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Computer Systems

.;L:ég'rpiqgomcgmes T

§

At the end of this unit students will be able to:
g > understand and describe number systems and encoding schemes for data
. representation in computer systems. : ; '<
i > explain how system software controls the flow of information between hardware
? components used for input, output, storage, and processing.

- D identify and learn common software tools such as translators,
development environments, online and offline computing platforms, code
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Introduction

Acomputer system is 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 is very important today, whether you're just using it for basic
things or working as a professional in technology. Knowing how they work 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 W
binary digits. A binary digit, or a bit, can have one of §
two states: 0 or 1. These bits are the fundamental |
units of information in a computer. For example:

o
|

2» The decimal number 5 is represented in Jﬂﬂrlgli L o .J: J -1 ]
binary as 101.

3> The ASCIl character ‘A’ is represented as |
01000001 in binary. b

1.0007.07.00 1]

111000101000

22 Acolorin an image might be represented as a |
combination of binary values for red, green,
~and blue components.

Data Types: ' 5

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 "f
decimal point. For example, 15.5, 0.45, and -203.345 are all floating point numbers.

Characters: Characters are represented using character encoding schemes such as ASCII of
Unicode, where each character is assigned a unique binary code. For example, the ASCII code for
the letter 'A"is 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.

"
P
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1.2 Numbering Systems

Number System:

A number system 1is 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 also 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. Examples include: 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)

2»» Binary number system (Base- 2)

»» Octal number system (Base-8)

»» Hexadecimal number system (Base- 16)

o 1

Number Systems |

t :
G |

!, e J e T NERTIGII RS — r__._..,___l.,._‘.__- i
.1 Decimal Binary Octal Hexadecimal |
il Numbers Numbers Numbers ; Numbers_J

e l » (

B e R
{ Base10 | | Base2 BaseB | | Basel6 ]
09 1) on || ©9A | ‘|

X P

Decimal Number System

The decimal (also called Denary) number system is composed 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:

onal Book Foundation Unit 1: Compuler Systems ,\>




9 represents 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 §
represented. The decimal point separates the positive powers of 10 from the negative powers.
AT
(8745.215)10 = 8x10% + 7x107 + 4x10* + 5x10° + 2110" + mo* + 5x10°3
=8000+700+40+5+0.2+0.01+0.005

= 8745.215

e T TTPPIE——— |

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 posrtional value
_ system, wherein each bit has its own value or welght expressed as power of 2.

(1011.101); = 1x2* 4 0x2? + 12! + 1x2° + 1x2 + 0x2? + 1x2°
| Z84+0+2+1+0.5+0+0.125
= (11.625)10

e | binary number (1011 101), is represented above and its equwalent decimal value can bé
ind by taking the sum of the products of each bit value (0 or 1) times its positional value. Thé
ost bit carries the most weight and it is called the Most Significant Bit (MSB). The position
to the right of the binary point are negative powers of 2. The r1ght most bit carries the lea!
we ght 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,
and 7. Thus, each digit of an octal number system can have any value from 0 to 7. The
positions in an octal number system have weight with powers of 8, An octal number can be easi!
converted to its decimal equivalent by multiplying each digit by its positional weight.

For example,

(672), = 6x82 + 7x8" + 2x8° 384+ 56 +2 = (442),,
Another example:

(25.6),=2x8"+5x8° + 6x8-1 =16 + 5+ 0.75 = (21.75),,




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

e xace g 2 1 2 3 4 5 & 7 8 $ A 8 C D E F
Dwcmmas : 1 2 3 - - 6 7 3 2 ¥ i 12;13. .MM
A hexadecimal number can be converted to its decimal eguivalent by using the fact that each

digit position ha ht that is power of 16. Th ; h

as a weight of 16" = 16, the next higher digit has
© conversion process is shown below.
(345 = 32167 + 10x16* + 15216° = 768 + 160 + 15
= (543}

1.2.2 Conversions from one Number system to the other

Conversion from any Base to Base-10(Decimal)

o convert 2 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).

, (30131 ) - (1229+10x2+ 122+ (12 (1529
’ . 1640444241

- (23)i0

e - et s —— - A 7 S AT

| (100102023} = (1x2%+(0x29+(0x2Y+(1x2) e (Ox2Y) ,
; ' (129 (An29) +Ox 2% +(1 2 2% +{1 2%

{ ~ B32+0+0+44+0+14(1/2)+(0)+(1/8)+ ;

| e |

‘ _ = 37+(1116)
! : 37+0607%
| (37.487%)s




i, Conversiqn from Octal to Decimal

‘ Example: (437)s to ( ? ho

(437)s = (4:8')0 (3x8%)+(7x89
= (Ax64)+(3x8B)+(7x1)
= 256 + 24 + 7
- (287)10

iii. Conversion from Hexadecimal to Decimal

Example: (1BE8): to | ? ho

(1BE8)s = (1x16% + (B x 16%) + (E x 16%) + (8 x 16°)

;; = (1x16%+(11x162) + (14 x 16Y) + (8 x 16%)
| = (1x4096)+ (11 x 256) + (14 x 16) + (8 x 1)
% = 4096 + 2816 + 224 + 8
| = (7148)p

a. Convert the following Binary numbers to Decimal
i. 11100011 ii. 101010_101 iii. 11001.1001  iv. 10001.111
b. Convert the following Octal numbers to Decimal

B

i 3452 Il. 1256 7454  iv.2743
¢. Convert the following Hexadecimal numbers to Decimal |

i. ABO1 ii. FE162B iii. 9C17D iv. 8DO0A

simmcm R e T TR I T A e T e PR

arsion from Base-10(Decimal) to any other Base
ert a decimal number to any other number:

de the decimal number to be converted by the value of the new base and record the
ainder as the LSD of the new base number.

Ide the quotient of the previous division by the new base again and record the remainder #
next digit to the left of the new base number.

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

g The following examples will demonstrate the above method by converting the decimal number
to their binary, octal and hexadecimal equivalents, respectively.
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| ii. From Decimal to Octal

Example 1:  (165)wto| ? Example 2: (331)i0to( ?

|
| (168)10 = (248)s (381)10°% ($13)2

Example 1: (739 wto( ? )16 Example 72: (365hoto| ?
;
| 16 | 739 | Remainder : 16 | 3501 | Remainder
16 | & 3 16 | 218 13 !
16 2 14 16 | 13 10
—_— —————
2 14 3 13 10 13
d; E-8 D A D
(788)10 = (2E8)1s (3501)10 = (DAD)2

1 r@ Activityfz e
- ‘ a. Convert the following Decimal numbers to Binary
? i. 786.345 ii. 943.095 iii. 6300.586 iv. 4732.7834
| b. Convert the following Decimal numbers to Octal
i. 759 ii. 1256 iii, 9454  iv.2743
¢. Convert the foliowin' Decimal to Hexadecimal numbers
i. 7802 ii. 4923 iii. 3678 iv. 6401

]

it b }!Wequivalent. The eight possible digits are converted as follows:

To L 2 0 A
B [octatdige (0| | 2(%| 4|86} 7

000 | 001 | 010 | 011 | 100 | 101 | 110! 111

Binary




i. From Octal to Binary
Example: (7301 )s to | ? )

AR MG 1
111 011 000 001
(7301)¢ ® (111011000001 )z

ii. From Binary to Octal

Example: (1100111000101}, to Ay

*  Take group of 3 binaries from the right side,

| ¢ Akl

¢ If any one or two bits ere left alone, add zeros to the left to make them group
d"

001 100 111 000 101
¢ Convert sach binary group to its equivelent Octal digit.
001 100 111 000 101

HHEH

i v o i J

’ @ Activity-3 r——— ————————————— e

a. Convert the following Octal numbers to Binary
i. 765 ii. 1430 iii. 63005 fv. 4232 |
b. Convert the following Binary numbers to Octal
i 1oouuo ii. 11000010110 iii. mmz fv. 1110001001101010

A —— e L e T S Sl e eegeenibes

A s e W et

— - e i e . A B i~

i 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-bjt binary equivalent. The eight possible igi;s are _converte as follws:

Hexadecimal

</ Hational Book Foundatic Unit 1: Computer Systems




| 3 0011
4 0100
Do . .
5 0101
6 0110
posicia _—
7 0111
s
8 1000
9 ' 1001
r—. — - — - -
, A (10) 1010
8(11) j 1011
c(12) : 1100
D (19) 1101
E (14) ' 1110
F(15) 1111

- Usi
FASN

o

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

L dbodoadidl

1101 0111 0011 1010 0001
(D78A1)s te (11010111001110100001);

vinple (RLOOR 100100 L101048 ), va | ’ I

~ e

& Teke group of 4 binaries from the right side.

3 "f‘ one or two of three bits are left alone, add zeros to the left to make
thw m group of 4, ‘
: 0011 0012 1001 o011 0101

sach binary group to its equivalent Hexadecimal digit,
o]rs 0011 1004 oIsa .T.‘ '
» » 2 ’ 10
: » [ » A
(110042100000430401); te (BR83A)1s

Book Foundation
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Activity-4 e » i ———————————ndee
ty a. Conmvert the foliowing Hesadecimal numbars to Sinary
L AFPES i GisCo Wi 83008 . CIOFR
b  Conver: the following Binary numbers to Hesadeciomal
L 1001100002000110 £ 11011100010120 B 1000110000130

v, 1110001000003101011 10

Bnversion from Octal to Hexadecimal and vice versa
'F rom Octal to Hexadecimal

ethod 1:

} Convert Octal to Decimal number

} Then convert the decimal number to Hexadecimal

ethod 2:

Convert Octal to Binary number

: Then convert the binary number to Hexadecimal

Method 1: (6457)s = (3375)s { Method is already Explained)

(3375)ss = (D2F)ss { Method is already Explained)
So, (6457), to (D2F)y :

Method 2= (6457} = (110100201111}, { Method is already Explained)
' - (110100101111), =  (D2F)y, { Method s already Explained)

L S0, (6457), to (D2F)y

. From Hexadecimal to Octal

thod 1:

} Convert Hexadecimal to Decimal number

} Then convert the decimal number to Octal

ethod 2:

} Convert Hexadecimal to Binary number

Then convert the binary number to Octal

(-amplo (A09D)1¢ w { ? )a

| Method1:  (A09D) = (41117), | Method is alkready Explained)
(41117) - (120235), { Method is aiready Explained)

" S0, (A0SD),, to (120235),

Method2:  (AOSD)y =  (1010000010011101),  ( Method is already Explained)
(1010000010011 101), = (120238}, { Method i siready Explaned)

_.50,(A09D)y to (120235),

>

Unit 1;: Computer Systems
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#i. Di1Co Bl B30 . QR !

b. Convert the following Octal numbers to Mexagecimal

L ; L 765 um W 63005 . 2232 - ;
- —— e ———— e e e L

1.2 38|naryAnthmettc

Computers use binary arithmetic as their fundamental way of performing arithmetic operations
because digital electronic circuits inherently operate in binary (base-2) rather than in decimal
(base-10) like humans do. In binary arithmetic, there are only two digits: 0and 1.

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

Binary Addition:

»» Binary addition is performed much like decimal addition, but with only two possible digits: §
and 1.

» When adding two binary digits (bits), the possible outcomes are:
0+0=0
0+1=1
1+0=1

e 1+1=10(carry 1 to the next higher bit)

i . Some Examples of Binary Addition:

: Examplel: 10010 + 111 Example2: 11101010 + 10011011

- 0@ (cary)
10010 — 1 8(Decimal) 11101010

111 -———+ + 7 (Decimal) +10011011
01 —y 28 1 - 110000101

P — “—\

| HINT! |

PR

er you can convert the binary number to decimal and perform decimal arithmeti, !

)

——




» When subtracting two binary digits (bits), the possible outcomes 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:

Examplel: 10110 + 101 Example2: 11000101 + 101111

@D ——r (10n=2 11 110

0 1 (Borrow) 0 1o 10
1010 110004101
- 101 - , Gl By LY e T

@ Activity-6 - \ e A Ve g O
. a. Parform the following Binary Additions :
: i. 11100001 + 10110001 il. 10100111 + 11110101
. il 13111101 +# 10110111 iv. 10101011 + 10110001
b, Perform the following Binary Subtractions
i. 11100001 - 1011001 ik 1010011141WOIOI
ii. 11111101 - 101101 iv. 10101011 + 10111

P . R—T— B T — T — & T T ST et G I - B

-' 2 4 Overﬂow and Underﬂow

) computers, overflow and underflow are problems that occur when calculations produce results
jat are too large or too small to be represented within the allowed number of bits. These
onditions are important because they can cause errors in programs and lead to unexpected
havior or bugs. Overflow happens when a value is too large to fit in the available space, while
nderflow occurs when a value is too small to be represented properly. Understanding these
ues is important to prevent problems in software. Overflow is being explained as follows at that
vel. :

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

xample: 8-bit Unsigned Integer Overflow

et A ————— T A

8-bit unsigned integer can :
present values from 0 to 255. If 11111111(255in binary)

er attempts to add 1 to 255, the | + 1

ult is 256, which cannot be !
presented with just 8 bits, Overflow ——+@-00000000

100000000 (256 In binary)

- ——— . g— | ——— o o B B P S — e ——r
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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 introducing 16-bit register.

Handling Overflow and Underflow:
To handle overflow and underflow, programmers can:

> 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.

> 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
n and 2's complement.

1's Complements
: Example!: 1's complement of binary number 01101
The binary numbers can be easily converted

into the 1's complement with the help of a g 01101 (Numbar)
simple technique. According to this ' 100!0 w,cm

algorithm, if we toggle or invert allbitsofa

binary number, the generated binary ExsmpleZ: 1's complement of binary number 00011101
number wil | become the 1's complement of

that binary number. That means we have to

: B 00011101 [Number)
transform 1 bit into the 0 bit and 0 bit into 11100010 W'“M
the 1Dbitin the 1's complement. folSoit g o
2's Complements

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

D Takethe 1 scanplemnt of the binary number
> Add 1 tothe LSB (least significant bit)

Examplel 2's complemant of binary number 01010001 Example2: 2's complement of binary number 10101110

01010001 (Mumber) 10101110¢

0101110(4sComplamart oxo:oooumw
1 [Mdding1) b1 (Adding1) o
TOTOTI11 s Complomant oxo:ooxomw E

bur-mdmmuwmm uuramdmomouomm




@ Actlvity- e

a. Convert the following Binary numbers to their 1’s Complement forms.
i. 00111001 ii. 11001100 iii. 11100011 lv. 01010101

6*

~b. Convert the following Binary numbers to their 2's Complement forms.
i 01111001 il. 10001101 ili. 11101011 v, 01011101

- — a—— ——— e e i i s et

Btnary Subtractlon using 1 S Complement

(____________________ —

et el s S B

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. ; : ? 1
> C t th btrahend to the | Examplel: Subtract 100110 from 111000 using 1's complement
» Convert the subtrahend to the 1's
complement. . um:uu:nun s-;ne.
% Add the 1's complement of the 100110 (Subtrahend)
subtrahend with the minuend.
2 If the result has a carry, then add * Convert the subtrshend to the 1's complement.
that carry in the least significant e AR i AL y
bit. ! 111000
2 If there is no carry, then take the + 011001
1's complement of the resultant 1-010002
to find the answer. In this case the ® Corryls generstad, add K to the LSO of the result
answer will be negative(-ve). s 1 |
TSR —
;HIN'I’I . You can verify your answer 010010
f . by doing SImple subtraction. ¢ Sothe final answer is 010010 I

| Exsmple2: Subtrect 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- oouuou
¢ Carry Is generated, oddnwtho&dthu«uh
00011001
- 1
00111010
¢ Sothe final answer Is 00111010

Mo “’”[ 1 (:orn;]l”“r Sth.!nc.




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 minvend and subtrahend the same by adding additional

zeros 05 tolefsice.
 Convert the subtrahend tothe 25 | « Number of bits are the same. |

complement. : 111000 (Minuend)

9 Add the 2's complement of the { DB Debtrehend
subtrahend with the minuend. o c"""":;;‘:’" whand to tha 2's complemass,

» If the result has a carry, ignore it NV ;
and take the remaining part as 011010 a
answer. . A&!ho)‘scwhmdthctwnm%ﬂnM

» If there is no carry, then take the ’ m
2's complement of the resultant | o

to find the answer. In this case the o ignore the Carry and take 010010 as the answer
answer will be negative (-ve).

5o the final answer is 010010 '

Ppvreers ’_ ,'PRACT!C!TM"'

a Cm&obh&&mm»w 1's Complemaent forms.

i 00X1lo0: & 11000300 W 11100011 .10
2 : o t ey Subtract 10101001 from |
‘ 11100011 using 2% |
b Comvert the following Binary numbers to their 2's Complement forms. | complement l
L Glllvom B ISO0II1 & 1lloloal v. 01031301 | e

1.2.6 Signed and Unsigned Numbers Representation

Binary numbers can be represented in signed and unsigned way. Unsigned binary numbers do net
have sign bit, whereas signed binary numbers uses signed bit as well or these can b

distinguishable between positive and negative numbers. ‘
Unsigned Numbers Representation:

Unsigned numbers dont have any sign, these can contain only magnitude of the number. L)
representation of unsigned binary numbers are all positive numbers only. For exampi
representation of positive decimal numbers are positive by default. We always assume that thet
is a positive sign symbol in front of every number. The range of unsigned binary number is from!
to (2'-1), where n is the number of bits. For example in 8-bits form the range will be from 0 to 2%
(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




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.

‘Eumplel‘: e Rresem 13in acomputer usig 8-bit 2's cdmpcmt.

"« Convert13 to binary: 13 In 8-bit binary form is 00001101 |

"« invertall the bits: 111100101 ;

|+ Add1toget2’s complement: 11110010+1=11110011 |
* $0,-13 Isrepresented as 11110011 using 2's Complement

- Example2:  Represent -55 in a computer using B-bit Z’s complement.

“Convert 55 to binary: 55 In 8-bit binary form is 00110111 |
Invert all the bits: 11001000 ' |
Add 1 to get 2's complement: 11001000+ 1=11001001

So, --55Is npremw'hd @511001001 wsing2’s Complement !

S AT+ ST Y

v ‘ ACtVItY-9. e e

Represent the following numbers using 8-bit 2's complement.

e ————————
- - - -

' §,-90 if, 122 iii, 150 -~ v, -200 v.-240 . ;

F loating-poirit Numbers Representétion:

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 computer 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.

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

<: National Book Foundation e Unit 1: Computer Systems




For example, in a 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 sced
grade 10 students.

1.3 Common Coding Schemes (ASCII and Unicode)

Coding schemes are standards that computers use to convert and represent data in a format
can understand, such as binary digits (1's and 0's). Since computers cannot interpret
readable characters like letters, numbers, and symbols directly, they need to translate ths
into a machine-readable format. Different coding schemes are used for this purpose,
ASCIl and Unicode are common.

Why Coding Schemes are used

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

Standardization: Coding schemes provide a consistent way to represent characters

Jid

different platforms and devices, ensuring compatibility and accurate data exchange.

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

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

Cll Coding Scheme

ASClI stands for American Standard Code for Information Interchange. It is a standard daté
scheme in computers. It assigns standard numeric values to alphabets, numerals,
marks and other characters used in computers. Before ASCII was developed, different
models of computers could not communicate with one another. Each computer
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
wide acceptance because IBM chose to use EBCDIC (Extended binary coded decimal

<( National Book Foundation o



code) in its computers. Initially ASCII 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 ASCII Code (ASCII-8 bit Code):

ASCIl was extended to an 8-bit code that can represent (22
= 256) different characters. ASCII-8 became popular in
1981 when it was used first time in IBM's Personal
Computer (PC) and soon it became industry standard for
personal computers. Many Windows systems use an 8-bit
ASCIl encoding and this Microsoft specific encoding is
known as ANSI code. ANSI stands for American National
Standards Institute. In extended ASCII-8, 32 code
combinations are used for machine and control
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 ASCIl 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 emdji and other symbols, all using a
uniform encoding scheme. The latest version of Unicode includes over 100,000 characters.
Unicode assigns a unique number to each character that remains consistent across all systems
that support Unicode. ;

Unicode defines multiple encodings of its single character set: UTF-7, UTF-8, UTF-16, and UTF-
32. UTF stands for Unicode Transformation 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 ASCI|-8.




1.4 Operating System

An operating system (OS) 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. OS 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. '

& Process Management
> Memory Management

<> File Management

-» Device Management
<> Network Management
") Security management
Pr pcess Management

ess is a program in execution, and process management in an operatlng system alloc®
es like CPU time to various processes in memory. For example, with three pl'ocessl!ﬂ*i
ach having different CPU cycles (A=5ms, B=2ms, C = 1 ms), the OS manages execs®
e 1 (ABC order), the total time is 6 67 ms, whlle in Case 2 (BCA order), |ts4.33’
~_.- se 2 is more efficient. R TR

) that controls and |
sration of main
e operation of
ocates space to
s loaded in main |
stion. It keeps track | | _
when a programis | |~
Jates the memory | ke

User Space °




managing memory for two processes PO and P1. P1 is being loaded (swap in) and PO is being taken
out (swap out) from the main memory (RAM). The whole process is shown in Fig 1.5.
File Management ot LN S i AR 28

(5._J' . - \'-cdih-u” .v Dsers o Loteng »
File management is the part of [ s Sumes

operating system that manages files | .. o

and folders on storage devices such || $.77,
as hard disk, USB flash drive and DVD. |
It allows computer user to perform
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
folders by OS. '

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 |/O management improves the
performance of the computer. As shown in Fig. 1.7.

. o o @

kR b L

Coe—=wod booerte

1

[Ty T

", Pt

{ Monitor
Applications

Printer |

ample: There are three programs A, B and C which are using the printer. Now the OS will decide
ich program to use the printer first. Aqueue will be set by the OS and each program will get the
nter by its turn.
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Network Management

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

, Fig.1.8: Network management s
Security management

Security management in an operating system
ensures resources are used according to 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 =~ °
d malware. =

‘ ':operating System
W

; ,fo‘Perating system groups similar tasks into batches and executes the
gal for repetitive tasks, such as payroll processing or generating b




Job 1

Job 2
CPU

Job :

o G T 2
ultiprogramming Operating System (RTOS) = i T
multiprogramming operating system allows o ~ : '
ultiple programs to be loaded into the main memory Job 2 \ |
multaneously. Although the CPU can execute only Pamﬁom, |
e program at a time, it switches between programs Job 3 promeyenei).. v §
hen one is waiting for input or output, thus | Operating 1
aximizing CPU utilization. This system is designed to | System ‘

prove the efficiency of the computer by ensuring -
at the CPU is rarely idle. e ‘

ultitasking Operating System

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

s o s ke “, “’"”"’\‘
" Word [ WebBrowser| [ Email

i d
- 1] ’
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Time-sharing Operating System

Atime-sharing operating system divides CPU |
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
commonly used in environments such as Vaad
banks, universities, and large organizations .
that require multiple users to access the | Fig.1.13: Time-sh
system concurrently.

Real-time Operating System (RTOS)

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
equipment, traffic control systems, and industrial |
automation. Real-time systems must operate within |
strict time constraints to ensure that tasks are |
. completed within a specified deadline, making them |
lghly reliable and responsive. |

iprocessor Operating System

tiprocessor operating system controls the operation of multiple CPUs within a single
)_];,7 tem. By distributing tasks among several processors, the system can handle larg
ata more efficiently and increase the overall processing speed. Multiprocess®
used in environments requiring high performance, such as data centers, servers, a




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
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 | @ | gmbeddeﬂ
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 ' E—ﬂ
electronics and industrial machines. : ——

O
4

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 operating system serves as an intermediary between the
hardware and the application programs, managing tasks such as memory allocation, process
scheduling, and device management.

or 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
eading 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. '

Dverall, 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
eeding to know the specific details of the underlying hardware. As shown in Fig 1.18.

<( National Book Foundation
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“shown in Figure.,

Word
processors

1.4.4 Process Managemnt

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 In
C++ and compile it, the compiler creates a put == C==> Output

binary code. The original code and Binary
code, both are programs. When we actually _

run the binary code, it becomes a process. : Computer 4
Process is a part of program under execution _
that is scheduled and controlled 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 is 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,-1/O devices, memory, etc.

Various States of a Process:
There are five states of a process which are start, ready, running, waiting and terminated as

< National Book Foundation _ ™~ we=.



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 of
process.

Ready State: A process 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: Aprocess 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 existina
process and share resources.

omparison between Process and Thread

"1 An executing instance of a program is A thread is a subset of the process. |

mlled E proeess.

——— e

"2 It has its own copy y of the data segment It has direct access to the data ngment of its |

of the parent process. ~ process.

]l Any chonco in the prouss'il—;sw‘ Any change in the thread may affect the
; lﬁoctoth«procoms. bohamdﬂnmrm&dﬁnm ,
£ ELR S ik g, BRI AN /% 1 TSSO A S
J & | Processes run in soparate momory Threads run In shared momory spaces,

| spaces. l
ri' Process is controlled by the operating | Threads are controlled by programmer in & l
| system. ; program.
ksl eds - gk v R p el ol S e e e M, File A2 b e Fe ]
' 6 | Processes are independent. Thrnds are d.pondont.
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Process Scheduler: f ( Process 1 | meuz Procest §
A process scheduler is part of the operating | ]

system that manages the execution order of |
processes by the CPU. It ensures efficient and |
fair use of CPU time by allocating processing
time based on specific scheduling algorithms.

Process Synchronization:

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

Interrupts:

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

Deadlock: ; I
A deadlock happens when two or more processes are stuck, 0 0 ,
each waiting for a resource held by the other. For example, as :
shown in Fig. 1.23, if Process P1 needs Resource R2 held by
Process P2, while P2 needs Resource R1 held by P1, neither can

proceed. The operating system must detect and resolve these __..[ ﬁ‘l R2
deadlocks to keep processes running smoothly.

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 utilizat‘ﬂ
the CPU, and prioritizing tasks. This involves process scheduling algorithms, deadlock resol
and handling interrupts.

Memory Management:

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

Storage Management; _
The operating system manages data storage, including hard drives, SSDs, and other st
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Jevices. This involves file system management, managing read/write operations, ensuring data
Ategrity, and providing an interface for file and directory management.

#0 (Input/Qutput) Management:

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

.4.6 The Structure and Organization 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, SSDs, and USB drives.
jere's a detailed explanation of the structure and organization of a file system:

jle System Components
\file system is composed of several key components:

files: The smallest unit of data storage, representing a collection of bytes stored on a disk. Files
an 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. ~

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

Birectory/Folder Structure

e directory/folder structure can be organized in different ways, commonly used

jrectory/folder structures are shown in Fig. 1.24.
single-Level Directory/Folder Two-Level Directory/Folder Tree-Structured Directory/Folder

A) / (Root Dir/Folder) (B) 7 (Root Dir/Folder) (C) 7 (Root Dix/Folder) i
~— filel userl | F—“ : :
—file2 p—fitex } | p—usenn '
L file3 | L—file2 ’ | = filel

L— user2 | | | —file2 :
— fite3 | —user2
! L filed «‘ | '—m
{ ||-- L filed
| var
O - |
| “—www
L—etc
f— config1
— config’

o R - F18.1.24: Virectory/rolaer >tructure 4 o L
gle-Level Directory/Folder: All files are contained in a single directory/folder. This structure
simple but becomes inefficient as the number of files grows. Figure A shows single level
rectory/folder structure.
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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 o
directories and subdirectories, resembling a tree, This structure fs flexible and scalable. Figure(
shows tree-structured directory/folder structure,

File Allocation Methods
Files can be stored in different ways:

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

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

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

File System Types

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

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

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

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

ig Operations
File systems provide various operations to manage files and directories. Common file operatio®|

te: Making new files and directories.

