they
are working in the same office or remotely, increasing productivity. It enhances collaboration
among teams anywhere in the world at any time. This leads to more efficient and effective
performance.

Automation of Tasks

Cloud computing helps in streamlining business operations. It allows automation of time-
consuming tasks. Cloud-based tools and services can automate companies tasks |ike data backups
and software updates. freeing employees to focus on more important business activities.

5.6.2 Uses of Cloud Computing
The following are the uses of cloud computing

File Storage
Files storage is the most common use of cloud computing. Cloud-based storage system enables
users to store and access files from any location. All you need is an Internet connection. Cloud-

based storage is secure and affordable.

Data Backup

It is essential for individuals, organizations and businesses to backup data for protection and
recovery in case of disaster. Cloud computing provides solution to this. It allows users to backup
important files to cloud-based storage systems. Data on cloud-based storage systems can be
encrypted to make it impaossible for hackers to access. Some examples of cloud-based storage
systems are Dropbox, Google Drive, OneDrive, iCloud, and Amazon.

Education

Cloud computing has revolutionized education. 't i verv effective in teaching and leaning
process, Cloud computing platforms store course material such as assignments, videos and
quizzes in the cloud. It enables students and teachers all over the world to access educational
material from leading institutions from anywhere. Some examples of cloud-based education
solutions are Khan Academy, Coursera, edX, and Google Classroom,
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eCommerce

Cloud computing provides cloud-based solutions for buying and selling products and services over
the Internet which is known as eCommerce. It provides fast and secure shopping to customers.
Shopify, WooCommerce and BigCommerce are some examples of cloud-based eCommerce
solutions.

Social Networks

Social networks are one of the most popular uses of Internet. Cloud-based social networking
platforms allow users to connect and share information with friends, family and customers and
form relationships. There are many social networking platforms. These include Facebook,
WhatsApp, Instagram, Tiktok, YouTube, Linkedin and X which is the new name of Twitter.

Communication

Cloud computing provides reliable, secure and cost-effective communication services over the
Internet, It uses various methods for communication such as email, chat, voice, video
conferencing and social media. Cloud-based communication services are provided by Microsoft
Teams, Zoom and Google Workspace.

Gaming

Gaming refers to playing video games for entertainment and education. Cloud computing
provides cloud-based gaming solutions. It provides access to a variety of high-quality games on
any device and from anywhere. Some examples of cloud-based gaming services are Microsoft
¥box Cloud Gaming, Amazon Luna, PlayStation Plus Premium and Nvidia GeFarce Now.

5.7 Speech Recognition and Voice Recognition

Speech recognition and voice recognition are two different technologies though they are closely
related.

Speech Recognition

Speech recognition is a form of artificial intelligence. It is a software that converts human speech
. into text form or commands that devices can understand and respond to. It provides hands-free
control of various devices and equipment. It provides an easy way to operate devices and some
hands-free equipment is very helpful for disabled persons.

The software used for speech recognition is quite complex as it involves signal processing,
machine learning and natural language processing. The output accuracy of speech recognition
software may depend on the quality of original recording and the complexity of the language.
After the conversion of spoken words into text, the user can further process the text to correct
the mistakes hv running it through spelling and grammar check.

Voice Recognition

Voice recognition software converts voice into digital data based on the user’s unigue voice
characteristics. Voice recognition is a biometric system. It is used to verify a person’s identity
based on unigue features of his voice such as tone, pitch, etc.




Both speech and voice recognition technologies are used for interaction between humans and
machines. These technologies are used in various fields to automate various tasks, create
convenience, save people’s time and improve productivity.

-The following are the applications of speech recognition.

5.7.15peech to Text Typing Applications (Dictation Software)

There are a variety of speech to text
typing software which is also known as
dictation software. Dictation software
was used in the early days but they had
little accuracy. Now, dictation apps are
Al-based and give better results but
still cannot provide 100% results.
Dictation software is very helpful for
people with disabilities as they can use
it to type more easily.

The following are some popular dictation software.

» Apple Dictation: It is a dictation software on Apple devices.

= Windows 11 Speech Recognition: It is a dictation software for Windows,
+ Google Docs: It is a vaice typing software for dictating Google Docs,

» Gboard: It is a dictation app for mobile phones.

5.7.2 Calls Centers

Speech recognition systems are used in calls centers to automate customer interactions. They are
used to respond to customers’ requests and improve productivity.

5.7.3 Healthcare

Automatic speech recognition systems are used in healthcare for efficiency and accuracy. Doctors
use it to convert speech in to text for medical reports and updating patients’ electronic health
records.

5.7.4 Al Assistants

Al Assistants such as Siri, Cortana and Alexa are commonly used to help us in carrying out various
tasks at home and at work. For example, Al Assistants can help us to turn lights on in our home,
search for something on the Intermmet, give directions while driving and adjust thermostat.
Thermostat is a device connected to central heating/cooling systems in homes and offices to
control the temperature.
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5.7.5 Quran Memorization Applications

Memorization of Quran is an important
religious and spiritual practice in Islam. It
is the Holy Book of Allah Subhanahu Wa
Taala and is reserved in the hearts of
Muslims. Memorization of Quran is an act of
worship and those who memorize it will get
the reward in the hereafter. Memorization
of Quran opens the doors of goodness,
virtue, righteousness and morality.

There are many Quran memorization apps
available on App Store, Google Play and
websites. These apps use creative methods
and techniques for easy memarization of
Quran.

They provide features like audio
recitation, interactive learning tools,
progress tracking, selection of reciter and
selection and repetition of verses. It can
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also detect mistakes and provide feedback for correction. Some popular Quran memorization
apps are Tarteel, Al Murgi, Quran Companion, Al Muhaffiz, Ayat-Al Quran and Quran Pro.

5.7.6 Language Translation

Speech Recognition systems are also used with machine translation software to convert human
speech from one language to another. It helps to have conversation with someane who does not
understand our language. It is very helpful for international business and organizations.

The following are applications of voice recognition.

5.7.7 Voice Recognition for Security

Voice recognition systems are used in
various fields such as banking to recognize
a specific voice for authentication and

work as unique password to unlock |

protected account. The account cannot be
unlocked by other people as their voice
sound is different. Sometimes voice
recognition is used along with facial
recognition for identification of people,




5.7.8 Criminal Investigation and National Security

Voice recegnition is used all over the world to
solve crimes. If voice recording of a crime
suspect is available, voice recognition _ "
technology can be used to provide evidence . [ R
and identify criminals. Voice recognition can bl L TN
be helpful in investigating telephone-based ' e N
fraud. It can also be used for surveillance of
organized crimes on telephone and the

Internet.

National security agencies use voice P
recognition technology to identify terrorist
and government spies.

5.8 Natural Language Processing

Natural Language Processing (NLP) is a branch of Artificial Intelligence. It gives computers the
ability to understand text and spoken words the same way humans do. Writing Al-based NLP
software is extremely difficult task. The NLP software has to accurately understand the intended
meaning of text or voice data for interaction between computers and humans. It is about making
computers learn, process and manipulated natural language just like human brain.

NLP plays a growing role in increasing efficiency and productivity in business, It is very helpful in
streamlining business operations and simplifying business processes.

The following are some common applications of NLP.

5.8.1 Email Filtering

We receive pile of emails every day which are related with our work, studies or many other things.
Some emails are important to use and some promotional or spam. Spam is unwanted junk email
sent in bulk. Spam can be advertisement, marketing message or even malware (malicious
software) that can be harmful. The NLP email filtering software uses artificial intelligence to
identify the incoming emails as
important or spam and places
them into their respective
folders. This is done by detecting
certain words or phrases in the
emails that signal a spam
message. Email filtering is not
100% accurate. Sometimes an
Important email is wrongly
identified as spam.
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5.8.2 Language Translation

NLP language translation software can translate written or spoken words from one language to
another. It uses Al technologies known as Machine Learning (ML) and Deep Learning (DL). It is very
helpful in removing language barriers. For example, it enables world leaders to participate in
meetings where everyone speaks a different language. Here computer software and human
interpreters work together to translate the speech into other languages. NLP programs can
translate many other things such as books, business letters, websites, etc. and reduce cost of
translation as well. The level of accuracy has increased as the technology is growing and
advancing.

5.8.3 Document Analysis

Document analysis is an important application of -
NLP. Organizations, businesses, institutions and
many such places have pile of documents stored in
computers. The data stored in documents is
properly organized, searched for and maintained
using NLP. The NLP software extracts specific F
information from documents and categorizes it p
according to the user's requirements. It is very g8
heipful in analyzing the data and making decisions |
and important predictions. It aiso helps in findinga [;
person’s information from pile of files.

5.8.4 Predictive Text

Making online searches is a very
common task we perform on our
smartphones and laptops. The NLP
algorithms generate a list of
predictive text, that is, probable — ] rew iz
next words or phrases as soon as we | cesenlpark

type anything in the search bar. We | Setmhsme

can click on any predictive text that | oot paskics shating

matches the information we are |  uuputing

looking for to display the relevant | cweslpasting coupan

websites. Predictive text imMproves | cosust pask besthesss

the search speed, enhances our | —Swstiviipachesl i

experience and ensures that the o ki

sggestions g withour ntention. .
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5.8.5 Sentiment Analysis

Sentiment analysis is an application of NLP technology to analyze text like humans and determine
if the emotional tone of the message is positive, negative or neutral. Companies and business
have huge amount of data like emails, reviews, social media comments and articles. Sentiment
analysis on this data can be performed to identify the emotional tone of people and determine
their opinions about a product, service or idea. For example, sentiment analysis can be
performed on customer service to understand customer satisfaction levels and identify the areas
for impravement. It can also be performed on a car model, smartphone or any other product to
know whether people have positive or negative views about it.

5.9 Robotics

Robotics is a combination of artificial intelligence and engineering. It involves designing, creation
and operation of automated machine programmed to perform tasks like humans. Over the years,
robotics has developed sophisticated machines to assist humans in a wide range of industries all
aver the world,

The following are some applications of robotics.

5.9.1 Robots in Rescue Operations

Rescue robots are used for a variety of rescue
operations. Firefighting robots are used to combat |
fire and rescue humans. Rescue robots are also
used in natural disasters such as earthquakes,
floods, landslides, hurricanes, cyclones and
tornadoes to rescue people by searching,
removing rubble, delivering supplies and medical
treatment.




ol

Robots are used in manufacturing industry for automation of a variety of tasks. These tasks
include assembly, welding, painting, product packaging, shipping, loading and unloading parts,
etc. They are used to perform repeated tasks and to streamline assembly workflow. Robots
replace human workers in some manufacturing industries performing dangerous tasks that may
cause injury. Robots generally work in collaboration with human workers. Use of robots has
increased productivity and reduced operation cost.

5.9.3 Roomba Robots

Roomba robot is a popular autonomous g
vacuum cleaner. It is a disk-shaped machine
capable of picking dirt, dust, hair, etc. It is
usually smaller than a traditional vacuum
cleaner. It moves around the cleaning area
and under furniture cleaning floors and
returns to its dock when finished. While §
cleaning, it automatically turns away when
approaching obstacles. Cleaning area
boundaries can be set to restrict its
movement. The direction of Roomba robot
can be controlled by remaote controller.

5.9.4 Robots in Farming

Robots are used in farming for planting, harvesting, soil analysis, surveillance and monitoring.
The purpase of using robots in farming is to reduce cost, optimize harvest and improve werking
conditions for farmers and workers.

o \
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agricultural environment.
2 Robots developed for harvesting are used for picking fruits and vegetables.
<> Spraying robots are used for spraying water and pesticides to plants that need it.

< Grafting robots automate the process of grafting, improve crop quality and reduce labor
requirements.

2 Palletizing robots are used for stacking and arranging harvest onto pallets for storage or
transport.
= Drone robots are used to provide surveillance and monitoring,

5.9.5 Robots in Space Exploration

Robots play an important role in space exploration. Robots help astronauts in performing tasks
such as collecting of soil samples, taking
pictures of rock formation and sending
them back on earth for scientists to
study.

Robots help in repair and maintenance of
spaceships and space vehicles millions of
miles away from earth. Using unmanned
space missions using rabots are common
today to learn about our universe. Robats
can work in dangerous space |
environment as they dont need food,
water or oxygen. They can work in
extreme temperatures and radiation
levels which is not possible for humans.
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5.9.6 Robots in Healthcare

Use of rabots in modern hospitals is
transforming the way surgeries and
many other tasks are performed by
healthcare professionals.

2 Partially automated robots are
used by surgeons to assist in
performing high-precision
operations in less time.

2 Robots are used to replace
healthcare professionals and
perform their tasks in unsafe
environment such as treatment
of COVID-19 infected patient.

2 Automated Mobile Robots (AMRs) are used to sanitize hospital rooms and make them ready for
patients.

Fig.5.30: Robots used fn operation room

> AMRs are also used to deliver medication and medical supplies and move heavy items such as
beds.

> Hospital pharmacies utilize robots to store, pick and refill pharmaceuticals.

5.10 Bias and Unethical use of Artificial Intelligence

Artificial Intelligence has become integral part of modern society. It has brought positive impact
in many areas of our daily lives but has some negative impact as well. Biased and unethical use of
Al based systems has become a big concern all over the world as it can result in injustice to
specific people. Al algorithms are developed by humans who can intentionally or unintentionally
introduce bias in them. Bias means unfairness or discrimination against someone based on race,
ethnicity, gender, aﬁe. etc. Unethical means something that is not morally correct such as unfair
usage of Al related with violation of personal data or gaining unauthorized access to other’s
systems. Al based systems are not thoroughly checked for racial or gender biases. If the data used
in training an Al system is incorrect, impartial, incomplete or biased in any way then the resulting
Al system can cause injustice, hurt people and cause harm.

In, 2015, Amazon realized that their Al algorithm used for hiring employees favored men aver
women. The reason for this injustice was that the algorithm was based on the number of resumes
submitted over the past ten years mostly belonged to male applicants.

As another example, it was observed that the facial recognition technology has sometimes
produced wrong results for people with darker skin tones. This can cause injustice to people who
are misidentified by the system in a criminal investigation.




The following are some examples of bias and unethical use of Al systems.
D Privacy Breaches

Privacy breaches are concerned with the violation of protection of personal data. Al
systems have the ability to store and process huge amount of data which fs vulnerable to
privacy violation.

2 Social Manipulation and Misinformation _
Al systems can spread propaganda and manipulate social media trends such as peoples’
likes and dislikes or changing their opinions related with all the aspects of society.

> Cyber Security Threats

Al system can employ techniques that can be used in cyber-attacks to gain unauthorized
access to other's computer systems. This can lead to financial loss, privacy invasion or
identity theft, |

2 Financial Market Manipulation
Al systems can be used to manipulate stock market that can lead to economic instability.

2 Deepfake Videos

Deepfake videos are computer created Al based realistic fake videos. These videos
misrepresent someone or saying something that was not actually done or said. Such videos
can spread misinformation, defamation or change public opinion.

5.11 Responsibilities of Al System Designers

Al technology is shaping the future of humanity. It improves efficiency and provides innovative

solutions in various sectors of our society. The designers of Al systems must keep in mind the

ethical and social responsibilities while developing Al systems.

The following are the responsibilities of Al system designers:

2 They must ensure that the use of Al technology does not result in injustice to specific groups of
people.

> They are responsible for safeguarding user data privacy. The use of Al systems should not
endanger people's privacy.

2 Al system designers must ensure fairness, transparency and impartiality while developing Al
algorithms. :

2 Theyshould take into considerations the ethical values to prevent harm to anyone.

2 They should ensure that the use of Al systems benefits humanity and improves people’s quality
of life.

2 They should ensure that Al systems are designed to gain the trust of people and shape our
future in positive direction.




4 “Unit Summary I

2 loT is an infrastructure that consists of network of servers that provides connectivity
between multiple devices and facilitates man to machine and machine to machine
interaction.

| D loT cloud is a network of servers that efficiently handles data at high speeds for a large
number of devices and analyzes it.

2 Smart grids and traditional electrical grids use the same transmission lines,
transformers, etc., for supply of electricity. The only difference is that smart grids use
loT devices that can communicate with each other and also with the consumer.

2 Smart home is based on loT technology to provide convenience to home owners in using
home appliances.

) Blockchain is a digital ledger or database of transactions that continuously grows. It is
created, maintained and shared by network users.

D Cryptocurrency is a digital (or virtual) currency that facilitates direct payment without
the involvement of intermediaries such as bank. It works through peer-to-peer global
network without central clearing authority.

) Cloud computing is the delivery of computing services such as servers, storage,
database, networking and application software over the cloud (Internet).

2 Speech recognition is a form of artificial intelligence. It is a software that converts
human speech into text form or commands that devices can understand and respond to.

) Voice recognition software converts voice into digital data based on the user’s unique
voice characteristics. Voice recognition is a biometric system,

2 Natural Language Processing (NLP). is a branch of Artificial Intelligence. It gives
computers the ability to understand text and spoken words the same way humans do.

2 The NLP algorithms generate a list of predictive text, that is, probable next words or
phrases as soon as we type anything in the search bar.

< Sentiment analysis is in application of NLP technology to analyze text like humans and
determine if the emotional tone of the message is positive, negative or neutral.

D Robotics is a combination of artificial intelligence and engineering. It involves
designing, creation and operation of automated machine programmed to perform tasks
like humans.

» Roomba robot is a popular autonomous vacuum cleaner. It is a disk-shaped machine
capable of picking dirt, dust, hair, etc.




Q1. Select the best answer for the following MCQs.
1. The technology used for management of supply chain is known as:
a. loT b. Blockchain c.Cloud Computing  d. Al Assistant

2. The technology that provides automation in manufacturing industry, healthcare, home, traffic
monitoring, etc. is known as:

a.loT b. Blockchain c. Cloud Computing  d. Robotics
3. The technology that is an alternative to on-premises computing in business is:

a. Al Computing b. Server Computing

¢. Cloud Computing d. Network Computing

4. Branch of Al that gives computer the ability to understand text and spoken words like humans is
known as:

a. Language Translation b. Digital Language Processing

c. Robotics d. Natural Language Processing
5. The technology that enabled the existence of Cryptocurrency is:

a. Cloud Computing  b. Blockchain c. Robotics d. loT
6. The virtual assistant developed by Microsoft is:

a. Cortana b. 5iri c. Alexa d. Bixby

7. The probable next words or phrases that are displayed as we type anything in the search bar is
called:

a, Dncumenthnalﬁis b. Sentiment Anaiysis
c. Predictive Text d. Internet Suggestion

8. Al based realistic videos that are not genuine are known as:
a. Privacy Breach Videos b. Social Manipulation Videos

c. Misinformation Videos d. Deepfake Videos




Q2. Write answers of the following short response questions.
1. Describe how 10T can help traffic monitoring.

2. Describe the benefits of using Blockchain technology in maintaining a digital ledger (database)
of transactions.

3. Differentiate between speech recognition and voice recognition.

4. Describe the features available in Quran memorization apps that help in the memorization of
Quran.

5. Briefly describe how Al-based systems can cause injustice to some people.

6. Describe how predictive text based on NLP algorithms helps in making online searches.

Q3. Write answers of the following extended response questions.
1. Briefly describe the application af loT in the following areas.
a) Healthcare
b) Hospitality
c) Smart farming
2. Briefly describe how Blockchain technology is useful in the following areas.
a) Management of supply chain
b) Voting
c) Protection of copyrighted and intellectual property
3. Describe any three benefits of cloud computing.
4, Describe the use of voice recognition for security and criminal investigation,
5. Briefly describe how NLP helps in e‘n';ail'ﬁlten ngand language translation.

6. Describe two applications of robots that are not mentioned in this unit.
L]
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%‘ Activity-1 )

Students should use online tools like Google Docs and Google sheets to show the
benefits of cloud computing.

/‘@ Act'l\fit}" 2 }

Present to students an loT application like smart parking. Each parking spot has a sensor
that can detect if the spot is occupied and users have applications that can check open
parking spots in a parking lot or garage. The students are then presented with a scenario
of a smart home with temperature sensors, fans and ACs that can be remote controlled
from a smartphone, and other hausehald items like umbrellas, lunch boxes, fridges that
are connected. Ask students to imagine applications that are enabled in such an
environment.

Students can watch different videos on how technology in different fields is automating
tasks that were once done by humans.

@)

Read or explain case studies of how Al has discrimination. For example, the COMPAS
algorithm used in US course system. Amazon's hiring system was biased against women is
another case study.




’\/ At the end of this unit students will be able to:

> understand and apply safe & responsible use of the interne
promote information and data security

> evaluate the impact of and apply strategies to prevent cyberbullying/harassment

> analyze the impacts of the digital divide on access to critical information

7 |

t to prevent addiction,




UNIT INTRODUCTION

Using the internet safely is very important
today. This unit will help you learn how to be
careful and responsible online. We will discuss
here how to avoid internet addiction and keep
your personal information safe. It is also
important to protect your persanal
information. Using strong passwords, looking
out for scams, and keeping your privacy
settings updated can help protect you from
online threats and keep your digital identity
safe.

Spending too much time online can harm your
mental health and lesser your productivity. By
noticing when you are spending too much time online and finding ways to reduce it, you can keep
a hgalth'p' balance in life.

6.1 What is Technology Addiction

Technology addiction, also known as digital or internet
addiction, refers to the excessive and compulsive use of
devices like smartphones, computers, video games, and
social media. This type of addiction can disrupt a person's
daily life, relationships, and overall well-being, similar }
to other behavioral addictions like gambling or |
compulsive shopping. ]
Activities that often lead to technology addiction include
heavy use of social media, online gaming, video
streaming, endless web browsing, and constant texting
or messaging. However, not everyone who uses
technology a lot is addicted. The key difference is
whether the technology use negatively affects one's life and if the person struggles to control it,
Technology addiction is a serious issue that might require treatment through counseling, therapy,
support groups, and strategies to use technology more responsibly.

Ry
Teacher Point: } \

In a remote village, Sara struggles to access online educational resources due to limited
internet availability, while her friend in the city excels with high-speed connectivity. The
teacher helps students analyze how the digital divide creates unequal opportunities,
affecting access to critical information for education, healthcare, and job oppartunities,
emphasizing the need for equitable solutions.




6.1.1 Concern of technology addiction

Technology addiction is a rising question in today’s world. It affecting people of all ages. Spending
too much time on devices, social media, and games can make people excessively dependent on
technology, which can harm both their mind and body. It is important to understand this problem

and find ways to control technology use to keep a healthy balance between online activities and
real-life relations.

Mental Health Challenges:
Depression and Anxiety:

Technology addiction can make feelings of depression
and anxiety worse because always comparing yourself
on social media, dealing with cyberbullying, and facing
online harassment can hurt your mental health.

Isolation:

Excessive screen time can cause social isolation and
loneliness. When people spend too much time on
screens, they have less face-to-face interaction.
Technology addiction can also harm relationships with
family and friends. This happens because people may
choose their devices over real conversations.

Academic and Occupational Problems:
Decreased Productivity:

Technology addiction can Il.ead to decreased praductivity
at work or in school due to constant distractions.

Academic Underperformance:

Students addicted to technology may find it hard to focus
on their studies, which can affect their grades and
academic performance.




Privacy and Security Concerns:
Oversharing:
People who are addicted to social media might share too

much personal information, which can put their privacy
and security at risk.

Online 5cams and Cybersecurity Risks:

People who are addicted to technology might be at
higher risk of falling for online scams and cyberattacks
because they spend too much time online.

Analyze the impact of new technology laws on digital privacy:

New technology laws have changed digital privacy and security in both good and bad ways. These
laws, such as GOPR in Europe and CCPAin the U.S., help people control their personal information
and require companies to protect data more carefully. They also help by making companies report
data leaks quickly. However, finding a balance between privacy and letting law enforcement
access data is tough and can impact people's privacy. For businesses, following these rules can be
expensive, and different laws in each country make it harder to manage data internationally.

6.2 Internet

The internet is like a giant web connecting computers and ﬂ e 0
devices everywhere. It allows us to share information,
communicate, online buying and selling, and watch videos % . ¢ O

etc. Think of it as a massive library where you can find almost
anything you want to learn. The internet has revolutionized

& § v o
how we live and work, continuously improving with new o O
advancements. It is now a crucial part of our daily lives, Q @
making tasks quicker and simpler than ever before. k ﬁg

6.2.1 Use internet for beneficial purposes EEETReT: ntemee. 7]

Using the intemnet for good purposes like to help people and communities. This includes using
online tools for learning, health, social interaction, and caring for the environment. The internet
connects people, making it easy to share ideas and work together. This introduction explores how
the internet can bring positive changes, inspire people, and improve =

lives.

Information and Education:

The internet provides access to a vast amount of information and
educational resources. It has made learning more accessible through
online courses, tutorials, and educational websites, enabling people
to acquire new skills and knowledge.

{r‘ Matianal Bodk Foundato o



Global Communication:

The internet links people from all over the world, making it simpler
for individuals to talk with family and friends who are far away. It has
also helped people work together internationally and share different
cultures.

e

Social Activism: 1‘
Social media sites and online groups have played a big role in making l -

people more aware of social and environmental problems. Activities |(
E:J jll

like climate change activism have become more popular and have
made a difference because of online efforts.
Getting medical information and using telemedicine services online
has made it easier for people to get healthcare, especially in areas
: where there are not many doctors or hospitals nearby. Patients can
' : ' talk to healthcare professionals and find medical help online.

L

Support Communities:

ﬁ'.\_
1 m.%

Medical Information and Telemedicine:

.,.

Communities and support groups online are available for individuals
facing different difficulties like mental health problems, addiction, |
or long-term illnesses. These groups give people a feeling of |.
belonging and provide resources for those needing support and
guidance.

" | Political Engagement:

The internet has boosted citizen involvement in paolitics by giving
them places to chat about political topics, sign up for voting, and
|| join in elections. Plus, it is made government actions more visible
:I and open.

bl

Cultural Exchange:

The internet allows people from different cultures to connect and
share their traditions, art, and ideas. It promotes cultural
understanding and appreciation,

-f:: Matibnal Book Foundation Unit 6: Impacts of Computing




Innovation and Research: sy le
Scientists and researchers can collaborate and share their ﬁndings . (RESEW%CH

online, accelerating the pace of innovation and discovery across '{..._{ “"§§?§ i NI
various fields. E-L"u ; TTRD
T E et e L

6.2.2 Use of internet for malicious purposes

The internet is a potent tool that has both good and bad effects on society. While it makes it easfer
to access information and communicate, it also allows for cybercrime, online harassment, and
the spread of illegal content. From cyberterrorism to scams and privacy breaches, the internet
poses a range of challenges. While steps are taken to fight online crime, users also need to stay
alert and practice online safety to reduce risks,

Cybercrime:
.- * "o Cnmlnals use the internet for various illegal activities, including
3 | hacking, identity theft, online fraud, and spreading malware, These
U | actions can lead to financial losses, data breaches, and damage to
1nd1v|-::luaLs and organizations. i e
Online Harassment
' 0
Online Harassment and Bullying: | u\;&
The secrecy provided by the internet can encourage some g\i‘

Individuals to engage in cyberbullying, harassment, and trolling, |
causing emotional distress and harm to others.

| Cyberterrorism:

l Cyberterrorism is when the internet is used to attack computer
. systems or networks for political or ideological reasons, intending to
~ create fear, chaos, or harm. This can involve actions like hacking into
- government websites, causing problems with essential services, or
- spreading propaganda online. The aim is to cause fear or push
* forward a specific agenda by using technology.

lllegal Content:

The internet is used to distribute and share illegal content, such as
child abuse, pirated software, and copyrighted materials without

permission.
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Hate Speech and Disinformation:

Some individuals and groups use the internet to spread hate speech,
misinformation, and disinformation, which can contribute to social
division and tension,

4 Online Scams:

Scammers often use the internet tg trick individuals into giving away
personal information or money through various fraudulent schemes,
including phishing (Phishing is a scam that tricks people into giving
away personal information, like passwords, by pretending to be
someone trustworthy) emails and fake websites(Fake websites are
imitation sites designed to look real but are created to steal personal
information or spread malware).

Privacy Violations:

There are instances where the internet is exploited to invade
people's privacy, such as by hacking into personal devices or leaking
sensitive information.

A ﬁ L Cyber Espionage:
&

[T | Nation-states and other entities may engage in cyber espionage to
steal sensitive information, intellectual property, and government
secrets,

6.3 The Effects of Threats to Individual Privacy and Security
Threats to individual privacy and the security of data from spam, spyware, and cookies are

various risks to users:

Spam:

Spam emails usually have annoying ads or harmful stuff.
If you get spam, If you receive spam, it could mean
someone got your email without your permission, which
can put your privacy at risk. Some spam emails even have
viruses or try to trick you into giving personal info by
clicking immoral links or downloading corrupt files. To |

deal with spam, you can use spam filters, be careful who &




you share your email with, and tell your email provider about spam. Using temporary email
addresses for online stuff can also help avoid spam.

Spyware:

Spyware is software that spies on what you do on your device, takes your personal info, and sends
it to unauthorized people. This invasion of privacy can lead to someone stealing your identity or
money. Spyware can also make your device unsafe by letting people *access important
information. It can see what you type, take pictures of your screen, and remember your
passwords. To stay safe from spyware, always update your antivirus and anti-spyware software.
Do not download software from places you do not trust, and be careful with links and files you
click on.

Cookies:

Cookies are tiny files saved on your device to remember what you do online. Some cookies are
okay, but others collect your information without asking, which is not good for your privacy. You
can control and remove cookies in your web browser settings. Also, turning on settings to block
cookies from other websites can help keep privacy safe.

6.4 Cloud Computing
Cloud computing is a way to use computer Mobile
stuff like servers, storage, and software over
the internet. Instead of having to buy and @
manage all the hardware yourself, you can

rent it from companies that offer cloud
services. This setup has many advantages, like
being able to change how much you use based
on your needs, saving money, being flexible,
and accessing your stuff from anywhere with
internet,




6.4.1 Public cloud

A public cloud is a type of cloud computing service that provides
resources and services over the internet to multiple users and
organizations. It is called "public® because the cloud
infrastructure is owned and operated by a third-party cloud
service provider and is made available to the general public or a
wide range of customers. These cloud providers typically have
vast data centers with a multitude of servers, storage, and |

networking equipment that they use to deliver various cloud
services.

@ 6.4.2 Private cloud
i - A private cloud is a cloud computing environment that is
L1 ] Q L  exclusively used by a single organization or entity, such as a
t;' *© ' business or government agency. Unlike public clouds, which are

| shared by multiple users and hosted by third-party providers like
Amazon Web Services (AWS) a private cloud is typically hosted
and managed within the organization’s own data centers.

6.4.3 Basics of security and privacy of cloud computing

Security and privacy are critical aspects of cloud computing. When using cloud services, whether
for personal or business purposes, it is essential to understand the basics of how security and
privacy are managed. Here are the key concepts and considerations:

Data Encryption:

Make sure that data sent to and from the cloud is encrypted using secure methods. Data stored in
the cloud should also be encrypted to keep it safe from unauthorized access. Cloud providers
usually offer encryption options for data that is stored.

5 H T AT
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Access Control:

Create strong access control rules to limit who can use resources in the cloud. Use tools like
Identity and Access Management (IAM) to manage user permissions. Use strong authentication
methods, like multi-factor authentication (MFA), to improve security when accessing accounts.

Incident Response and Monitoring:
Set up tools to watch for any strange or suspicious actions in your cloud system. Create a plan to
quickly handle any security problems if they happen.
Privacy Policies and Data Handling:

Review the privacy policies of cloud provider to
understand how they handle data. Minimize the
amount of personal or sensitive data stored in the
cloud and only store what is necessary.

Network Security: .

Use firewall rules, network segmentation, and Virtual . | ; |
Private Cloud (VPC) to secure your cloud resources. s ‘
Keep an eye on network trafficand use tools todetect | :

and respond to any suspicious activity. g 'M-“ Network Security

6.5 Hardware and Software Method to Protect Devices

Using both hardware and software is really important to keep devices safe from different kinds of
dangers. Hardware methods include things like using your fingerprint to unlock your device, or
special technology to keep your information safe, It also means using special walls for your
internet to stop bad things from getting in. Software methods are different; they involve
installing programs on your device to stop viruses and other bad stuff. It also means updating your
programs often to fix any problems and adding extra steps to make sure it is really you logging in.

By using both hardware and software approaches, devices can suy safe from online dangers and

people trying to get in without permission.
haEEy Fasturs T ks l"-h h—il‘-h-
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6.5.1 Hardware Methods
Biometric Authentication: |

Many modern devices come equipped with biometric sensors, such as |
fingerprint scanners or facial recognition cameras. These hardware
components provide an extra layer of security by ensuring that only |
authorized users can access the device.

Secure Boot;

Secure boot is a hardware-based pracess that ensures only trusted software is loaded during the
device startup. It prevents malware from infecting the boot process.