: Accessing files for reading or writing..

d: Retrieving data from files.

e: Adding or modifying data in files.

ete: Removing files and directories.

me: Changing the names of files and directories.

1.5 Computer Software

Jter software, often referred to simply as “software," is a collection of programs, data,
Ctions that tell a computer how to perform specific tasks or functions. It is an im
inent of any computer system, enabling it to process data, run applications, and




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

2 Application Software
- +» Programming software

. +» Driver software

{ 1.5.1 Comparing Different Software Types

1 gl T N N — sThiscsmnr  apl -3 A T e o T TR T T ey Ty

! - § “_j:-ﬂ ‘;"“;:: e Neu 24 '_'}' E ‘. ¢ - f\'i.: g -'\ ;il-;d't - .‘»'é v _SE el .i{ ‘ "‘~ v

Type | = Purpose & Function R R Eampies
A, g_:--‘_' el i it Rl g - S o L S " . iRy ;e r
<> Manages hardware and system resources. Windows, macOS, Linux,

< Controls overall system operations and| Android
provides a platform for applications to run.

> 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,
poftware 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
pplication 2 Designed to meet user needs for specific
oftware activities.

2 Acts as a bridge between the operating system | Printer drivers, NVIDIA
and hardware devices. graphics drivers, Wi-Fi
2> Ensures proper communication and|drivers
functionality between the system and
external devices.

. 5.2 Offline and Online Applications

filine Applications

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

ples:
2 Microsoft Word - used for writing and editing documents.
2» Adobe Photoshop - used for image editing and graphic design.
2 YLC Media Player - plays media files like videos and music stored locally on the device.
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Online Applications

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

collaborative features,
Examples:

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

2 Spotify - for streaming music.

2 Gmail - for sending and receiving emails.

1esd Uses of Common Productwnty Apphcatlon Software

e

Word Processors

Spreadsheets

Presentation Software

Database Management
Systems (DBMS)

- e m———p—

e —

Microsoft Word, Google
Docs

A
“w ‘ R B

Wrmng essays reports letters, resume
and professional documents.

Micres;ft Excel, Google
Sheets

Budgeting, financial analysis,
inventory, data charts.

Mtcrosoft PowerPoint,

Business presentations, educationd

Google Slides lectures, and project proposals.
Microsoft Access, Managing customer data, inventory
MySQL employee records, and large datasets.

Microsoft Outlook,
Mozilla Thunderbird

Organizing emails, schedulin
appointments, managing contacts.

Evernote, Microsoft
OneNote

Keeping track of tasks, lecture not
organizing projects and ideas.

Google Calendar,
Microsoft To-Do

Managing time, setting reminde
planning meetings, tracking tasks.

Adobe Acrobat, Foxit
Reader

Editing PDFs, signing documenty
converting documents to/from PDF.

Adobe Photoshop,
Canva

Designing posters, flyers, soclaT ed
content, and marketing materials.

Microsoft Project,
Trello

Organizing tasks, tracking proje¢
timelines, team collaboration,

Zoom, Microsoft Teams

Conducting meetings, webinars,
classrooms, and online colltbonnp.




l.5.4 Application Patch

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 functionalities to the application.

ey Functions of Application Patches:

ix bugs: Resolve software glitches or errors.

Improve security: Patch vulnerabilities to prevent attacks.

Enhance performance: Optimize the program to run more smoothly.

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

: amples:

urity Patch for Windows: Microsoft regularly releases security patches to fix vulnerabilities in
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
ts PDF editing software.

H.5.5 Software Hosting

yoftware hosting refers to the process of deploying,
anaging, and providing access to software |
pplications on servers. These servers can be located
an-premises, in data centers, or in the cloud. The
rimary objective of software hosting is to make
pplications accessible to users over a network,
pically the internet.

e common types of Software Hosting are:

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

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

0s:
You have complete control over hardware and data security.
It is customizable to specific needs and compliance requirements.




s 2 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-
effective solution, making it suitable for small
websites and applications with moderate
traffic. The hosting provider handles server
maintenance, updates, and security. However,
shared resources can lead to performance
issues, and there are potential secunty risks due
to neighboring sites on the same server. As
shown in Fig. 1.26

Pros:

> Itiscost-effective.

2 Itiseasy toset up and manage.
Cons:
2 You have limited control and customization. There are potential performance issues,
> There are security risks from other sites on the server.
i Dedicated NHosting: ,
Dedicated hosting provides an entire physical server © &
Hor the exclusive use of a single user or organization, | &
§ setup ensures high performance, reliability, and
iy, making it suitable for resource-intensive
ons and high-traffic websites. Users have full
Byer the server configuration. However,
#d hosting is costly and requires significant %
At expertise for server management and
ce. As shown in Fig. 1.27.

d«
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P 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  Fig.1.28: Cloud Hosting
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:

?) It is dependent on internet connectivity.

) 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
ollowing is a detailed explanation of how these tools assist programmers in the coding and
ompilation process.

omponents of Programming Software:

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

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

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

fow Programming Software Helps:

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

<< National Book Foundation o Unit 1: Computer Systems




Example: In Visual Studio Code, [RRNRRSRIRSSES S fovsiusm it e s S s

me g MR S99 » A - 4.

typing if in a Python file |

I&f-. 8 Esanew

automatically highlights it and e IR

et _
suggests possible completions, == e

making coding faster and  IZ:.. ¢, |
reducing errors. e f
Code Completion: IDEs offer | |
advanced code completion, | :
where the software predictsand | s+ a5 b O Coman 8 o7 Sy b
suggests the next part of the e il 0 T A ""':“".: ’
code you are typing. This feature T Wb, feen 5
helps in writing code faster and (C' 3148 Tonsaaa] | (Tt Bec 4 200, D !
with fewer errors. B S '
Debugging: IDEs come with - Fig.1.29: Python programming lang

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

Error Checking and Syntax Highlighting:

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

as you type. This immediate feedback . - W
helps in quickly identifying and JE i e

correcting mistakes. Fig 1.30 shows | LA I
. syntaxerror ina program. | ™» daned
4 ife>5: =
~ Example: In Visual Studio Code, if you fs3 z:»m. >, 5) l!,
- forget a semicolon in a JavaScript file, | - print(s, “", 7)

it highlights the error and provides | 5 i uirer test ums true)

uggestions for fixing it. (% Seianr .

Compiling Code: Compilers take the

—— i1 Thase s am erroe o pona programy
. written by programmers and | PP SeTe Goet POt mah wy Cuter rdert st et

anslate it into executable machine

de. They also perform various |
ptimizations to make the code run = Fig1.30: §)

t Management:

,ffer project management features that help organize code files, manage w
streamline the build process.

iple: In Visual Studio Code, creating a new project sets up a directory structure with fold?



Learning Activity
"Hello World! Project”

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

tting Up Visual Studio Code for HTML, CSS, and JavaScript

fore you begin, ensure you have Visual Studio Code installed.
ep-by-Step Guide
. Open Visual Studio Code program. As Shown in Fig 1.31.
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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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3. Open the Project Folder in Visual Studio Code:

< In Visual Studio Code, click on File > Open Folder....
< Navigate to and select your HelloWorldProject folder.
4, Create HTML, CSS, and JavaScript Files:

2 In the Explorer pane on the left side of VS Code, right-click on the folder nam
(HelloWorldProject).

< Select New File and create the following files:
index.html
styles.css
script. js
5. Add the Code to the Files
HTML (index.html):
2 Open index.html and type the following code. As Shown in Fig 1.33.

P s —

' = “ D Seavch OSOM8 - o ¥

e e

@ B e x @ «

Jo

<IOOCTYPE htm) ) D i
antsl lang="en™» '
hepdr
Matd charsets"UTF 8% h
&0eta namer"viewport” content = “widthedeyice-width, initisl -scales).8"y |

?

¢ ctitlasChange Messagec/titias l
" c1ink rele"stylesheet” hrefs"style ¢ss™>
8§ &/maady )
9 chedy ,
19 iy 1de"message” haile worlae/divy {
@ 41 DVELEn (de”change -message - button” >CRange FasEages/Buttan?
12 £38ript srem”script, JsTve/$éripty

i3 &£/ 0edy>
Q i4 </neai»
DA WO sum @ D
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' - 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 Shown in Fig 1.34.
2 This file contains the CSS styles for your HTML elements.




g = B 7 tewen DS00 - O x
3 D indent U e @
{
|
= I bedy ( |
l ) font-family: Arlal, sans-serif; :“
{ p display; flex} o
i flex-direction) ¢olumn)
¢ justify.-content| center;
“ align-items; comter;

} hw:"h! 1 |”\,h"
] sarging 8;

2 €8 % v oo s

E 9 beckground -color Oetorofe;

’: 18 )

| i :
12 emessage | :
1" rolor EedNY; @
14 font-slze; Jem) ‘t'
19 pargin-bottom; Jeps) ﬁ
e ) -
Y
in button | i
19 padding: 10px 20p%) “
0 font-slze) jem; ;
n cursor; pointer) :
22 background-color) ER4CAPSE) |
n calor; Owhite; :
24 border: nome) |
b | T border-radiusy $puy .
10 ) i
i ;
28 buttenihover {

background-color) [ edsa049;

script. js and type the following code. As Shown in Fig 1.35.
is file contains the JavaScript code that adds interactivity to your webpage.

|9 = ¢ > Psewh . | DBDO0B - o x|
@ @ indexhimi B stylecss 5 seriptjs X m .- 3
p 1 document,addEventListener("DOMContentLoaded”, function() { Thae—— |
2 const messageDiv = document.getElementByld( 'message'); ‘ ‘

3 const button = document.getElementById('change-message-button’);
A 4 !
5 button.addEventListener(“click™, function() { 1
6 if (messageDiv.textContent se= 'Hello world') { ;
7 messageDiv.textContent =se 'I Love my country, Pakistan’; -
8 } else { |
@ 9 messageDiv.textContent = ‘Hello world!‘; E
18 } ' - :
= Dl e ) | |
& 1 |
13 : . |
@0A0 WO Amm Q@ D F £ @  Spacesid UTF-8 CRLF () JavaScript P Golive @Golive 0 |
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Running the Example
View in Browser;

2 Your default browser (like Google Chrome) should open a new tab displaying your iy,
You should see a "Hello, World!” heading and a “Change Message” button. As Shown InFig||

I S I . - L ——— L
v ® CresteMeloWorddin' X @ Change Mesiage x - o;;a

Hello World!

e

| Chango Messago

C P16 Running the Exampl
2 Clicking the Change Message button will activate a JavaScript alert saying “| Love my
Pakistan”. As Shown in Fig 1.37.

| v @O CreseMeloWordin X @) Chrange Message x 4

| Love my country, Pakistan

Change Message




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.
< Binary System: 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.

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

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

<> Overflow/Underflow: Occurs when a calculation exceeds or falls bélow the
representable range. 5

< Complements (1's and 2's): Used in binary operations, especially for subtraction.

2 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 3
bit to indicate positive or negative values.

>F loatirig-Point Representation: Uses the |EEE 754 standard for storing real numbers,
dividing them into sign, exponent, and mantissa.

2 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. i
> Main OS Tasks: Includes managing processes, memory, files, devices, networks, and i
security. :
) Process Management: Allocates CPU time and optimizes resource use. |
2» Memory Management: Allocates and manages memory for programs. ‘
) File Management: Handles file creation, deletion, and organization.
) Device Management: Controls and optimizes input/output devices.
2 Network Management: Manages network resources and resolves network issues.

) Security Management: Enforces security policies and manages user accounts. /

et e . L L T A el A e 4y e B BB
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2 Batch Processing OS: Processes tasks in batches, improving efficiency. ;
|

< Multitasking OS: Performs multiple tasks at once by quickly switching between |

il
i 2 Multiprogramming OS: Executes multiple programs simultaneously in memory.
E
| programs.

< Time-sharing OS: Shares CPU time across programs, simulating simultaneous
processing.

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

2 Multiprocessor OS: Manages multiple CPUs to improve performance.
> Parallel Processing OS: Runs multiple processes at once using several processors.
2 Distributed OS: Manages a distributed system, balancing load for fast execution.

2 Embedded OS: Built into devices to manage hardware and perform specific tasks
automatically.

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

2 Process Scheduler: Manages CPU time for process execution, ensuring fairness and
efficiency.

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

Scheduling Algorithms: Includes FCFS, SIN/SJF, priority scheduling, and round-robin.
Interrupts: Signals to the CPU that require immediate action, handled by interrupt
ines.

| pck: Occurs when processes block each other indefinitely over shared resources.

A Resources Managed by 0S: CPU, memory, storage, and 1/0 devices.

: Includes kernel, process management, memory management, file systems,
agement, security, networking, and user interface.

Structure: Files, directories, and metadata organized into single-level,
, Or tree structures.

:ation Methods: Contiguous, linked, and indexed methods for storing files.
tem Types: Examples include FAT, NTFS, and ext3/ext4, each with unigue

rations: Include creating, reading, writing, deleting, and renaming files.
Hosting: Involves deploying software on servers for network accessibility.
es Hosting: Software hosted on internal servers, offering control but with

jundation Unit 1; Computer Systems
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' < Shared Hosting: Multiple websites share a single server, offering low cost but potential
performance issues.

. T T St e

<> 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.

*>» Programming Software: IDEs, text editors, and compilers help write, debug, and
compile code.

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

VN p—

2 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, macOS).

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

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

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

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). v

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

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

Database Management: Organize large datasets (e.g., Microsoft Access, MySQL).
mail Clients: Manage emails and appointments (e.g., Outlook, Thunderbird).
ote-Taking Apps: Organize notes and tasks (e.g., Evernote, OneNote).

- B
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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 complems

notation?

a) 10101011 b) 11010101 c) 11010101 d) 11101011
2. Which of the following binary numbers corresponds to the hexadecimal number 3FA7?

a)00111111 10100111 b) 11000011 1101 1000

¢) 1011 11000011 0111 d)011110111011 1100
3. How does the ASCII code for the character 'Z' (90 in decimal) look in binary?

a)01011010 b) 01001110 ¢) 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)0to 255 d) -256 to 255
5. How many different values can be represented with a 10-bit binary number?

a) 256 b) 1024 c)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
¥hich state of a process represents that it is ready for execution but waiting for CPU time!
)Start State b) Running State c) Ready State d) Blocked State

15 the main purpose of a process scheduler? '

. age file operations b) To manage CPU utilization
age memory allocation d) To manage network resources

ory management approach involves dividing memory into fixed-sized blocks?
‘ b) Segmentation
d) Contiguous Allocatidn
is the main purpose of interrupts in an operating system?
ip CPU processing b) To slow down CPU processing

eim nediate events d) To manage network connections

ﬂ ;



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

5.Which component of programming software translates code written in a high-level
programming language into machine code?
a) Text Editor b) Compiler c) Debugger d) IDE

D2. Write answers of the following short response questions.
1. What is the significance of the Most Significant Bit (MSB) in signed binary numbers?
2. What is a binary digit, and why is it fundamental in Computer systems? :
. Why are binary numbers more efficient for computer calculations than decimal numbers?
. How do ASCII and Unicode differ in character representation?
5. What is the importance of positional valge in number systems? Give two examples.
). What is the process to convert a binary number to its hexadecimal equivalent?
. What is the purpose of machine code in computer operations?
. Why coding scheme is used in computer? Give three reasons. -
. State five differences between a process and a thread.
0.What is memory management and how does it work in an operating system?
. What is areal-time operating system and where is it commonly used?
. Differentiate between multiprogramming and multitasking operating systems.
. List two pros and two cons of on-premises hosting.
. What is an application patch? Give key functions of it.
. Differentiate between offline and online applications. Give one example of each.

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




2. Whatis2's complement, and why it is used? Give examples.

3. Define the terms Overflow and Underflow. Explain Overflow in number system with "
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 OS.

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 develog d
process, including specific features that enhance programming efficiency. :

9.What is software hosting? Explain On-premises and Cloud hosting. Also give two pros and comi:

each.




f [_tg Learning Outcomes

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

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

2 develop and apply abstractions to create generalized, modular solutions.

%y
by

44484444441




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.

Computational thinking simplifies difficult issues |
into doable stages. It teaches you to think through |
many strategies and create logical answers, or ©
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
roperties. Some examples include:

Finding the largest number ina list.

Checking if a number is even or odd.

‘ Simulating a scientific phenomenon.

Some of the computing problem domains are as follows:

@

Counting Problems

Decision Problems

In decision problems normally 'yes-or-no' response is found in a choice. For example, giveﬂ‘
numbern, “isn even?“

— R O




owever, some decision problems may require
pore steps to solve. For example:

} Given a number n, “is n prime?” requires more
work than just checking number’s parity. '
b Given a string, is its length greater than 5
- characters?

) Given aninteger on, is onan even number?

i
; ’
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| Search Problems

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

. 2 we might wish to calculate a route on a map
. from one site to another (e.g. from Islamabad
. tolahore)

tounting Problems

counting problems, the number of possible solutions to a
2arch problem is the answer of that counting problem. For
e above-mentioned search problem “we might wish to
alculate a route on a map from one site to another.” The
nswer of counting problem would be two, supposing we have
o roads from Islamabad to Lahore e.g. G T. Road and
‘ otorway.

2.2 Basics of Countmg Problems

foundation of counting problems is the basic method of |
ounting while considering the options available to select
ppropriate items for a given selection.

ee-based structural approaches are the most effective
or solving Counting Principle problems. Counting Principle
’roblems could easily be understood by the use of tree

presentation, where the available options are considered




2.3 Basic Counting Principles
Addition

The addition principle of counting is a basic idea for counting G * 8 QP :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

number of ways that an event can occur. It is typically used o ; =

when you have to make a choice between multiple option.
The Addition principle is written as: i s
Total Possibilities = Number of Possibilities for Event A + S
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 3 desky
computers and 4 laptop computers.

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

Soin this case

Total number of computer options =3+4=7

Multiplication

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

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

(A1B1C1) (A1B1C2) (A1B1C3)(A1B2C1) (A1B2C2) (A1B2C3) (A1B3C1)(A1B3C2) (A1B3C3
(A2B1C1) (A2B1C2) (A2B1C3) (A2B2C1) (A2B2C2) (A2B2C3) (A2B3C1) (A2B3C2) (A2B3(C3)

(A3B1C1) (A3B1C2) (A3B1C3) (A3B2C1) (A3 B2C2) (A3B2C3) (A3B3 C1) (A3B3 C2) (A3B3CH

Using Counting Principle Problems, the total number of ways
of choosing this pairing would be:

2 Options available for Apples (A) = 3

» Options available for Bananas (B) = 3

2 Options available for Bunch of Cherries©=3
Total no. of ways: 3X3X3=27
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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. A permutation is a way
toarrange items. :

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 *
candraw three lines.

X X
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Fig.2.9: Permutation

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, so 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

So 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 vy
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
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.
So without considering the paintings' order, if we want to determine how
many options there are to select three of the four paintings. !

Combinations = number of permutations divided by the number of ways
to order 3 paintings.

SO N——— s
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There are 3! =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.

Fig.2.11: Pigeonhole Principle

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 waysin
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 = 64 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+
28 possibilities to fill it.

dd 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
b gin with "1"and end in'00," and since they meet both requirements, they are counted twice.

:-.:'_..:. er to obtain an accurate count, we must subtract these strings.

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

|String = 128 + 64 - 32 = 160.
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| ] - Fig.2.12: Inclusion and Exclusion 3 i

2 4 Algonthms and their Characterlstlcs

An algorithm is 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.

; | Well-Defined | Weit-Defined
| Inputs \ / Outputs |
| 1
! Clear and Characteristics of | Fon |
{
|
| Language

lm Fessible

Propertles of Algorlthms

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

2 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.

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

9 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.

2 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 programmint
language, The following points highlights their importance:



N

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

< Algorithms automate repetitive and tedious tasks

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

< Algorithms provide precise and accurate solutions

2 Algorithms are considered foundation of programming and software development.

Algorithm Applications
The algorithms can be applied to solve various problems such as

2 Sorting and Searching: For organizing and retrieving data efficiently, algorithms [k
quicksort, mergesort, and binary search are used.

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

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

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

<» Image Processing: To enhance image quality or tompress the image to reduce size or evenl
analyze images, Image processing algorithms could provide help. These have very critical rok
in medical imaging, computer vision, and multimedia applications.

29 Logical Reasoning

Logical reasoning is the core part of algorithm development. Logical reasoning fits int
computational thinking in the following ways:

2» Problem Decomposition: Logical reasoning is needed to guarantee that each component
treated systematically when breaking large problems down into smaller, more manageab
ortions. ' :

attern Recognition: Logical sequences and linkages are frequently recognized in order'
lentify patterns in data or processes. - :

straction: Logical thinking is needed to discern between pertinent and extrane

ormation in order to simplify complicated problems by concentrating on the most 1mwrt‘
tures.

orithm Design: To guarantee the accuracy and effectiveness of the process, logical thinﬂ
a crucfal component of creating step-by-step solutfons, or algorithms, to issues.



Boolean Logic — Yesi
in Boolean, 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. Boolean logic uses logical operator like
AND, OR, NOT, etc.

is it hot? =

. No/0o .‘
L T T 2T N € R SRR O
. F 2 B P

The above diagram is evaluating an expression regarding today's weather “Is is hot”, soiit can have
gither 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 OR " NOT

A B | AANDB | AORB | NOTA
False- | False | False False Trﬁe
False |True |False True True
True Falsé | False. True False
True |True | True True . |False

ical Reasoning Types

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

ple
three colors (red, b_lue, and green), Aiza, Uzair, and Lugman each have different favorit

& $e



colors, Use the clues below to determine each person’s favorite color,
M Aiza does not like green
2 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 personscy
have blue as their favorite color.

From first clue, we came to know that Aiza does not like green and blue color is akenﬁi
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 GEB‘W

final option for Lugman. |
Example
Look at the sequence of shapes below and determine which shape comes next.

1 2 3 < 5 6 7 8 $

To solve this, observe the pattern in the sequence, We have a a repeating pattemn of Squ=
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®
isaCircle.

2.6 Standard Algorithms d

N ( omputanonal thinking, standard algorithms are fundamental methods used to solve c‘
ablems. Understanding these algorithms helps to develop problem-solving skills and pﬂ‘
dation for more complex programming tasks. Following are some standard algorithms:

A lgon thms
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. Bubble Sort: Repeatedly steps through the list,

- compares adjacent elements, and swaps them if Sor’“"g NQDY‘I'HIM\S

' they are in the wrong order.

- 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.

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

' 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 = |[1[2[3]4]s]s]
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.

2.7 Steps in algorithm to solve computational problems

Core Concepts of Computational Thinking

These core concepts collectively help in designing systems and solving problerﬁs efficiently and
effectively in various fields. These concepts are:

2 Decomposition: 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.

» 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 easier 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.

Unit 2: Computational Thinking & Algorithn
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Fig.2.18: Venn diagram of Boolean operators : H‘qm
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.

> Maps: For example, when we are using |
maps application to reach to some |
destination, we view the map
abstractly, focusing on roads and
landmarks and eliminate the minor
details like specific plants, trees or houses.

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

Is: For example, when we plan to construct a house, we only consider architecturs
[s that represents simple depictions of structures. By doing this we can easif
unicate design without going into little details. “

sider some examples of Abstraction in the filed of Computing

mming Variables: In our programming chapter, we have dealt with data, and ltl
ly represented by using different variables. Rather than, working with constants*
bles that make our solution generic and easier.

ns: To make the programming job easier, we are given many built-in functions. Thel
s are identified using some names and the programmer only call that function by the _,?
, rather than going into detail of activities/ procedures that this function contain.




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

> 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.

s

Example

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

2. Put tea bag into to the cup.

. Fill the cup with boiled |
ater.

4. After some time, remove ':
ea bag from the cup.

. Add sugar (optional).
6. Add Milk (optional).

7. Stir for sometime, Tea is ready.

2.9 Creating Generalized Solutions

he problems could be specific, but the best solution needs to be generic. The specific solution
tould only handle that particular situation that is being faced at any particular time. However,
he generic solution could be any time to handle similar problems. Th1s way, we can enhance
fficiency, scalability and reusability of our solutions.

f i y B oy n
Z€d >01utIons Identify
. X th A
. Identify the Core Problem: Core p:,bsem

»%» To understand the core problém, first your need
to understand specific cases of problems. Among
these specific cases of problems, identify the
essential components that are common across
different cases. :

Develop a

. Extract Common Patterns: ; Bl Generic

Solution

2> |dentify Repeated patterns, In problems, there |
are some elements that occur periodically,
identify such elements. Bifurcate the elements
whether they are specific to the examples or
could be applied more broadly.

1al Book Foundation Unit 2: Con
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3. Develop a Generic Solution:
»» Create such a solution that addresses both core and common elements of the problem, |
is better to use variables instead of constants, this will help you testing various inputs g
conditions.

Test with Different Scenarios:
»» 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 sorteq
list of items. '

2 Generalized Solution: This sorting concept, however, could be generalized, as we haw
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 eac
algorithm is same.

Example: Calculating Area of shapes

2» Specific Case: For calculating the rectangle area, we use the formula length x 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 shape
(rectangle, circle, triangle). Because, each shape has its own formula, therefore, a functin
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
- theareaof arectangle:

Example: OOP uses classes and objects to
implement modular design.

A ¥

Fig.2.22: Modular Design

Example: In web development, modular design can be applied through components and servicé
Steps to Implement Modular Design | ' 3

1. Define Modules: While solving complex problems, we divide the problem into sub probll!
For each of these sub problems, there will always be core problem that needs to be

« National Book Foundation @
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For solution of each such core problem, we may define modules.

. 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.

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

. 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.

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

2.11 Algorithm Dry Run

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

eps of Dry Run

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

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

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

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
ep to identify if some thing have gone wrong. : ‘ |

ample: Performing dry run of algorithm that finds largest number from a a list of numbers.
orithm: ' '
ake a variable max and initialize with the first element of the list.

terate through all the remaining elements of the list.

ompare each element with the variable max.

f the compared element is greater than the variable max, update max variable with the
ompared element.

ow max variable contains largest number return it.
ple Input List: [3,1,4,1,5,9, 2, 6]

Unit 2: Computational Thinking & Algorithms ))
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For solution of each such core problem, we may define modules,

_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.

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

§. 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.

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

2.11 Algorithm Dry Run

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

teps of Dry Run

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

. 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.