Firewalls:

A firewall is a security system that helps protect computers and
networks from unauthorized access. It acts like a barrier, blocking
unwanted traffic from entering or leaving a network while allowing
safe, approved traffic to pass through. Firewalls help keep personal and
sensitive information secure by filtering out potential threats, such as
hackers or malware, before they can reach your device or network.

6.5.2 Software Methods
Antivirus and Antimalware Software:

Install reputable antivirus and antimalware software to regularly
scan and protect the device from known threats. Keep these
programs up to date to defend against new threats.

Operating System Updates:

Regularly update the operating system and software applications.
Updates often include security areas that address weaknesses that
hackers can exploit.

Firewalls (Software):

Use a software firewall, in addition to any hardware firewall, to control the traffic to and from the
device. Configure it to block unauthorized access and outgoing data leaks.

Password Management:
Use strong, unigue passwards for each account and employ a password

manager to store and manage them securely. Two-factor authentication |
(2FA) should also be enabled wherever possible.




Virtual Private Network (VPN):

A YPN encrypts your internet connection, making it more difficult for cybercriminals to intercept
your data. It also helps maintain anonymity and protects your online activities from curious eyes.

0

Data Backup:

Regularly back up your important data to an external device or cloud storage service. In the event
of data loss due to malware or hardware failure, you can restore your information.

6.6 Cybersecurity

Cybersecurity refers to the practice of protecting
computer systems, networks, and data from
unauthorized access, cyberattacks, and other
malicious activities. It involves implementing a range
of technologies, processes, and practices to
safeguard digital assets and ensure the
confidentiality, integrity, and availability of
information. Cybersecurity measures aim to defend
against various threats, including malware, phishing
scams, ransomware, and insider threats, among
others. By implementing robust cybersecurity
measures, individuals, organizations, and

governments can mitigate risks, prevent data breaches, and preserve trust in the digital
ecosystem.

6.6.1 Ne=d of cybersecurity

Cybersecurity is crucial for protecting privacy and
information security in our digital era. As technology
advances and systems become more interconnected,
the amount of data exchanged online grows rapidly,
1 posing significant challenges for privacy and security.
i Without strong cybersecurity measures, personal data
like financial records and medical histories are at risk.




leading to identity theft and other serious consequences. Additionally, cybersecurity is closely
linked to data security, which involves safeguarding information from unauthorized access or
alteration. In conclusion, by prioritizing cybersecurity measures, we can protect sensitive data
and maintain trust in our digital world.

6.6.2 Cybercrimes laws

using computers or digital tools. They explain what
cybercrimes are and set punishments for those who
commit them. They also guide police on how to catch |
and punish cybercriminals. Cybercrimes include |
hacking, identity theft, fraud, data breaches, J
cyberbullying, online harassment, stealing intellectual 11 [

Cybercrime laws are rules made to stop illegal activities J ) I
A

property, and cyber terrorism. Examples are breaking
inta computer systems, phishing scams, malware "5 .
attacks on websites.

6.6.3 Instances of Cybercrimes

Cybercrimes involve various illegal activities done online. Examples include stealing personal
information like social security or bank details to impersonate someone. Tricking people through
emails or fake websites to get sensitive data is another example. Deploying harmful software like
viruses to steal data or disrupt systems is also a cybercrime. Hacking into networks to steal
important information is common. Running scams online to deceive and extort money is another
form of cybercrime. Harassing or threatening others through social media is also included.
Flooding websites with traffic to make them unusable is a type of attack. Stealing information or
government secrets through espionage is another example. Misusing access to systems or data 1s
also a cybercrime. Exploiting minors through online platforms is a serious cybercrime. These '
examples show the differenltypeiuf cybercrimes that exist today.

(3
|
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6.6.4 Common methods of reporting cybercrimes

Law Enforcement Agencies:

Reporting CybercrimeContacting local police departments or national law enforcement agencies
to report cybercrimes. Many countries have specialized cybercrime units or task forces dedicated
to investigating and prosecuting cybercrimes.

Government Agencies:

Reporting cybercrimes to government agencies responsible for cybersecurity and digital crimes.
These agencies often have dedicated hotlines, online reporting portals, or email addresses where
individuals can report incidents and seek assistance.

Internet Service Providers (ISPs):
Informing I5Ps about cybercrimes, especially if the D O

incidents involve illegal activities conducted PC Internet
through their networks or services. ISPs may take

action against malicious users or provide assistance S o

in reporting incidents to relevant authorities. i -
Financial Institutions: L R

Notifying banks or financial institutions if cybercrimes involve unauthorized access to accounts,
fraudulent transactions, or other financial crimes. Financial institutions often have procedures in
place to investigate and address such incidents.

Online Reporting Portals: L

Report cybercrimes using online portals set up by |
government agencies, law enforcement, or
cybersecurity organizations. These platforms allow
to report crimes anonymously or ask for help with
cyber threats. By using these reporting methods,
people and organizations help detect, investigate, ¥
and prosecute cybercrimes. This effort helps fight |
cyber threats and improve cybersecurity.

y 6.7 Safety and Security Concept

safety and security on social media involve many challenges, such as protecting privacy, dealing
with online harassment, cyberbullying, and peer pressure. To solve these problems, everyone
needs to work together, including platform operators, policymakers, teachers, parents, and
users. Promoting digital literacy and building supportive communities can make a difference. It is
also impartant to put strong safety measures fn place. By working together, we can create a safer
and more positive online space for everyone.

— O O T



Privacy Protection:

Social media platforms collect a lot of personal data, which
raises privacy concerns, Users can protect their privacy by
adjusting privacy settings. They should be cautious about
sharing sensitive information. Regularly reviewing online
profiles for publicly visible content is also important.

Online Harassment and Cyberbullying:

Online HarassmentCyberbullying is when people use the
internet to bully or scare others. This can really hurt the e
feelings and mental health of the victims. To stop ™=
cyberbullying, we can teach everyone how to behave nicely online. It's important to encourage
kindness and respect. We should also have easy ways for people to report bullying and get help.

Peer Pressure and Social Influence:

Peer pressure and social influence can make people feel like they need to act a certain way to be
accepted by others. This can lead to taking risks or making unhealthy choices. To stay safe and
secure, it is important to learn how to make good decisions on your own. Building self-confidence
helps you resist pressure. Creating supportive groups where everyone feels valued can also
reduce the negative eﬂectsufpeer pressure.

6.8 Cyberbullying

Cyberbullying is when someone uses the internet or
digital devices to hurt, harass, or intimidate others. This
can include mean messages, spreading rumors, or
sharing private information to embarrass someone. It | «fw.
can happen an social media, through text messages, or |\ s
in online games. Cyberbullying can make the victim feel
very upset and unsafe.

6.8.1 Impact of Cyberbuilying/Harassmenl
Psychological Effects:

Victims often experience anxiety, depression, low self-esteem, and even suicidal thoughts. The
constant fear and humiliation can have long-lasting psychological consequences.

Academic and Professional Impact:

Cyberbullying can make it hard for someone to focus on school or work, causing their
performance to drop. It can also damage their professional reputation and future job
opportunities.




Social Isolation:

Victims may stop joining social activities and feel alone.
They might lose trust in others and find it hard to make
new friends or relationships.

Physical Health:

The stress from online harassment can lead to physical
health problems, such as headaches, sleep
disturbances, and stomach issues.

Consequences of Cyberbullying:

Cyberbullying and harassment can have serious effects
on a person. It can lead to stress, anxiety, and
depression, Victims might struggle to focus on school or
work, and their performance may suffer. They may feel
alone, lose confidence, and have trouble trusting others
or making new friends. In some cases, it can even harm their reputation and future job
opportunities, Overall, it can deeply hurt both their mental health and social life.

6.8.2 Strategies to Prevent Cyberbullying/Harassment

Education and Awareness:

Promote digital literacy and raise awareness about the consequences of cyberbullying among
both children and adults. Teach responsible online behavior and empathy.

Parental Involvement:

Parents should be actively involved in their children's online activities. Setting rules and
monitoring their intemet usage.

School and Workplace Policies:

Schools and workplaces should have clear anti-cyberbullying policies in place. These policies
should outline consequences for criminals and provide support for victims.

Reporting Mechanisms:
Establish anonymous reporting systems for victims and witnesses to

report cyberbullying incidents. Ensure that reports are taken seriously C,b&l’ hu“y-[ng

and acted upon promptly.
Social Media Regulation:

S n l_. E Encourage social media platforms to implement stricter policies against
| Cyberbullying and harassment. Platforms should swiftly remove harmful
Stop Bullying content and ban repeat lawbreakers.

\/PG(PS
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6.9 The Environmental, Cultural and Human Impact of
Computing and Assistive Technologies

Computing and assistive technologies affect the environment, culture, and people in many ways,
They can improve lives by making tasks easier, especially for those with disabilities. However,
producing and using these technologies can impact the environment due to energy use and

electronic waste, They also influence cultures by changing how we communicate, learn, and '
work.
6.9.1 Environmental Impact '

The environmental impact of computing and
assistive technologies includes high energy use
and electronic waste. Devices like computers
and data centers need a lot of electricity,
which can lead to pollution and greenhouse gas
emissions. As technology advances, devices are
often quickly replaced, creating electronic |
waste (e-waste) with harmful materials that e
can harm the environment if not safely ;&
recycled. Efforts are being made to reduce
these impacts, but challenges remain.

6.9.2 Cultural Impact

The cultural impact of computing and assistive technologies is seen in how they change the way
people interact, learn, and work. These technologies make it easier to connect across distances,
share information, and access educational resources. They also help people with disabilities
participate more fully in society. However, they can also lead to less face-to-face communication
and may create a digital divide. This gap can make cultural and economic differences.

6.9.3 Human Impact

The human impact of computing and assistive
technologies is both positive and challenging.
These technologies make tasks easier,
especially for people with disabilities, helping
them to communicate, learn, and work better.
However, using technology too much can cause
problems like addiction, stress, and lES‘.i
physical activity. Also, technology is always
changing, which can lead to job changes and
challenges in learning new tools.

{f. Hational Book Faundation @ Unit6: r|1||:|._-|.;|-_.15||' Computing




6.10 Digital Divide

The digital divide means some people or groups
have less access to technology, like the internet,
compared to others. This gap can show up in
different ways and affect individuals, groups, or
even whole areas. It is a big deal because it can
cause problems in society, the economy, and

politics.

tm

Analyze the impacts of the digital divide on access to critical information:

The digital divide limits access to critical information, especially for those without reliable
internet, devices, or digital skills. People in low-income, rural, or underserved areas often miss
out on essential services like online education, healthcare, and job opportunities. This divide
worsens social inequalities, leaving some groups without important resources or timely
information. Bridging the digital divide can improve equity, giving everyone a fair chance to
connect, learn, and grow. '

6.10.1 Access Divide

Infrastructure;

One aspect of the digital divide is access to the physical infrastructure. The infrastructure
required for digital connectivity, including broadband internet, computers, and mobile devices.
Rural or remote areas often have limited or no access to high-speed internet, creating an urban-
rural divide,

Affordability:

Even when infrastructure is availabte, cost can be a barrier. Internet service, computers, and
smartphones can be expensive for low-income individuals and families, making them
inaccessible.

6.10.2 Usage Divide

Digital Literacy:

Just having access to technology is not enough. People also need to
know how to use it well. Some, especially older people, might not
have the skills to use digital tools and the internet properly.

Relevance of Content:

Some people can use the internet, but they might not see it as impartant for their everyday life.
This could be because there is not much content available in their language or about things that

matter to them.




6.11 Inequitable Access to Information

When some people do not have the same
access to information or technologies as
others, it can really affect their lives. |
Imagine if you could not find out
important things or learn new stuff
because you did not have the same access
to books or the internet as other people, It
might make it harder to do well in school
or find a good job. Having fair access to
information is really important for
everyone to have the same opportunities.

'l Case Study )

& )
Apply Safe & Responsible Use of the Internet

Scenario:

Ali, a Grade 10 student, loves using the internet for studying, gaming, and socializing with
friends. However, he recently noticed that he spends too much time online, which affects his
studies and sleep. Additionally, he sometimes receives strange friend requests and messages
from unknown people on social media, which makes him feel uncomfortable. He is also unsure
if the websites he visits are safe and if his personal information is secure.

Alf's school has introduced a session on responsible internet use, focusing on the importance of
balancing online activities, recognizing safe websites, and protecting personal information.
Objective:

To help Ali and his classmates “apply safe & responsible use of the internet to prevent
addiction, promote information and data security.” Demonstrates how students can apply

safe and responsible internet practices to balance their online activities, avoid addiction, and
kfnsure information and data security. JJ
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Uit Sumimary

+» Internet Safety: The practice of using the internet in a secure and responsible manner to
protect personal information and avoid online threats.

& Internet Addiction: Compulsive and excessive use of the internet that interferes with
daily life, relationships, and well-being. .

» Cyberbullying: Online harassment or bullying that can cause emotional distress and has
significant negative impacts on individuals.

P Technology Addiction: Compulsive and excessive use of digital devices and platforms,
leading to negative effects on mental health, productivity, and relationships.

< Internet: A global network of interconnected computers and devices that allows for the
sharing of information and communication.

& Spam: Unwanted and often malicious emails that compromise user privacy and security.

< Spyware: Malicious software that secretly monitors and collects personal information
from users.

2 Cookies:Small text files stored on a user's device to track online activity, which can ratse
privacy concemns.

+» Cloud Computing: Technology that provides access to computing resources and services
over the internet, allowing for scalable and flexible use of IT infrastructure.

< Public Cloud: Cloud computing services offered over the internet by third-party
providers to multiple users.

) Private Cloud: A cloud computing environment exclusively used by a single organization,
offering more control over data and security.

» Data Encryption: The process of converting data into a coded format to prevent
unauthorized access.

2 Access Control: Policies and mechanisms that restrict access to resources based on user
roles and permissions.

+ Network Security: Measures taken to protect data during transmission over networks,
including firewalls and intrusion detection systems.

) Biometric Authentication: Security measures that use biological characteristics, such as
fingerprints or facial recognition, to verify identity.

) Secure Boot: A hardware-based process ensuring only trusted software is loaded during
startup, protecting against malware.

D Antivirus Software: Programs designed to detect, prevent, and remove malware from J

devices.
.
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% VPN (Virtual Private Network): A service that encrypts internet connections, enhancing

privacy and security.

-+ Data Backup: The practice of regularly saving copies of important data to prevent loss

due to cyber threats or hardware failures.

.- Cybersecurity: The practice of protecting computer systems, networks, and data from

unauthorized access, cyberattacks, and other malicious activities.,

Cybercrime Laws: Rules designed to prevent illegal activities using computers or digital
tools, defining cybercrimes and setting punishments for offenders.

= Digital Divide: The gap between individuals or communities with access to digital

technologies and those without, affecting societal, economic, and political
oppartunities.

> Access Divide: The disparity in access to physical infrastructure and affordability of

digital technologies between urban and rural areas and among different income groups.

> Usage Divide: The gap in digital literacy and relevance of content, impacting individuals’

ability to effectively use technology.

- Participation Divide: The disparity in engagement in online activities, economic

opportunities, and access to online services due to lack of technology or skills.

2 Global Divide: The worldwide disparity in access to technology and digital resources

between richer and poorer countries.