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

. 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.

ample: Performing dry run of algorithm that finds largest number from a a list of numbers.
Igorithm: - *

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

. Iterate through all the remaining elements of the list.

I.Compare each element with the variable max.

.If the compared element is greater than the variable max, update max variable with the
}gompared element.

. Now max variable contains largest number return it.
ample Input List: [3,1,4,1,5,9, 2, 6]
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Dry Run:
1. Initialization:

»» max = 3 (First element in the list)
Iteration (take element other than first in each iteration):
C;Jmpare 1 with 3: 1is less than 3, so max will not change.
Compare 4 with 3: 4is greater than 3, update value of max to 4.
Compare 1 with 4: 1 is less than 4, so max will not change.
Compare 5 with 4: 5 is greater than 4, update value of max to 5.
Compare 9 with 5: 9 is greater than 5, update value of max to 9.

Compare 2 with 9: 2 isless than 9, so max will not change. g ;

¥y¥ YyY ¥V ¥

Comparé 6 with 9: 6 is less than 9, so max will not change. | b
Result: ~ e
»» max contains 9, return this value.

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

Trace Table

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

—— —— - — ¥ R e e e ey

b vy

~ Comment |

1 1 £ 3, 50 max remains 3

4 4 > 3, so update max to 4
1 £ 4, 50 max remains 4

| 5> 4, so update max to 5
9> 5, 50 update max to 9

2 £ 9. so max remains 9

O v v A B W W W

6 £ 9. 50 max remains 9
Final result

3 - nf g Sk B8 e on SRS gy P i m SR g, A SaRTP, . ok g A S il
L e o T s
T -GA Y oY PR s Fiie JOE. Y
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Inthe above table at

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

2 Step 1: Compare 1 with 3. Since 1is not greater than 3, max remains 3.
) Step 2: Compare 4 with 3. Since 41s greater than 3, update max to 4.

> Step 3: Compare 1 with 4. Since 1is not greater than 4, max remains 4.
) Step 4: Compare 5 with 4. Since 5 is greater than 4, update max to 5.
2 Step 5: Compare 9 with 5. Since 9 is greater than 5, update max to 9.
2 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.
2 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 errors and 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.

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

ery : “Best smartphones for college students under 500"

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

o refine query will be

Best new smartphones for college students under 500."

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

Best new smartphones for college students under PKR 500."

(( National Book Foundation

Q Unit 2: Computationa!l Thinking & Algorithms ))




L et -r.\\‘ I

science.

' z

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

+» In decision problems normally ‘yes-or-no‘response is found in a choice

2 In search problems, the solution is made up by having a set of values that satisfy a certain
criteria,

< Addition principle of counting is a basic idea for counting the total number of possibilities
: that can occur 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|
to select 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.

Sme

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

' Sorting is the process of arranging items in a specific order.
- 9 Searching is the process of finding a particular item within a set.

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

2 InBoolean, 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.

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

2 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.

! 3
b | B
L :
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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.
¢) 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
¢) 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
matter)

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 c)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) 21 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
¢)All containers will be full

d) Each item will be placed in a different container




8. In a set of 50 students, 30 have completed a math project, 25 have completed a science
project, and 15 have completed both. How many students have completed at least one project?

a) 35 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 no. 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
to choose, 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. Ejaz, Javeria, Liagat, 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?

2. Provide students with a detailed map of their school. Ask them to create an abstract version.
highlighting only the main buildings and pathways.

0 Unit 2: Computational Thinking & Algorithms




3, 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:
2 Name: Amjad Al < 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: $1000

2 Utilities: $150

2> Groceries: 5200

< Total: $1000 + $150 + 5200 = $1500

( Activity-1 | kdnis :

e

Provide students with a detailed map of their school. Ask them to create an abstract version,
highlighting only the main buildlngs and pathways.

N

S s e = e — —

Acuvttyfny = .
Give students a problem that can be selved with a simple program. Encourage them to write 1

functions to handle different parts of the problem, abstracting complex operations into
manageable pieces.
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At the end of this unit students will be able to:
i 2 differentiate between front-end development, and backend development of a
SR website,

o - 2 use more advanced HTML/CSS features in an appropriate environment.

,": , - 2 use more advanced programming constructs (lists, etc.) to create dynamic websites
Cater using JavaScript as backend scripting

2 implement complex algorithms that use more complex data structures (lists, etc.) in
SFERRE  JavaScript

2 determine more advanced techniques (unit tests, breakpoints, watches) for testing

and debugging their code in JavaScript

<IDOCTYPE htmi>
<htmi>

sinciude <stdio.h>
int main() [

public static lol <head>
(Strinal] was) printf{ <}
A ’ e, World'+ ") e lio P
Hello Print
return O; <Ntite>

</head>
<body>
</body>

</htmi>

Hello Worid!
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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 important 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 & maintenance is easier when the front-end and back-end
are kept apart

2 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.

Front-end Back-end

Fig.1: Languages used for website development

Ina 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, CSS, 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.
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. 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 i
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
amobile device, a desktop menu may change to a
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, CSS and JavaScript, for items to be purchased by the visitors. On the

1 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 Formsin 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 waysin
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 of
. drop-down menus. :

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

o Unit 3: Programing Fundamentals
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2 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.

2 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.

—ra— e —— e o —

<form>
<label for="studentName">Student Name:</label>
<input type="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>
</select><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 radio
followed by the name for which the radio buttons are set-up and the respective value, for all the
choices. '

<label for="gender”>Gender:</label>

<input type="radio" id="male" name="gender” value="male">
<label for="male">Male</label> |
<input type="radio" id="female" name="gender" value="female">
<label for="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 ‘checkbox' 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: ‘
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<label for="sports™>Sports Participated:</label><br> B,

|

<input type="checkbox" id="cricket" name="sports” value="cricket"> l
<label for="cricket">Cricket</label><br>

<input type="checkbox" id="badminton" name="sports" value="badminton"> |
<label for="badminton"»Badminton</label><br> i
<input type="checkbox” id="hockey" name="sports" value="hockey">

<label for="hockey">Hockey</label><br> !
<input type="checkbox" id="basketball" name="sports" value="basketball")
<label for="basketball">Basketball</label><br><br> a8

The ‘for' attribute when used alongside m Wident Naoa oot | k
with the <label> element indicates the

form element with which a label is tied to.
Such input and label needs to be placed Gender: ® Male O Female
for every input choice, like check-boxes. =

Grade: 10 v

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

shown in figure. ' SO,

Lets us design a form for visiting the doctor, for the sake of appointment for a check-up. The cod
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.
2 The ‘action’ tells the form where the input data will be submitted, like 'submit_form.html'.

< The ‘method states the way of submission of data, like ‘post'.
Note that the different sorts of data are collected with various ‘input type’.
< “text™for names,
> 'ema‘il'" for email addresses,
®» “tel™ is used for phone numbers,
“date™ takes in the selected date and
“time™ for input time.
2 “textarea” element creates a large box to write details for the visit. ,
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<IDOCTYPE html>
<html lang="en">
<head>

4 <title>Doctor's Visit Form¢/title>
5  </head>
6

P

<body>
<h1>Doctor's Visit Form</h1l>

g <form action="submit form.html" method="post"> <p>Patient Information:</p>

9 <label for="name">Name:</label>

16 <input type="text"™ name="name” id="name" required> <br>

11

12° <input type="radio” id="male" name="Gender" value="Male"”>

13 . «<label for="male">Malec</label>

14 | <input type=z"radio" id="female" name="Gender" value="Female">

15 <label for="female">Female</label><br><br> !

17 <input type="checkbox" id="visitl" name="visitl" value="First">
18 ' <label for="visit1"> First Visit </label> {
19 | <input types"checkbox" id="visit2" name="visit2" value="Second"> ‘
20 <label for="visit2"> Follow up Visit </label> .
21 | «<input type="checkbox" id="visit3" name="visit3l" value="Regular”>

22 . <¢label for="visit3"> Regular Check-up Visit</label><br> <br>

24 | <label for="email">Email Address:</label>
25 | <input type="email” name="email" id="email” reaquired> <br>

D7 | ¢label for="phone">Phone Number:</label>
P8 . <input type="tel"” name="phone" id="phone" required> <br> : ;

|
|
! <p>Appointment Details:</p>

| <label for="date">Date of Appointment:</label>
! <input type="date" name="date" id="date" required> <br>" |
: :

@
1
2
3
4 <label for="time">Time of Appointment:</label>

5 | <input type="time" name="time" id="time" required> <br>
6

7

8

9

<p>Reason for Visit:</p>
<textarea name="reason” id="reason” rows="5" cols="30" placeholder="
Describe your reason for visit here..."></textarea> <br>

S ——

<input type="submit" value="Submit">
</form> ‘
</body>
</html>

ally, there is a button for submitting the form and a conformation message is shown in the
tinFig.4.

>
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i S ——
| Doctor's Visit Form (a)

Patvent Information

% Male ' Female

() Farst Visit B Follow up Viast [ Regular Check-up Viut

Email Address: adigggmaicom |
Phone Number |12346678 ‘

Appomntment Details
Date of Appomtment: (03 /10/2004 0
Tmoprpoumn:ﬂ:u M 0

i[RI
- P

[wi1d vever 1 01
|8ogy Pain
{ 12 02 |
l;- et 01 03 (b)
Submh s —
% 02 o4 o |
Form Sllbmltted n! [
3 08
| Thank You for Submemung Your Il\(mun-i
04 08 | S—

2 £ T o)
J Il ;
For the output shown in Fig.4, extend the besign and create travel reservation
| output for 5 records. form, like that of Fig.4.
| . ¥

—

3.2.2Tables in HTML

An easy approach to organize information on webpages is with tables. They work well fi
presenting information in an easy-to-read and ordered manner. HTML provides option of table
for viewing of data. A table's basic building block, a cell is a rectangular section that can includ
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 tabé
cells is called a row while the vertical classification is termed as column.

A header is a specific kind of table cell to name or classify information contained in other cells®
the same column. Usually headers are designed to be eye-catching to highlight their significanct
like bold, underlined, etc.

HTML provides several attributes for creating and modifying tables, witi ast commonly uséd
tags being:

2 <table> tag indicates the beginning and end of a table. Everything inside is a part of the table.
= The <tr> tag creates a row inside the table. Everything between 'tr' tag-pair covers a singlé

<< National Book Foundation

row.
@ Unit 3; Programing Fundamentals »




» 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.

3 <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.

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

Incontinuation 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 ‘tbody’ section, starting at line 18, 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.
i —
1 <IDOCTYPE html>
2. <html lang="en">
3 <head>
4 <title>Doctor's Visit Appointments</title>
5 </head>
6  <body> }
7 <hl>Doctor's Visit Appointments</hl>
8 ctable> |
9 <thead> 7
10 <tr> ;
11 <th>Patient Name</th> é
12 <th>Date</th> |
13 <th>Time</th> f
14 <th>Doctor</th>
15 <th>Reason for Visit</th>
16 </tr>
17 </thead> %
18 <tbody> | 5
19 <tr>
20 <td>Adil</td>
21 <td>2024-05-10</td>
9] <td>10:00 AM</td>
23 | <td>Dr. Shams</td>
24 | <td>Follow-up</td>
25 : </tr>
— , o s e e
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QUTPUT

-~
26 e ~
27 ctd>Zaki</tdy :
28 CLd» 202405 15¢/td»
20 Ctd>»2:00 PMC/td>
10 <td>Dre, Qamard/td>
1 ctd>Check-up</td>
12 AL
13 <«/thody>
14 (/table>
1% </body>
~</html>

l)uctor SV Mt Appnintmonts vk :

Patient Name  Date ime Doctor  Reason for Visit

t\\h'
Jaky 202

20200510 1000 AN Dy Shams Follow up
200 PM De Qamar Check-up

OS5

Though all information is visible on the website in the table, but it is quite congested and hardy
read. So, to tidy up and expand the table for better readability we need to know that the ln:
between the borders of neighbouring table cells is determined by border-collapse as showni
Fig.7. The table becomes neater and more compact when the borders are set to "collapse” whi
causes them to combine into a single line. On the other hand, when the option is set to "separaty

the edgcs stay distinct nnd the imnge seerns lnrgev

tr>

—
=

<tr>

b gub g bub
bW N -

<hd>Table with border- collopse collapse</h2>
ctable> :

<td>Cell 1<¢/td>
<td>Cell 2¢/td>
<Jtr>
</table>
<hd>Table with border-collapse: separate</h2>.
<table border="1" border-collapse="separate">

- <td>Cell 1¢/td>
- <tdxCell 2¢/td>
</tr>

</table>

—

L LR S

e

‘lN Table with border-collapse:

" Coll | Cell2

vl

Table with border-collapse: sepsf

(Coll 1[Cel 2] ou!

"
SAALL B D i e i 2+
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The ‘caption’ tag provides an overview of the data by placing a caption on top the table, as shown
on line 21 in Fig. 8.

1 <IDOCTYPE html>

2 <html lang="en">

} <head>

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

<style>

f) table { |
/ border-collapse: collapse; Lt ;
# } : j
9 th, td {
10 padding: 10px; <m |
11 text-align: left; am |
12 ) |
13 th { .
14 background-color: Wgray; <<= |
15 ) _ |
16 </style> :
17 </head> i
18 <body> A |
19 <h1>Doctor's Visit Appointments</hl> §
20 <table> : i
21 <caption>List of upcoming appointments</caption> <<= |
22 ~ <thead> : i
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 </tr>

30 </thead>

31 <tbody>

32 <tr>

RS <td>Adil</td>

34 <td>2024-05-10</td>

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

36 <td>Dr. Shams</td>

37 <td>Follow-up</td>
38 </tr>
39 <tr>

; <td>Zaki</td>
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—
‘ 41 <td>2024-05-15¢</td>
a2 | <td>2:00 PM</td>
s, 43 " <td>0r. Qamar</td>
! 44 <td>Check-up</td>
| 45 </tr>
46 </tbody>
47 </table>
48  </body>

| 49 </html>
—Wf“‘%&' Code to display appointments-refined W_
r—Doctor 's Visit Appointments ‘-f"'f: ActMty-'-4 L

Llsl of upcoming appointments - . .
| T e T Design timetable of your
i ient Name D_ih ~ Time  Doctor Rnn-hr\fhl | | g. £ Y
B . - class in html, similar to
| 2024-05-10 1000AM Dr Shams Follow-up 3 : Fig.9. Add caption
|
» Zah 2024-05-15 2:00PM Dr Qamn Check-up '3 ; TlmetableforGradew'

: g AT R IR N %
ﬁt!g“t» fined lavout-list of appointments
bt e tateaiine he i i L 0 s m el 2 A g 1S

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

1 <table border="1" ‘
| border-collapse="border-collapse”> . I
| 2 <tr> \
13 ‘ <td style="padding: 1@px">Cell Number | |
| 1</td> |
| 4 <td style="padding: 2@px">Cell 2</td> | | . g b
s <td style="padding: Spx">Cell 3</td> ||| . inumber1 | cell2 lcell3
| 6 </tr> Lo cigus. o ] o
|7 </tab1e> | |

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

r 1] n
1 v <table border="1" cellspacing="20"> OUTPUT
2 V <tr>
3 : <td>Cell Number 1</td>
4 <td>Cell No. 2</td>
5 <td>Cell 3<¢/td> L s T T
’ Cell Number 1~ [Cell No. 2 Eelll i
& </tr> RS

7  </table> :




you may choose the background color of a table, table row, or specific table cell using background
color.

]’deable border="1" style="background-color: m
Byellow;">
2 <tr>
3 <td>Cell 1</td>
4 <td style="background-ceclor: Bcyan;
">Cell 2</td>
5 <td>Cell 3¢/td>
6 </tr>
7 </table>

- Fig125 Background Cilor = S R EEERRn R T e 5

Toimprove the table s appearance, these basic CSS are applied and ewdent from output in Fig 8.

2 border-collapse’ removes additional lines between cells to make the arrangement look more
organized (line-7).

) Padding adds some space around each cell so that cell's text becomes easier to read. (line-10)
2 text-align causes the left side of the cell text to align. (line-11)
» To help 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. A thin line is added around each cell such that each cell in the table stands
out clearly, as shown in Fig.14.

1 <IDOCTYPE html> IR SR R L T N e
2 <html lang="en”>
3 <head>
4 ctitle>Doctor's visit Appointmentsc/title>
5 <style>
6 table {
7 border-collapse: collapse;
8 width: 100%;
9 }
18 th, td {
11 padding: 108px; !
12 text-align: left;
13 border: 1px solid Dllightgray; !
14 } ' i
15 th {
16 background-color: Wgray; i
17 } |
18 </style>

19  </head>




s e—— PPt N

20 <body> S .
vz WG <h1>Doctor’s Visit Appointments</hl>
| 22 <table cellspacing="0"> <thead>
: 23 <tr>
24 <th>Patient Name</th>
25 , <th>Date</th> ‘
26 <th>Time</th> f
27 <th>Doctor</th> “
28 <th>Reason for Visit</th»
29 </tr>
30 </thead>
3 <tbody>
32 <tr>
33 <td>Adil</td>
34 <td>2024-05-10</td>
35 <td>10:00 AM<¢/td>
36 | <td>Dr. Shams</td>
37 <td>Follow-up</td>
38 | </tr>
39 | <tr>
40 ; <td>Zaki</td>
al ? <td»2024-05-15</td>
) | 42 || <td>2:00 PM</td>
s | 43 i <td>Dr. Qamar</td>
| 44 ; <td>Check-up</td>
45 | | </tr>
46 </tbody> |
47 </table> |
48  </body>

49 - </html>
OQUTPUT
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3.2. 3Animations in CSS

We can easily change the appearance and movement of elements on a webpage via CSS animation
phe rotate objects or change color. The animation involves creating a number of key-frames that
! ey the item's styles at different intermediate moments and sequence in the animation, An
elements style during animation is specified by the ‘®keyframes',

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

D The <div> tag on line 22 acts as a container that groups and styles other components as a single
unit, Itis a useful method for structuring components on websites in a logical manner. It is 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 recefve the styles specified
n.

Inthe code of Fig. 15 we create a basic €SS animation by spinning a red box repeatedly.

1 <IDOCTYPE himl>

2 <html lang="en”>

1 <head>

) <title>Simple Animation</title>

) <style>

6 Sanimated-box {

7 margin-top: SO0px;

8 margin-left: SOpx;

9 width: 100px;

10 height: 100px;

11 background-color: WMred;

12 animation: spin 2s infinite linear; . <4mm
13 }

14

15 @keyframes spin { R
16 from { transform: rotate(Odeg); )}

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

18 }

19 </style>

20 </head>

21  <body>

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

24 </html>
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Fig.16: Spinning box AR

An ‘animated-box’ ID is created with the ‘div' element. / - Aﬁﬂw-S}
Additionally, using inline CSS we directly define the style \ RS RAR ;

using ‘style’ tag in HTML head. We implement a spin Create arectangle that changes
animation to the element denoted with the ID "animated- ~color from red to orange and
box" in this example as shown in Fig.16. This two-second = then orange to blue, with a
animation (as specified on line 12) repeats itself indefinitely,  interval of 5 seconds.

where the element’s start (0 degrees) and finish points are Y

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#
Fig.17. This animation changes the color of the text the ID "animated-text" assigned to ft. The
‘@keyframes ' rule defines the animation and establishes the order in which color changing tak
place. The applied animation is called "colorChange" and it animates the text to smoothly chang
from blue to green every two seconds as shown in Fig.18.

1 <|DOCTYPE html> [

}
|

2  <html lang="en">
3 <head>
4 <title>Color Change Animationc/title>
5 <style>
6 #animated-text {
| 7 font-size: 20px;
{ 8 color: Eblue; .
1 9 animation: colorChange 2s infinite alternate;
| 10 }
|11
5512 @keyframes tolorChange {
{13 from { color: Mblue; )
| 14 to { color: Mgreen; }
|15 } '
16 </style>
117 «</heads
!18 <body>
119 - «p id="animated-text">This text will change coloric</p»
120 «/body> '
</html»
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This text will change color!| [ This text will change color!

. Fig.18: Chaining color of Text from (a) blue to (b) green

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.

D Initially this code creates a paragraph element with the ID "highlighted-text",

2 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.

1 <!DOCTYPE html>
2 <htal langa"en™>

3 <head>
4 ctitle>Text Highlighting Animation</title>
E5 cstyle>
| 6 shighlighted-text {
( 7 font-size: 20px;
| 8 color: Mblack;
3 background-color: transparent; ;
| 10 animation: highlight 2s ease-in-out alternate
; infinite; 2
| 1 } S
| 12 !
& 13 @keyframes highlight { ‘ f
| 14 from { background-color! transparent; ) ,
15 to { background-color: Eyellow; } ;
| 16 } |
17 «</style> |
18 ¢/head> ;
19 <body> |
20 <p ide"highlighted-text™>This text will be :
highlightedl</p» !
21 </body>
«/htal> {




The whole table including headers and data cells is uniformly styled. Table borders, padding?ﬁ”.’
alignment are managed by properties like "border’, ' padding' and “text-align’; resulting in a wej,
organized layout. Every alternate row is given a different background color via the 'nth-child(o@, ,
‘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 attribug
having the ID "footnote". The "highlight" animation is defined by the " @keyframes highlight' ru
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 appointrhent table in the form of a footnote,
The correspondingcodeisinFig.21.

1 <IDOCTYPE html> 3
2  <html lang="en">
3. <head>
4 <title>Doctor's Visit Appointments</title>
5 <style>
| 6 table {
| 2 border: 2px solid Olightgray;
= border-collapse: collapse; %
| 5
' 10 th, td {
11 padding: 10px;
12 text-align: left;
13 } ' ;
14 th { e : :
15 background-color: Elightblue; -5t
16 color: Owhite; .
17 }
18 tr:nth-child(odd) { 4 e |
o 19 background-color: Mgray; |
| 20 }
| 21 . :
22 #footnote { - : S £
23 . font-size: 12px;
| 24 ' animation: highlight 2s ease-in-out alternate mflmte, ;;j
. 25 }

@keyframes highlight { = <
from { background-color: transparent; }
to { bgckground-color: ..yellowj }

}
| </styley -

{:’ National Book Foundation



65
66
67
68
69

14

</head>

<body>
<h1>Doctor's Visit Appointments</hl>
<table>
<caption>List of upcoming appointments</
caption>
<thead>
<tr>

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

<th>Time</th>
<th>Doctor</th>
<th>Reason for Visit</th>
</ftr>
</thead>
<tbody>
<tr>
<td>Adil</td>
<td»>2024-05-10</td>
<td>10:00 AM</td>
<td>Dr. Shams</td>
<td>Follow-up</td>
</tr> :
<tr>
<td>Zaki</td>
<td>2024-05-15¢/td> .
<td>2:00 PMc/td>
<td>Dr. Qamar</td>
~ «td>Check-up</td>
</t
</tbody>
<tfoot>
<tr>
<td colspan=“5" id="footnote”>* The
appointments may subject to change.</td>
</t
</tfoot>
</table>
</body>
</htal>




m Doctor's Visit Appointments

List of upcoming appointments

Adil 2024-05-10 10:00 AM  Dr. Shams Follow-up
Zaki 2024-05-15 2:00 PM Dr. Qamar  Check-up
* The sppocimseats awry subct 1o Change

Fig.22: Animated footnote for a table

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 footnotes are quite
useful for projecting important information.

3.3 Advanced Programming Constructs in JavaScript

Conventional websites 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:

Interactivity

User input such as clicks, scrolling, and form submissions are
not supported by basic HTML. Writing code that responds to
these events {s 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, e

' DATA HANDLING  Dctattending

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

the'  user input or a loop to list things from a database and plot
- theminthe formagraph,

In the absence of JavaScript, modifying the content of a website requires a page refresh, Updates

« National Book Foundation e




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 updatioh.

Complex User Interfaces

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. However at times, if
the focus resides more on incorporating more
and more features rather than the layout and A
navigation; it can result in redundancy. Hence, a Fig.25: Sample content which aré updated on a website
complex user interface may arise as shown in '

Fig. 26, where every option is accessible from main menu as well as side menu.

@randon Grotesque

Clarendon

Georgia

Helvetica

“ R 1Arrays in JavaScnpt

avaScript arrays are a good way for organizing sets of SImllar data as they allow storing numerous
lues in a single container. For instance:

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.

ternatively, you may keep every fruit in a single variable by using an array. Creating an array
Llook like this:

const fruits = ["apple”, "banana”, “orange");

JavaScript array's index is used to access each element and starts at 0. This indicates that the
of the first element is 0, the index of the second element is 1, and so on. As stated above,
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
components, 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:

1. for (leti=0; i < fruits.length; i++) e

25 EIm rele

33 console.log(fruits[i]); ;‘ banana

4w il i orange
|

Key points about arrays: o,

2 Youmay use "push() toadd more items to the end and "pop() ' to remove 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'.

Ja\)aScn’pt 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 iypeso(
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 for-loop |
on line 13 as show in Fig.27. Thereafter, it stores the integers in an array using push() functionon
#»  line 15 and later prints these numbers and the sum; as can be seen in Fig.28.

<|DOCTYPE html>

<html>
<head>
<title>Sum of First 10 Integers</title>
</head>
<body> F—'(Do you know?
<script> In JavaScript, you can mc
function calculateSum() { an object’s structure by
let sum = 0; operator (.) for obt
let numbers = []; parameters and meth

object. Either to get th
for (let i = 10; i <= 10; i++) { <um property from an obj

sum += i; operator and then the nam
= J : : ‘

numbers.push(i); ] property) orto.cau: ,

} "

<\ National Book Foundation ° unit 3: P ograming Fundamental




17
18 document.getElementById(“sumDisplay”).textContent = “"The sum of the
first 10 integers is: " + sum; |
19
20 let output = "The first 1@ integers are: [ "; ;
21 for (let i = ©; i < numbers.length; i++) { |
22 output += numbers[i];
23 if (i < numbers.length - 1) { i
24 output += ", "; E
25 } i
26 } :
27 output += "1"; E
28 document .getElementById( "numberDisplay™).textContent = output; {
9 }
3@ </script>

31

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

34  «<p id="numberDisplay"></p>

35 <p id="sumDisplay”></p>

36

37  </body>

38  </html>

Un line 9, we define a function namely
! Calculate Sum OuUTPUT
alculateSum()’, in which a for-loop is [ J -

ecuted starting from 1 till 10. On line 14, a |The first 10 integers are: [ 1,2, 3,4, 5,6, 7,8, 9, 10]
ariable ‘sum’ which has initial value of zero, _ ;
s added with the index ‘i’ This way , by the The sum of the first 10 integers is: 55
ine the loop terminates, we will be having
e sum of all the ten numbers, stored in variable ‘sum’. Noteable point is the next line where the
dex is stored in the array using push() function, which will always append (add to the existing)
rray valueof ‘I’.