N
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Select the best answer for the following Multiple-Choice Questions (MCQs).
1. isakey reason for being careful and responsible online?

a) To save money

b) To avoid technology addiction and protect personal information

¢) To become more popular

d) To learn new skills
1. Spending too much time online be harmful for?

a) Mental health and productivity b) Physical fitness and diet
c) Shopping habits d) Travel plans

3. Which of the following is NOT a way to protect personal information anline?
a) Using strong passwords b) Being alert for scams

) Sharing your passwords with friends d) Keeping privacy settings updated
4. Technology addiction is well described by

a) Using technology occasionally

b) Excessive use of digital devices

c) Avoiding all forms of technology

d) Only using technology for work purposes
3. What is a common result of excessive screen time?

a) Enhanced social skills b) Social isolation and loneliness
¢} Improved academic performance d) Increased physical activity
6. Which of the following is a way to reduce technology addiction?
a) Increasing online gaming hours b) Practicing mindful use of technology
c) Ignoring signs of addiction d) Sharing personal information online
7. Select one benefit of using the internet for good purposes?
a) Increasing online fraud b) Access to educational resources
c) Spreading misinformation d) Cyberbullying
8. ___of thefollowing is a positive use of the internet?
a) Cybercrime b) Online harassment
¢) Supporting social meeting d) Distributing illegal content
9. is a way to protect your device from online threats?
a) Avoid using antivirus software b) Ignore software updates
c) Use biometric authentication d) Share passwords freely




10. Which method is a hardware method to protect devices?

a) Biometric authentication ~ b) Secure boot
c) Firewalls d) All
11. What is a public cloud?

a) Acloud environment used by one organization :
b)Acloud service offered to the gerieral public by a third-party provider
c)Aprivate network for personal use
d)Asecure bﬁot process for devices
12. ____isthe primary goal of cybersecurity?
a) Toincrease internet speed b) To protect computer systems and networks
¢) Todevelop new software applications  d) To create more social media platforms
13. Which of the following is an example of a legal online activity?
a) Hacking into a network to steal information
b} Tricking people through phishing scams
c) Developing a new mobile app
d) Deploying malware to disrupt systems
14. Why is cybersecurity essential in the digital era?
a) It helps in faster data transmission
b) It reduces the need for technical support
¢) It decreases the cost of internet services
d) It ensures that personal data is protected. from malicious actors
15. Role of students which can minimizing the digital divide?
a) Developing new gaming applications
b) Providing technology training and support to those who need it
c) Reducing the prices of digital devices
d) Creating more social media accounts

Give short answers to the following Short Response Questions (SRQs).
1. List the importance of safely use of internet today?

2. State four ways to protect personal information online?

3. Mention three benefits of cloud computing?

4, Why is cybersecurity essential in today's digital era?

5. Name three common types of cybercrimes.

6. What would you do if your friend faced cyberbullying?




Give long answers to the following Extended Response Questions (ERQs).

1. What are the impacts of cyberbullying and online harassment, and what strategies can be
implemented to prevent them?

2. Describe the various threats that cybersecurity measures aim to defend against.

3. Explain the role of cybercrime laws in addressing fllegal activities conducted through digital
tools.

4, Analyze the cultural impact of computing technologies. How do these technologies facilitate
global connectivity and cultural exchange.

5. Examine the effects of the digital divide on access to information. How does this divide affect
education, employment, healthcare?

,-@ Activity-1 ) \
Safe and Responsible Use of the Internet

Grade 10 students will learn about safe internet use to prevent addiction and enhance data
security. Over two class periods, students will discuss internet safety, research related topics,
and present their findings. They will create posters promoting responsible internet use and
participate in a gallery walk to view and comment on their peers’ work. Assessment includes
participation, presentations, and creative posters. A reflection homework assignment will

@nfmu the principles leamed.

A

() Activity2 ) -~
Preventing Cyberbullying and Harassment

Grade 10 students will evaluate the impact of cyberbullying and learn strategies to prevent it.
In groups, they will research the effects of cyberbullying and present their findings. Each
group will create an anti-cyberbullying campaign poster. The class will discuss effective

prevention strategies and display their posters around the school to raise awareness. }
Y
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“Evaluate the impact of and apply strategies to prevent
cyberbullying/harassment”
1. Understanding Cyberbullying

P Define cyberbullying and explain how it can occur on various online platforms (social
media, messaging apps, games, etc. ).

> Discuss the forms it can take, such as harassment, spreading rumars, impersonation, and
exclusion. 1

2. Evaluating the Impact

D Explain the effects of cyberbullying on victims, including emotional stress, anxiety,
depression, and academic struggles.

> Share real-life examples or case studies to illustrate the seriousness of these impacts.
3. Recognizing Signs of Cyberbullying

2 Teach students how to recognize if they or others are being cyberbullied (e.g., feeling
scared to check messages, changes in mood or behavior).

4, Strategies to Prevent Cyberbullying
2 Encourage respectful communication and responsible online behavior.

D Teach students how to adjust privacy settings, block/report users, and avoid engaging
with negative comments.

3 Discuss the importance of supporting peers wha may be victims of cyberbullying. /
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At the end of this unit students will be able to:
* communicate and publish key ideas and details to a vanety of audiences using
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Introduction

Literacy is the term used for the ability to read,
write and communicate information effectively,
In today's life, digital literacy is as important as
basic literacy. Digital literacy is the ability to
create information in a digital environment. It
refers to the ability to effectively use digital
technologies to access information. This
information can be converted into meaningful and
appealing way after careful evaluation.

Now a days, data is available everywhere. When
we send a text message, create a bank account, Information
register for a course in some college or university, & : Digltal.
book a ticket for movie, make an appointment to

the cardiologist, apply for the visa to travel, we are creating data form.

Infor sl ek

It is nearly impossible to be digitally illiterate. Digital literacy enables us to access, navigate,
evaluate and create information in an effective way. There are several methods in which digital
literacy is playing an important role in our daily lives. For example, if we want to search for some
good restaurants around, the easiest and simplest choice is to explore via cellphone. We will
search through some search engine, or we will check from some food service providers
applications.

7.1 Information Collection

To communicate and publish key ideas and details to a variety of audiences, first we need to
collect information to be communicated, This information can be collected through various
sources. In other words, we must -have some information in hand to communicate it. The role of
digital literacy {s how beautifully and effectively we can
communicate this information to our target audience.
We will see the traditional sources of information and
types of information to be communicated.

DO YOU Ku_uw;j ;
Facebook: was intraduced on February 4, 2004.
YouTube: was introduced in 2005.

Twitter: was introduced on March 21, 2006.

Instagram: was introduced on October 6, 2010.
. 7

In the current time as the world has become a global
village, the sources of information seem to be |
unlimited. However, here we will discuss some common
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sources of information as follows:

Books: Despite all the modern advancements in
science and technology, books are still thought to
be the most reliable and authentic source of
information. Even in some fields of life, books are
considered to be more reliable as compared to the
internet and other web sources e.g. religion and
history etc. Therefore, books are the most reliable,
common and authentic source of information to be
communicated to the target audience. Whenever
you are supposed to communicate with a huge

audience, create any digital content or find some .

information, you can collect information from books related to that tapic. For example, you have
an assignment to prepare a presentation on the topic of ( Jli S8 ¥ 5 (e 2 4) (Role of Women
inUrdu Literature).

To prepare the presentation you will find the Urdu literature books from your school library. These
books can be written about the women or by the women, who had prominent role in Urdu
Literature. After collecting relevant data, you will organize them in the form of digital
presentation by using some tools like MS-PowerPoint, Canva or any other software of your choice.

DO YOU HHOWT-}

First Animation: The first viral video on the internet was the “Dancing Baby™ animation, released in 1996,
Digital Native: This term was used in 2001 todescribe people who grew up with the internet.

Web Sources: The internet is the most common
source of information now a days. Suppose you
want to find some entertainment point for a
person of any age or want to find or confirm
some information, the internet is the most
commonly available source.

Let's suppose you want to find information on
some latest international scholarships for the
subject of computer science. The web sources
from intemational universities will be more
reliable as compared to local websites. To find
this information type the search string
“|nternational undergraduate scholarships for
Pakistani Students” on the Google home page. You will get many results.

Explore the suggested results and open the webpages displayed as a search result. In the same
way you can find information on various topics, from the Internet.
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Surveys and Google Forms: All the o O ® B [ ]
required information is not always _—_'—'[
present in books. or available online. | Customer satisfaction survey

Some information is SUPPOSET 10 DE |  remeies st e by g o ot ey b st
collected by you. For example, if you B r——
want to know about the popularity or
success of a new course offered in your
school, you cannot get information from
the internet. The right people to provide
you with the desired information are the
students or teachers who are directly
learning or teaching that course in your
school. You can conduct a survey to
collect that information. There are
various methods to conduct a survey
e.g.:

< Design a google form and distribute it online to collect information.

2 Design a form in some document editor and distribute its printout to collect the information

oo abenlire o sl B v i FCARTT (8} e s

There are some key differences between survey and Google form.,

Survey is used for: Google form is used for:

< Research purposes < Data collection on small scale
= Datacollection on alarge scale 2 Event registration

2 Statistical analysis 2 Feedback collection

2 Data analysis <» Quick polls and guizzes

7.1.1 Components of Digital Literacy

There are certain companents which play an important role in digital literacy. Some of them are
as follows:

Digital Search/Information Literacy: It is the ability to collect, understand and evaluate
information from various sources. This unit emphasizes this component of digital literacy. Other
components will be discussed in detail in advance grades.

Digital literacy begins with Imnwing how to find information online. You can find information by
using search engines like Google, Bing, yahoo etc. or websites to look for relevant information.
Various companies provide their personalized applications to provide services and information
like if you want to check for any popular Bus service from Islamabad to Karachi, you can install
their dedicated app and check their schedule, You can also make your reservations and even buy
anline tickets with the help of digital payment methods like Easypaisa, Jazzcash, Upay etc.

3 Example: If youwant to find out how to solve a math problem, you can use Google to search for
tuterials or watch a YouTube video explaining the steps.

O BT S



Technical Skills: The technical knowledge and skill to use digital devices is required to
communicate the information in digital form, The ability to use smartphone, digital cameras,
computers, microphone and related devices is needed for digital literacy. Technical skills can be

listed as follows:
2 The ability to use computer and smartphones.

2 The skill to navigate on internet and find relevant information while keeping your personal
information and devices safe from cyberattacks.

= The ability to find and install relevant software and mobile applications to perform specific
tasks. e.g. to install zoom, WhatsApp, or MS Teams to communicate with personal or official
contacts to share digital information.

< Advanced skills include use of word processing and presentation software to develop digital
content. To create viogs, webpages, digital images and videos for social media marketing or
interaction to communicate digital information.

Communication: The objective of digital literacy is to communicate the collected information to
the target audience effectively. Good communication skills clearly express thoughts and
opinions. It also includes appropriate online behavior, etiquette, netiquette and other digital
communication protocols. Good digital communication skills include:

< Preparation of digital contents like images, videos

> Preparation of word processing documents

2 Designing good PowerPoint presentations

2 Sending and receiving emails

< Creating google forms, and google sheets for data collection

All these digital content helps to communicate digital information by using digital devices like
computer, smartphones etc.

Digital Search/
Information Literacy

: ' ‘' Digital
-l Literacy

Ethics and
Respﬂh Hbi!ity




Collaboration: The use of digital devices involves networking and collaboration with other
people across distances. Online meetings, documents sharing, shared projects and activities are
part of digital literacy. To develop digital citizenship and responsibility for correct information is
also required in a healthy collaborative environment. Collaboration includes:

2 Sending messages by using digital devices e.g. WhatsApp, Zoom, Google Chat etc.

P Editing and sharing google docs, sheets, slides and other real time collaboration platforms like
LinkedlIn, GitHub, Facebook, YouTube etc.

Digital Content Creation: The final product of the entire process is the digital content created for
the audience. This content can be in the form of a graphical poster, Facebook post, YouTube video
or some research paper, The other form of digital contents can be presentations, videos,
interactive stories, online tutorials, webinars, audiobooks, blog posts, infographics, animations,
quizzes, simulations, and games etc.

Ethics and Responsibility: The digital content has no boundaries. Therefore, higher standards of
ethics and responsibility are required. These ethical standards involve cultural, social, and
religious boundaries. Some important aspects of ethics are as follows:

> Ethical standards must respect cultural differences, as people from various backgrounds may
interpret content differently.

? Cultural norms should be respected in digital content, ensuring that traditions, customs, and
practices from different cultures are acknowledged and not misrepresented or disrespected.

2 Social norms and values also vary, so content should be shared responsibly, ensuring it does not
harm or offend different communities.

2 Religious beliefs should be considered when sharing digital content to avoid disrespecting or
infringing on the values of diverse faiths.

Overall, creators and users of digital content should be mindful of the global audience and act
with responsibility and respect.
7.1.2 Key ldeas Extraction

when you are given some: data to
display it in digital form you have to

Coliect
I—* Information

analyze it. All the information ﬂ?ﬂ?&'}

cannot be posted or presented to

the audience. For example, if you Key Ideas m‘.ﬁ

are creating a Facebook post to Extraction

invite your friends to your birthday, El‘:?“‘“t:ﬁ’

you may have a lot of details to ermaten

share. However, it is important to Convert to
Digital Content

focus on highlighting the key
information from all the details.

This key infprmation varies from
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data to data. In this example of a birthday party, the most important or key information is the
date, time and venue of the party. Other minor details might include some theme or costumes or
weather conditions etc. To extract key information from the data following are some guidelines:

1. Collect Information

2 Begin by gathering relevant information from various sources such as books, articles,
websites, and videos.

2 Ensure diversity in your sources togain a well-rounded understanding of the topic.

2 To extract key information from the data, read it carefully to ensure a thorough
understanding.

2. Understand Information

< Carefully read the collected data to fully comprehend the content.

< After reading the material, critically analyze it to identify any incorrect information or gaps
that need addressing.

D Look for any missing information that is necessary for clarity.

3. Extract Key Information

= Focusonidentifying the main points that are most relevant to your purpose.

2 Determine the objective of sharing this information.

2 Consider your audience’s perspective: what important insights or results will they gain from
the information shared digitally?

4, Evaluate Key Information

> Assess the relevance and reliability of the extracted key points.

2 Ensure the information is accurate and effectively represents the core ideas.

5. Convert to Digital Content

< Summarize the key ideas in a clear and concise manner.

<2 Use graphical representations, such as charts or infographics, to make the content visually
appealing.

2 Toconvert the information or idea into graphics, decide on an appropriate tool for designing.

2 Traditionally, infoermation has been presented using charts and diagrams to convey messages
effectively. However, in the digital realm, there are endless options available.

+ For example, you can create a presentation in MS PowerPoint or design a poster in MS Paint,
2 Visualize your design with creativity and critical thinking before starting with any tool.

2 Be prepared to adjust your design due to the limitations of the graphics tool but ensure that
the key information remains intact.

2 Any changes in design should not affect the effectiveness and meaningfulness of the graphics
design.




» This approach enhances engagement and helps convey information more effectively.

7.1.3 |deas Presentation by Graphics

To convert the information/idea into graphics, the first step is to decide an appropriate tool for
designing. Traditionally the information has been presented by charts and diagrams to convey the
message. To convey the message in digital format, there are endless options. As discussed earlier
there are five general steps shown in the figure: Collect Information, Evaluate, Visualize, Create
Design and Present the information. The first two steps are already discussed in this unit. Here we
will discuss the last three steps:

Visualize

Before selecting a design tool, visualize your graphic concept creatively. Consider how the
information can be represented through traditional means, like charts and diagrams, as well as
through madern digital formats like digital image, presentation, or video.

Create Design

Once you have a clear visualization, choose an appropriate tool for creating your design. Whether
you opt for MS PowerPoint ar MS Paint, ensure that your chosen method allows you to effectively
convey your message while keeping the key information intact.

Present

Finally, present your design in a way that captures your audience'’s attention. Be prepared to
adjust your design if necessary due to tool limitations. However, it is important that any changes
should not compromise the effectiveness or meaningfulness of your graphics. This thoughtful
approach will enhance your digital literacy skills by effectively communicating your ideas through
visual means.

E1 Create Design

Present

7.1.4 Poster Designing

To design an effective poster, certain principles shauld be kept in mind. First the poster should
present the clear purpose of its creation. It should give the message for which it is designed. It
should be simple and concise as well as attractive to capture the attention of the audience. it




should be visually appealing. The color scheme |

should be according to its topic/genre. For example, T T e
if a poster is designed to announce some social
gatherings, it should give pleasing and lively
feelings. Most of the time the response of the
audience depends on the visual appeal of the digital
content. The text and graphics should have some
balance and alignment in size, colors, and other
aspects.

Different design elements, like shapes, text,
graphics should have harmony. They should not give
scattered or disconnected feelings with respect to WELCOME PARTY
various elements. It should be legible and convey
the correct information for which it has been |
designed. There are several software available to
design digital graphics contents, like Adobe Photashop, Adobe Illustrator, Corel Draw and Canva
etc.

7.1.5 Billboard Designing

Like a digital poster, simplicity is a key step in
billboard designing as well. The billboards are huge in
size and made to attract the audience on the go.
Therefore, an attractive billboard design will attract
the audience otherwise it might be ignored and does
not serve its purpose.

Billboard should contain the logo and other brand
recognition elements. The key message should be
highlighted, and other picture elements should not
overshadow the key message. The demographics and
interests of the target audience are important to
consider. For example, in any billboard design the *=
cultural values should be taken care of, otherwise it might become ineffective as well as have a
bad impact on the company’s name. The key message, objective, graphical elements, and color
scheme should be in coordination.

Regarding billboard designing there might be certain rules and laws of the local authorities. Those
limitations should be considered in advance.

7.1.6 Social Media as a Communication Tool

Now a days social media is an inevitable part of daily life. There is hardly any individual who is nat
using social media regularly. The most common usage of social media is audio and video calls and
other necessary communication. Currently, social media is one of the most effective tools of
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communication. Different people are using social N\
media for different purposes. For example, PO YOU I(HOW?_)
businesses are using it to reach their potential Disinformation: It refers to a deliberate false

customers. The customers are using social media | . misleading information designed/spread to

to find their favorite products, without leaving | misiead and manipulate the people.
the comfort of their home, or without disturbing Misinformation: It refers to an honest mistake

their work routine. spread by someone In ignorance. There is no
We can use social media as a communication tool | hidden objective behind this wrong
with ease, but there are certain limitations, As \_information. Y,
social media is not directly controlled by any

country or local laws, it may communicate wrong information. Disinformation and
misinformation are the most common characteristics of social media, Therefare, while conveying
your message via social media you should share authentic, and undoubted contents.

Here we will discuss some commonly used social media platforms.

YouTube

It is a social media platform commonly used for reels and
video sharing. It is also used for live streaming. This Yo llT“he
platform is open for all the users across the world, People -

or users can upload their personal or professional video
content, You can communicate your message across the world, by using this platform. Similarly,
you can watch content shared by other users as well. This platform is effectively used for learning
and entertainment purposes. To upload your video content on YouTube, you are supposed to

create a channel. After creating your channel on YouTube, you can upload your video content on
it. It is used for marketing purposes as well. The following are the steps to create a YouTube
Channel:
1. Open YouTube Studio by downloading the app from the Google Play Store (Android), App
Store (10S), or visiting www, youtube . com on your browser (Chrome, Safari, Firefox etc.).

1. Click on the Sign In option.

3. YouTube is a digital tool/platform provided by Google, you need to give your Gmail id and

password to login. Type your existing Gmail id and password. Or you can create an ID if you
don't have it.

N\

4, Set your profile picture by clicking on the profile picture option or you can skip this step by
clicking “Not Now" option.

5. On the top right corner of the browser click on your profile and click on “Create Channel”
option,

6. Give the name of your channel and handle and click on “Create Channel" option. Note you
can change the name of your channel at any time, the channel handle is the string which

you can directly type in the browser address to 56€ the public contents uploaded on your
channel.




7. On the next screen you will see the message, “ Your channel is being created. Check back in
a few moments. “

8. Now on the Channel Dashboard you can see the analytics of your channel. You can upload
various video contents, shorts, reels etc,

Note: The interfaces of all web platforms keep on changing and updating from time to time and
from device to device. Asequence of steps is shown graphically in the following figures 1 through 6.
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Facebook

This social media platform is used for networking purposes. You can
use it by creating your personal profile on Facebook and sharing your
pictures, videos, reels, and live streaming with trusted friends and
family members. It is also used for marketing purposes. Yanous
businesses can create their Facebook page, where they can display
their messages, advertisements and other information. This
information is visible to all the people who are members of that fUCEbOOk
Facebook page. Companies can advertise by using reels, posters and
video messages. There is a section of marketplace on Facebook. You can buy or sell new or used
products on this marketplace. It is also used to announce various events as well. The following are
the steps to create a Facebook account:

1, Open Facebook by downloading the app from the Google Play Store (Android}, App Store

(i0S), or visiting www. facebook.comon your browser.
2. Click on “Create New Account”: Asign-up form will appear.
- e e |

facebook
o e e I
around you on Facebook.
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3. Fill out your personal details like your name, Create a New Account
email/phone number, password, date of | | free and alwisys will be.

birth, and gender.

4, Click “Sign Up" option and fallow the on-
screen instructions,

5. To verify your account, enter the code sent to ik ok
your email or phone number.

Butnday
Your Facebook account is created. YOU CaN USE | o s o+ e o Ss oossimanny
uplﬂ?dmg your desired contents on your social | i
mEdIa PrnﬁlEI e el AW gl e b e Tt 1 RE
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To create a Facebook page to use the marketplace, | e ss v smn v s

the following are the steps:

1. Log in to Facebook using your newly created |
or existing account.




2. Goto “Pages"” from the left menu tm; desktop) or in the menu bar (on mobile).
3. Click on “Create New Page."”
4. Enter your page detailsi.e.
i. Page Name: Provide a suitable name for your page.
ii. Category: Select a category that fits your page’s purpose.
iii. Description: Write a short description about your page.
5. Click on the “Create Page” button,
6 Upload a profile picture and cover photo to personalize your page.
7. Save the changes and publish your page.
Your Facebook page is now live. You can start posting content to engage with your audience.

Instagram
This social media platform is used to share photos, videos, reels and i

stories, It is used to stay connected with friends and family
members. It is used for community building as well. People with @
similar interests can create community and communicate with each

other. It is a place to share your daily highlights and thoughts. - !
Instagram is a hub for influencer marketing and sponsored content. (l '
It heavily relies on hashtags for discovery and categorization

information. The following are the steps to create an Instagram
account:
1. Open Instagram by downloading the app from the Google Play Store (Android), App Store
(i05), or visiting www. instagram,comon your browser.
Z. Click or tap on “Sign Up."
3. Enter your details:
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i. Email Address or Phone Number: Provide a valid email
or phone number.

il. Full Name: Enter your name.
iii. Username: Choose a unique username.
iv. Password: Create a strong password.

4, Follow the on-screen instructions to complete the
registration process. -

5. Add a profile picture by uploading an image or you can
skip this step for later.

6. Fill in optional details like information about your
work/page or website link if you have your personal
business website.

7. Click or tap on “Done" to finish setting up your account.

Your Instagram account is now created. You can start sharing

content to connect with others.
Podcast

It is a seres of audio or video files that are released on a regular
schedu'e. The frequency of podcast can be weekly or monthly.

Podcasts vary in length and frequency. The interested audience |

car subscrbe to the podcast of their choice such as Apple
podcast, Spotify or Google Podcasts. Podcasts are hosted by
some individuals in which he/she asks various questions from the
guest. It s used for

Instagram

Sigpn un b wae phatos and widoos:
frrem o Trimnids
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Podcasts
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showing interviews of celebrities online. Podcasts are usually live streamed; however, these can
be downoaaed as well. Sometimes the download feature is subject to the subscription as well.
For exampie, if you want to create a podcast about the Quaid's day celebration held in your school

on 15t3 Jecember, you can follow the steps:

i. vecide the focus of your podcast, such as the highlights of the Quaid's Day celebration at

ver school, and plan what you'll talk about.

2. wnte a simple script, starting with an introduction, talking about the event, and ending

with a conclusion.

3. Use asmartphone, laptop, or any recording device in a quiet place.
4. Record your podcast by speaking clearly and including event highlights, sound clips, or

interyiews from teachers or students.

5. Edit vour podcast using available video editing tools like CapCut/InShotAudacity/Anchor to

1rim, add music, or enhance the audio.

6. Give your podcast a title, such as “Quaids Day Celebration at Govt School Lahore”. The




title may include your name, the name of other student or teacher if he/she is part of this
podcast. You can add name of your school as well. Ashort description about the podcast can
also be provided.

7. Publish your podcast on a platform like YouTube, Facebook etc.
B. Share the link with classmates, teachers, and family to reach your audience.

X(Twitter)

It is a social media platform used for sharing short text TWITTER i
messages called tweets. The name twitter was changed to X 3
in July 2023. It is well known for its real-time update nature.
Users share news, opinfons and events more frequently as
compared to other social media platforms. The short
message known as tweets are limited to 280 characters.
Users can mention other users’ profile in their oLD NEW |
messages/tweets. It offers live streaming feature through T - =
its Periscope feature. It also allows users to share short videos called Vines. It is a popular
platform for news, discussions, and debates. Many celebrities and influencers use X to connect
with their fans. The following are the steps to create a twitter account:

1. Open X (formerly Twitter) by downloading the app from the Google Play Store (Android),
App Store (i05), or visiting www. twitter.com on your browser.
2. Click or tap on “Sign Up."

3. Enter your details:
i. Name: Provide your name or the name you want to display.
ii. Phone Number or Email: Enter a valid phone number or email address.
1ii. Set your Date of Birth and click or tap “Next."” i e S

4. Follow the on-screen instructions and review the
suggested settings. Create your account

5. Create a strong password for your account.

6. Verify your account by entering the code sent to
your email or phone number.

Plarms

Fhigne

7. Customize your profile:

i. Profile Picture: Upload an image. Don ot s

o My e Sl B vy o bl L s L | g s

ii, Bio: Write a short description about yourself, | === mom: = -

ifi. Header Image: Add a background photo
(optional). ! |

8. Click or tap on “Done™ to complete the setup. |

Your X account is created. You can share your thoughts _. ;
by tweeting and engaging with others on the platform. = !




2 Digital literacy: It is the ability to create information in a digital environment. It refers to
the ability to effectively use digital technologies to access information, evaluate it and
convert it into meaningful and appealing ways. Now a days, data is available everywhere.

D information Collection: We need to collect information to be communicated. This
information can be collected through various sources like books, websites, and surveys,

2 Books: Despite all the modern advancements in science and technology, books are still
thought to be the most reliable and authentic source of information.

D Web Sources: The internet is the most common source of information now a days.
Therefore, data can be collected from various websites

3 Surveys and Google Forms: All the required information is not always present in books or
available online. Some information is supposed to be collected by you. You can conduct a
survey to collect that information. There are various methods to conduct a survey e.g,
Design a google form and distribute it anline to collect information or design a form in;
some document editor and distribute its printout to collect the information. |

3 Digital Search/Iinformation Literacy: It is the ability to collect, understand and evaluate
information from various sources.

> Technical Skills: It is the technical knowledge to use digital devices to communicate
information in digital form. It is the skill to use smartphones, digital cameras, computers,
microphones and related devices.

) Communication: Good communication skills clearly express thoughts and opinions. It also
includes appropriate online behavior, etiquette, netig uette and other digital
communication protocols.

> Collaboration: The use of digital devices involves networking and collaboration with other
people across distances. It is achieved with the help of online meetings, document sharing,
shared projects and activities etc.

2 Digital Content: It can be in the form of a graphical poster, Facebook post, YouTube video
or some research paper. The other form of digital contents can be presentations, videos,

interactive stories, online tutorials, webinars, audiobooks, blog posts, infographics,
animations, quizzes, simulations, and games etc,

> Ethics and Responsibility: The digital content has no boundaries. Therefore, higher
standards of ethics and responsibility are required. These ethical standards involve
cultural, social, and religious boundaries.

3 Key Ideas Extraction: It is the most important information to be extracted fmm the
available information and convert or present it into digital content.

A Poster Da:igning It should be vtsualhy appealmg The color scheme should be according t9‘
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its topic/genre. For example, if a poster is designed to announce some social gatherings, it

should give pleasing and lively feelings. Most of the time the response of the audience
{ depends on the visual appeal of the digital content. The text and gmphlr_'. should have.
i some balance and alignment in size, colors, and other aspects.

< Billboard Designing: Simplicity is a key step in billboard designing as well. The hillbuanisi
are huge in size and to attract the audience on the go. Therefore, an attractive billboard|
design will attract the audience otherwise it might be ignored and does not serve its|
purpose,

2 Soclal media as a communication Tool: It is a very common and effective communication
tool now a days. There is hardly any individual who is not using social media regulariy. The
most common usage of social media is audio and video calls and other necessary
communication.

2 YouTube: It is a social media platform commonly used for reels and video sharing. It is alsui
used for live streaming. This platform is open for all the users across the world. People ﬂrl
users can upload their personal or professional video content.

2 Facebook: It is used for networking purposes. You can use it by creating your pe.rsn:-nali
profile on Facebook and sharing your pictures, videos, reels, and live streaming with
trusted friends and family members. It is also used for marketing purposes. In the

i Facebook marketplace you can buy or sell new or used products on this marketplace. It is|

also used to announce various events as well. l

< Instagram: It is used to share photos, videos, reels and stories. It is used to stay connected!
with friends and family members. It is used for community building as well. Instagramisa
hub for influencer marketing and sponsored content. It heavily relies on hashtags for!
discovery and categorization information. |

< Podcast: It is a series of audio or video files that are released on a regular schedule,
Podcasts are hosted by some individuals in which he/she asks various questions from the|
guest. Podcasts are usually live streamed; however, these can be downloaded as well. |
Sometimes the download feature is subject to the subscription as well.

2 X(Twitter): It is used for sharing short text messages called tweets. The short message |
known as tweets are limited to 280 characters, Users can mention other users’ profile Ini
their messages/tweets, It is a popular platform for news, discussions, and debates. H.anyj

\ celebrities and influencers use X to connect with their fans.

e -




Q1. Select the best answer for the following MCQs.

1. Which term is used for the ability to effectively use digital technologies to access information,
evaluateit and convert it into meaningful and appealing format?

a) Literacy b) Digital Literacy c) Social Media d) Information

2. What s the best way to collect information about a topic you are interested in? ]
a) Ask your friend b) Read a random book
c) Search online and ask experts d) Guess the information

1. What is the benefit of using Google forms for information collection?
a) Collect small amount of data b) Quickly analyze and summarize data
c) Get historical data d) Visualize data
4. What is the most important step to convert information into graphics?
a) Decide the purpose of graphics tool b) Select the right tool
¢) Check the local laws ¢) Decide the number of design elements
5. Which of the following is the primary purpose of billboard design?
a) Showcase company's identity b) Entertain the audience
c) Grabe attention of the audience d) Provide details of the company
&, What is the primary benefit of using podcast as a learning tool?
a) To provide brief overview of a topic b) To present information in interactive way
c) To provide platform for international news  d) To facilitate language learning
7. What is the role of a podcast host?
a) To present their own opinion
b} To facilitate discussion and guide the conversation 1
¢) To criticize the guest speaker "
d) To praise the guest speaker

8. Which is the mast common usage of social media besides audio and video calls?

a) Education b) Sharing necessary updates
c) Translation d) Web Surfing




9. Which social media platform is mostly used for educational tutorials, skill teaching, and
entertainment video contents?

a) YouTube b) Facebook c) Instagram d) Podcast
10.Which social media platform is mostly used for news, discussion and opinions?
a) Facebook b) YouTube c) X (Twitter) d) Instagram

Q2. Write answers of the following short response questions.

1. Differentiate between basic literacy and digital literacy.

2. Suggest strategies for integrating digital literacy into computer graphics.

3. Describe the role of books in verifying information for academic purposes.

4, Discuss the relationship between communication, collaboration, and digital literacy.

5. Do you think that X(Twitter) plays vital role in opinion making about any social issue? Support
your answer with three arguments.

6. Outline effective strategies for identifying and countering online disinformation.
7. Differentiate between poster designing and billboard designing.
8. Define social media and describe the significance of YouTube and Facebook.

Q3. Write answers of the following extended response questions.
1. Explain the role of information collection in the field of digital literacy.
1. Analyze the key components of digital literacy and their significance.

3. Define information extraction al;r.l its purpose.

4, Ill.mtf.ate the use of images and graphics in billboard design.

5. Discuss the impact of social media on contemporary communication, referencing YouTube and
WhatsApp as examples.




" Activity 1: Billboard Design Challenge: — —~——————

Objective: To create a visually appealing billboard design for a popular brand.
Steps:
2 Make groups of students according to the strength of the class. And let them choose a
, topic of their choice to design a billboard.
| & Supervise them to collect necessary information about the design, company profile,
Il product features for which they are going to design a billboard.
D Provide them with certain standard steps to follow at your convenience, so that all
the students can follow the same pattern,
> Ask the groups to design the billboard with the help of chart papers and color.
> Ask them to convert it into digital form by using any graphics designing tool like
Adobe Photoshop, llustrator, CapCut or Canva.
< Put all the designs in an exhibition and display them at some appropriate place in
your institution to encourage the efforts of the class.

Outcome; This activity will help students to understand the process of billboard
designing. They will learn the utilization of this topic in their daily life.

() Activity 2: Social media post for a popular brand:-':.:-—wn -

Objective: To help students understand the significance of social media posts.

. Steps:

| 3 Divide the class into groups of 3 to 4 students each.

| 3 Ask them to choose a topic of their choice from some popular fields of life around j
you, like bakery, super store, poultry form/shop, pizza shop, stationary shop etc. 1' 1

> The students will collect data about their specific topic, for example the student 4
with the topic of poultry form will collect the information that what are the positive
features of poultry products which they can highlight in their Facebook post.

D The students will create the post with the help of collected information, and other
digital tools like ChatGPT and Meta Al. They will create the post by using smartphones
at home.