I; ..."1
74 Activity-3 |

_ By
Change the code of Fig.27 for the following output:
| (Caicuate Sum) o
The[feXT]10 integers are: [ 11, 12, 13, 14, 15, 16, 17, 18, 19, 20]
The sum of the [exf]10 integers is: 155 | |

5
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10
11
12
13
14
15
16
17
18
19
20
21
22
| 23
| 24
{ 25
| 26
| 27
| 28

| 29
30
31

1
2
3
4
e
6
7
8
9
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<!DOCTYPE html>
<html lang="en">
<head>
<title>Shopping List</title>
<style>
table {
border-collapse: collapse;
width: 100%;
}
th, td {

padding: 10px;
border: 1px solid Lllightgray,

text-align: left;
}
</style>
</head>
<body>
<h1>My Shopping List</hl>
<input type="text" id="newItem" placeholder="Enter item name®>
<button onclick="addItem()">Add Item</button>
<br>
<table id="shoppinglListTable"></table>

<script> -
let shoppinglList = [];

function addItem() {
const newItemName = document.getElementById
("newItem").value;

if (newItemName l== "") { i
shoppinglist.push(newItemName); . é

document .getElementById(“newItem").value = "";

: updateShoppingListTable();
} else {

alert("Please enter an item name!"); ‘ : a
} : 1
} %

-

function updateShoppinglistTable() (
-l const table = document.getElementById

SRR (“shoppingLisEIable');
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44 table.innerHTML = "";

45
46 const headerRow = document.createElement("tr");
47 const headerItem = document.createElement(“th");
48 headerItem.textContent = “"Shopping List Items”;
44 headerRow.appendChild(headerItem);
50 table.appendChild(headerRow) ;
51
52 for (let i = @; i < shoppinglList.length; i++) { f
53 const itemRow = document.createElement("tr"); ‘
54 const itemCell = document.createElement(“td");
55 itemCell.textContent = shoppinglist[i]; |
56 itemRow.appendChild(itemCell); |
57 table.appendChild(itemRow); :
’ |
) E
</script> ;
</body> l
</html> |
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next code of Fig.29 shows how to use a JavaScript array to handle a shopping list. The array
Ps track of the item names and the functions in the code handling of adding new items and
ting the list on the webpage automatically.

&5 T

ebpage has a heading, an add-item button, a text box where you may write the products

3 table that shows your shopping list.
laintain the list using JavaScript, as:

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

2 "addIitem()” function is activated upon clicking the "Add Item"” button which checks to see if
box has entered text that is then added to the "shoppingList™ and the box is cleared to be

a 4
‘ l
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< After that the new item is then shown in the table by using a different ﬁmctmw
“updateShoppingListTable()".

o Additionally, a top row labeled "Shopping List items” also is visible.

o Lastly, it adds each item to a new row in the table by going through the “shoppinglList” onedy
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 amays
__ created and later another value is inserted using the push() function that appends at the 211!

? Code: Outout: .?
| otdNumbers = [1, 3, 5, 7, 83 Ininal array: 1.3.5.79
oddNumbars .push(11); After push(11): 1,.3.5.7.9.11

2 IndexOf() function searches for and locates the given element in an array. If present, it retd®
the index number where the said element resides. For instance:

Code: Output
 oddNumbers. indexOf(11); Index of last added number (11%
) ToString() function when applied to an array, converts all the elements of the array i‘
single string, such that elements are seperated by commas. Such as: i
f~ Code: : Outout: 1
M.W&u( )3 1.3.5.7.9.11.2,4.6.8.10 l
’)_gon”c_at( ) function merges 2 arrays, like: . "
Code: Output: ]
| avenlembers = (1, &, &, §, 1)} 13.5.7.9.112.4.68.10 1
| combineddrray 3 S2ENEDANS . CONAT Bvenlumbers ); RSl aioiat i 1
2 Slice() function creates a new subset array of the oniginal array. For example:
: Code: Output: :
' o3dMumbars.slice(2, 4); Slice of 2 consecutive numbers: 5.7
3.3.2Bullet Points in HTML ]
Recall that, you may create lists with bullet points in HTML in two major ways: ]
:
2 Unordered List (<ul>): 4
Lists with bullet points that often resemble squares, circles, or other symbols fal\‘
this category. }
2 Ordered List (<ol>):

I e Sl rias

Lists with bullet points that are numbers (1, 2, 3, etc. ) in order fall under this cattj‘“‘
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Now, let's modify the doctor appointment example to use an unordered list and incorporate
several pricing packages. The code is shown in Fig .31.

<|DOCTYPE html>
chtal lange"en™>
chead>
ctitlerDoctor's Visit Appointments</title>
cstyle>
table |
border: 2px selid Eblack;
border-collapse: collapse;
}
th, td |{
padding: 10px;
text-align: left;
)
th |
background-color: Ellightblue;
color: Owhite;
)
tr:nth-child(odd) |
background-color: [lightyellow;
}
</style>
</head>
<body>
<hl>Doctor's Visit Appointments</hl>
<table>
<caption>List of upcoming appointments</caption>
cthead>
<tr> }
<th>Patient Mame</th>
<th>Date</th> |
<th>Time</th>
<thoDoctor</thy
<thoReason for Visit</th>
gtr>
<«/thead>
<tbody>
e
td>Adil</td>
td>2024-05-10¢/td>
<td>10:00 AN¢/td>
td>Dr. Shamsc/td>
<td>Follow-up</td>
</tr2

OO w NV R
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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
inthe list. The code is shown in Fig. 33.

——— — o

1 <IDOCTYPE html> ]
2 v <head> |
3 <title>Shopping List</title>
4 </head>
S5 v <body>
| 6 <h1>My Shopping List</hl>
7 <ul id="shoppinglList”></ul>
8 v <script>
9 const shoppingltems = [“"Milk", “Bread"”, “Eggs", “"Apples”]; <R

10

1 v function addItem() {

12 . const newltem = document.getElementByld("newltemInput”®).value;
13 shoppingItems.push(newltem);

14 updatelList();

15 }

function updatelList() { LR
const listElement = document.getElementByld("shoppinglist™);
listElement . innerHTML = "";

for (let i = @) i < shoppingltems.length; i++) {
const item = shoppingltems[i];
const listItem = document.createflement("1i");
| | listItem. textContent = item;
| listElement.appendChild(listItew);

}
}
updateList();
- «/seript>
<br> ; ‘
: <input type="text" ide"newItemInput” placeholder="Enter new item™>
132 <button onclicke"addItem()">Add Itemc/button>




My Shopping List
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My Shopping List | oy
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the items in bullet points and a box where you can enter additional items and an ‘add item'
button. The “shoppingitems" list defined on line 9 in this code maintains record of all that we add
The "addltem" function is activated upon clicking the "Add Item” button. The text we entered
the box is added to the "shoppingltems” list by this function. The “updateList” method on line 175
then called in order to ensure that the new item is displayed in our list on the webpage.

Ablock of code which is repeatedly used for a particular operation is called a function. A functid!
may be defined once and called several times in the program which simplifies code and decM
lines-of-code. When defining a function the *function’ keyword is used followed by the
the function and parenthesis for any input parameters.

The code for the function is enclosed in curly brackets. The function “updateList” locates
item on the web page and removes any content that is already there. Subsequently, it itera
moves through the “shoppingltems” list, converting each item to a bullet point and appends R’i
the list displayed on the website. In this way any purchase is constantly added to the list,

{
3.4 Complex Algorithms in Javascript 1

3.4.1Array & List are Similar :

An ordered sequence of elements is called list. Alist is an Abstract Data Type (ADT), where anlﬂ‘

is the data type which acts for defined operations only. In simple words, though JavaSer®
provides some basic data types to use but allows to introduce newer data types that are a i

for which the definitfon and corresponding operations need to be explicitly mentioned. =

Arrays and lists are JavaScript data structures that can hold and manage collections of data. Li$
and arrays may both arrange things in an ordered fashion for a set of elements. Every el
stored and accessed via an index number which starts at 0 which shows its position. Based on

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 ev: h_

removing of items as required is quite easy. In simplest form, list isimplemented using array. {-;?

Lm_m
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Mjor 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 .

) 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.

) 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.
Forexample, 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.
felecting Among Lists and Arrays:

Atays are a great option for the majority of simple JavaScript tasks since they are simple to use.
However, if you want something more versatile, list are more suitable.

34.2Find an Element in a List

4§ The standard procedure is to search the entire list until you locate the item you're looking for.

fere's a basic example that demonstrates how it works. Initially, every item in the "Shopping List"

| istis 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:

Algorithm
2 )
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 for is held in itemName (string).
L. 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
(c) Using the entire | _'

&
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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 amatch.

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: :

s : b
1 <IDOCTYPE html>
2 <html langs="en">
1 v <head>
4 <title>Finding Element in Array</title>
5  </head>
; 6  <body>
t <h1>Shopping Cart</h1>
8 <p ide"list"></p>
Q <p ide"result™></p>
10 1
11 «v <script>
12 const shoppinglList = [“apples”, "bread”, "milk", “cheese"]; i
13 function findItem(itemName) { o
14 let listContent = “Shopping List: *;
15 ’
16 for (let 4 = 0; {1 < shoppingList.length; des) { :
17 listContent += shoppinglList(i]; E
if (1 < shoppinglist.length - 1) { 1
listContent = “, “; |
)
)
2; document . getElementById(“1ist™).textContent = listContent; 45
B for (let 1 = 0; 1 < shoppingList.length; iee) { gl
. if (shoppinglist[i] === itemName) (

document . getElementById(“result™). textContent = ~“${itemName)"
is in your shopping list!”; ;
return;
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:
: % Next, each item on your list was added to the "listContent" list by means of a loop on lines 16-

29 document getElmntById("result") textContent = " "${itemName}" is

: not in your shopping list.’ - '
30 } |
31 findItem("milk"); ;
32 </script> 5
i3 </body>

3 </html>

The program of the above algorithm is shown in Fig.35:
9 Ashopping-list array with some items is created in line 12,

2 On line 13 function ‘finditem()’ is defined which takes an ‘itemName' as an argument and
searches for a certain item within the array.

» 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.

) 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.

 Otherwise a message is displayed on line 29 informing the user that the said item was not found
in the list.

Shopping List: apples, bread, milk, cheese

| ﬁ ' A

-/ ; et
i Activity-6 | g
Design an algorithm which
displays a list of 10 courses

offered, and allows user to search

foracourse.
% .

"milk" is in your shopping list!

The webpage output in Fig.36 has undergone minor modifications. There are now two

Paragraphs,

P 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.

20, To make it simpler to read, we put commas in between each item. The "list" is updated
Using fts entire "listContent" list after the loop is complete on line 22.

n" process of searching for any Item remams unchanged. However, we are now searching the

item in the list.



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 cntical to prevent
more 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, 2 |
mathematical formula is to be incorporated to calculate Zakat of yield from an agriculture {and.
So, the written formula needs to be tested by the developer for different values based o
different possible scenarios; till this line of code passes multiple unit tests. Hence, unit tess
ensure the quality of code, by providing developers the confidence in making changes, identify
errors early and facilitate code management. '3
Two test cases are presented in Fig.37, for the code of shopping list example of Fig.33. Test 1 looks
for the object "milk,” which we know exists and anticipates that the function will returmn “true’ :
Test 2 looks for the nonexistent object “eggs” and anticipates 2 “false” response from the methad i
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 ﬂ
results For the sake of svmphcity the ‘finditem()' method is not mod1ﬁed in this example. y

1 ¢IN(TYPE html> ;
2 « <htal lang="en™>
1 v <head> |
4 ctitlerUnit Tests for Array Search¢/title» !
5 ¢/head>
6  <body> §

-, <hi»Unit Tests for “finditem' Function</hl»

| 8 ¢p id="testResults"></p>

' 9 « <seripty

| 10 const shoppinglist = [“apples”™, "bread”, "milk", “cheese™]}

| 11

1 12 « function findItem(itemiame) {

113 for (let 1 = 0] 1 < shoppinglist length; iw) {

14 ~ if (sheppinglist[i)] == itemlame) {
{15 return true;
| 16 )

O




\
18 return talse;
. 19 }
20
2 let testResults = "%,
ad testResults += “"Test 1 (Existing Item): “;
3 N if (findItem("milk™) == true) {
24 testResults «= "Passed \n";
5 } else |
26 testResults «= “Failed \n";
27 ) |
28 testResults += "\n Test 2 (Non-Existing Item): “;
b if (findItem( “eggs"”) == false) (
30 testResults «« "Passed\n";
i1 } else (
12 testResults «= “Failed\n";
13 )
3 document .getElementByld("testResults”™) textContent = testResults;
15 </aeripty
6 </body>
17 </htal>

o A L L g A R
3 ’..‘7_.. i.ﬁ' “"'E"‘.L"-; ¥ = ey

Unit Tests for 'findItem’ Function
Test | (Existing Item): Passed

Test 2 (Non-Existing Item): Passed
3.5.2 Debugging Allows to Analyze the Code

P Debugging is useful as:

2 Debugging fdentifies flaws in the code that might affect the layout or functionality of your
webpage.

2 Debugging allows you to observe step-by-step operation of your code,
2 You may create your website more quickly by identifying and rectifying mistakes right away.
Debugging techniques in IDE like Visual Studio,NET fnvolve mainly:

#



Breakpoint:

Assume you are monitoring a certain line of code where you think that something is dubious. The
application pauses at breakpoints 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. '

2 As the loop started, the value of 'i" is shown as 10 in the function block section under vanable&

heading (marked as blue square) and same was the value of 'sum' in watch section (gr ,_";
rectangle)
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RUN AND DEBUG v B Amay-1mml X B EEe b fR% 288 2 00 R o @ -

- .

~ VARIARLES @ nit 2 > reunit8__hardware > B Aray-1htmil > € himi > @ body > & script > @ calculateSum

v Blodk: calculateSum 1 <I1DOCTYPE html>
2 <html>
> this = Window 3 <head>
S e AT st st el BBy 4 <title>Sum of First 10 Integers</title>
v snkeiebe ] 5  </head> &
2 numbers = (1) [10] 6 <body>
sum = @ 7
v WATEH e B <seripty
!su- = 3i; = 39 Q function calculateSum() {
‘m.llbtf“.push(i); =3 16 let Sum = 8;
11 let numbers = [];
12
'\,) .......... for(lttltlo,;lp(llm f::) PR v moen :
Sulm *= i} : :
| husbers.push(i);
}
docusent . getklementByld(“sumDisplay” ). textContent. « ey
*The sum of the first 10 integers is: " = &umj ' ey 1
let output = "The first 10 integers are: [ “} |
for (let § = 0} i < nusbers. length; iss) { £
sutput += numbers(i)} : L

if (1 < numbers.length - 1) {

Unit 3: Programing Fur



So, the bug was identified and fixed, as shown in next Fig.40.

g = « o Paam RS DO ® - 0 X
RUN AND DEBUG o« B Amay-1.html X e R AT ot 0 R > @ -
+ VARIABLES =
v Block: calculateSum 1 <I1DOCTYPE html>
2 <html>»
> this = Window : <head>
O — & 4 ctitle>Sum of First 10 Integers</title>
;v — anv : </head>
> numbers = {1) [1) <body>
V'g_‘lc.".'. __________ . 8 <scripty
jsum += i; =} | ) function calculateSum() {
:numberc,m.',h(i)'_ 1: 10 let sum = O;
e ———— I 1 let numbers = [];
12
[‘_-- 13 for (let § = 1; L D<= 10; i+) { 1 J .
14 sum += 1; P |
15 numbers.push(i); &rza
> CALL STACK 16 ,
> LOADED SCRIPTS 17
v BREAKPOINTS 18 document .getElementByld( "sumDisplay”™).textContent =
() Caught Excaptions "The sum of the first 10 integers is: " + sum;
19
ht Exc
KSR S " 20 let output = "The first 10 integers are: [ “;
® BAmay-1hml E\. 13 21 for (let 4 = 8; i < numbers.length; i++) {
> EVENT LISTENER BREAKPOI... 27 output += numbers{i];
>Pwum 23 if (i < numbers.length - 1) { ‘
o R o -0 Fig, 403 Debugged Codey 4. - 1l Mg ol 6 R w el
Mlm l‘ro_;ecl -A _ __ Mini Project-2
Write code to take lmtlally 2 arrays with 5 ..g Create a list such that through buttons, the |
numbers each, as follows: i following operations are executed: |
> Arr1=[1,3,5,7,9] || > Create List < Insert Number
D Arr2=[2,4,5, 6, 8] .| 9 Find Number . 2 Remove Number |

Check every number in the first array ' < TotalNumbersinList 2 PrintList
against every number in the second array. || whenever a button is pressed, corresponding
Display result for each number of the first = function should be called.

array whether it was found in the second

~ You may use alerts for user input where
array or not. Lastly, add 2 unit tests in it by y :

necessary, as shown in figure.

| Providing the numbers for: {| f :r
e__._(.heck for common elements in both ;i |
~ arrays. : ; ; List Operations .

l

_Check for uncommon elements with
- respect to Arr1, i.e. the numbers which == 1w 25,5235, 53, 45,54
are present ln Arr1 but notinArr2.

""'----.—- P

Create Qq Insert Number | Find Number || Remeve Number | | Gat Total Numbers | | Print’ Ust
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<» Itisimportant 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.

+» HTML may display forms containing of text boxes and buttons that users can write or
click on like the paperwork is filled out.

-» 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 awebpage.

+» Response to user input such as clicks, scrolling, and form submissions is made possible by
JavaScript.

< 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.

<» Arrayis a collection of items, that are stored in memory at contiguous location, whereas
list consists of memory locations that are not necessarily contiguous.

+» 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.

<» 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
if the rule is followed.

s o DTN Fo PRSI £33 AT § 1T DDA I L AR Lt e £ e, s




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

c¢) 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

. Front end development is also called _
a) Label b) Client-side c) Server d) Database

p8. Table is an easy way to organize information in

-a) columns ' b) rows C) webpages d) list
89. Table's header cell and content is referred in tag.
a) <th> b) <td> c) <caption> d) <tr>

0. Link between the borders of neighboring table cell is determined by

a) Link border b) border collapse c) border separate d) border




11. Distance between the cell's border and its content is called

a) Cell b) Output ¢) Padding d) Style

12. An element style during animation is specified by

a) @key frame b) @style frame ¢) @highlighted frame d)®anchor frame
13. Asingle table cell isindicatedbya _______ 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)

. Give an example where back-end development may not be required and all of Q

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 followmg codes

S A A S S - ———— ——

<!DOCTYPE htnb i
<html>
<head>
<title>Bug in Arrayc/title>

</head>
<body>

<h1>Find the Bug</hl>

<seripty

const myArray = ("apple”, 2.14,

true, “orange”); |
10 document .write( <p>My Array: § |

{myArray[1]}</p>");

11 </scripty
12 </body> :
113 </htal> : ! {13
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< IMWPE html>

<html>
chead>

ctitlerBug in the Array</titlen |

</head>
<body>
<h1>Hunt the Bug</hl>
<scripty
const myArray = "apple”, 3.14,
true, “orange”;
document .write( <p>My Array: §
{myArray}</p>°);
</scripty
</body>
</htal>

(a)

e

7% emalosis il iy




- it < S—— e m——
————— -———

<IDOCTYPE himl> | | <IDOCTYPE himls

el ' 7 <mtml> :
chead> ' heady ;
ctitlerBug in Array & Loop</ ‘ 4 ctitlerBugs in Arrey & Lonpd/ |
title» ' titles
Uhead> | < [head> :
<body> 1k chody» ,
Al>Wumbers are Bugped</hl> 7 <h1>Bugs in Numbers </hl> l
<scripty ' | & cseripts i
const mumbers = (1, 2, 3, 4, 34; | |9 const numbers = [1, 2, 3, 4, 513
Mt qutpet = 5 T let output = 7 f
for (i=@; 1 <= rambers . length; i 51: for (§ = "~.ﬂt!:’.‘..lmh; i@ ?
.- !
f--)
reif] o * = iLd {
) output += numbers{i] < H | ha allnut 5= “aabiuies 3
document .write("<p>” + output + : (mumbers|i])</p>";
“</e>"); ' 14 }
¢/seripty 15 document .write(output);
</body> | he </seripty
</html> [ 17 </body>
| e </html> .
— - S— ! e S RREPRLE KNSRV 20 3 LW
(c) {d)

How is unit testing used when adding a function to an already written program?
Enlist 3 key differences between array and list.

How are breakpoints useful in debugging? Elaborate with help of an example.

. Write answers of the following extended response questions in the form of code.
. For a Bakery, design a simple HTML form to take order online, which includes:

? radio buttons for the option of home delivery or self-collection,

drop down list for 3 sizes of the cake,

» check boxes for candles, balloons, etc.

Lastly, add a submit button which generates eit

 responds with an order number.
]

Sample output is shown as follows:




—

i Order Your Delicious Cake

| Delivery or Plekup?

|

| O Home Delivery O Salf Pickug
Choose Your Cake Sue
el (v 44) v

Fatva Dedight (Chieck all that apply)

| Chocotute Oliips
1) Presh Swawberries © e/
| Ratubow Speinkles
Ynr order hag been sbeitted Ordey number: 25061
Extias

1

1

|

(] Dirthday Candies 1 |
|

|

|

1 Colorful Balloons | n il

PMace Qv ' . i |
|

2. Design a website titled “My Weekly Evening Scﬁed.ule" , as follows:

My Weekly Evening Schedule ‘
Monday Karate Class | |
Wednesdsy ~ Math Test

Friday Programming Practice

3. (a) Write code to display the following table:

o ——

i My Favorite Fruits

| Fruit Name Color

g ! 2
Ly :

| Apple Red

| ERCansr s .4 B TSR

:?B-

! ;,_ M e = =

i-i
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change the table appearance as follows:

e ——— ey

My Favorite Fruits

[T
Pie

code for:

ed text which repeatedly vanishes for a second and appears in the next second, giving
impression of a “blinking text”

e, which spins a whole circle, waits for one second and spins again, in an iterative

output is as follows:

O vy vt B} s v €Y B L L e I L R [ i

Text and Rotating Image Blinking Text 4 Rotating Image

tri! bk Mae!

. BLUE TEXT
" INAN IMAGE

code to change the bullets into ordered list for t
an array with the following values and print 3y
My_Mix_Array: [ apple, 3.14, true, Ali, 25]

contains 10 entries and we want to search.
ne how many iterations it took: :

If the list is found in the list
If the list is not found in the list
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»Lﬁﬂ; Learning Outcomes
- understand and explain the scope of data science, Artificial intetligence (Al), and

» understand and explain the types, uses, and methods of data visualizations and

- Data and.Analy_sis : |

P

1
camiites il v osmnates - outll - v o

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

Machine Learning (ML), including types of supervised and unsupervised learning
models, and their applications to cornmon real-world problems.

understand the benefits of visualizing data.

to apply stages of the data science life cycle e.g. understanding a real-world business :
problem, data gathering, building model, interpreting resutts).

Bl
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Introduction

b science is a branch of knowledge, which joins
ether mathematics and statistics skills with the
baramming domain of computer science. This
Ebination is useful in various fields of life e.g. if we
t to predict the result of a football match, data
pnce will help us. Currently, in the age of artificial
slligence, organization of available data into
aningful form is necessary, Data Science helps us to
jieve the objective of getting insight from the data. Fig.4.1:Introduction

sequently, we can find optimized solutions along

h predictive modeling. In the previous grade we learned some basic concepts about data
e, Now, we will learn some advanced topics based on our previous knowledge.

4.1 Data Science

2 Science refers to an interdisciplinary field of mathematics, statistics, and computer

8. Main objective of data science techniques is to get meaningful insight from the available
2. The available data can be structured as well as unstructured. This objective is achieved
ugh the steps of data collection, data cleaning, data preprocessing and data visualization.
lous programming languages like Python, R studio and MATLAB can be used for data
ization.

~2SCIENCE

o

900

- Fig.4.2: Data Science
Jata Sci

Bence has wide scope in many disciplines of life and it is continuously expanding. We can
about its scope in some common fields of life as follows:
e: To predict the possibilities of son ase, based on X-Rays, Ultrasounds or other

Data and Analysts )>




Sports: If we want to predict who is going to win a cricket match, based on the
performance of teams, data science will help us.

Finance: In the banking and finance sector, data science is helpful in fraud detection. It is
helpful in developing trading and investment strategies. b

Goods transportation: It helps in route optimization and minimize delivery times. Data dri
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
services based on customer experience and feedback.

Energy and utilities: It helps to optimize energy production and distribution.
monitoring is useful for load distribution and facilitates immediate response for d
fluctuations.

Education: It is useful to enhance personalized learning based on the performance of learners.
also helps to predict students’ performance based on previous data. ‘ 1

Communication Media: It is used for content creation and distribution. Various approaches ik
sentiment analysis, social media monitoring and recommender systems are a few exm‘
_scope of data science in media and communication sector. 3

Entertainment: Data science plays important role when you get suggestions about your Mﬂ
songs while playing online computer games.

Business: Data science helps in intelligent decision making about the business to get qlﬂ
profits. Customer insight and sentiments are also analyzed to improve the business.

Data Science
and its

scope
Goods 4
Transportation

Energy and
Utitities




: '”"2Artiﬁcial intelligence and its scope

term artificial intelligence is not new. In 1950 a British mathematician Alan Turing proposed a

g Test, which measured the ability of machine to exhibit intelligent behavior. Now a days the

o de robots are supposed to be smarter if they can pass the Turing Test. The term Artificial
ligence is referred to the ability of a machine to exhibit human behavior like problem
ving, understanding natural language and interacting with the environment intelligently.

e data science, the scope of artificial intelligence is wide. Here, we can discuss a few of them
follows:

Future Scope of Artificial
Imelllqence in !ndustry

Healthcare (RdR 7 o o urtic > o Information & Technology

Nt Bt
Automobile @» <Y

Banking

; Fig.4.4:Artificial Intelligence

sion making: Artificial intelligence is very useful in optimal decision making, based on a data
en approach.

onalized recommendations: It helps to provide personalized feed to customers, based on
r past usage of machines.

omation industry: It has played a vital role in automating the tedious jobs like car

ufacturing and image & video analysis. The most important utilization of artificial

ligence is integration of internet in the devices of daily use. The entire industry of loT and
devices is based on automation.

ral Language Processing (NLP): Al enabled the machines to understand and respond to the
ral human languages. ChatGPT and chatbots are examples of it. Now you can switch ON your
onditioner with voice command rather than picking up the remote controller.

otics: Whether you watch some latest robot, talking and cooking like a human being or you
a small robot to clean your house, all this technology is due to significant advancement of
ial intelligence.

are: Like data science, artificial intelligence has played equally well in the field of
thcare. The examples are personalized treatment recommendations based on medical

ging.

& National Book Founda 119 ) Init 4 Oty Gnd Analysis




3

7 Computer vision: It is a specialized branch of Al that teaches computers to draw memj
g results from digital images, videos and other visuals.

Smart cities: Artificial Intelligence enables to develop efficient infrastructure and seMces
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, researc
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.

Computer

!
| Do You Know?

1 e Use OF D0emQURE it 18 a subset of a Jur!ﬁum

Far example, virntual
assistants like Sirft,
Goegle, Assistant, Alexa

intetligence, which]
enables the u.omputnrs to §
understand, interpret and

generate humanlanguage. | Anfoimation Yorm imaoe

vision

It 15 & field of Artihoia
imelhigance wihich enabie
the Tomputlars 1
understangd wvisy

and vides For examnic
face racognition Yeature 1
SMArtphones and o0pis

and: Cortana use NULP to
understand human vaice
cammands.

 Fig.4.5: Machine Learning

4.1.4 Data Science, Artificial Intelligence and Machine Learning Skills
Artificial lntelhgence 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. Thesé
skills include programming language, machine learning, and acquiring domain specific

€ National Book Foundation ' @
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Artificial Intelligence

,/"’ o
/ Machine Learning >~

.
!
e

)
Data Scince

Fig.4.6: mummum

4.1. SMachme Learnin 12 N

Primarily, there are three models of machine learning.
 Supervised Machine Learning Model

2 Unsupervised Machine Learning Model

D Relnforcement Machine Learning Model

e ———— -
'
.

" Deep learning is.a type of

Do You Know?

computer téarning which

Lises layers of artificlal -
* neurat.netiwark to learn .

ﬁomdata It js-a learhing
(5 e method,whlch T wt s
A nnplémented by, vﬁﬂi

- some;tool like "~

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.
|}

Neural
Network

Neural network is also
known as Artificial Neural
Network. It is system
designed to work like
human brain. It is. made
up of artificial neurons.
These tiny peurons make
decisions like human




.1.6 Supervised Learning Mode!

In this learning model a set of labeled data is provided to the machine/computer. The Iabeled
data means that questions with their correct answers are provided to the machine. After
reading/leaming 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 i
answers. !
For example, if we provide the features(labels) of types of fruits i.e. shape, color and textureand
give their names(answers) as well. After the machine is trained when we will give the featuresof
2 new fruit the supervised learning model will predlct/ prowde the name of that fruit.

1

Labelled Data Ouput for
future inputs
Appie —————
Machine
Learning Model

% ‘
OQ - 9 '

Training

AT T &

.'.\,A;R-p&‘ *
SEES T -

m wmupervised leaming model, unlabeled data is provided to the machine/computer. The |
2ot igentihes the pattern in the data and divide it into groups based on similarities a
dif=rences. When the training is completed, the computer can identify new data and put itinthe

TREVATT CAEPOTY.

Unsupervised I.eurning In MI.

Ingut Dato Ovutput




| ?--Mf-emmmfmntmmtﬂmjumm
| smreros pocs teser o @vors Supmise TOT 2 Tugs GECEen The CoTDIneT s e
[ e o s oomgres 2 TEtora Mo TETECDTE D0ITG. STETETmETL

sty ST e ENCE TEeETS B aS SEps” T The onoun= T wil Soegoro= T
TEOCR TEwS

ey, TOET TEITIIIETETT SR we Wil 52 The Talowmg @ = s

The 2g=nT & prowices with 20 eTwrorment whers it must (2ke cortaan achons, ¥ the achion =
Seghid oears Te cdesred solumion the 2gent will be rewarded with some points through
fesdback. F e zcoors zrs not feipful owards the desied solution the agent will be
pEnaiz=dipuristed) Dy deductirg the pomits. The agent Tmprowes its acthions based on the
fizedbace. This model i used to got optimal results.

r sample, ¥ you are leaming o play chess and whensver you start your game by moving
s e of 2 plece I Chess g2me) you win, you willl always try to start your game by moving
angrts. O The other hand, whenever you start your game by moving Queen piece , you lose the
game. Trersfors, you will zbways avond moving Queen piece In the beginming of game in future. In
oNis w2y Dy winming 2nd losing the g2me by moving certain pleces you hawve leamed winning
miowss. b reinforcement learming this process s continuows until the model s trained and
Srowides acourzte results.

Fig. £190 shows reinforcement learming pictonally. The Agent(Chess Player) takes an action
imowing Konght plece) 2t 2 certain time (in the beginning of the game). The Environment{Chess
Ssard) 's in certain state which changes after the Action At. Suppose the Agent moves Knight and



captures the Rook of the opponent player. The state of board changes to new state S(t+1) The
capturing opponent’s rook is a rewarcing move. In this way the Agent(Player) learns from his/her
winning or losing moves and improves 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
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 step isto
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 have apparent labels and data have various groups which may have
some similanities 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.

- i bmcidh Sl U7 ans

Machine Learning Process

% 4 .
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Algomhm Learning Trained model Results
* Fig.4.11: Machine Learning Model =
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Machine Leammg Process Steps i
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 keep a small 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 2
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 algorithm or by ad]ustmg other necessary parameters which aré
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 amdﬂ
that focuses on algorithms and statistical modeling to learn from data. Data science isw 1
meaningfidl insight from the data to make informed decisions. There are many w 1




[ ——

 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:

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 persbnalized
marketing. Applications of data science includes business intelligence, market analysis,
healthcare analytics, risk management and scientific research.

Qutput: 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 Sciencé, Al ML

Science

|
|
|
|
|
:
| - >
f It is study of data to It is process of imitating It is a subset of Al in which
| extract meaningful human behavior. the system leams form
; insight. It focuses on decision data to make its awn new
'i It focuses on data making. decision.
collection, data cleaning - It uses machine learning [ ™= It focuses on training the
and data analysis. s | algorithms ad logic to % model 1o make new

it uses statistical, b4 2 mimic human behavior. | decision on unknown data
database and f e B It uses algorithm to learn
3

visualization tool. 8% form data and make
e i predictions

National Book Foundation



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. It is
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 5 ”., / Churn ‘,
: ’ g o Ry ! Prediction /
predict that these customers might stop using | RS Nodel |

their service. These unhappy customers can
switch to some other telecommunication |
company. Churn prediction is needed to run
the business successfully. It is often observed |
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 oftenasthey
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 thef
behavior. It is marketing strategy used to categorize customers according to their behavior
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 varios |
visual elements like charts, graphs, and maps. This graphical representation is useful to mat¢
decisions in the field of science, arts and in daily life. It is a powerful tool that transforms raw dat2

into meaningful and insightful information. : ‘

Data visualization through charts, graphs and plots, makes complex information simple ¥
understand and helps in making meaningful decisions. Some interactive data visualizatied
techniques are helpful to get optimal results from the available data. Data visualization hae
variety of techniques and types that helps to get meaningful information from data andu!i“ :
the improvement of business and services. 4
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4.2.1 Methods of Data Visualization

{ ods and types of data visualization are interrelated terms. However, methods of data
vlsualization are the techniques to prepare data for visualization. These methods are explained
brieflyas follows:

 Bar Chart: This method of data visualization is used to show comparison among discrete values.
 forexample, we can use Bar Chart to visualize marks of students in various subjects or sales data
of various products in a company. -

P i e . S————

100 -

\be Chart: It is used to dlsplay trends of data over short or long penod of tlme For example, gold
iices over the last five or ten years can be displayed by using a Line Chart. Similarly, stock prices,
¥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
enmpl e, market shares of various companies.

.

" Printing and Spinmi
Enixti(hysp;?;l‘

Market Share of ]
Textile Sub-sectors

S e |
Scatter Plot. It is used to display the relationship between numerical variables. For enml.

correlation between height and weight of a group of people or correlation between head vm
and head circumference of male and female students of certain grades.
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o8 m: It is used to show the distribution of a single numerical value. For example,
ion of score ina class.

1
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oficiency Test Score

um, first quartile, median, third quartile and maximum data. For example, analysis of
s of various employees in a company.




Heatmap: It is used to represent data in matrix form. Data values are shown by using'
intensity. For example, images received from the space to analyze weather forecast. Ar
example is of climate change, or measurement of different parts of f_lowe.rs 3

! Correlation
it

0.75

-10

o H it 18

| L S Fig.4.20: Heatmap

Bubble Chart: It is similar to scatter plot, but it has a third variable which is represented /
size of bubble, For example, points in a 2D space where area of each point is proportional 8
| third variable.

Campaigns Performance 2022
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Types of Data Visualization

1 are different ways to represent data graphically to make it easier to understand. Some

mmon types of data visualization are as follows:

e e —————— S a——

5 Quantitative
4 Visualization

Information W Categoriga
Visualization Vsualization

Interactive ;
Visualization

Duantitative Visualization

antitative visualization is used to represent numerical data. It focuses on quantities or
7 to show measurable data. It is used to display data that can be measured or counted. For
xample, 2 bar chart showing sales figures of a company over several months effectively
ates quantitative information.

gorical Yisualization

orical visualization is used to represents data that falls into distinct categories. It helps to
dw proportions or parts of a whole. This type is {deal for displaying nominal or ordinal data. For
ple, 2 ple chart showing the market share of different companies in a specific industry.

lemporal Visualization

™poral visualization is used to display data that changes over time. It is used for time-series
=12 Line graphs are usually used to represent temporal data. For example, a line graph.

mtial Visualization

, 2l visualization is used to represent data related to physical locations or spaces, visualizing
or spatial data. For example, a heatmap showing population density across different

t'4: Data and Analysis »




Multivariate Visualization

Multivariate visualization is used to represents data involving more than two va rft'
dimensions. Scatter plots and heatmaps are effective tools to represent such data. For Xz
a scatter plot matrix showing relationships between income, age, and spending habits.

oY,

Interactive Visualization

Interactive visualization allows users to interact with the data, through digital platforms. The
digital platforms can be dashboards and filters. A dashboard helps the user to filter &
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 distribut '
or correlation. Histograms, box plots, and scatter plots are popular choices.

i

Information Visualization ’ wj

Information visualization is used to present complex data sets in an easier way, often for a
or conceptual data. Network diagrams, tree maps, and word clouds are effective too{s”
example, a network diagram showing relationships between entities, such as a social network. -

4.2.3 Uses of Data Visualization

Like Artificial Intelligence, data science and machine learning, data visualization is usefil
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
4| impact of various diseases affecting the patient. It is helpful to trd
disease and visualize the spread of disease.

Education: Data visualization fs very helpful to teach data literacy skills, &
concept building, creative thinking, and critical thinking. "

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,




. performance data to predict future trends. It helps in content
mization by visualizing audiences insights and trends.

.4 Advantages/Benefits of Data Visualization
avisualization has many advantages and benefits, some of them are as follows:

helps non-technical stakeholders to understand complex data and make decisions regarding
2ir business and services.

helps the decision-makers understand the existing data and make well informed strategic
Bcisions.
improves the performance of related business or services.

helps in better communication, understanding, and getting better insight from well-
ganized real-time data.

ata visualization saves time and identify trends quickly.

saves time and enable us to make quick and accurate decisions as compared to manual
alysis.

Easy to Detecting Efficient
Understand Errors Storytelling

Discavery

of Lalest

hrendas

. FigA23: Benefts of Data Visualttatin . -

B3 Database and Machine Learning

ase is collection of related data stored in the form of tables. Various computer software is
b create databases to store data in organized form so that it can be managed, retrieved and
efficiently. Traditionally databases have a key role in the development of modern
blogy of computer science. Oracle, Ms-Access and MySQL are some well-known database

fiatwonal Book Foundation
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management software used to create and manage databases.

Apparently, database and machine learning seem to be very distinct disciplines of comg
science domain. However, they are interrelated closely. To understand relationship betwes
these two disciplines, the simplified information is given as follows: :

Database Machine Learning

-~-nmmnmmm Algorithms of llmlh-

table. train their m
' S ‘ ommizedlnm.d ) e ¢
Data preprocessing Database stores data after Machine learning also requirecu :
normalization, therefore data data. If the data is not clean the
Is clean without any performance/result of the aigorithm
duplication, dataredundancy is affected.
andotherefrors.
‘Data retrieval As datais stored inthetables Data is organized in the m
3a in an organized manner, the Dataset; therefore, it can berets
retrieval of datathrough SQL byusing simple and easy
quedu is very easy, fast and machine learning.

g 3 :
- Data Integration Dota in 2 database is kept For comprehensive model m
| integrated. It is stored after integrated datais required. In this way

| removing duplicated values Data provided by the database @ 4
; and other possible errors. equally useful for machine leaming®

‘ Therefore, integrity of datain train its algorithms.

the database is assured.

~ Scalabitity DBMS can handle various Machine learning requires scak
* , sizes of databases ranges data storage solutions. In

.; from student database of S0 can implement bigd
; students to the database of Numberofmbt dataset va
: : entirecountryorevenmore.  from hundreds to thousands sl

even inmitlions in a dataset. |

i o

Realtime Data Database provides Realtime Machine learning model

L

Processing data storage and retrieval Realtime data to train model for)
suppor. __online data.

Anslytical Tools Detabase provides various Database analytical tools |
tools for data analysis, eg. formnhlum’-
SQL server and other mmm
software atc. £ R

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 t8 )
taken to move forward. It requires a structured approach to solve data driven prm
stages of data science life cycles are as follows:




Data Science
Life Cycle

e ey

ils Siage e Dusiness problem or research question is defined with clear objectives and
ez, The scope and limitztions of the problem are determined. Preliminary research and
dare reviews nelp the stzkeholders 1o understand their needs and expectations.

gEtormance indiczlors (¥P1) are defined 1o measure the success of proposed solutions. KPls
e abie Largets that help us track progress and success of 2 process.

e, ncrezsing sales Dy 1% in two months can be set as 2 KPI of some business problem.
e eramplie of Y21 is improve the speed of website loading by 20% in 30 days. By setting KPls,

% focs on finding the right solutions and track our progress. The outcome of this stage is a
R o we e o e

. e

B Sage, datz s gathered by using various relisble and useful sources. The method of data
R depends on the kind and complexity of problems. For simple problems, we can observe
Wlie dowen what we vee, while more complex problems we might need surveys, experiments,

 soing online services through APls (Application Programming Interface). APls are small
g Tzt act like messengers between two or more software.

# e Ne wziters in 2 restaurant who receive an order from us and bring back the food as

Lo our order. The data collected should be relevant and accurate, as the quality of the
iy #¥ects the results at Later stages
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Data Cleaning:
It is also called data preprocessing, this step Is about fixing the data to make sure its readys
analysis. In this step we remaove errors, such as wrong Information or duplicate values, if s
values are missing, which might cause problems, we fill in with estimated values, T

During this process, data is organized into an easily workable format, Sometimes, new festiness
attributes are created from exlsting data. For example, If wie have dates, e might create 8 o8
column for the day of the week, Clean and well-organized data is essential for making g

predictions Later on, ;

Data Analysis: :
After cleaning the data, we have to analyze It. Statistics or machine learning techniques are ust
for data analysis, These techniques help in finding patterns, trends, or important detalls, B
looking at the data closely, we can test early Ideas or assumptions about the data, ‘

For example, we might want Lo know If a certain factor Is causing an outcome, like is the weathe
affecting sales of certain products? At this stage, visualization tools like graphs or charts can %
used to understand vwhat'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) aé
thelr attributes (like names, prices, or dates). ]

We also focus on how to store and retrieve this data efficiently by setting up databases or ol!l
systems. Once the model Is ready, It Is tested using historical/previous data to see if it performs
well, The goal s to create a structure that can be easily used for predictions or other analysis,

Model Evaluation: K

At this stage we evaluate the performance of our machine learning model, This is domﬂ
measuring how accurate and reliable the model Is, and whether it meets the performance g
w6 set earlier, \

For example, we can test how often the model makes the right predictions or how fast it delives
results, If the model doesn't perform as expected, we might need to go back to the data modeling
stage Lo make improvements, This stage also Includes making sure that the data and the M
are secure and respect privacy rules, especially If sensitive Information is involved. :

Mode! Deployment:
Once the model Is working well, it is time to deploy it for use. This stage is called deployment, \ ff

It means the model Is set up In the system or Infrastructure where it will be used. It meu!“
Integrate the model on a website, application, or database,

Sometimes, deployment Is done In small steps (partial deployment) to test if everything
fine before launching It completely, Other times, the model is deployed all at once
deployment, the model starts working with real data, providing insights or making predictions.
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aintenance and Monitoring:

lhemodel is deployed, it is important to keep an eye on how it performs. This is a continuous

255 where the model's accuracy, speed, and reliability are monitored over time. If any issues
i { ed, like the model becoming less accurate or slow, adjustments can be made.

ack from users can also help improve the model., This ongoing maintenance ensures that the

odel remains useful and effective as conditions change, like if new data becomes available or

""pmblemevolves
3 1 Case Study: Understanding a real-world business problem and its

formulation to data science problem
- i’ DO vou KNOW’ »

will learn to apply the data science life cycle in real-world £
siness problem. Suppose we have a task to optimize the | & s eigitir % 4 |
ory of a smart phones. ; person'who condicis e st
roblem definition: Suppose you own a super store and you ‘efmffy z
to ensure that you want to have good enough stock of | Enumerators: To collect information |
popular smart phones. The objective is that you don't run out of | fOF 2nalysis, an investigator needs |

.. |the help of some people. These |
tock to meet the demand of your customers. Keeping in mind | people are known 2s enumerators,

hat you also don't’ want to make unnecessary purchases that | |
ould be difficult to sell. M A i SN

Jata Collection: The first step is to gather data related to the smartphone stock and sales. The
aincludes:

Current stock levels for each smartphone model (how many phones of each type are in stock).
p Sales data showing which models are selling fast and which are slow-moving.
Supplier information about new models and upcoming promotions or price changes.

is data can be collected from several sources, like the store’s sales system, purchase invoices,
pplier’s record, and even from customers’ feedback on popular models. Gathering this data
ps 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. This involves:

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.

cleaning the data, the you ensure that the inventory and sales data is reliable and ready for
alysis. For example, if there are missing prices for certain models, they can be updated with
Ormation from suppliers.

Unit 4: Data and Analysis )>
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and which are not selling well. Key questions to answer include:
3 Which models sell the fastest?

> Which models have stayed in stock for too long?

D Are there seasonal patterns in sales?

After answering these questions, you can identify the smartphones that need to be ered
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: AL this stage, you will build a model to keep track of inventory levels and predict
future demand. The model includes:

D Attributes for each smartphone like model, price, stock level, and sales history.

9 Relationships between stock levels and sales rates. For example, when a phone sells q.m
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 outd‘ |
popular phones. In this way you will prevent overstocking on less popular models. The models
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
out?

9 Cost-effectiveness: Is the system helping the store avoid over-purchasing models that don\
sell well? 1‘

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 inits
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 e
the store's inventory management system. This could involve |

setting up alerts when stock levels of popular smartphones get ' rq "‘
low. Integrating the model into the store's existing sales! » i
software. The deployment may be done in phases, starting with | m

a few popular models, or it may be used across the entirei

inventory at once. After deployment, the model starts working | pvaluation w ¥

in real-time, sales tracking and adjusting stock levels| BAD?
accordingly. l
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Unit 4: Data and Analys



6~

odel Evaluation: Monitor the performance of the model by comparing the actual sales records
ththe predicted sale data. Adjust the model as needed to improve the accuracy of this model.
intenance and Monitoring:

model is deployed, you will continue to monitor its performance. This ongoing stage
L' "'"Checking if the machine learning model correctly alerts staff when stock is low for popular
., Ensuring the store is not over-ordering less popular or even popular phones.

P 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 improve the model, such as incorporating new data on sales trends
or adjusting reorder levels based on changes in customer preferences. The system is continuously
ed to ensure that the superstore never runs out of stock for popular models while avoiding
Bxcess inventory.
by following the above data science life cycle, the superstore successfully developed a system to
anage its smartphone inventory more efficiently. The system helps the store keep popular
martphones in stock while preventing over-purchasing of less popular models, ensuring
stomer demand is met without wasting resources.
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3 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 1
interdisciplinary field of mathematics, statistics, and computer science. ‘

2 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.

2 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.

2 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.

2 Computer vision: It is a specialized branch of Al that teaches computers to draw
meaningful results from digital images, videos and other visuals. 4

2 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.

i Eal el

< 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 Siri, Google Assistant, Alexa and Cortana use NLP to
understand human voice commands. '

T
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2 Deep learning: is a type of computer learning which uses layers of artificial neu
network to learn from data. It is a learning method which is implemented by using some
Neural network. 2

\ the machine/computer. The labeled data means that questions with their
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| 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
tothat machine and it provides us with the possible correct answers. |

2 Unsupervised learning model: In this model unlabeled data is provided to the P
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.

2 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.

e e 8 R

2 Data Visualization: It is the process of creating graphical representation of data and
information. Itinvolves various visual elements like charts, graphs, and maps.

2 Methods of Data Visualization: Methods of Data Visqalization are Bar Chart, Line Chart,
Pie Chart, Scatter Plot, Histogram, Box Plot, Heatmap, Bubble Chart etc.

2 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.

2 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. |

- —— . A —— % —— & <t P

2 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 location:
visualizing geographic or spatial data. For example, a heatmap show:

relatlonshlps between income, age, and spendmg hablts
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9 Interactive Visualization Interactive visualization allows users to interact with e |
data, through digital platforms. These digital platforms can be dashboards and filters.4
dashboard helps the user to filter and manipulate data visualizations and exploss :
different trends and insights is

2 Statistical Visualization Statistical visualization is used to present data to s'ow |
statistical properties, such as distribution or correlation. Histograms, box piots, 2ng |
scatter plots are popular choices. 5

Y Information Visualization Information visualization is used to present complex 222
sets in an easier way, often for abstract or conceptual data. Network diagrams, tree i;
maps, and word clouds are effective tools. For example, a network diagram showing
relationships between entities, such as a social network. ?

2 Business Intelligence: Data visualization helps to make data driven, well informeg
decisions. It is used to find market trends and helps to track and improve performance.

2 Database is collection of related data stored in the form of tables. Various computas
software is used to create databases to store data in organized foomso that it canbe |
managed, retrieved and stored efficiently.

2 Data science life cycle is an iterative process. It has various stages; each has cenzn
steps to be taken to move forward. It requires a structured approach to solve d&ta
driven problems.

< Problem Definition: At this stage the business problem or research question is definsg
with clear objectives and outcomes. The scope and limitations of the problem a=
determined.

2 Data Collection: At this stage, data is gathered by using various available, reliable an¢
useful sources. The way data is collected depends on the kind of problem. For simpie
problems, we can observe and write down what we see, while more complex proble=s
might need surveys, experiments etc.

» Data Cleaning: Also called data preprocessing, this step is about fixing the data tomase
sure it's ready for analysis. Any errors, such as wrong information or duplicates, ae
corrected or removed. Missing values, which might cause problems, are either filled® =
with estimated values or taken out altogether. {

2 Data Analysis: After cleaning the data, we have to analyze it. This is done using teels
like statistics or machine learning techniques, which help in finding patterns, m-ﬂa |
important details. =

2 Data Modeling: In this stage, the data is organized into a model, which is a st
that represents the data and how different parts relate to each other. This codd !
creating diagrams that show the relationships between different entities.

\ customers and the products they purchase) and their attributes. - il
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Q1. Select the best answer for the following MCQs.

1. Which of the following 1s the primary benefit of integrating Mathematics and Statistics with
Computer Science in Data Science?

a) improved data visualization b) Better forecasting
¢) Increased accuracy d) Better decision making

1. 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

¢) Data Science and Artificial Intelligence are unrelated
d) Data Science enables Artifictal Intelligence

1. 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
¢} 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
<) 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.
¢) Improved customer service. d) Enhanced data security,

& Which of the following fields of Artificfal Intelligence (Al) enables smartphones to recognize
faces and unlock devices? 3

a)NLP b) Computer vision ¢) Deep learning d) j‘f;: al

1. A company wants to develop a system that categorizés customer feedbac
negative, or neutral. Which learning model would be most suitable? ¥

a) Supervised learning b) Unsupervised learning , |

~ C)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

e e ) s vl

¢) Improving action choices d) Classitying 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
¢) 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
examples,

. Identify three ways data science contributes to machine learning and artificial intellig -
. Differentiate between supervised learning and unsupervised learning.
. Describe an everyday example that illustrates reinforcement learning,.

. Write the appropriAte machine learmng model for each of the f ollowtng scenarios

R Y > W N

You have a basket of mixed fruits (apple and banana) and you want a
robot/machine to sort them,

2 You are given a task to learn how to ride a bicycle to participate In some sports
event,

3 You have pile of Lego blocks of different colors, and you want your computor to
group them by colors regardless of their shapes.

You have a book with pictures, and you want to teach your sik
y them.,

P -

5 | You want to train a toy robot to find its way o

6 Your parents want you to clean your messy r
birthday party of your friend.

7 | You have a set of shapes (square, triangle, ci
computer to recognize them,

You have a book collection without specific
to arrange them according to size, cholce ¢

9 | You are given a task to find the slmﬂarity.

You have to unlock some rewards in yo




Write answers of the following extended response questions.

mlyze the interrelationship between Data Science, Machine Learning, and Artificial

Intelligence.
identify any three types of data visualization, give their applications as well,

Discuss the way data visualization can be used to communicate data uncertainty, provide two

specific examples.

pescribe the key considerations in selecting appropriate wsualizanons for different types of

dataand analyses?
Explain the uses of data visualization in detail

What are the potential consequences of poor data quality on model performance?
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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.

ake 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

k the students to calculate the
data and removing and errors or dup!

ate a bar graph or pie graph ti

Guide them to use a simple algor
new data. For example, take the ai
survey, apply the algorithm and
Compare the results with the actu
To apply artificial intelligence con
| to suggest a pet based on the ki
Outcome: This activity will help
data science and artificial intellig
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Visualize Favorite Foods:

| creametc.

| depending upon their questions and methods of data collection.

Objective: To help students understand significance and application of data visualizationto |
understand and compare data. They will learn how to find the opinion of people if they want |
to start some business somewhere.

Make the groups in the class, each group may contain 3 to 4 students, Ask them to conduct a
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, nihari, pizza, ice

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 results of 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 |

r@ T — e

h Outcome: This activity will help students understand usage of churnp
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Churn Prediction:

Objective: To help students understand how churn prediction can be helpful
business. 2

This activity can be assigned to the students on an individual basis. Ask them to chog
business being conducted by some of their family member or someone in their friends’

Students will collect the data about the products or services provided by the busine L
chose.

They will collect data about the customers as well.

By following the method explained in the case study given in this unit, they W wi
predictions about the customers who are likely to stop taking the product or se Vil
that business. 7

Students will design affordable business offerings for the potential custom
to leave that business.

They will compare the results of their predictions. And improve their mod !
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!: 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
Blockchaln,
explain that Al can be applied to specific applications In areas like NLP, Robotics, ‘ ‘ l

Speech Recognition, etc,
gemonstrate the soclal implications of Al,
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5.1 Internet of Things (loT)

loT fs 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 learning algorithms. The aim of loT is to provide automation fy
various areas such as home automation, automation in manufacturing industry, healthcare |
traffic monitoring, hospitality, etc.