2 Ask students to share this post as class project, on their Facebook profile. They will
share the link with the teacher. :

2 The students will collect the respanse of other Facebook users on their post, and they
will improve it according to positive criticism received as comments.

Outcome: This activity will help students to learn that how digital literacy will be

effectively helpful for them to express their thoughts and messages.

| S — i J
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A | Activity 3. Creata a new pl‘ﬂ-ﬂl.ltl: fora popular hrand and present it to
‘I the company management using a presentation, create an instagram
post, and a short advertisement video:

Objective: To help students understand how new products are launched by the
companies to increase their profits and grow the business.

Steps:

' This activity can be assigned to the students on an individual basis. Ask them to
| choose the popular business which they want to own in the future, like Apple, HP,
Nike, Chanel, Honda, Service etc.

> Ask the student to brainstorm ideas for new products that align with the brand they
chose.

< They will create a rough design of their idea with the help of paper and pencil.

> At next step they will write detailed description of the product from dimension to
detailed working/usage

<» Ask them to create a presentation and present in the class.

2 After presentation, they will create an Instagram post and advertisement video and
will share on their Instagram and Facebook profile as class activity.

Outcome: This activity will encourage the students to practice their creativity skills

| and boos their confidence for their future activities related to jub.-* business.
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. Entrepreneurship in Digital Age
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At the end of this unit students will be able to:
> digital tools to conduct research to collect market insights for an entrepreneurial
solution.
. > |dentifying Problems and Creating Solutions.

. » pitchabusiness idea
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Introduction

What is research?

Research is a systematic process of inquiry aimed at discovering, interpreting, or revising facts,
theories, or applications. It involves identifying a specific question or problem, gathering data or
information, analyzing that data, and drawing conclusions based on the findings. Research can be
conducted in various fields, including science, social science, humanities, and more

8.1 Qualitative vs. Quantitative Research | Differences,.

Examples & Methods

When collecting and analyzing data, quantitative research deals with numbers and statistics,
while qualitative research deals with words and meanings. Both are important for gaining
different kinds of knowledge.

Quantitative research

2 Quantitative research is expressed in numbers and graphs. It is used to test or confirm theories
and assumptions. This type of research can be used to establish generalizable facts about a
topic.

+» Common quantitative methods include experiments, observations recorded as numbers, and
surveys with closed-ended questions.

< Quantitative research is at risk for research biases including information bias, omitted
variable bias, sampling bias, or selection bias.

TS " PR
e L L

e e |
Qualitative research

2 Qualitative research is expressed in words. It is used to understand concepts, thoughts or
experiences. This type of research enables you to gather in-depth insights on topics that are
not well understood.

2 Common qualitative methods include interviews with upen-en:led questions, abservations




described in words, and literature reviews that explore concepts and theories.
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Fig.8.2: Quatitative Research

8.2 The differences between quantitaii{re and qualitative
research

Quantitative and qualitative research use different research methods to collect and analyze
data, and they allow you to answer different kinds of research questions.

Data collection methods

Quantitative and qualitative data can be collected using various methods. It is important to use a
data collection method that will help answer your research question(s).

Many data collection methods can be either qualitative or guantitative. For example, in surveys,
observational studies or case studies, your data can be represented as numbers (e.g., using rating
scales or counting frequencies) or as words (e.g., with open-ended questions or descriptions of
what you observe).

However, some methods are more commonly used in one type or the other.

Quantitative data collection methods

3 Surveys: List of closed or multiple choice questions that is distributed to a sample (online, in
person, or over the phone).

3 Experiments: Situation in which different types of variables are controlled and manipulated to
establish cause-and-effect relationships.

D Observations: Observing subjects in a natural environment where variables can't be
controlled. ] _ =

==




Qualitative data collection methods
2 Interviews: Asking open-ended questions verbally to respondents.

+» Focus groups: Discussion among a group of peaple about a topic to gather opinions that can be
used for further research.

< Ethnography: Participating in a community or organization for an extended period of time to
closely observe culture and behavior.

< Literature review: Survey of published works by other authors.

_ . Fig84; Quantiative data collection methods

When to use qualitative vs. quantitative research
Arule of thumb for deciding whether to use qualitative or quantitative data is:
2 Use quantitative research if you want to confirm or test something (a theory or hypothesis)
& Use qualitative research if you want to understand something (concepts, thoughts,

experiences)
For most research topics you can choose a qualitative, quantitative or mixed methods a pproach.
Which type you choose depends on, among other things, whether you're taking an inductive vs,
deductive research approach; your research question(s); whether you're doing experimental,
correlational, or descriptive research; and practical considerations such as time, maney,
availability of data, and access to respondents.

Research question How satisfied are students with their studies?
Quantitative research approach x

You survey 300 students at your university
and ask them questions such as: “on a 1
scale from 1-5, how satisfied are you with I .
your professors?” -

You can perform statistical analysis on the
data and draw conclusions such as: "on
average students rated their professors
4.4",




Qualitative research approach ' ’ l

You conduct in-depth interviews with 15 students | /
and ask them open-ended questions such as: o
“How satisfied are you with your studies?”, “What

is the most positive aspect of your study @ 8 & M
program?” and “What can be done to improve the i '

study program?" ' i n mm"m} :
Based on the answers you get you can ask follow- ‘ w

up questions to clarify things. You transcribe all === rg a6 Interviews with students )
interviews using transcription software and try to '
find commonalities and patterns.

Mixed methods approach

You conduct interviews to find out how satisfied students are with their studies. Through open-
ended questions you learn things you never thought about before and gain new insights. Later,
you use a survey to test these insights on a larger scale.

It's also possible to start with a survey to find out the overall trends, followed by interviews to
better understand the reasons behind the trends.

—— e -

Quantitative

Resgarch

" Mixed metho

How to analyze qualitative and quantitative data

TR .y G A T

Qualitative data (soft data) or quantitative data (hard data) by itself can't prove or demonstrate
anything, but has to be analyzed to show its meaning in relation to the research questions. The
method of analysis differs for each type of data.

Analyzing quantitative data

Quantitative data is based on numbers. Simple math or more advanced statistical analysis is used
to discover commonalities or patterns in the data. The results are often reported in graphs and
tables.

Applications such as Excel, SPSS, or R can be used to calculate things like:
D Average scores (means)

2> The number of times a particular answer was given

) Thecorrelation or causation between two or more variables

» Thereliability and validity of the results
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Analyzing qualitative data

Qualitative data is more difficult to analyze than quantitative data. It consists of text, images or
videos instead of numbers.

Some common approaches to analyzing qualitative data include:

2 Qualitative content analysis: Tracking the occurrence, position and meaning of words or
phrases

< Thematic analysis: Closely examining the data to identify the main themes and patterns
2 Discourse analysis: Studying how communication works in social contexts

How do | decide which method to use?

The research methods you use depend on the type of data you need to answer your research
question.

2 If you want to measure something or test a hypothesis, use quantitative methods, If you want
to explore ideas, thoughts and meanings, use qualitative methods.
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3 If you want to analyze a large amount of readily available data, use secondary data. |f you want
data specific to your purposes with control over how it is generated, collect primary data.

D If you want to establish cause and effect relatiofships between variables, use experimental

methods. If you want to understand the characteristics of research subject, use descriptive
methods.

8.3 Questionnaire Design | Methods, Question Types &

Examples

A questionnaire is a list of questions or items used to gather data from respondents about their

attitudes, experiences, or opinions. Questionnaires can be used to collect quantitative and/or
qualitative information.

Questionnaires are commonly used in market research as well as in the social and health sciences.
For example, a company may ask for feedback about a recent customer service experience, or
psychology researchers may investigate health risk perceptions using questionnaires.

o=

| Charscteristics

Questionnaires vs. Surveys
Asurvey is a research method where you collect and analyze data from a group of people.

A guestionnaire is a specific tool or instrument for

R i
Designing a questionnaire means creating valid and |

reliable questions that address your research | "™=®="

objectives, placing them in a useful order, and
selecting an appropriate method for administration,

But designing a questionnaire is only one component || Anshues msponses
of survey research. Survey research also involves |t
defining the population you're interested in, | g rasa
choosing an appropriate sampling method, | T
administering questionnaires, data cleansing and || agowof people
analysis, and interpretation.
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Sampling is important in survey research because you'll often aim to generalize your results to the
population. Gather data from a sample that represents the range of views in the population for
externally valid results. There will always be some differences between the population and the

sample, but minimizing these will help you avoid several types of research bias, including
sampling bias, ascertainment bias, and undercoverage bias.

Questionnaire methods

Questionnaires can be self-administered or researcher-administered. Self-administered
' questionnaires are more common because they are easy to implement and inexpensive, but
researcher-administered questionnaires allow deeper insights.

Self-administered questionnaires

Self-administered gquestionnaires can be delivered
online or in paper-and-pen formats, in person or
through mail. All questions are standardized so that
all respondents receive the same questions with
identical wording.

Self-administered questionnaires can be:

2 cost-effective

2 easy to administer for small and large groups
2 anonymous and suitable for sensitive topics
> self-paced

But they may also be:

2 unsuitable for people with limited literacy or verbal skills

< susceptible to a nonresponse bias (most people invited may not complete the questionnaire)
2 biased towards people who volunteer because impersonal survey requests often go ignored.
Researcher-administered questionnaires

Researcher-administered questionnaires are
interviews that take place by phone, in-person, or
online between researchers and respondents.
Researcher-administered questionnaires can:

2 help you ensure the respondents are
representative of your target audience

questions and answers

2 have high response rates because it’s harder to
refuse an interview when personal attention is
given to respondents




But researcher-administered questionnaires can be limiting in terms of resources. They are:
<» costly and time-consuming to perform

< more difficult to analyze if you have qualitative responses

< likely to contain experimenter bias or demand characteristics

< likely to encourage social desirability bias in responses because of a lack of ananymity
Open-ended vs, closed-ended questions

Your questionnaire can include open-ended or closed-ended questions or a combination of both.

Using closed-ended questions limits your responses, while open-ended questions enable a broad

range of answers. You'll need to balance these considerations with your available time and
resources.

Closed-ended questions

Closed-ended, or restricted-choice, questions offer respondents a fixed set of choices to select
from. Closed-ended questions are best for collecting data on categorical or gquantitative
variables,

Categorical variables can be nominal or ordinal. Quantitative variables can be interval or ratio.
Understanding the type of variable and level of measurement means you can perform appropriate
statistical analyses for generalizable results,

Open-Ended Closed

Questions Questions
o traes@ ¢
S1%
() Fxpecind O FE R

Examples of closed-ended questions for different variables

Nominal varfables include categories that can't be ranked, such as race or ethnicity. This
includes binary or dichotomous categories.

It's best to include categories that cover all possible answers and are mutually exclusive. There
should be no overlap between response items.

In binary or dichotomous questions, you'll give respondents only two options to choose from.
Example: Nominal variablesWhat is your race?
a) White . b) African c)American d) Asian




Are you satisfied with the current work-from-home policies?

a) Yes b) No
Ordinal variables include categories that can be ranked. Discuss in Class different
Consider how wide or narrow a range types of variables which we

you'll include in your response items, and their relevance to | deal inour daily life.
your respondents.

Example: Ordinal variablesWhat is your age?

a) 16-35 b) 36-60 c)61-75 d) 76 or older

Likert scale questions collect ordinal data using rating scales with 5.or 7 points.

Example: Likert-type questionsHow satisfied or dissatisfied are you with your online shopping

experience today?
a) Very dissatisfied b) Somewhat dissatisfied
c) Somewhat satisfied d) Very satisfied

When you have four or more Likert-type questions, you can treat the composite data as
quantitative data on an interval scale. Intelligence tests, psychological scales, and personality

inventories use multiple Likert-type questions to collect interval data,
Pros and cons o1 closed-ended questions

Well-designed closed-ended questions are easy to understand and can be answered quickly.
However, you might still miss important answers that are relevant to respondents. An incomplete
set of response items may force some respondents to pick the closest alternative to their true
answer. These types of questions may also miss out on valuable detail.

To solve these problems, you can make questions partially closed-ended, and include an open-
ended option where respondents can fill in their own answer. '
Open-ended questions
Open-ended, or long-form, questions allow respondents to give answers in their own words.
Because there are no restrictions on their choices, respondents can answer in ways that
researchers may not have otherwise considered. For example, respondents may want to answer
“multiracial” for the question on race rather than selecting from a restricted list.
Example: Open-ended questions

X How doyou feel about open sclence?

2 How would you describe your personality?

22 Inyour opinion, what is the biggest obstacle for productivity in remote work?
Open-ended questions have a few disadvantages.
They require more time and effort from respondents, which may deter them from completing the
questionnaire.




For researchers, understanding and summarizing responses to these questions can take a lot of
time and resources. You'll need to develop a systematic coding scheme to categorize answers,
and you may also need to involve other researchers in data analysis for high reliability.

Open-Ended Questions Closed Questions
@ Open the conversation; @ Closeor Umit the scope
gets people talking af the conversation
@ Uncover unaxpected @ Untover detalls or
siories and insights provide clarifcation
@ Facilltate axploration @ Support quantification
ol 2 topic of responses
@ Used heavily in interviews @ Used heavily in surveys and
and gualltative usability tests guantitathve research

Question wording

Question wording can influence your respondents’ answers,
especially if the language is unclear, ambiguous, or biased.
Good questions need to be understood by all respondents in
the same way (reliable) and measure exactly what you're
interested in (valid).

Use clear language

You should design questions with your target audience in
mind. Consider their familiarity with your guestionnaire
topics and language and tailor your questions to them.

For readability and clarity, avoid jargon or overly complex language. Don't use double negatives
because they can be harder to understand.

Use balanced framing

Respondents often answer in different ways depending on the question framing. Positive frames
are interpreted as more neutral than negative frames and may encourage more socially desirable
answers.

Example: Positive vs negative frames
..-q_.l et - s ’ -
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Should protests of pandemic-related | Should protests of pandemic-related
restrictions be allowed? restrictions be forbidden?

Use a mix of both positive and negative frames to avoid research bias, and ensure that your
question wording 1s balanced wherever passible.




Unbalanced questions focus on only one side of an argument, Respondents may be less likely to
oppose the question if it is framed in a particular direction. It's best practice to provide a counter
argument within the question as well.

Example; Unbalanced vs balanced frames

Do you favor...? Do you favororoppose...?
Do you agree that...? Do you agree or disagres that...?
Avoid leading questions

Leading questions guide respondents towards answering in specific ways, even if that’s not how
they truly feel, by explicitly or implicitly providing them with extra information.

It's best to keep your questions short and specific to your topic of interest.
Example: Leading questions

22 Experts agree that a well-balanced diet provides sufficient vitamins and minerals, and
multivitamins and supplements are not necessary or effective. Do you agree or disagree
that multivitamins are helpful for balanced nutrition?

8.4 What is Market Validation?

Market validation is the process of
determining if there's a need for your
product in your target market. Validating
your business idea can enable you to
reasonably predict whether people will
buy your product or service, and whether
your business will be profitable.

It's important to validate your idea early
in the entrepreneurial process to ensure
you don’'t waste time and resources
creating a product that isn't a good fit.
Securing market validation can also instill
confidence among investors,
crowdfunders, and banks that are
considering funding your startup.

By going through the process of validating your business idea, you can gain a deeper
understanding of how your product does or doesn't meet your target customers' pain points. The -
insights you gain can help you create an offering that not only addresses your market segment’s
needs, but eams you your first paying customers.

Here are five steps to determine the market validity of your venture.
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5 Steps To Determine Market Validation

1. Write Down Goals, Assumptions, and Hypotheses

Writing down the goals of your business is the first
step in market validation. The process of articulating TEE ' I u " l l ’ I ‘ 111 'I
your vision can illuminate any assumptions you have
and provide an end goal.

Ask yourself:
2 What's the value of my product?

D Wha's the target audience, and what assumptions
have | made about them?

2 What differentiates my product from existing
anes?

2 What hypotheses do | have about my product, pricing, and business model?

Answering these questions can help you communicate the value and differentiating factors of

your product, and illuminate assumptions and hypotheses you've made that are yet to be tested
and verified.