Smart Home Smart Transport Services

ap AN L1 3
| Smart Environment Monitoring A Smart Industrial Monitoring .;'
"1t T A"

v Vre O User  User = ok :

5.2 Foundational Components of loT

There are five foundational components of loT that make it work.
> Sensors/Devices
> User Interface
2 Cloud
< Connectivity
> Data Processing
2.1 Sensors/Devices

Sensors or devices are used in IoT system to collect i
come from a large variety of sensors. ’




gome commonly used sensors are:
» Temperature sensors

) Humidity/Moisture level detection sensors

b3 Pressure sensors
Light intensity sensors
» Proximity detection sensors

hese sensors are simple ones but it can be complex as well such as surveillance camera paired

th 10T devices like alarm to take action when criminal activity takes place. A device can be
more than just sensing various types of data. For example, a smart phone is a device that has
hultiple sensors which include camera, light , proximity, temperature, heart rate, etc. A sensor
anbe a standalone device or a multiple device like a smart phone.,

y
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Fig.5.5: loT based smart classrooms

5.2.2 User Interface

User interface provides user-friendly interface and functionalities that allows __
control the loT devices. |

For examples, a user has a camera installed in his home, he can chex
through a web server. As another example, in case any intruders are s€
generate an alert to the owner, :

5.2.3Cloud

The data collected from different devices is stored on the ¢
cloud infrastructure is a set of servers that works continuously (
Is responsible for data collection from devices, processing of da
be accessed remotely from the cloud storage at any time by th
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of cloud 1 a network of servers that efficiently handles data at high speeds for a large number of

gvces and analyzes it.
5. 1.4 Connectivity

me data collected by loT has to be sent to the cloud infrastructure through some type of
anmunication media. Devices are connected to the cloud through cellular networks, satellite

.

Lnvorks, Wi-Fi, Bluetooth, Wide Area Network (WAN), etc,

)

§.2.3 Data Processing

‘_m:.\ processing is the process of analyzing and interpreting the data stored in the cloud storage
\s8 software. Data processing is responsible for receiving raw data from the loT devices,

yxessing it and making it available for action. A variety of technologies such as analytics
patforms and machine learning algorithms are used for data processing.

Do you know? Do you know? .

“An analytics platform is an integration of Machine learning algorithms are
“multiple application software that provides computatjonal models that allow computers
comprehensive capabilities to connect, to understand data patterns and make
[ organize, visualize and analyze data. It helps decisions or predict output based on it. These |
' arganizations to build their strategies based algorithms form the foundation of artificial |
ondata, intelligence. “

5.3 Applications of loT
[mfollowing are common applications of loT.

3.1loT Wearables

1
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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 themin real-time.

Pateint Health
Monitoring
System
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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 2 ;_;
real-time traffic data. It helps in improving the flow of traffic in areas with congestion and ens
road safety for drivers, Cameras and sensors are used to detect accidents vehicle Dre ,_




Flg 5.8: loT based traffic momtorfng
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hotels are using loT technology to improve the quality of services for guests by automating

things.

e following aresomapplicatiom of loT in hotels. e

3 Sane hotels are staffed with robots tbat help in performing various tasks Mm cleamng
 roo porting providing loontion relevantinformation, etc.
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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 quality
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,
for supply of electricity. The only difference is that smart grids use |oT devices at ¢
communicate with each other and also with the consumer. It provides valuable information tot
consumer about their electricity consumption and how they can reduce their elects

expenditure. Smart grids can monitor and analyze the production of electﬂclty :
predictions when power supply may not be available. This will allow power companies
quick actions to reduce chances of this happening. Traditional grids generate estimated
whereas smart grids can generate more accurate as it measures electncal usage in ml- ime |
each household. o,

Fig.5.10: 10T in automgl

g

(( National Book Foundat




- Sve" vatw—

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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e Fig.5.12: loT based §r

5.3.8 Smart Home
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A smart 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 Bitcoin. 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.

™ Ga ke a

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 the
the supply chain. Blockchain helps in allocating the current location of products
change hands between different parties in the supply chain. It also provic
transparency and security as it is very difficult to change or delete contents of tran:
the ledger.

5.5.2 Healthcare o

P ————— . —

| ‘ Appllcntlgn of
; Blockchain in Healthcare
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Blockchain has wide range of applications in healthcare. Some applicatic ::

healthcare are managing healthcare data, patient authentication, remote D¢
fraud detection and electronic medical records.. It is implemented in he
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grity, access control and data logging. Blockchain provides patient data security which aids in
proving healthcare services in hospitals and research institutes.

5.3 Protection of Copyright and Intellectual Property

chain technology makes it easy to protect copyright and intellectual property rights
ationally on music, films, books, blogs and other internet contents as it operates globally. It
useful in protecting people's creative work by making it easy to apply copyright
ations. It helps in reducing copyright violations due to its secure and transparent nature. Any
pe of unauthorized download of digital material can be traced easily.

5.4 Voting

pckchain technology helps in building trust and satisfaction of citizens on Election Day and
eding the time for announcing the final results. It is useful in solving issues related with
anual and digital voting systems such as voter privacy and fraud. Through encryption Blockchain
akes voting safer, more transparent, protects privacy of voters and it is more cost effective as
l. Application of Blockchain technology in voting is still under research.

Blockchain Node  Blockchain Node |
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9.9 Cryptocurrency

ockchain technology has enabled the existence of cryptocur
ryptocurrency. Cryptocurrency is a digital (or virtu u
out the involvement of intermediaries such as b ._ :
ork without central clearing authority. Global pee
Df computers in which all the computers have the s
computer can access the shared resources of ot
other computers as well. In this type of
. Cryptocurrency uses Blockchain t

ents.



| 5.6.1 Benefits of Cloud Computing

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 ft
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.

a 2 o
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Cost Reduction

With on-premises computing, we have to purchase and install hardware,
system and required applications and set up the whole infrastructure. Clou

the cloud provider is responsible for the maintenance of hardware and sof
Security F
Cloud providers provide better security than on-premises systems. Cloud'. rvi

Data stored in cloud storage is at low risk. Cloud providers can restore
maintaineg in cloud storage. :



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
crcumstances 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.

omation of Tasks

(loud computing helps in streamlining business operations. It allows automation of time-
consuming tasks. Cloud-based tools and services can automate companies tasks like data backups
and software updates, freeing employees to focus on more important business activities.

. R ARV - 7, )', g

Wy a i g L e
&

5.6.2 Uses of Cloud Computing e e . e
= following are the uses of cloud computi g ".'{ 2 :
File Storage e

L

iles storage is the most common use of cloud computing. Clot
to store and access files from any location. All y
)ased storage is secure and affordable.

Data Backup 4
is essential for individuals, organizatio;‘
overy in case of disaster. Cloud computing g
portant files to cloud-based storage syst
encrypted to make it impossible for hacker:

‘ are Dropbox, Google Drive, OneDrive
ducation E

lloud computing has revolutionized educz
rocess. Cloud computing platforms store
izzes in the cloud. It enables students a
aterial from leading institutions from ar
olutions are Khan Academy, Coursera, edX
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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 gameson
any device and from anywhere. Some examples of cloud-based gaming services are Mlcrosoft
Xbox Cloud Gaming, Amazon Luna, PlayStation Plus Premium and Nvidia GeForce Now e |

5.7 Speech Recognition and Voice Recognition®

Speech recognition and voice recognition are two different technologies though th
related. ;

Speech Recognition

Speech recognition is a form of artificial intelligence. It is a software that converts hur
into text form or commands that devices can understand and respond to. It pro “ 1
control of varfous devices and equipment. It provides an easy way to operate devices
hands-free equipment is very helpful for disabled persons. .

The software used for speech recognition is quite complex as it involves sign:
machine learning and natural language processing. The output accuracy of spel

software may depend on the quality of original recording and the complexit
After the conversion of spoken words into téxt, the user can further process "r'ij
the mistakes by running it through spelling and grammar check. 7

Voice Recognition

Voice recognition software converts voice into digital data based on the
characteristics. Voice recognition is a biometric system. It is used to verify @
based on unique features of his voice such as tone, pitch, etc.

(.’- National Book Foundation "~ Ea @ Unit 5: Applications of Con



oth speech and voice recognition technologies are used for interaction betw2en humans and
achines. Thete technologies are used in various fields to automate various tasks, create
pnvenience, save people’s time and improve productivity.

» following are the applications of speech recognition.

7.15peech to Text Typing Apphcatlons (Dictatlon Software)

|

re are a variety of speech to text
yping software which is also known as
ctation software. Dictation software
s used in the early days but they had
jttle accuracy. Now, dictation apps are
I-based and give better results but '
till cannot provide 100% results.
Dictation software is very helpful for |
people with disabilities as they can use |
to type more easily.

» following are some popular dictation software.

Apple Dictation: It is a dictation software onAppledevk:es. _

Windows 11 Speech Recognition: Itisa dictationsoftware forWIpdows. 5
Google Docs: It is a voice typing software fordlctaﬂng Google Docs CAV i |
Gboard: It is a dictation app for mobile phones

5.7.2 Calls Centers

ech recognition systems are used in calls €
sed to respond to customers' requests and im

).7.3 Healthcare

atic speech recognition systems are used in
5e it to convert speech in to text for med

D.7.4 Al Assistants .
I Assistants such as Siri, Cortana and Ale !

for something on the Interne
pstat is a device connected




5.7.5 Quran Memorization Applications

Memorization of Quran is an important r m > Auly ey :

religious and spiritual practice in Islam. It °laidlvasi ...,,.-. PRy ]

Aran N v &jgual '-4‘(-4)'
is the Holy Book of Allah Subhanahu Wa | j AN AP AL g0 -‘-‘-IA
Taala and is reserved in the hearts of | st sy s QL] ¢ o et iy 3y
Muslims. Memorization of Quranisanact of = - e '-M-wy. ) i dial ',,@,J,
3 \ i ) A o A ) d ] i N, A I
worship and those who memorize it will get | * ¥/ «hsmiiiiua pe piis
. s Wb ) ad 'yt A piallg ayl il prem v ] 1§ A L
the reward in the hereafter. Memorization e {8 _z,;r
. At Al i by e f ¢, » '
of Quran opens the doors of goodness, | gty v Buality bptin ’f“"‘ |
. i : bt ) e 0y ) e . : 4
virtue, righteousness and morality. Sl DT il g - J-':
= - ¥ il il il bay! fust ‘“—h .
There are many Quran memorization apps | wii by, wi’ b ki) i ‘ L ot
; : { (4 A * dseluail e
available on App Store, Google Play and | e ® (i lidi 1Y) e T TN
TY | . g ’ ¢ wad |
websites. These apps use creative methods @ /sasilv w1 10at sl i)
! | ‘..u" e ity (25 whi! aud) Subil p B!
and techniques for easy memorization of | ¢ # sl wiaslh (25)  gu gurin 31y (28)
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They provide features like audio i ety il le)sed e | upad e |
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recitation, interactive learning tools, | "4 8l dleg)) s a4} a8
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progress tracking, selection of reciter and
selection and repetition of verses. It can
also detect mistakes and provide feedback for correction. Some popular Quran
apps are Tarteel, Al Murgi, Quran Companion, Al Muhaffiz, Ayat-Al Quran and Quran Pro.

Fig.5.18: Ayal-Al Quran Memorization App m-

5.7.6 Language Translation

Speech Recognition systems are also used with machine translation software to convert
speech from one language to another. It helps to have conversation with someone who
understand our language. It is very helpful for international business and organizations.

The following are applications of voice recognition.

5.7.7 Yoice 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.

<( National Book Foundation
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5.7.8 Criminal Investis

Voice re cognition is used all over the world to
solve crimes. If voice recording of a cnme
suspect is available, voice recognition
technology can be used to piovide evidence
and identify criminals. Voice recognition can
be helpful in investigating telephone-based %
fraud. It can also be used for surveillance of
organized crimes on telephone and the
Internet.

National security agencies use voice | Fig.5.20: Volce recognition for criminal fnvestigation
recognition technology to identify terrorist
and government spies.

5.8 Natural Language Processing

[ 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.

_s 8.1 Email Filtering } |
| ceive P“GOf_emails every day which are related with our work, studies or many other things.




9.8.2 Language Translation

NLP language translation software can translate written or spoken words from one language iy
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 j,
meetings where everyone speaks a different language. Here computer software and humg,
interpreters work together to translate the speech into other languages. NLP programs cz
translate many other things such as books, business letters, websites, etc. and reduce cost o
translation as well. The level of accuracy has increased as the technology is growing ang
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
information from documents and categorizes it |
according to the user’s requirements. It is very
helpful in analyzing the data and making decisions |~

and important predictions. It also helps in finding a ’f',
person's information from pile of files. AR

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
next words or phrases as soon as we
type anything in the search bar. We
can click on any predictive text that
matches the information we are
looking for to display the relevant
websites. Predictive text improves
the search speed, enhances our
experience and ensures that the
suggestions align with our intention.
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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 improvement. 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
over 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,
i floods, landslides, hurricanes, cyclones and
nadoes to rescue people by searching,
removing rubble, delivering supplies and medical
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Fig.5.26: Robot in manufacturing

Robots are used in manufacturing industry for automation of a variety of tasks. These tagky
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 hs
increased productivity and reduced operation cost. i

5.9.3 Roomba Robots

Roomba robot is a popular autonomous
vacuum cleaner. It ic a disk-shaped machine
capable of picking dirt, dust, bair, 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 remote controller.

5.9.4 Robots in Farming

Robots are used in farming for planting, harvesting, soil analysis, surveillance and mon
The purpose of using robots in farming is to reduce cost, optimize harvest and improve
conditions for farmers and workers. :
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vanous types of robots are designed and programmed to perform specific tasks on farms and
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.

) Palletizing robots are used for stacking and arranging harvest onto pallets for storage or
transport.

2 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 SEES
spaceships and space vehicles millions of e
miles away from earth. Using unmanned |
space missions using robots are common
teday to learn about our universe. Robots
tan work in dangerous space
environment as they don't need food,
water or oxygen. They can work in |
extreme temperatures and radiation




5.9.6 Robots in Healthcare

Use of robots in modern hospitals is
transforming the way surgeries and
many other tasks are performed by
hralthcare professionals.

2 artially automated robots are

sed by- surgeons to assist in |

performing high-precision
operations in less time.

» 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.

2 AMRs are also used to deliver medication and medical supplies and move heavy items such
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 impac
in many areas of our daily lives but has some negative impact as well. Biased and unethical useof
Al based systems has become a big concern all over the world as it can result in injustice
specific people. Al algorithms are developed by humans who can intentionally or unintenti
introduce bias in them. Bias means unfairness or discrimination against someone based onncg,
ethnicity, gender, age, etc. Unethical means something that is not morally correct such as unfar
usage of Al related with violation of personal data or gaining unauthorized access to otﬁ
systems. Al based systems are not thoroughly checked for racial or gender biases. If the dataused
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 ',
women. The reason for this injustice was that the algorithm was based on the number of res
submitted over the past ten years mostly belonged to male applicants. 4

As another example, it was observed that the facial recognition technology has m
produced wrong results for people with darker skin tones. This can cause injustice to peoplew
are misidentified by the system in a criminal investigation. :
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me following are some examples of bias and unethical use of Al systems.

9 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 is vulnerable to
privacy violation.

) 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.

9 Cyber Security Threats
~ Alsystem can einploy 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.
A’ Financial Market Manipulation
Al systems can be used to manipulate stock market that can lead to economic instability.
) Deepfake Videos |

Deepfake videos are computer created Al based realistic fake videos These videos
misrepresent someone or saying SO 3
can spread misinformation, @

5.11 Responsi

A technology is shaping the future.
‘lutions in various sectors of ¢ |
ethical and social responsibilities
Trefollowing are the responsibili :
) They must ensure that the use

 people.
) They are responsible for safe
- endanger people’s privacy.
)AI system designers must e
lheyshould take into con derat
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> 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.

2 loT cloud is a network of servers that efficiently handles data at high speeds for a large
number of devices and analyzes it.

> 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 i
loT devices that can communicate with each other and also with the consumer.

> 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.

» 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.

3 Cloud computing is the delivery of computing services such as servers, storage,
database, networking and application software over the cloud (Internet).

> 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.

2 Voice recognition software converts voice into digital data based on the user’s unique
voice characteristics. Voice recognition is a biometric system.

3 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.

2 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.

> Robotics is a combination of artificial intelligence and engineering. It involves
designing, creation and operation of automated machine programmed to perform tasks |
like humans.

3 Roomba robot is a popular autonomous vacuum cleaner. It is a disk-shaped machine |
capable of picking dirt, dust, hair, etc.

\
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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
1, The technology that is an alternative to on-premises computing in business is:

a. Al Computing | b. Server Computing

¢. Cloud Computing d. Network Computing

3

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 ena

a. Cloud Computing 3
iﬁ.Thevirtual assistant
- a.Cortana _
7. The probable next. or phrase:
;. called: =

2. Document Analysis
t c. Predictive Text ' |
hMbased realistic vi .' )5
L. a. Privacy Breach '_
| c. Misinformation Vic




Q2. Write answers of the following short response questions. l
1. Describe how 10T can help traffic monitoring.

A Descfibe the benefits of using Blockchain technology in maintaining a digital ledger (databag, |
of transactions.

3. Differentiate between speech recognition and voice recognition.

4. Describe the features available in Quran memorization apps that help in the memorization y
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 of loT in the following areas.

a) Healthcare

b) Hospitality

¢) 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 email filteringand language translation.

6. Describe two applications of robots that are not mentioned in this unit.

<< National Book Foundation




Students should use online tools like Google Docs and Google sheets to show the
benefits of cloud computing. '

B

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 household items like umbrellas, lunch boxes, fridges that
are connected. Ask students to imagine applications that are enabled in such an
environment.

E ' ‘ : -4

(g} detivhy-3 )

Students can watch different videos on how t
tasks that were once done by humans.

Read or explain case studies of how Al has
algorithm used in US course system. Amazon
another case study.




’4'-‘\_‘-" . ;:— ‘ &
f' Learning Outcomes

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

promote information and data security
2 evaluate the impact of and apply strategies t prevent cyberbullymglharassment
2 analyze the impacts of the digital divide on access to critical information
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UNIT INTRODUCTION

Jsing 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 personal
information. Using strong passwords, looking
wt for scams, and keeping your privacy
settings updated can help protect you from
online threats and keep your digital identity
safe.

' chti line can harm your :
spending too much time onli 4 y R =
mental health and lesser your productivity. By '
nticing when you are spending too much time online and finding ways to reduce it, you can keep

ahealthy 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
jevices like smartphones, computers, video games, and
scial media. This type of addiction can disrupt a person's

aily life, relationships, and overall well-being, similar
0 other behavioral addictions like gambhng or
ompulsive shopping.

vities that often lead to technology addiction include
eavy use of social media, online gaming, video
aming, endless web browsing, and constant texting
| messaging. However, not everyone who uses
h nolog a lot is addicted. The key difference is
er the technology use negatively affects one's life and if the person struggles to control it.
ogy addiction is a serious issue that might require treatment through counsellng, therapy,
Or grqups, and strategies to use technology more responsibly.

I
l

'y
Mllage, Sara struggles to access online educational resources due to limited
e " availability, while her friend in the city excels with high-speed connectivity. The

smdents analyze how tie digital divide creates unequal opportunities,
to critical information for education, healthcare, and job opportunities,




B
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 ang
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. '» 9

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. Fies - P

Academic and Occupational Problems:

Decreased Productivity:

Technology addiction can lead to decreased productivity
at work or in school due to constant distractions.

i
1
|

Academic Underperformance:

Students addicted to technology may find it hard to focus
on their studies, which can affect their grades and |
academic performance.

<’ Mational Book Foundatior




Bivacy and Security Concerns:

yersharing:

ople who are addicted to social media might share too
uch personal information, which can put their privacy
pd security at risk.

line Scams and Cybersecurity Risks:

ople who are addicted to technology might be at ‘
gher risk of falling for online scams and cyberattacks ' Fig.6.6: Privacy and Security Concerns

ause they spend too much time online.
alyze the impact of new technology laws on digital privacy:
technology laws have changed digital privacy and security in both good and bad ways. These
,such as GDPR in Europe and CCPAin the U.S., help people control their personal information
drequire companies to protect data more carefully. They also help by making companies report
ta leaks quickly. However, finding a balance between privacy and letting law enforcement
ess data is tough and can impact people’s privacy. For businesses, following these rules can be
pensive, and different laws in each country make it harder to manage data internationally.

6.2 Internet

¢ internet is like a giant web connecting computers and ‘
ices everywhere. It allows us to share information,
municate, online buying and selling, and watch videos
. Think of it as a massive library where you can find almost
ything you want to learn. The internet has revolutionized
we live and work, continuously improving with new
ements. It is now a crucial part of our daily lives,

ing tasks quicker and simpler than ever before.

2.1 Use internet for beneﬁcial purposes : —

‘ the intemet for good purposes like to help peop“le and communities. This includes using




o Global Communication: |
The internet links people irom all over the world, making it sungd
for individuals to talk with family and friends who are far away. It hs
also helped people work together internationally and share differes

cultures.

-

Social Activism: t

|

Social media sites and online groups have played a big role in making | ,
people more aware of social and environmental problems. Activities g

like climate change activism have become more popular and have ‘ iT '

made a difference because of online efforts.
Medical Information and Telemedicine:

im" Q

Getting medical information and using telemedicine services onl
has made it easier for people to get healthcare, especially in are
where there are not many doctors or hospitals nearby. Patients i
talk to healthcare professionals and find medical help online.

Support Communities:

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 "1,3 :
belonging and provide resources for those needing support and "
guidance. 4

b

Political Engagement:

¥ The internet has boosted citizen involvement in politics by gv#
them places to chat about political topics, sign up for voting,
~ join in elections. Plus, it is made government actions more vist

. and open.
! 3

Cultural Exchange:

The intefnet allows people from different cultures to connect and
share their traditions, art, and ideas. It promotes cultural
understanding and appreciation.

(( National Book Foundation @
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n,,o\rauon and Research: ﬁ- .u......gh.
entists and researchers car collaborate and share their findings & RsEESNEﬁONR -gvH i“i

Fme. accelerating the pace of innovation and discovery across |- 3, ) Uy
grious fields.

‘_2.2 Use of internet for malicious purposes

internet is a potent tool that has both good and bad effects on society. While it makes it easier
sccess information and communicate, it also allows for cybercrime, online harassment, and
spread of illegal content. From cyberterrorism to scams and privacy breaches, the internet
a range of challenges. While steps are taken to fight online crime, users also need to stay
gtand practice online safety to reduce risks.

[ﬁ Cybercrime:

Criminals use the internet for various illegal activities, including
) hacking, identity theft, online fraud, and spreading malware. These
b actions can lead to financial losses, data breaches, and damage to

mdividuals and organizations. g ey
Online Harassment —-I

l'lal'assment and Bullying: : '

s provided by the internet can encourage some
" "'to engage in cyberbullying, harassment and trolling, |
moti onal distress and harm to others. |

Cyberterrorism:

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
‘ fomard'a_ specific agenda by using technology.

Pk
o

o



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.

|
|
I
l
!

Online Scams:

Scammers often use the internet to trick individuals into giving
personal information or money through various fraudulent sche
including phishing (Phishing is a scam that tricks people into
away personal information, like passwords, by pretending ig
someone trustworthy) emails and fake websites(Fake websites;
imitation sites designed to look real but are created to steal

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. )

p O

Cyber Espionage:

Nation-states and other entities may engage in cyber
steal sensitive information, intellectual property, and
secrets.

6.3 The Effects of Threats to Individual Privacy and Secur

Threats to individual privacy and the security of data from spam, spyware, and cookis
significant concerns in the digital age. Each of these threats has distinct lmplicatlmsand an
various risks to users: s -

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 A
deal with spam, you can use spam filters, be carefulwho &
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gare your email with, and tell your email provider about spam. Using temporary email
s for online stuff can also help avoid spam.

-

2 i software that spies on what you do on your device, takes your personal info, and sends
gauthorized people. This invasion of privacy can lead to someone stealing your identity or
g Soyware can also make your device unsafe by letting people access important
mation. It can see what you type, take pictures of your screen, and remember your
ords. TO stay safe from spyware, always update your antivirus and anti-spyware software.
download software from places you do not trust, and be careful with links and files you

.- -
-
. ——
- - » .
.

yuriformaﬁonwiﬂustaskig,vﬁdlismtgoodformpﬁvacy You
mddammwebbmwsersetmgs.Abo unmgonsettmgstoblodc
_ es can help keep privacy safe.
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6.4. 1 Public cloud | . : I\
A public cloud is a type of cloud computing service that provides ‘ a A A
resources and services over the internet to multiple users and | )
organizations. It is called "public" because the cloud f 573
infrastructure is owned and operated by a third-party cloud Fa

service provider and is made available to the general public or a
wi ange of customers. These cloud providers typically have
\ data centers with a multitude ot servers, storage, and
nc vorking equipment that they use to deliver various cloud |
services.

‘, G | 6.4.2 Private cloud .
| o ?;‘ - " A private cloud is a cloud computing environment te
E o4 - % " exclusively used by a single organization or entity, sihy

¥ @ business or government agency. Unlike public clouds, whigy

shared by multiple users and hosted by third-party pfod@]:
Amazon Web Services (AWS) a private cloud is typiallyﬁ
and managed within the organization’s own data centers.

TN

6.4.3 Basics of security and privacy of cloud computing i

Security and privacy are critical aspects of cloud computing. When using cloud services, #

for personal or business purposes, it is essential to understand the basics of how secy
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. Datas#
the cloud should also be encrypted to keep it safe from unauthorized access. Cloud pro*
usually offer encryption options for data that is stored.

(( National Book Foundation
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\ccess Control:

(reate strong access control rules to limit who can use resources in the cloud. Use tools like
gentity and Access Management (IAM) to manage user permissions. Use strong authentication
#chods, like multi-factor authentication (MFA), to improve security when accessing accounts.

pcident Response and Monitoring:

et up tools to watch for any strange or suspicious actions in your cloud system. Create a plan to
‘Q,ickly handle any security problems if they happen.

privacy Policies and Data Handling:

the privacy policies of cloud provider to %
tand how they handle data. Minimize the
ynount of personal or sensitive data stored in the |
doudand only store what is necessary. | y

jetwork Security:

mﬁrewall rules, network segmentation, and Virtual |
vate Cloud (VPC) to secure your cloud resources. |
jeep an eye on network traffic and use tools to detect | e o el PR

frespond to any suspicious activity. Fig.6.14: Network Security

" ‘Hardware and Software Method to Protect Devices

are methods include things like using your fingerprint to unlock your device, or
ology to keep your information safe. It also-means using special walls for your
stop bad things from getting in. Software methods are different; they involve
ograms on your device to stop viruses and other bad stuff. It also means updating your

n to fix any problems and adding extra steps to make sure it is really you logging in.

L —————— o — —— - ———. .



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
av*horized users can access the device.

Secure Boot:
‘cure boot is a hardware-based process that ensures only trusted software is loaded during i,
device startup. It prevents malware from infecting the boot process.