1. Assess Market Size and Share

Before moving forward with your venture,
estimate the size of your target market and the
share of it you could potentially capture, By
doing so, you can gauge your business’s
potential and justify its launch.

in the online course Entrepreneurship
Essentials, Harvard Business School Professor
William Sahiman uses mattress retailer Casper
to illustrate this idea. In 2014, Casper's
founders assessed the market size for their
product by comparing its differentiating
factors against the \arger market. For Casper,
these differentiating factors included its online

business model, 100-day return window, and the viscoelastic foam material used in its
mattresses,

o T,
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Based on statistics for the mattress market at the time—including units sold per year, the
percentage of the market owned by foam mattresses, and the number of mattress retailers that
were e-commerce brands—Casper's founders narrowed down which segments they should target,
and determined they could own a few percentage points of the total mattress market share.

rurship i Digital Age




3. Research Search Volume of Related Terms

Another way to gauge the market validity of your
business idea is to research the monthly search
volume of terms related to your product or mission.
When consumers need a product or service, they
often use a search engine to see what the market
has to offer.

If there's not a lot of search volume surrounding
your product, use terms that express customer
intent. For instance, if you design a mattress made |
from a new, extra supportive material, you could
look up how many people search for “best mattress for lower back pain sufferers,

This type of search volume for a longer, specific query isn't negligible. In fact, it can be used to
bolster your hypothesis that there's a need for your product.

4. Conduct Customer Validation Interviews

Conducting interviews with your target market
segment can be an effective way to learn about
your product’s potential. This initiative might
include hiring a market research company to
conduct focus groups, sending out an online survey,
or simply requesting a conversation with someone,

Ask potential customers about their motivations,
preferences, needs, and the products they ;
currently use, Circle back to the list you created in . ‘
the first step of the market validation process, and

frame any assumptions or hypatheses you made as questions to your interviewees. Be open to the
feedback you receive and record it for future use.,

The feedback may reflect that your product doesn’t have strong market validity, in which case,
you can use it ta improve your offering and repeat the market validation process.

5. Test Your Product or Service

Once you've determined there's space for your

product in the market, ensure you're putting the

most useful, intuitive version of it into the world.

You can achieve this through alpha and beta

testing.

2 Alpha testing is when internal employees test a
product in a staged setting. The purpose of
alpha testing is to eliminate any bugs, issues, or




idiosyncrasies in the product before it's available to outside users.

2 Beta testing is when a product is tested by a limited group of real, external users who are
specifically told to identify problems. In the case of a software or app, beta testing might be
open to the public with a notice letting users know the version they're testing is unfinished.

Testing your product with real users can prove invaluable when assessing market validity. If
there's a need in the market, but your product is faulty, complex, or difficult to use, customers
may opt for a competitor’s offering. The feedback you get from beta testers can help you better
leverage and meet customer needs.

8.5 How to Use Research to Create Customer Profiles

Businesses often use a combination of
quantitative and qualitative research,
such as data analysis, surveys, and
customer interviews, to create and
continuously update their ideal
customer profile.

Customer profiling is an essential aspect
of serving customers. But what is
customer profiling?

As a small business owner,
understanding customers’ specific
demographics, tendencies, and pain Ao deid oAl

points is indispensable in meeting their needs. Deﬁn!ng your |i:|e~a1 customer entails gathering and
analyzing data about your customers' characteristics, behaviors, attributes, and needs. This
information is used to create profiles representing your customer segments.

Products/Services Used

This section of the customer profile template
describes which of your services your customers rely
on and how they use them. You can also include other
products or services customers use with your service.

If your product can be Integrated with another
service and customers are successfully meshing your
service with another, add that to this section. This
will help you better market to other companies or
individuals later.

Demographics

Your customers' demographics are an essential piece of your customer profile, include your
customer's career. industry, location, and gender identity.




For Example, {f i run a music backline rental company, and my customers range from High Schools
to Weddings to Touring Bands. I've found that outlining the demographics of each customer
segment helps me better anticipate their needs.
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Customer Benefits

Your customer profile should also include a list of benefits customers receive by using your
product or service, How does your product or service provide value to your customers?

Think about how your praduct or service adds value for your customers and describe it in this
section, The best way to answer this question is to ask your customer base. Compile and compare
their answers and add a summary here,

Customer Profiling Benefits

Creating customer profiles is crucial for taking your business to the next level. 66% of customers
expect companies to understand their needs; customer profiling helps you do that.

it helps all departments become more efficient.

The benefits of customer profiling are impactful across your entire company. Each department in
your company will use your customer profiles differently, but they will improve the bottom line.

2> Marketing: Understanding the client is vital to creating engaging advertisements or emails for
potential prospects and current clients. Marketers use customer profiles to customize
messaging to most effectively speak to customer needs.




<» Sales: With a customer profile in hand, your sales 7
team will be able to highlight customer pain
points and help better sell your product or service
as the solution to their problems. Your sales team |
may even use the customer profile to find ways to |
create connections with current and future |
clients.

2 Support: The customer profile contains all the (3
necessary information your customer service |
team will need to assist clients in need. It can act

tried solutions. This will. help saw.: time for your
customer service team and keep everyone involved from becoming frustrated,

it allows you to identify better-fit prospects.

By knowing who benefits from your products the most, your organization can find better prospects
and increase close rates,

It lowers customer acquisition cost.

Customer acquisition cost (CAC) is the money you
spend on marketing and sales campaigns to attract a
single customer. Implementing customer profiling
allows you to focus your efforts on people who are
more likely to become customers, which brings
customer acquisition costs down in the long run.

»—@ Activity 2 }

Design a Media Marketing Campaign for a
Product and Calculate its Customer
Acquisition Cost (CAC)

e

It empowers you to serve customers better.

Knowing your customers is critical to serving them
better. | found this accurate, having worked on the
Support Team at HubSpot at the beginning of my
career. We always kept detailed notes on each
customer, including the issues they had in the past and
their needs/goals. Armed with this information, | was
much better equipped to meet customers where they
were and guide them to success.

You can predict issues before they arise, prnﬂde




practical self-help resources, and better align with their needs if they reach out to your service
team.

It reduces customer churn.

Customer churn refers to losing customers. We can all
agree we want to keep that number as low as possible!

By creating strong customer profiles from the start, you
can attract and serve customers who actually want to use
your preduct or service — reducing customer churn in both |
the short and long term.

Now that you know the benefits of customer profiling,
which data should you gather for your customer profiles?

Let's take a look.
Demographic

Demographic data are the concrete characteristics of a customer and can be used to understand
consumer behavior, albeit broadly.

Demographics include the following traits (and more):
> Age.

& Sex.

» Jobtitle.

< Income.

2 Education level,

& Family status,

For example, my music backline rental business is technically B2B, and my customer
demaographics are segmented by Events such as Weddings/Bar Mitzvahs/Graduations, Music
Festivals, and Touring Artists who can't travel or fly with all their gear. Each type of customer has
different needs, and understanding customer segments helps me anticipate and meet them.

Psychographic

Demographics alone aren‘t enough to understand how, when, and why peuple make purchasing
decisions, and that's where psychographics come in.

These factors relate to the attitudes and psychological makeup of a customer and may include:
Lifestyle, Goal, Pains, Habits, Values, Interests etc.
Behavioral

While psychographics relate to psychological attributes, behavioral segments look at how that's
manifested in action.




You may consider segmenting by:

Engagement, Readiness to buy, Purchasing history, Product usage, Satisfaction, Loyalty or
account age, Attention required etc.

Segments based on behavioral traits are some of the most valuable in customer support. It can
help service teams find insights about customer interaction and how these trends manifest into
recurring revenue and satisfaction rates.

And once those things are measured, they can be improved.

Geographic

Geographical factors are relevant when location affects how customers interact with a brand or
receive their products.

Here are popular ways to segment based on geography:

City, Area, Region, Country etc.

Gaining insights based on geography can help your organization think through logistics, support
implementation, and marketing.
The relevance of Geographical data varies depending on the type of business you run. In my

experience running a music backline rental company, geographic data is hugely relevant because |
can only serve customers within a certain radius of where my gear is located.

However, if you run a software business or sell products online, geographical data has a different
level of relevance. Regardless, knowing where your customers are is helpful in understanding
more about them and their needs.

Once you have this data, you can profile customers based on specific types or “segments.”

Segments help you unearth trends in satisfaction, churn, and lifetime value that help you
understand more about your ideal customer profiles. '

8.6 Business Pitching: Identifying Problems and Creating
~ Solutions

Introduction:

In today's fast-paced and competitive business environment, the ability to effectively pitch a
business idea is crucial. Whether you are an aspiring entrepreneur seeking investment or a
professional aiming to present a project to stakeholders, mastering the art of the pitch is
essential, This document outlines a standard for students to learn how to identify problems and
create and present business solutions, focusing on understanding the components of a successful
business pitch and elevator pitch, and distinguishing between a business plan and a pitch
document.

For example, "Hello, I'm Omaima, the founder of FinGrow, a startup dedicated to enhancing
financial literacy through engaging seminars and webinars." This sets the stage and gives a quick




insight into who you are and what your business is about, establishing a connection with your
audience from the outset,

Components of a Successful Business Pitch:
A successful business pitch conveys the value of your idea clearly and concisely, capturing the
interest of investors or stakeholders. Key components include:

<> Problem Statement: Clearly define the problem your business aims to solve, This helps your
audience understand the relevance of your business.

2 Solution: Describe your product or service and how it solves the problem. This is your chance
to showcase your innovation.

2 Market Opportunity: Explain the market size and potential for growth. This shows investors
the business potential.

= Business Model: Explain how your business will make money. Describe how your business
makes money. This is crucial for demonstrating sustainability.

T O T



3 Marketing Strategy: Outline how you plan to attract and retain customers. This shows your
approach to growth.

D Competitive Analysis: Identify your competitors and explain what makes your business
unique. This highlights your competitive advantage.

) Financial Projections: Provide an overview of your expected revenue, expenses, and
profitability. This gives a financial forecast.

2 Team: Introduce key team members and their qualifications. This builds credibility and trust.

Components of a Successful Elevator Pitch:
An elevator pitch is a brief, persuasive speech that you use to spark interest in your idea.

interest, For example, "Did you know that 3 out of 5 adults struggle with

> Hook: Start with an attention-grabbing statement or question to pique
managing their finances?” A compelling hook immediately engages your @

audience and sets the tone for the rest of your pitch, making them want to [ ' |
hear more,

> Brief Introduction: Introduce yourself and your business in a concise
manner. This quick introduction provides context and lets your audience
know who you are and what you represent without taking too much time.

D Unique Selling Proposition: Highlight what makes your business unique | e rmorosmos
compared to others. For example, “Unlike other financial education
programs, we provide interactive, live sessions with personalized —'—'@
coaching.” Emphasizing your unique selling points helps differentiate your
business and make it memarable.

' s » Call to Action: End with a clear request or next step to guide your

audience. For example, "We're looking for partners to help us expand our

! reach. Can we schedule a meeting to discuss this further?” Adirect call to

——— “ﬁu action provides a clear path forward, making it easier for your audience to
respond positively to your pitch,

Difference Between a Business Plan and a Pitch Document
While both a business plan and a pitch document aim to convey the viability of a business, they
serve different purposes:

Business Plan: A comprehensive document that details the business strategy, market analysis,
financial projections, and operational plan. It is typically lengthy and used for intern al planning
and detailed investor reviews.

Pitch Document: A concise presentation, often in slide format, designed to quickly convey the




key aspects of the business to potential investors or stakeholders, it is shorter, more visual, and
focuses on high-impact information.

Effl;‘l._'iﬁ"«.-'t.;- LOMMUmMICaiiol

= Clarity: Communicate your ideas clearly and concisely to avoid misunderstandings. This s
especially important when discussing complex topics, as it makes your ideas accessible to
everyone,

7 Confidence: Speak with confidence to convey credibility and persuade your audience.
Confidence can be contagious and help build trust with your audience.

" Engagement: Keep your audience engaged with compelling stories and examples. Engaging
your audience helps maintain their attention and makes your message more impactful,

*Active Listening: Listen to feedback and questions from your audience to address their
concerns, Active listening helps build rapport and can provide valuable insights for improving
your pitch.

 Body Language: Use positive body language to reinforce your message and convey
confidence. Non-verbal cues are a powerful part of communication and can significantly

influence how your message is received.

- Adaptability: Be prepared to adjust your pitch based on your audience’s reactions. Being
adaptable shows that you are attentive and capable of responding to different situations
effectively.

Storytelling: Use storytelling to make your pitch more relatable and memorable. Stories are a
powerful way to illustrate your points and make your message more engaging and impactful.
it e S E anand a Pitch Document

Purpose: A business plan is a comprehensive document that outlines the details of your
business, including goals, strategies, and financial projections. In contrast, a pitch document
is a concise and persuasive presentation designed to attract interest and secure a meeting or
investment,

“Length: Business plans are typically 20-40 pages long, with detailed sections on various
aspects of the business. Pitch documents, on the other hand, are usually 10-15 slides or 2-3
pages, focusing on the most critical points.




2 Detail: Business plans include detailed market research, financial projections, and
comprehensive strategies. Pitch documents provide a high-level overview, emphasizing the
unique value proposition and key financial metrics.

> Audience; Business plans are intended for investors, lenders, and internal stakeholders who
need an in-depth understanding of the business. Pitch documents are targeted at potential

investors, partners, or customers who need a quick and compelling introduction to the
business.

2 Format: Business plans are written documents with detailed sections, charts, and appendices.
Pitch documents are visual presentations with slides that highlight key points and data.

2 Focus: Business plans cover the business's long-term vision, operational plans, and financial
details. Pitch documents focus on the problem, solution, market opportunity, and the ask
(e.g., investment or partnership).




P _Gase 5tudD._ _ N

Startup Journey: Turning a Hobby into a Business

Ayesha, a young and enterprising individual, has successfully transformed her passion for
* baking into a thriving business. Her journey exemplifies the power of digital marketing and
sustainable practices in modern entrepreneurship. Ayesha recognized the potential of the
digital age and employed several strategies to grow her business:

Social Media Mastery:

She consistently shared visually appealing posts of her baked goods on Instagram and
Facebook, using relevant hashtags to reach a wider audience. Ayesha ran contests and
giveaways to encourage user engagement and generate buzz. She collaborated with local
food bloggers and influencers to promote her products to their followers.

E-commerce Platform:

Ayesha created an online store to sell her products directly to customers, offering a
convenient shopping experience. She integrated secure payment gateways to facilitate
online transactions, She partnered with a reliable delivery service to ensure timely delivery

of orders.
Marketing:

Ayesha optimized her website and social media content with relevant keywords to improve
search engine visibility. She started a blog to share baking tips, recipes, and behind-the-

scenes stories, attracting organic traffic.

Ayesha's commitment to sustainability has further enhanced her brand image:

2y She prioritized sourcing ingredients from local farmers and suppliers to support the
community and reduce carbon footprint.

) She used eco-friendly packaging materials, such as biodegradable containers and
recyclable paper bags.

» Ayesha implemented strategies to minimize food waste, including composting and
donating excess products to local charities.

Despite her success, Ayesha faced challenges:

> The bakery industry is competitive, but Ayesha differentiated herself by offering unique
flavors and personalized services,

33 She ensured consistent quality while scaling the business required careful planning and
efficient operations.

» Ayesha learned to prioritize tasks, delegate responsibilities, and maintain a healthy work-

\ lifebalance. J

d; Mational Book Foundation



' Unit Summary \
< Research: A systematic process to discover, interpret, or revise facts. It includes
identifying a problem, gathering data, analyzing it, and drawing conclusions.

» Qualitative Research: Research expressed in words to understand concepts or
experiences. Uses interviews, observations, and literature reviews.

< Quantitative Research: Research based on numbers, using statistical analysis. Methods
include surveys, experiments, and observations.

< Data Collection Methods: Various methods, such as surveys and interviews, collect data
as numbers (quantitative) or words (qualitative).

2 Closed-Ended Questions; Questions offering fixed responses, useful for collecting
categorical or numerical data.

2 Open-Ended Questions: Questions allowing broader answers, useful for understanding
opinions but requiring more effort to analyze.

3 Analyzing Quantitative Data: Uses statistical tools to find patterns and report results
with graphs or tables.

< Analyzing Qualitative Data: Involves identifying themes in text or visual data. Methods
include content or discourse analysis.

< Market Validation: A process to test a product’s market need by collecting feedback or
conducting surveys.

2 Business Pitch: A brief presentation showcasing a business idea, including its problem,
solution, market, and financial model.

»Effective Communication Skills: Clarity, active listening, and positive body language
are essential for delivering a successful business pitch.

< Research bias: Systematic errors that can distort findings, such as information bias,
sampling bias, or omitted variable bias.

>Survey: A research tool involving questions distributed to a sample to collect
quantitative or qualitative data.

< Sampling bias: A type of bias where the sample does not represent the population being
studied.