Firewalls:

e T I: « | A firewall is a security system that helps protect computers a

[ ]
. networks from unauthorized access. It acts like a barrier, blnd*

{ N ' unwanted traffic from entering or leaving a network while 2llown
| 0 - ' safe, approved traffic to pass through. Firewalls help keep personalay
! b sensitive information secure by filtering out potential threats, sudy

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 appiiates
~ Updates often include security areas that address weaknessss &
. hackers can exploit. 3

Firewalls (Software):

Use a software firewall, in addition to any hardware firewall, to control the traffic toul: |
device. Configure it to block unauthorized access and outgoing data leaks. E

Password Management:

Use strong, unique passwords for each account and employ a password
manager to store and manage them securely. Two-factor authentication
(2FA) should also be enabled wherever possible.




yvirtual Private Network (VPN):

AVPN 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.

PN @ )
.(@ﬁsyj—» inLh.nd

Fig.6.16: Virtual Private Network (VPN):

pata 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

(ybersecurity refers to the practice of protecting
computer systems, networks, and data from
ynauthorized 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 |
ers. By implementing robust cybersecurity

P measures, individuals, organizations, and

ments can mitigate risks, prevent data breaches, and preserve trust in the digital

6.6.1 Need 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,
| posing significant challenges for privacy and security.

| Without strong cybersecurity measures, personal data
like financial records and medical histories are at risk.

It is being accessed or exploited b'y malicious actors,
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leading to identity theft and other serious consequences. Additionally, cybersecurity is closet, |
linked to data security, which involves safeguarding information from unauthorized access o
alteration. In conclusion, by prioritizing cybersecurity measures, we can protect sensitive das;
and maintain trust in our digital world.

6.6.2 Cybercrimes laws

Cybercrime laws are rules made to stop illegal activities
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,
cyberbullying, online harassment, stealing intellectual |
property, and cyber terrorism. Examples are breaking |
into computer systems, phishing scams, malware = Fig6.19: Cybercr
attacks on websites. ' :

6.6.3 Instances of Cybercrimes

Cybercrimes involve various illegal activities done online. Examples include stealing persona
information like social security or bank details to impersonate someone. Tricking people throsg
emails or fake websites to get sensitive data is another example. Deploying harmful software e
viruses to steal data or disrupt systems is also a cybercrime. Hacking into networks to si=
important information is common. Running scams online to deceive and extort money is anote
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 informationu
government secrets through espionage is another example. Misusing access to systems or datas
also a cybercrime. Exploiting minors through online platforms is a serious cybercrime. Thue
examples show the different types of cybercrimes that exist today.
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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 respensible 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.

B o e mEmasowe  —

Internet Service Providers (ISPs): [ iga ' ' :
Informing ISPs about cybercrimes, especially if the ‘ D O

!

!

incidents involve illegal activities conducted | p¢ spsnsd
' {

|

through their networks or services. ISPs may take | e e
action against malicious users or provide assistance | 0y,

inreporting incidents to relevant authorities.

Financial Institutions:

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 Repomngmfs sz m gy

- i e R . G ! ‘_3‘ ,‘~.
Report cybercrimes using oriline portals set up by‘. B i e
government agencies, law enforcement, or et
cybersecurity organizations. These platforms allow:-
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“ivacy Protection: |

Sacial media platforms collect a lot of personal data, which

alses privacy concerns. Users can protect their privacy by |
adjusting privacy settings. They should be cautious about |
sharing sensitive information. Regularly reviewing online |
profites 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
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.

- —

o

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
selps you resist pressure. Creating supportive groups where everyone feels valued can also
‘educe the negative effects of peer pressure.

6.8 Cyberbullying

' Zyberbullying is when someone uses the internet or " s
Higital devices to hurt, harass, or intimidate others. This |
.:an include mean messages, spreading rumors, or
:;haring private information to embarrass someone. It =
\ -an happen on social media, through text messages, or {*
' n online games. Cyberbullying can make the victim feel
\7ery upset and unsafe.

.1 Impact of Cyberbullying/Harassment

’sychological Effects:

victims often experience anxiety, depression, low self-esteem, and even suicidal thm@rts.m
constant fear and humiliation can have long-lasting psychological consequences. e

Academic and Professional Impact:

Cyoerbullying can make it hard for someone to focus on school or work, caus
petformance to drop. It can also damage their professional reputation and ful
opportunities. | s

__1 (ﬁ National Book Foundation
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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 Fig.6.25: Impact of Cyberbullying/Harassment
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 internet 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
acted upon promptly.
: Social Media Regulation'

Encourage social media platforms to implement stricter policlesaaalnst
cyberbullying and harassment. Platforms should swiftly mw:e w
content andban repeat lawbreakers 1 AN g L3
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9;/ GU

Ltop Bollying

OPBULLYING




» o
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 | ‘
can harm the environment if not safely Z&
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 v
people interact, learn, and work. These technologies make it easier to connect across distance;
share information, and access educational resources. They also help people with disabilites
participate more fully in society. However, they can also lead to less face-to-face communicatin
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 less |
physical activity. Also, technology is always
changing, which can lead to job changes and
challenges in learning new tools.

rF/ Al 3 -
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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.

Fig.6.28: Digital Divide -

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
aut 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 |

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 hrgh speed internet, creating an urban-

rural divide.

Affordability:

Even when infrastructure is available, 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:

1 Some people can use the internet, but they might not see it as important f for their everyday life. i
A Ihis could be because there is not muCh <o itent available in their language or about things tha |
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6. 11 Inequitable Access to Information

When some peope do not have the same
A Cess 1o information or technologies as
others. 1t can really affect their lives
imagine ! you could not find out

nportant things or learn new stuff
because you did not have the same access
to books or the nternet as other pecple, It
might make it harder to do well \n school
or find 2 food jobL. Having failr access to
informa«tion 15 really important for
everyone to have the same opportunities,

- - ’

Case Study

- “‘u’ bl e o

pply Safe & Responsible Use of the Internet
Scenario:

Alr, a Giade 10 student, loves using the internet for study'ng, gaminrg. and soc\alining
fnends. However, he recently noticed that he spends tco much time online, which
studies and sleep. Additionally, he sometimes receives strange friend requests and me:
from unknown people on social media, which makes him feel uncomfortable, He is alsos
if “he websites he visits are safe and if his personal information is secure,

Ali's school has introduced a session on responsible internet use, focusing on the |
balancing online activities, recognizing safe websites, and protecting penunlinfm

Objective:
To help Ali and his classmates “apply safe & responsible use of the internet to prew
addiction, promote information and data security.” Demonstrates how students can 4

safe and responsible internet practices to balance their online activities, avold addy
ensure information and data security.



9 Internet Safety: The practice of using the internet in a secure and responsible manner to._. 1
protect personal information and avoid online threats. :

) Internet Addiction: Compulsive and excessive use of the internet that interferes wlth 3
daily life, relationships, and well-being.

)Cyberbullying: Online harassment or bullying that can cause emotional distress and has
significant negative impacts on individuals.

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 efhails that compromise user privacy and security.

) Spyware: Malicious software that secretly monitors and collects personal information
from users. '

9 Cookies:Small text files stored on a user's device to track online activity, which can raise
privacy concerns. :

) Cloud Computing: Technology that provides access to computing resources and services
over the internet, allowing for scalable and flexible use of IT infrastructure.

P 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.

9 Data Encryption: The process of converting data into a coded format to prevent
unauthorized access.

9§ 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.
Y Antivirus Software: Programs designed to detect, prevent, and remove malware from

Gwces.

S s
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) Technology Addiction: Compulsive and excessive use of digital devices and ptatforms,’f',; X




» Global Divide: The worldwide disparity in access to technology and digital

VPN (Virtu il Private Networ!:) service Lthat encrypts internet connections, en

NEIVACY AT
Pl ai\/

Data Backup: The practice of regularly saving copies of important data to preves

4
i3

due to cyber thicats or hardware failures.

Cybersecurity: The practice of protecting computer systems, networks, and data Q
unauthorized access, cyberattacks, and other malicious activities.

Cybercrime Laws: Rules designed to prevent illegal activities using computers or di
tools, defining cybercrimes and setting punishments for offenders.

Digital Divide: The gap between individuals or communities with access to di
technologies and those without, affecting societal, economic, and polll

!

opportunities 1
Access Divide: The disparity in access to physical infrastructure and affordabil
digital technologies between urban and rural areas and among different income grod

Usage Divide: The gap in digital literacy and relevance of content, impacting indivic
ability to effectively use technology. ]

Participation Divide: The disparity in engagement in online activities,
opportunities, and access to online services due to lack of technology or skills.

-‘i
(

between richer and poorer countries.
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Exercise

elect the best answer for the following Multiple-Choice Questions (MCQs)
. 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

), Spending too much time online be harmful for? _
a) Mental health and productivity b) Physical fitness and diet
¢) Shopping habits d) Travel plans

1 Which of the following is NOT a way to protect personal information online?
a) Using strong passwords b) Being alert for scams

¢) Sharing your passwords with friends . d) Keeping privacy settings updated »
i Technology addiction is well described by

a) Using technology occasionally
b) Excessive use of digital devices
¢) Avoiding all forms of technology
d) Only using technology for work purposes
1 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
Which of the following is a way to reduce technology addiction?
a) Increasing online gaming hours b) Practicing mindful use of technology
¢) Ignoring signs of addiction d) Sharing personal information on“ne
- Select one benefit of using the internet for good purposes?
a) Increasing online fraud b)Access to educational resources
C) Spreading misinformation d) Cyberbullying
—of the following is a positive use of the internet?
a) Cybercrime b) Online harassment
C) Supporting social meeting d) Distributing illegal content
— 1S a way to protect your device from online threats?
a) Avoid using antivirus software b) Ignore software updates
¢) Use biometric authentication d) Share passwords freely

& National Book Foundation @ Unit 61 Impacts of Comput

[ .



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 general public by a third-party provider
c) Aprivate network for personal use
d) Asecure boot process for devices

12. _____isthe primary goal of cybersecurity?

a) Toincrease internet speed b) To protect computer systems and networks
c¢) To develop 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
¢) Developing a new maobile 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 persenal 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?




givelong answers to the following Extended Response Questions (ERQs). :
|, What are the impacts of cyberbullying and online harassment, and what strategies can be
,mplemented to prevent them?

) pescribe the various threats that cybersecurity measures aim to defend against.

3, Explain the role of cybercnme laws in addressing illegal activities conducted through digital '
tools. :

i 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 thlS divide affect
education, employment, healthcare? :

: e 7 TN T : \
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

remforce the principles learned. J
'{{_ﬁ’ Activity-2 e —
q,agk. NI

Preventing Cyberbullying and Harassment

brade 10 students will evaluate the i'mpact of cyberbullying and learn strategies to prevent it.
n groups, they will research the effects of cyberbullying and present their findings. Each
roup will create an anti-cyberbullying campaign poster. The class will discuss effective
>revent|on strategles and d1splay thetr posters around the school to raise awareness, b
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4, ‘Strategies to Prevent Cyberbullymg
% ;Encnurage respectful communication and responsnble online behawor.

QTeach students how to adjust privacy settings, block/report users, and a 0i
- with negatlve comments.

)Dlscuss the lmportance of supportmg peers who may be victims of cyberbullylng :
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ifiz! Learning Outcomes

.?;‘At the end of this unit students will be abte to:
.‘i:ommunicate and ‘publish key ideas and details to a variety of audiences using
& appropriate digital tools and media-rich resources.

e~
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miroduction

Iiteracy 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
‘ate information in a digital environment. It
ers to the ability to effectively use digital
:chnologies 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,
register for a course in some college or university,
book a ticket for movie, make an appointment to
the cardiologist, apply for the visa to travel, we are creating data form.

It is nearly impossible to be digitally illiterate. Digital literacy enables us to access, navi
evaluate and create information in an effective way. There are several methods in which digi
literacy s playing an important role in our daily lives. For example, ifwewanttoseadlfw 1
go0d restaurants around, the easiest and simplest choice is to explore mcdwn \ﬁ vil
wearch through some search engine, or we will check from some food service providers

ENGAGE

7.1 Information Collection

Tmumicate and publish key ideas and details to a variety of audiences, ﬁrstwenéedtni
T onformanon to be communicated. This information can be collected through various
n other words, we must have some inf Ofmahomnhandtocanmumcatelt The role of
acy 15 how beautifully and effects velywecan S

-

ths mformation to our target audience. |
the traditional sources of information and |
rmaton to be communicated.

f DO YOU KNOW? et
Soos was introduced on February 4, 2004. :
Tube  was introduced in 2005. f

Tartter was introduced on March 21, 2006.
-<tagram- was introduced on October 6, 2010. |
the current time as the world has become a global
village, the sources of information seem to be
mited. However, here we will discuss some common

—_——— ¢ National Book Foundation
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sources of information as follows:
pooks: Despite all the modern advaicements in
science and technology, books are still thought to
pe the most reliable and authentic source of
pformation. Even in some fields of life, books are
considered to be more reliable as compared to the
itemet and other web sources e.g. religion and
sistory etc. Therefore, books are the most reliable,
ommon and authentic source of information to be
communicated to the target audience. Whenever
you are supposed to communicate with a huge
audlence, create any digital content or find some
mformation, you can collect information from books related to that topic. For example, you have
anassignment to prepare a presentation on the topic of ( Ji: S8 5 s e 2 ) (Role of Women
nUrdu Literature). -
Toprepare 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
[terature. 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 KNOW? ———
‘ﬁmkﬁnamn: The first viral video on the internet was the "Dancing Baby™ animation, releasedin 1996. |
‘ L?ﬂmﬁve: This term was used in 2001 to describe people who grew up with the internet.

. Web Sources: The internet is the most common
source of information now a days. Suppose you
sant to find some entertainment point for a
person of any age or want to find or confirm
ome information, the internet is the most
tmmonly available source.

 Let’s suppose you want to find information on
ome latest international scholarships for the
Sbject of computer science. The web sources
¥om international universities will be more
ietizble as compared to local websites. To find
Wis information type the search string
Mtemational undergraduate scholarships for
Faistani Students” on the Google home page. You will get many results.

Biore the suggested results and open the webpages displayed as a search result. In the same
%y you can find information on various topics, from the Internet.

iztion3! Book Foundation o ] % X ynjt 7 Digital-Literacy
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Surveys and Google Forms: All the ,
rmation is not always | eee— 1
" | available online. | Customer satisfaction survey o |
mation m L0 DO | mionse ot -2 e iy kg i st vy W oo your s L }
M‘H‘M For example, if you |, _ —" R |
want to know about the POPULATILY OF [ . vusse e e st on sevce o oot ® wamon
success of a new course offeredinyour |{ — B bl
school, you cannot get information from {f ™= ’ & s
ﬂnhteﬁ?&%ﬂleﬂghtpeople avide jij ¥ — 38
you with the desired information are the || - ™ ©
students or teachers who are directly Wt vt L
learning or teaching that course in your Vo vt : =
school. You can conduct a survey to || - s e woonn -
collect that information. There are

various methods to conduct a survey s o
e.gl:
2 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
There are some key differences between survey and Google form.

Survey is used for: Google form is used for:

< Research purposes 2 Data collection on small scale
2 Data collection on a large scale 2 Eventregistration

<) Statistical analysis » Feedback coliection

<» Data analysis _ : 2 Quick polls and quizzes

7.1.1 Components of Digital Literacy

~ There are certain components 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 knowing 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
online tickets with the help of digital payment methods like Easypaisa, Jazzcash, Upayetc. .

2 Example: If you want to find out how to solve a math problem, you can use Google to search for
tutorials or watch a YouTube video explaining the steps.

({ Nat
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Technical Skills: The technical knowledge and skill g, sse d
communicate the information in digital form. The ability to" :

listed as follows
2 The ability to use computer and smartphones.

> The skill to navigate on internet and find relevant Informatlon WMIQ
information and devices safe from cyberattacks. ;

2 The ability to find and install relevant software and moblle applicatlmm or
tasks. e.g. to install zoom, WhatsApp, or MS Teams to communicate Vllth ersor
contacts to share digital information. *

2 Advanced skills inciude use of word processing and presentation softwaro w feve
content. To create vlogs, webpages, digital images and videos for soclal media Iﬂi;
interaction to communicate digital information.

Communication: The objective of digital literacy is to communicate the collected inf rmation t
the target audience effectively. Good communication skills clearly express WM -
opinions. It also includes appropriate online behavior, etiquette, netiquette and other dmtﬂ

communication protocols. Good digital communication skills include: 2 e

» Preparation of digital contents like images, videos R e ,n';"“‘
> Preparation of word processing documents ' i o g %
» Designing good PowerPoint presentations A “ v “f :
> Sending and receiving emails | ‘l :
> Creating google forms, and google sheets for data collection : gt 05 |

All these digital content helps to communicate digital information by using digital devices like
compu'ar, smartphones etc.,

pr—— AT
| Te Literacy |

"{.i’* Y, »

& Digital Content
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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,

2 Editing and sharing google docs, sheets, slides and other real time collaboration platfonns like
Linkedin, 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.

2 Cultural norms should be respected in digital content, ensuring that traditions, custoins, and
practices from different cultures are acknowledged and not misrepresented or disrespected.

< Social norms and values also vary, so content should be shared responsibly, ensuring it does .ot
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.

e D S

Collaet
Information
» Understand
|nf0i mation

- Extract key
Informa‘tion

7.1.2 Key Ideas Extraction

When you are given some data to
display it in digital form you have to
analyze it. All the information
cannot be posted or presented to
the audience. For example, if you
are creating a Facebook post to

Key ldeas
Extraction

invite your friends to your birthday, Evaluate Key

you may have a lot of details to Information §

share. However, it is important to Convert to
Digital Content

focus on highlighting the key |
information from all the details.
This key information varies from
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#ta to data. In this example of a birthday party, the most important or key information Ilﬁ
gte, time and venue of the party. Other minor details might include some theme or costumes o
weather conditions etc. To extract key information from the data following are someam

1. Collect Information

»Begin by gathering relevant information from various sources such as books, u'tldes.
websites, and videos.

) Ensure diversity in your sources to gain a well-rounded understanding of thetopic.

’Tb extract key information from the data, read it carefully to ensure a thorough
understanding.

2. Understand Information
9 Carefully read the collected data to fully comprehend the content.

) After reading the material, critically analyze it to identify any incorrect information orgaps'
that need addressing. -

) Look for any missing information that is necessary for clarity.

3. Extract Key Information

) Focus on identifying the main points that are most relevant to your purpose.
) Determine the objective of sharing this information.

) Consider your audience’s perspective: what important insights or results will they giln from'
the information shared digitally? :

4 Evaluate Key Information

) Assess the relevance and reliability of the extracted key points.
) Ensure the information is accurate and effectively represents the coreideas. % 7
5. Convert to Digital Content i e

) Summarize the key ideas in a clear and concise manner.

) Use graphical representations, such as charts or lnfographlcs to make the content vhnlly

appealing. .
* ) Toconvert the information or idea into graphics, decide onan appropnatetoolfordesimi!- :

) Traditionally, information has been presented using charts and diagrams to convey mm
effectively. However, in the digital realm, there are endless options available. |

) Forexample, you can create a presentation in MS PowerPoint or design a poster in MS Paint. :
) Visualize your design with creativity and critical thinking before starting with any tool: R 3
% 8e prepared to adjust your design due to the limitations of the graphics tool Mm -
the key information remains intact.
) Any changes in design should not affect the effectiveness and meamngfulnesof _'
design. ,

(( wational Book Foundation
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2 This approach enhances engagement and helps convey information more effectively. J

7.1.31deas Presentation by Graphlcs | 4

To convert the information/idea into graphncs the first step is to decide an appropriate tool for, 53¢8
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 i

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. Herewe”
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 modern digital formats like digital image, presentation, or video.

Create Design

Once you have a clear visualization, choose an ap:propriate tool for creating your design. Whether
you opt for MS PowerPoint or MS Paint, ensure that your chosen method aliows you to effectively
convey your message while keeping the key information intact.

Present
Finally, present your design in a way that captures your ai 5> attention. Be prepared to
adjust your design if necessary due to tool limitations. Howe . </, 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.

Evaluate

Collect
Information

e R ‘ Fig.7.8: ideas to Design
7.1.4 Poster Designing

To design an effective poster, certain orinciples should 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
saould be simple and concise as well as attractive to capture the attention of the audience. it
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should be visually appealing. The color scheme
should be accordirg to 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 graphics should have some
palance and alignment in size, colors, and other
aspects.

pifferent design elements, like shapes, text,
graphics should have harmony. They should not give
scattered or disconnected feelings with respect to
various elements. It should be legible and convey
the correct information for which it has been &%
designed. There are several software available to e
design digital graphics contents, like Adobe Photoshop, Adobe Illustrator, Corel Draw and Canva

etc.
7.1.5 Billboard Designing

Like a digital poster, simplicity is a key step in
pillboard 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 3
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 authonties 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 not
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 AQp— -
media for different purposes. For example, ‘ﬁ WYOU W “’""*""’""""\
Dbusinesses are using it to reach their potential blsinformation lt refers to a deliberate (alsé
Customers. The customers are using social media | o misleading information designed/spr ead '-'°
to find M favorite m without leaving & ‘mistead and manipulate the people. ;.-"‘
the comfort of th i wlthout disturbing | icinformation: It refers to an honest mistake | -
& &k | spread by someone in ignorance. There isno
*muwmﬂuammmunicatlon tool - hidden objective behind this Wfﬁﬂ!
with ease, but there are certain limitations. As i '“f°"“at‘°“
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. Therefore, 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
platform is open for all the users across the world. People BTN
or users can upload their personal or professional viden o
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 pla:form is cirectively used for learning
and entertainment purposes. To upload your video content on YcuTube, 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 (i05), or visiting www.youtube.com on your browser (Chrome, Safari, Firefox etc.).
2. 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 haveit.

4, Set your profile picture by clicking on the profile picture option or you can skip this step by
clicking “Not Now” option.

L

T AP

5. On the top nght 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 channe! handle is the string which

you can directly type in the browser address to see the public contents uploaded on your
channel.

;’( Hational Book Foundation




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.

yote: The interfaces of all web platforms keep on changing and updating from time to time and
jomdevice to device. Asequence of steps is shown graphically in the following figures 1 through 6.
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Facebook

the steps to create a Facebook account:

e —— B e

facebook

Lmrq-—m_—nrn“-—-— B

3. Fill out your personal details like your name,
email/phone number, password, date of
birth, and gender.

4. Click “Sign Up” option and follow the on-
screen instructions.

5.To _ven‘fy your account, enter the code sent to
your email or phone number.

Your Facebook account is created. You can use
uploading your desired contents on your social
media profile.

To create a Facebook page to use the marketplace,
the following are the steps:

1. Log in to Facebook using your newly created 38

or existing account.

(( National Book Foundation @ 2

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. Various i
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 , facebOOk
* Facebook page. Gorhpanies can advertise by using reels, postersand ot "::'-‘j,_:;}f?"
video messages. There is a section of marketplace on Facebook. You can buy or’ sell ﬁew’br i
products on this marketplace. It is also used to announce various events as well. The following are

L i o s
. around you on Facebook. .

1. Open Facebook by downloading the app from the Google Play Store (Android), App Store
(10S), or visiting www.facebook.com on your browser.

2. Click on “Create NewAccount”: Asign-up form w1ll appear

ey

|
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Create a New Account
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ey or anal
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2. Go to “Pages” from the left menu (on desktop) or in the menu bar (on mobile).
3. Clickon “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.
yur Facebook page is now hve You can start posting content to engage with your audience.

e e —
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This social media platform is used to share photos, videos, reels and r
fories. It is used to stay connected with friends and family |
members. It is used for community building as well. People with ;
smilar interests can create community and communicate with each |
ather. It is a place to share your daily highlights and thoughts. |
mstagram is a hub for influencer marketing and sponsored content. g
% heavily relies on hashtags for discovery and categorization |
nformation. The following are the steps to create an Instagram !

"W"‘"ﬁ

1, Open Instagram by downloading the app from the Google Play Store (Android), App Store
(105), or visiting www. instagram.com on your browser.

L Click or tap on “Sign Up.”

3. Enter your details:

National Book Foundation @ Unit 7: Digital Literacy
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i. Email Address or Phone Number: Provide a valid email -4
Sl Instognom,
i, Full Name: Enter your name,
: Sign up to see photos and videos
iii. Username: Choose a unique username. . from your friends.
iv. Password: Create a strong password.
4. Follow the on-screen instructions to complete the o
regismuon process. Mobile Numbar of Emall
5. Add a profile picture by uploading an image or you can Full Name
skip this step for later. ;

Usemama

6. Fill in optional details like information about your |
work/page or website link if you have your personal '
business website.

By signing up, you agree to our

7. Clickor tap on “Done” to finish setting up your account. | Yorme , Duts Pefioy and OSstisS

Paneword

Your Instagram account is now created. You can start sharing |
content to connect with others.

Podcast

It is a series of audio or video files that are released on a regular
schedule. The frequency of podcast can be weekly or monthly.
Podcasts vary in length and frequency. The interested audience
can subscribe 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. Itis used for R .

showing interviews of celebrities online. Podcasts are usually live streamed; however, these can
be downloaded as well. Sometimes the download feature is subject to the subscription as well.
For example, if you want to create a podcast about the Quaid's day celebration held in your school
on 25th December, you can follow the steps:

1. Decide the focus of your podcast, such as the highlights of the Quaid's Day celebration at
your school, and plan what you'll talk about. :

2. Write a simple script, starting with an introduction, talking about the event, and ending
- withaconclusion.

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, of
interviews from teachers or students.

5. Edit your podcast using available video editing tools like CapCut/InShotAudacity/Anchor to
trim, add music, or enhance the audio.

6. Give your podcast a title, such as “Quaid's Day Celebration at Govt School Lahore”. The

SR T
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- X(Twitter)

. |t is a social media platform used for sharing short text TWITTER
messages called tweets. The name twitter was changed to X
inJuly 2023. It is well known for its real-time update nature.
" Users share news, opinions and events more frequently as
compared to other social media platforms. The short
" message known as tweets are limited to 280 characters.
OLD NEW

|

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.
8. Share the link with ciassmates, teachers, and family to reach your audience.

Users can mention other users’' profile in their
messages/tweets. It offers live streaming feature through
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 (i0S), 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.

iii. Set your Date of Birth and click or tap “Next.”

4, Follow the on-screen instructions and review the |
suggested settings. ' Create your account
5. Create a strong password for your account.

Name
6. Verify your account by entering the code sent to |
your email or phone number. e
7. Customize your profile:
i Use emall nstead
i. Profile Picture: Upload an image. | Dataofbirth
23 . - s . ’ Thes will not be shown pudlicly. Canflem your own age, even if this
ii. Bio: Write a short description about yourself, | coustsioansines apet ccsomenog soe
iii. Header Image: Add a background photo | ™ v |1 i

(optional).

8. Click or tap on “Done” to complete the setup.

four X account is created. You can share your thoughts |

i b tweeting and engaging with otherson the platform.

{{ National Book Foundation
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> 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.

¥ Information Collection: We need to collect information to be communicated. Thi§
information can be collected through various sources like books, websites, and surveys.

» Books: Despite all the modern advancements in science and technology, books are still
* thought to be the most reliable and authentic source of information.

’WMSources The internet is the most common source of information now a days.
; 2fore, data can be collected from various websites

> 'm)rs 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 online to collect information or design a form in
some document editor and distribute its printout to collect the information. {

o Digital Search/Information 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, netiquette 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.