% Ethnography: A qualitative research method where researchers immerse themselves in
a community to observe behaviors and culture.

2 Open-ended questions: Questions that allow respondents to provide detailed,
unrestricted answers.

¥ Closed-ended questions: Questions that offer a fixed set of responses for participants
tochoose from.

. ¥,




P Likert scale: A survey tool where participants rate their level of agreement or
satisfaction onascale.

P Market validation: The process of evaluating a product’s feasibility and demand in the
target market.

2 Nominal variable; A categorical variable without a specific order, such as ethnicity or
gender.

2 Ordinal variable: Acategorical variable with a clear order, like rankings (e.g., "satisfied"
to "dissatisfied”).

2 Quantitative analysis: Analyzing numerical data to identify patterns, correlations, or
causations,

2 Qualitative content analysis: A method to identify themes or patterns in textual or
visual data.

2 Discourse analysis: Study of communication within social contexts to understand
meanings and relationships.

2 Customer profiling: Analyzing customer characteristics such as demographics,
behavior, and preferences to understand their needs better.

2 Business pitch: Aconcise presentation that outlines a business idea, problem, solution,
and market opportunity.

? Financial projections: Estimated future financial performance, stich as revenue or
profit, used to assess business viability.

2 Active listening: The practice of attentively listening to others to understand and
respond effectively.

2 Body language: Non-verbal communication through gestures, posture, and expressions
l\\ to convey confidence and clarity. /
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Q1. Select the best answer for the following MCQs.
1. What is the primary goal of quantitative researchi?
a) To understand concepts and experiences
b) To test or confirm theories and assumptions
¢) To explore cultural and behavioral patterns
d) To gather in-depth insights on subjective topics
2. Which of the following is a common method in qualitative research?

a) Statistical analysis b) Surveys with closed-ended questions
¢) Thematic analysis d) Experiments
3. In quantitative research, what type of data is typically used for statistical analysis?
a) Textual descriptions b) Words and meanings
c) Numerical values d) Visual images

4, Which method would you use if you want to understand how people feel about a new product?
a) Asurvey with Likert scale questions b) Aseries of in-depth interviews
) An experimental study d) Observational data analysis

5. Which type of question is best suited for collecting detailed feedback and open-ended
responses?

a) Closed-ended question b) Likert scale question
c) Open-ended question d) Binary question
6. What is acommon problem with self-administered questionnaires?
a) High cost b) Highresponserates c)Nonresponsebfas  d) Experimenter bias

7. Which method is typically used to ensure that the results of a questionnaire are not influenced
by how questions are framed?

a) Using leading questions b) Using double negatives
) Balanced framing d) Avoiding jargon




8. Which step in market validation involves estimating the potential market size and share for
your product?

a) Conducting customer validation interviews
b) Writing down goals, assumptions, and hypotheses
c) Testing your product or service
d) Assessing market size and share
9. What type of data is useful for researching the search volume of related terms?
a) Qualitative feedback from interviews
b) Secondary data from market reports
c) Monthly search volume data from search engines
d) Customer demographic data
10.What information is typically included in a custormner profile?
a) Financial statements of the business
b) Demographics, behaviors, and pain points of customers
¢) Market trends and competitive analysis

d) Internal company processes
11.What is one benefit of creating customer profiles?
a) Reduces the need for market research b) Decreases customer acquisition costs

c) Eliminates the need for customerservice  d) Increases product complexity
12.What is the primary purpose of a business pitch?

a) To provide a comprehensive analysis of the business strategy.

b) To persuade investors or stakeholders of the business's potential and value.

c) To detail the day-to-day operations of the business.

d) To outline the long-term financial projections and market analysis.
13. Which companent of a business pitch addresses how your business will make money?

a) Problem Statement b) Solution

c) Business Model d) Market Opportunity
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14.In an elevator pitch, what is the primary purpose of the “hook"?
a) Tointroduce the team members.
b) To provide detailed financial projections.
c) To grab the audience’s attention and spark interest.
d) To explain the competitive analysis.
15.What is the main difference between a business plan and a pitch document?
a) Abusiness plan is more concise and visually appealing than a pitch document.
b) Apitch document includes detailed market research and financial projections.

c) A business plan is used for internal planning and detailed investor reviews, while a pitch
document is designed for a quick, compelling introduction.

d)Abusiness plan fs shorter and less detailed than a pitch document.
16. Which of the following is NOT a key component of a successful elevator pitch?
a) Unique Selling Proposition
b) Detailed Financial Frnjectil;ns
c) Brief Introduction
d) Call to Action
17.What should be the focus of a pitch document?
a) Long-term operational plans
b) Detailed market research
c) High-impact information and key points to spark interest
d) Extensive financial data and projections
18. Which of the following best describes the term “Market Opportunity” in a business pitch?
a) The financial model of the business
b) The potential market size and growth prospects for the business
¢) The competitors in the industry

d) The unique features of the business's product or service




19. What role does "Active Listening” play in pitching a business idea?
a) It helps to provide detailed financial data.
b) It allows for better adaptation based on audience feedback.
c) It focuses on presenting a detailed operational plan.
d) It ensures that the pitch remains under 10 minutes.
20. Which of the fellowing is an example of a call to action in an elevator pitch?
a) “Our team has extensive experience in finance."
b) “We project a revenue of 5500,000 in the first year.”
¢) “Can we schedule a meeting to discuss potential investment opportunities?”

d) “Our solution is unique compared to others.”

Q2. Write answers of the following short response questions.
1. Explain how a mixed-methods approach combines qualitative and quantitative research,
2. List two potential biases in quantitative research and briefly describe their impact.

i.\dentify the main difference between open-ended and closed-ended questions in a
questionnairef

4. Describe one advantage and one disadvantage of researcher-administered questionnaires.
5. Explain why alpha and beta testing are important in the product validation process.

6. How can customer validation interviews contribute to market validation?

7. What role do customer profiles play in marketing strategies?

8. Discuss how customer profiling can reduce customer churn.

Q3. Write answers of the following extended response questions.

1. What is research? Discuss the differences between quantitative and gualitative research.
1. What is market validation. Discuss how market validation is determined.

3. Discuss how customer profiles are created.

4. What is business pitching. Discuss the components of a successful business pitch.

3. Discuss the difference between a business plan and a pitch document.




"_O Activity 3 S —

Do research for your target market? For products similar to yours, research sales data, the |
number and share of current manufacturers, and what percentage of the total market your ‘

segment holds. Determine where your product fits into the market and assess how much of it
your business could own. }

QActivity4:HtchFra:ﬂceSessiun —

Objective: To practice delivering a business pitch effectively.
Instructions:
Preparation: Choose a business idea or use a provided scenario. Prepare a pitch using the
components discussed (Problem Statement, Solution, Market Opportunity, etc. ).

| Delivery: Deliver your pitch to a group of peers or mentors. Focus on clarity, confidence, and
engagement.

| Feedback: After the pitch, receive feedback from your audience on what worked well and
what could be improved.

l Revision: Revise your pitch based on the feedback and practice delivering it again.

SEEC. i P
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) Activity 5: Elevator Pitch Writing.
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| Objective: To developa concise and engaging elevator pitch.

1 Instructions:

. Scenario: Imagine you have 60 seconds in an elevator with a potential investor. Write an
“ elevator pitch that includes a hook, brief introduction, unique selling proposition, and call to
|

|

I

e . —

action.

Peer Review: Share your pitch with a classmate or group for feedback on its effectiveness and
clanty.

Refinement: Refinayour pitch based on feedback and practice delivering it.

o e R —— e —— e

r'- Activity 6: Comparative Analysis :‘—— -------- e N

Objective: To understand the differences between a business plan and a pitch document.
Instructions:

Research: Find examples of both a business plan and a pitch document online. |
Lamparison: Create a comparison table highlighting key differences in purpose, length,
detail, audience, format, and focus.

Presentation: Present your findings to the class, explaining how each document serves its

_intended purpose.
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Activity 7: Competitive Analysis Exercise W

Objective: To identify and analyze competitors and define a unique selling proposition.
Instructions:

Research: Identify at least three competitors in a chosen industry or field.

Analysis: Analyze their strengths, weaknesses, and market positioning.

Unique 5elling Proposition: Define what makes your business different and better than these
competitors.

Presentation: Create a brief report or presentation summarizing your competitive analysis
and unique selling proposition.

,—@ Activity 8: Financial Projection Workshop }

Objective: To create basic financial projections for a business.

Instructions:

Scenario: Use a fictional business scenario or a real business idea you are familiar with.
Projection: Develop basic financial projections including expected revenue, expenses, and
profitability for the first year.

Review: Compare your projections with classmates or a mentor to evaluate their realism and

accuracy.
L P

1627 Activity 9: Storytelling Practice }—

Objective: To use storytelling to make a pitch more engaging.

Instructions: |

Personal Story: Choose a personal story related to your business idea or a success story from
your industry.

Integration: Integrate this story into your pitch to illustrate a key point or emotional
connection.

Presentation: Share your pitch with the integrated story and receive feedback an how it
impacted the overall message.
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'E Activity 10: Problem Identification Brainstorming Session H

Objective: To help students identify real-world problems that can be addressed through

innovative business solutions.

Materials Needed:

Whiteboard or flip chart

Markers

Sticky notes

Timer

Instructions:

1. Introduction (10 minutes): Briefly explain the importance of identifying problems in the
business world. Discuss examples of successful businesses that solved specific problems.

2. Brainstorming (15 minutes): Divide students into small groups. Give each group a set of
sticky notes, Set a timer for 10 minutes and ask them to write down as many problems they
can think of in their community or school (one problem per sticky note).

3. Group Sharing (15 minutes): After time is up, each group takes turns sharing their
prablems. Write the problems on the whiteboard, categorizing them (e.g., environmental
issues, education gaps, health concerns).

4, Reflection (10 minutes): As a class, discuss which problems resonate most with them and

\. Wwhy. Encourage students to think about potential business solutions for these problems.  /

/—@ Activity 11: Create a Business Fitch_} ™~

Objective: To teach students how to structure and deliver a business pitch.

Materials Needed:

Pitch template handouts (including sections like Problem, Solution, Market Opportunity, etc.)

Access to research tools (books, internet, etc.)

Presentation toals (poster boards, markers, or digital presentation software)

Instructions:

1. Introduction (10 minutes): Explain the components of a successful business pitch, using
examples from the provided material.

2. Team Formation (5 minutes): Divide students into small groups of 3-4,

3. Pitch Development (30 minutes): Each group selects one problem from the previous
activity and creates a business pitch using the provided template. They should clearly
define their problem, solution, market opportunity, business model, and marketing
strategy.

4. Presentation (20 minutes): Each group presents their pitch to the class, aiming for 3-5
minutes each. Encourage students to use engaging storytelling techniques and positive

body language.
5. Feedback Session (10 minutes): After each presentation, allow time for questions and
\_ constructive feedback from peers. P,
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Activity 12: Elevator Pitch Chal!enge} ~

Objective: To practice delivering a concise and impactful elevator pitch,

Materials Needed:

Timer

Evaluation criteria handouts (clarity, engagement, uniqueness, call to action)

Prize (optional, for motivation)

Instructions:

1. Introduction (10 minutes): Explain what an elevator pitch is and its importance in the
business world. Share tips for creating an effective pitch.

2. Pitch Preparation (15 minutes): Each student chooses a business idea (either their own or
one from the previous activities) and prepares a 30-second elevator pitch.

3. Pitching Round (20 minutes): Students take turns delivering their elevator pitches in front
of the class. Use a timer to keep each pitch to 30 seconds.

4. Peer Evaluation (10 minutes): After all pitches are delivered, students use the evaluation
criteria to provide feedback an their peers’ pitches.

5. Reflection and Discussion (10 minutes): Conclude with a discussion on what makes a pitch

effective and how students can improve. Optionally, recognize the best pitch with a small

prize to encourage participation. )
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Policies and mechanisms that restrict access to resources based on user

Access Control | rgles and permissions.
< A well-defined, step-by-step procedure or set of rules for solving a specific
Algorithm | sroblem or performing a task.
Binary Computers perform addition, subtraction, multiplication, and division in
Arithmetic | binary.
) A digital ledger or database of transactions that continuously grows. It is
Blockchain | created, maintained and shared by network users.
The technique to find out the possibility of a customer, to stop taking the
Churn Prediction | 5€7vices or products of a certain company. It is used in the fields of
business and marketing.
| The delivery of computing services such as servers, storage, database,
Cloud computing | networking and application software over the cloud (Internet).
The use of digital devices involves networking and collaboration with
Collaboration | gther people across distances.
A selection of items from a set where the order of selection does not
Combination | matter.
.. |Itis a specialized branch of Al that teaches computers to draw meaningful
Computer VIsIon | resylts from digital images, videos and other visuals.
Computing | In computer science is one that is solved step-by-step through
prablem computation.
Computational | A way of solving problems by using ideas from computer science.
Thinking
g Small text files stored on a user's device to track online activity, which can
Cookies | rajse privacy concerns.
The practice of protecting computer systems, networks, and data from
Cybersecurity | ynauthorized access, cyberattacks, and other malicious activities.
A digital (or virtual) currency that facilitates direct payment without the
Cryptocurrency | involvement of intermediaries such as bank.
Online harassment or bullying that can cause emotional distress and has
Cyberbullying | significant negative impacts on individuals.

Database

A collection of related data stored in the form of tables.




Data Cleaning | Is about fixing the data to make sure it's ready for analysis.

Data Encryption |The process of converting data into a coded format to prevent
unauthorized access.

Data Modeling | A structure that represents the data and how different parts relate to
each other,

Debugging IDEs provide tools for finding and fixing bugs by stepping through code.

Digital literacy | It is the ability to create information in a digital environment.

Digital It is the ability to collect, understand and evaluate information from

Search/Informat |various sources.

ion Literacy

loT An infrastructure that consists of network of servers that provides
connectivity between multiple devices and facilitates man to machine and
machine to machine interaction.

Natural A branch of Artificial Intelligence which gives computers the ability to

Language understand text and spoken words the same way humans do.

Processing (NLP)

Permutation An arrangement of all the members of a set into a specific sequence or
order.

Podcast It is a series of audio or video files that are released on a regular
schedule.

Robotics A combination of artificial intelligence and engineering which involves
designing, creation and operation of automated machine programmed to
perform tasks like humans.

Searching The process of finding a particular item within a set.

Sorting The process of arranging items in a specific order.

Spam Unwanted and often malicious emails that compromise user privacy and
security.

Spyware Malicious software that secretly monitors and collects personal
information from users.

VPN (Virtual A service that encrypts internet connections, enhancing privacy and

Private Network) | security.

{: Hational Book Foundation

(), E——.




Content Authors

Dr. Saleem Igbal received both his BS and MS in Computer Science from the
COMSATS, Pakistan and PhD from UTM, Malaysia in 2015. He has a diversified
experience of over 18 years comprising academic, development, research and
administrative. Currently, he is an Associate Professor and Chairman of
Computer Science Department at Allama Igbal Open University. Previously he

was with PMAS-Arid Agriculture University Rawalpindi and COMSATS,
Islamabad .

Mohammad Khalid, a luminary in the field of Computer Science and Assistant
Professor at OPF Boys College. Professor Khalid's rich pedigree, boasting an
M.Sc. in Computer Science and B.Ed. qualifications, infuses every page of
these meticulously crafted textbooks for Grades IX to XIl. Collaborating with
the prestigious National Book Foundation (NBF), Professor Khalids work
epitomizes innovation, excellence, and pedagogical mastery. Dive into a
realm of unparalleled insight, where theoretical depth converges with
practical application, propelling students towards digital fluency and
technological prowess.

Dr. Faraz Ahsan is an Educational and IT Specialist with more than 20 years of
experience of both academia and industry. He worked as a Software Engineer
and Network Administrator in the industry. Later, he completed his PhD from
COMSATS Institute of Information Technology and specialized in the field of

Network Security, He is currently associated as Consultant with a USA based
firm.

Lubna Kousar Janjua is an educationist and IT professional, with mare than
20 years of experience. She received her MCS degree from [IUl and completed
MS coursework from NUST with a specialization in intelligent Information
System. She worked as a software engineer for a multinational company and is
currently serving as a Computer Science professor.

Mohammad Sajjad Heder has done Master (MS) in Computer Science from
George Mason University, Virginia, USA and B.E, Mechanical Engineering from
Kim Chaek University of Technology, Korea, He has 25 years' experience of
teaching the subject of Computer Science to students of 5SC and HSSC. He has
written 8 textbooks of Computer Science for grades 9 to 12.