2 Key Ideas Extraction: It is the most important information to be extracted from the
available information and convert or present it into digital content.

\\ 2 Poster Designing: It should be visually appealmg The color scheme should be accordmg ti

-
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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 graphics should have
some balance and alignment in size, colors, and other aspects.

2 Billboard Designing: Simplicity is a key step in billboard designing as well. The billboards
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 Social 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 regularly. The

. most common usage of social media is audio and video calls and other necessary
f communication. :

2 YouTube: It is a social media platform commonly used for reels and video sharing. It is also
used for live streaming. This platform is open for all the users across the world. People or?_
users can upload their personal or professional video content. f

2 Facebook: It 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. In the
Facebook marketplace you can buy or sell new or used products on this marketplace. It is |
also used to announce various events as well.

2 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. Instagram is ai
hub for influencer marketing and sponsored content. It heavily relies on hashtags for§.
discovery and categorization information.

2 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.

> 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 in
their messages/tweets. It is a popular platform for news, discussions, and debates. Many
Celebn’ties and influencers use X to connect with their fans. j
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Exercise
Q1. Selec;thebestanswer for the following MCQs.

1. Which term is used for the ability to effectively use digital technologies to access informatior
evaluate it and convert it into meaningful and appealing format?

\Literacy b) Digital Literacy ¢) Social Media d) Information
~ What is the best way to collect information about a topic you are interested in?
a)Askyourfriend b) Read arandom book '
- €) Searchonline and ask experts d) Guess the information

3. What is the benefit of using Google forms for information collection?
) Co{led small amount of data b) Quickly analyze and summarize data
¢) Get historical data d) Visualize data
- 4. What is the most important step to convert information into graphics?
a) Deade the purpose of graphics tool b) Select the right tool
| c) Check the local laws ; c) 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
6. What is the primary benefit of using podcast as a learning tool?
a)To brovide 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?
) To present their own opinion
b) To facilitate discussion and guide the conversation
c) Tocriticize the guest speaker
d) To praise the guest speaker
8. Which is the most common usage of social media besides audio and video calls?
a) Education b) Sharing necessary updates

c) Translation d) Web Surfing

( National Book Foundation Unit 7; Dlgl'.al Literacy
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3 »9 ‘Which social media platform is mostly used for educational tutorials skill teaching, and
- entertainment video contents? S

E a)\buTube b) Facebook ) Instagram d) Podcast
5‘10 Which social media platform is mostly used for news, discussion and opmions?

3 a) Facebook b) YouTube ¢) X (Twitter) d) Instagram

F Q2. Write answers of the following short response questions.

1. Differentiate between basic literacy and digital literacy.

! 1. Suggest strategies for integrating digital literacy into computer graphics.

Pf 3. Describe the role of books in verifying information for academic purposes.

4, Discuss the relationship between communication, collaboration, and digital literacy.

5,00 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.
1. Differentiate between poster designing and billboard designing.

k 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 and its purpose.

4 Jllustrate the use of images and graphics in billboard design.

5, Discuss the impact of social media on contemporary communication, referencing YouTube an
* WhatsApp as examples.

t
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tivity 1: Billboard Design Challenge: b D

Objective: To create a visually appealing billboard design for a popular brand. i

Steps: A

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.

2 Supervise them to collect necessary information about the design, company profile,
product features for which they are going to design a billboard.

2 Provide them with certain standard steps to follow at your convenience, so that all
the students can follow the same pattern.

2 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, Illustrator, 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

Uesigning. They will learn the utilization of this topic in their daily life. J

T ——- 25—

7 Activity 2: Social media post for a popular brand: - \
B R ke

Objective: To help students understand the significance of social media posts.

Steps:

2 Divide the class into groups of 3 to 4 students each.

2 Ask them to choose a topic of their choice from some popular fields of life around
you, like bakery, super store, poultry form/shop, pizza shop, stationary shop etc.

2 The students will collect data about their specific topic, for example the student
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.

9 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
athome.

) Ask students to share this post as class project, on their Facebook profile. They will
share the link with the teacher.

3 The students will collect the response 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.
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ActMty 3: Create a new prod;kt for a pe popular bfind-nnd o e
£ the company management using a mnwm' create .
. post, and a short advertisement video:

BRI AR L N oy WA ARV M "‘"\K‘.QAWW#_";WQ}*' A g

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.

2 Ask the student to brainstorm ideas for new products that align with the brand they
chose.

2 They will create a rough design of their idea with the help of paper and pencil.

2 At next step they will write detailed description of the product from dimension to
detailed working/usage

2 Ask them to create a presentation and present in the class.

D 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

\:nd boos their confidence for their future activities related to job/business.
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Introduction

tis research? :
search is a systematic process of inquiry aimed at discovering, interpreting, or revising facts,
\ , or applications. It involves identifying a specific question or problem, gathering data or
tion, analyzing that data, and drawing conclusions based on the findings. Research can be
"Pmcted in various fields, including science, social science, humanities, and more

; 8.1 Qualitative vs. Quantitative Research | Differences,
: Examples & Methods

collecting and analyzing data, quantitative research deals with numbers and statistics,
qualitative research deals with words and meanings. Both are important for gaining
t kinds of knowledge.

‘ .
mnntltatwe research

’Quantitatlve 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.

bCunmon quantitative methods include experiments, observations recorded as numbers, and
. surveys with closed-ended questions.

PQuantitative research is at risk for research biases including information bias, omitted
- variable bias, sampling bias, or selection bias.

o e < ——
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@,litatwe research

ative research is expressed in words. It is used to understand concepts thoughts or
 Xperiences. This type of research enab'=s you to gather in-depth insights on topics that are
- Motwell understood.

ommon qualitative methods include interviews with open-ended questions, observations
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described inwords and literature reviews that explore concepts and theories

_ sl el

8.2 The differences between quantltatwe and quahtatwe
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. I

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 quantitative. For example, in surveys,
observational studies or case studies, your data can be renresented 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). f

However, some methods are more commonly used in one type or the other. i
Quantitative data collection methods :

2 Surveys: List of closed or multiple choice questions that is distributed to a sample (online, in
person, or over the phone).

< Experiments: Situation in which different types of variables are controlled and manipulated to
establish cause-and-effect relationships.

< Observations: Observing subjects in a natural environment where variables can’t be
controlled.

& National Book Foundation
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qualitative data collection methods
b4 Interviews: Asking open-ended questions verbally to respondents.

) Focus groups: Discussion among a group of people 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.

m’: ~ Fig.8.4: Quantitative data collection methods
When to use qualitative vs. quantitative research

Arule of thumb for deciding whether to use qualitative or quantitative data is:
) Use quantitative research if you want to confirm or test something (a theory or hypothesis)

PUse qualitative research if you want to understand something (concepts, thoughts,
experiences)

for most research topics you can choose a qualitative, quantitative or mixed methods approach.

‘hich type you choose depends on, among other things, whether you’re taking an inductive vs.

kductive research approach; your research question(s); whether you’re doing experimental,

orelational, or descriptive research; and practical considerations such as time, money,
wailability of data, and access to respondents.

lesearch question How satisfied are students with their studies?
Nantitative research approach

lu survey 300 students at your university
ind ask them questions such as: “on a

kale from 1-5, how satisfied are you with
four professors?”

I can perform statistical analysis on the
Bta and draw conclusions such as: “on

Werage students rated their professors
147

({ National Book Foundation
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You conduct in-depth interviews with 15 students
~ and ask them open-ended questions such as:

“How satisfied are you with your studies?”, “What G %

is the most positive aspect of your study 3 g g :

program?” and “What can be done to improve the iw.. D

study program?” o -
1lllllI|II

Based on the answers you get you can ask follow- '
up questions to clarify things. You transcribe all =

interviews using transcription softwareand tryto =~

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.

AP —

Quantitative .
Research

How to analyze quahtathe and .quan‘utaf ive data

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 questrons 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:
> mscoreﬂmeans)

> The mmberof ﬂmes a particular answer was given

> mcorrelation or causation between two or more variables

2 ‘The reliability and validity of the results
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ing qualitative data
live data is more difficult to analyze than quantitative data. It consists of text, images or
s instead of numbers.

'common approaches to analyzing qualitative data include:

alitative content analysis: Tracking the occurrence, position and meaning of words or

' atic analysis: Closely examining the data to identify the main themes and patterns
course analysis: Studying how communication works in social contexts

do | decide which method to use?
esearch methods you use depend on the type of data you need to answer your research

0| ‘.want to measure something or test a hypothesis, use quantitative methods. If ydu want
ore ideas, thoughts and meanings, use qualitative methods.

Unit 8: Entrepreneurship in |



3 7 pou want to analyze a large amount of readily available data, use secondary data |1 yOUW
Sata weciic to your purposes with control aver how it s generated, collect primary (uu’,;

B ¥ you want 1o establish cause and effect relationships between variables, use e
methods. ¥ you want to understand the characteristics of research subject, use ¢

3 Questionnaire Design | Methods, Question Types ,;,.
Examples '

-
-

4 guestionnaire 15 a list of questions or items used to gather data from respondents ab o {:
stmudes, experiences, or opinions, Questionnaires can be used to collect quantiutm
aualitative information.

Questionnaires are commonly used in market research as well as in the social and health scier
For example, a company may ask for feedback about a recent customer service exg
peychology researchers may Investigate health risk perceptions using questionnaires,

Ber

1»‘»1 e xad = ;;~

__M.Mo' Questionnaire Duim
Questionnaires vs, Surveys

' "‘ &

Asurvey s a research method where you collect and analyze data from a group of people.

A questionnaire is a specific tool or instrument for .
collecting the data,

Designing a questionnaire means creating valid and |
reliable questions that address your research | "dus questions
objectives, placing them in a useful order, and
selecting an appropriate method for administration.

But designing a questionnaire is only one component | ansyzes responses
of survey research. Survey research also involves
defining the population you're interested in, | Yovdeswents

choosing an appropriate sampling method,

sdministering questionnaires, data cleansing and | goupof people
analysis, and interpretation, w ;

_@ | l‘y‘lliludﬂ(.““.‘.

o|le|e|e|o
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NN\WN\OHM\! in survey reseaich because you'll often alm to generalize your results to the
o0, Gather data from a sample that represents the range of views in the population for
W\\y valld results, There will always be some differences between the population and the
DUt minimizing these will help you avold several types of research bias, including
N‘me. ascertainment bias, and undercoverage bias,

pﬂtlom\alre methods

pestionnaires can be self-administered or researcher-administered, Self-administered
pthl\ﬂlil'el are more common because they are easy to implement and inexpensive, but
madmimstefed questionnaires allow deeper insights,

dadministered questionnalies

dfadministered questionnaires can be delivered
dine o In paper-and-pen formats, in person or
yough mall, All questions are standardized so that
| respondents receive the same questions with
potical wording,

df-administered questionnaires can be:
cost-effective

gasy to administer for small and large groups
anonymous and suitable for sensitive topics
selt-paced

i they may also be:

unsuitable for people with Limited literacy or verbal skills

susceptible to a nonresponse bias (most people invited may not complete the questionnaire)
Nllod towards people who volunteer because impersonal survey requests often go ignored.

dministered questionnaires

Qr-ldmlnlstered questionnalres are
Ws that take place by phone, in-person, or
bety researchers and respondents.

dministered questionnaires can:

|
_ I
you ensure the respondents arel
esentative of your target audience

il(ow clarifications of ambiguous or unclear
uestions and answers

\ response rates because it's harder to S8
interview when personal attention s S8
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QU RN QA QU Nt Ity Yo respontey, While openended questions enal -
AR O e, U T e o hataive these considerations with your available t
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RN SN ey
Jlsatendind o restRted ook, Questions offer respondents a fixed set of chok os
PR URsaanded questions are best for collecting data on categorical or quian
ey

RPN variadies can de nominal or ordinal, Quantitative variables can be interval
Undersianding the tybe of variable and level of measurement means you can perform appit

SLALRION nayses Y enevalizable results.

P

Closed
Questions

™
Sestie Ny

Wchad-endedmnsﬁons for different variables

Nominal variables include categories that can't be ranked, such as race or ethnicn
wm«mamies

: westlms,you'llgiverespondentsonlytwooptionstochoosef 0
MWMBmm’!
a) White b)African ¢)American d) Asian
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pyou satisfied with the current work-from-home policies?
yes b) No Activity 1

dinal varfables include categories that can be |
asider how wide or narrow a range

yllinclude in your response items, and their relev

gr respondents.
M: Ordinal varfablesWhat {s your age?
15 b) 36-60 €)61-75

d) 76 or older
scale questions collect ordinal data using rating scales with 5 or 7 points,

ample: Likert-type questionsHow satisfied or dissatisfied are you with your online shopping
e today?

vy dissatisfied
at satisfied

anked, Discuss In Class different

types of variables which we
ance to | deal inour daily life,

b) Somewhat dissatisfied
d) Very satisfied

n you have four or more Likert- ‘type questions, you can treat the composite data as
tive data on an interval scale. Intelligence tests, psychological scales, and personality
tories use multiple Likert-type questions to collect interval data.

hmd cons of closed-ended questions

Jl-designed closed-ended questions are easy to understand and can be answered quickly.
wever, you might still miss important answers that are relevant to respondents. An incomplete
Lof response items may force some respondents to pick the closest alternative to their true
swer. These types of questions may also miss out on valuable detail,

solve these problems, you can make questions partially closed-ended, and include an open-
ded option where respondents can fill in their own answer. v

-ended questions

-ended, or long-form, questions allow respondents to give answers in their own words.
there are no restrictions on their choices, respondents can answer in ways that
garchers may not have otherwise considered. For example, respondents may want to answer
Jltiracial” for the question on race rather than selecting from a restricted list.

: Open-ended questions

E’How do you feel about open science?

» How would you describe your personality?

" In your opinion, what is the biggest obstacle for productivity in remote work?

en-ended questions have a few disadvantages.

. requlre more time and effort from respondents, which may deter them from completing !

»

| Book Foundation Unit 8: Entrepreneurship in Digital Age
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¢yousatisfied with the current work-from-home policies? P

s b) No l,»—~-~- '\Activity1

dinal variables include categories that can be ranked. ' Discuss in Class different
i

gsider how wide or narrow a range " types of variables which we
y'llinclude in your response items, and their relevance to | dealin our daily life.
yrrespondents., S—

pmple: Ordinal variablesWhat is your age?
||6-35 b) 36-60 c)61-75 d) 76 or older
prt scale questions collect ordinal data using rating scales with 5 or 7 points.

pmple: Likert-type questionsHow satisfied or dissatisfied are you with your online shopping

perience today?
\ery dissatisfied b) Somewhat dissatisfied
somewhat satisfied d) Very satisfied

pen you have four or more Likert-type ‘questions, you can treat the composite data as
gntitative data on an interval scale. Intelligence tests, psychological scales, and personahty
jentories use multiple Likert-type questions to collect interval data.

tos and cons of closed-ended questions

kll-designed closed-ended questions are easy to understand and can be answered quickly.
gwever, you might still miss important answers that are relevant to respondents. An incomplete
% of response items may force some respondents to pick the closest alternative to their true
swer. These types of questions may also miss out on valuable detail.

)solve these problems, you can make questions partially closed-ended, and include an open-
rded option where respondents can fill in their own answer. v

pen-ended questions

pen-ended, or long-form, questions allow respondents to give answers in their own words.
gcause there are no restrictions on their choices, respondents can answer in ways that
searchers may not have otherwise considered. For example, respondents may want to answer
nultiracial” for the question on race rather than selecting from a restricted list.

ample: Open-ended questions
2 How do you feel about open science?
2 How would you describe your personality? |
»» In your opinion, what is the biggest obstacle for productivity in remote work?
pen-ended questions have a few disadvantages.

hey require more time and effort from respondents, which may deter them from completing the
pestionnaire.
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For researchers, understanding and summarizing responses to these questions can take a lotg
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

@ Qpen the conversat iom: ® Coseor Umitithe scope
gots propie tafking of the conversation

¢ Uncover unexpactnad’ ® Uncover detsllsor
stones and insghts provide clarification:

o Fadlitate exploration ® Support quantification:
of atogc of responses.

@ Used hexwily i intorviews. ® Usedheavily insurveys and
and quatitative asaty ity tests. quantitativaresearch

© Fig.ts: Openen

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 i 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 questionnaire =
topics and language and tailor your questions to them. ‘
For readability and clarity, avoid jargon or overly complex language. Don’t use double negativ s
because they can be harder to understand.

Use balanced framing

Respondents often answer in different ways depending on the question framing. Positive frame '
are interpreted as more neutral than negative frames and may encourage more socially desirable
answers.

Example: Positive vs negatweframes :

Use a mix of both positive and negative frames to avoid research bias, and ensure that you
question wording is balanced wherever possible.
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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.

pxample: Unbalanced vs balanced frames

A _ Unbalanced Balanced
Doyoufavor...? Do you favor or oppose...?
Doyou agree that...? Do you agree or disagree 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.

fxample: Leading questions
2 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?

arket validation is the process of
det ining if there's a need for your
'puﬁbctin your target market. Validating |
your business idea can enable you to |
reasonably predict whether people will ’
buy your product or service, and whether
rbusiness will be profitable. |

|t's important to validate your idea early ‘
Fln the entrepreneurial process to ensure !
nou don’t waste time and resources |
creating a product that isn’t a good fit. |
Securing market validation can also instill |
onfidence among investors, ;'-‘f"..fj oAy
.‘rcrowdfunders. and banks that are :
=E'considc;-.ring 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 earns you your first paying customers.
Here are five steps to determine the market validity of your venture.
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§ Staps To Detarmine Market Validatior

-

L Write Down Goals . ASSumpions. and HMyvDothesss

Writing down the goals of your husmess & the first puers -
step m market vatidation. The processof armciaomg (LR EEREESSS0T01 40
VOUT VISIOn Can fllummate any assumphtions vou have b . ;

owide an and goal e F 4 'y / ’ "

o | TARGET
D What's the value of my product? 5 .

> Who's the target auchence, and what assumphions
have | made about them?

.)Wtdiﬁermnatesmvproduttﬁmemnng- R —

> What hypotheses do | have about my proguct, pnong, and dusmess model”

Answenring these guestions can halp you commumcate the value and diferentatmeg Tace
vour product, and illuminate assumptions and hypotheses you've made thatl ars val 1o e 125 S
and venfied. :

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 S0, 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 EEE—_—.
factors against the larger market. For Casper,
these differentiating factors included its online
business model, 100-day return window, and the wiscoelastic foam materal us=d m =
mattresses.

Based on statistics for the mattress market at the time—including umits soid par ysar, 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 targst,
and determined they could own 2 few percentage points of the total mattress markst share.
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j,Research Search Volume of Related Terms

mther way to gauge the market validity of your
psiness idea is to research the monthly search
wlume of terms related to your product or mission.
hen consumers need a product or service, they
often use a search engine to see what the market
pastooffer.
", there’s not a lot of search volume surrounding
product, use terms that express customer
M‘t For instance, if you design a mattress made

fom @ new, extra supportive material, you could
Jokup how many people search for “best mattress for lower back pain sufferers.

Fig.8.20: Research Search Volume of Related Terms

type of search volume for a longer, specific query isn’t negligible. In fact, it can be used to
yolster your hypothesis that there’s a need for your product.

' Conduct Customer Validation Interviews

ing interviews with your target market
t can be an effective way to learn about
product’s potential. This initiative might
hiring a market research company to
anduct focus groups, sending out an online survey,
| y requesting a conversation with someone.

potennal customers about their motivations,
erences, needs, and the products they .
: use. Circle back to the list you created in i
first step of the market validation process, and ~ Fig:8.21: Conduct Customer Validation Interviews

E ‘any assumptions or hypotheses you made as questions to your interviewees. Be open to the
Mad(you receive and record it for future use.

feedback may reflect that your product doesn’t have strong market validity, in which case,
can use it to improve your offering and repeat the market validation process.

3. Test Your Product or Service

you've determined there’s space for your |
in the market, ensure you're putting the |

st useful, intuitive version of it into the world. |
W can achieve this through alpha and beta '

.
.
1
|

Mpha testing is when internal employees test a |
product in a staged setting. The purpose of |
dlpha testing is to eliminate any bugs, issues, or

Unit 8: Entrepreneurship in Digital Age
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idiosyncrasies in the product before it's available to outside users.

D Beta testing is when a product is tested by a limited group of real, external users whe
specifically told to identify problems. In the case of a software or app, beta testing migh
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 val"

there's 2 nead in the market, but your product is faulty, complex, or difficult to use,

may opt for a competitor’s offering. Thefeed)ackyougetfrombetatesterscanhelpyw
leverage and meet customer needs.

8.5 How to Use Research to Create Customer Profiles .'f'
Businesses often use a combination of :
guantitative and qualitative research,
such 25 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 . ~ Fig.8.23: Research to Create Customer Profiles
points is indispensable in meeting their needs. Deﬁmngyour ldealcmtmnerentallsgathenng
analyzing data about your customers’ characteristics, behaviors, attributes, and needs. 1,.
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 e

individuals later. . Fig8.24: Customer Products/Services Used

Demographics

Your customers’ demographics are an essential piece of your customer profile, include yo
customer’s career, industry, location, and gender identity.




~ for Example, if i run a music backline rental company, and my customers range from High Schools
10 Weddings to Touring Bands. I've found that outlining the demographics of each customer
segment helps me better anticipate their needs.

GENDER ' AGE
TYYYYYS
MARphRA
EYrYY Y

MARITAL STATUS
'Y
24% 63%
t B
?

Y- - -

' 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 product or service adds value for your customers and describe it in this
 section. The best way to answer this question is to ask your custemer base. Compile and compare
their answers and add a summary here.

:{f‘»‘é,,l ~ Fig.8.2s: Dermgraphis Chart

Ml

- Customer Profiling Benefits

-~ (reating 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.

lhlps all departments become more efficient.

he benefits of customer profiling are impactful across your entire company. Each department in
our company will use your customer profiles differently, but they will improve the bottom line.

’l\irketing: Understanding the client is vital to creating engaging advertisements or emails for
- potential prospects and current clients. Marketers use customer profiles to customize
- Mmessaging to most effectively speak to customer needs.

@ Unit 8: Entrepreneurshig.in Digital Age )> :
¥
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2 Sales: With a customer profile in hand, your sales
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
necessary information your customer service
team will need to assist clients in need. It can act
as a record of queries, complaints, and previously
tried solutions. This will help save time for your
customer service team and keep everyone involved from becoming frustrated.

9

Fig.8.26: Customer Profil

It allows you to identify better-fit prospects.

By knowing who benefits from your products the most, your organization can find better prospe "
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)

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.

&

Fig. B .28 It
You can predict issues before they arise, provide — ===
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practical self-help resources, and better align with their needs if they reach out to your service
team.
Rt 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 f@*-‘:“ A
can attract and serve customers who actually want to use
your product or service — reducing customer churnin both A -
E the short and long term. e~ T R
Now that you know the benefits of customer profiling, = waeis >
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.

I Demographics include the following traits (and more):
D Age.

> Sex.

2 Jobtitle.

2 Income.

B D

Fig.8.29: It reduces customer churm

e s Ao g

Liada g

i

2 Education level.

2 Family status.

L‘ For example, my music backline rental business is technically B2B, and my customer
demographics 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 people 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.

< National Book Foundation @ Unit 8: Entrepreneurship in Digital Age />
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£.6 Business Pitching: Identifying Problems and Creating
Solutions |

introduction:

In wiays (e paced and competitive Dusness environment, the ability 1o effectively pitd
busieess ez s oozl Wiether you are 20 ZEpeng entiepreneyr Seeing investment o
professional zeming Lo present 2 project o stakeholders, mastering the ant of the pitch
essentizd. Thes document otlines 2 standard for students 1o learn how 1o identify problems
crezte ad prevent busioess wlistions, focusing on understanding the components of 2 succe
business pitoh 20d devator pitch, and distinguishing between 2 business plan and 2
Cocixment.,
For examgle, Hello, f'm Omaima, the founder of FinGrow, 2 startup dedicated 10 enhar
finareial Weracy theough engaging seminars and webinars.” This sets the stage and gives 2 Quic



f

i-'ﬂght into who you are and what your business is about, establishing a connection with your
* qudience from the outset.

T g g

FIg.&BO: Identif}lng Problems and Creating Solutions
Components of a Successful Business Pitch:

‘Asuccessful business pitch conveys the value of your idea clearly and concisely, capturing the
Eiterest of mvestors or stakeholders. Key components include:
¥

B A ; ,
5 - Fig.8.31: Components of a Successful Business Pitch
b ) Problem Statement: Clearly define the problem your business aims to solve. This helps your

~ audience understand the relevance of your business.

) Solution: Describe your product or service and how it solves the problem. This is your chance
 toshowcase your innovation.

‘_erl(et Opportunity Explain the market size and potential for growth. This shows investors

) llsinas Model: Explain how your business will make money. Describe how your business
- makes money. This is crucial for demonstrating sustainability.

»

Unit 8: Entrepreneurship in Digital Age
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2 Marketing Strategy: Outline how you plan to attract and retain customers. This shows
approach to growth.

< Competitive Analysis: Identify your competitors and explain what makes your bu
unique. This highlights your competitive advantage.

< Financial Projections: Provide an overview of your expected revenue, expenses,
profitability. This gives a financial forecast.

2 Team: Introduce key team members and their qualifications. This builds credibility and t

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

managing their finances?” A compelling hook immediately engages your

audience and sets the tone for the rest of your pitch, making themwantto |
hear more.

2 Hook: Start with an attention-grabbing statement or question to pique | @

TIOM 2 Brief Introduction: Introduce yourself and your business in a concis '_
_ R . manner. This quick introduction provides context and lets your audienc

know who you are and what you represent without taking too much ti

2 Unique Selling Proposition: Highlight what makes your business unique " Mo Frorasss
compared to others. For example, "Unlike other financial education 4
programs, we provide interactive, live sessions with personalized & - )*-
coaching.” Emphasizing your unique selling points helps differentiate your |
business and make it memorable. 3

2 Call to Action: End with a clear request or next step to guide ' L
audience. For example, "We're looking for partners to help us expand o
reach. Can we schedule a meeting to discuss this further?” A direct call’ t
action provides a clear path forward, making it easier for vour aud:enca C
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, the
serve different purposes: ’

Business Plan: A comprehensive document that details the business strategy, market anal i

financial projections, and operational plan. It is typically lengthy and used for internal plann
and detailed investor reviews.

Pitch Document: A concise presentation, often in slide format, designed to quickly convey tl

, » ) 3 -
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,"m aspects of the business to potential investors or stakeholders. It is shorter, more visual, and
- focuses on high-impact information.
st ‘
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tive Communication Skills to Articulate a Business ldea

Clarity: Communicate your ideas clearly and concisely to avoid misunderstandings. This is
?\ especially important when discussing complex topics, as it makes your ideas accessible to
~everyone.

LpConﬂdence: 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.

E

 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

vely.

lling: Use storytelling to make your pitch more relatable and memorable. Stories are a
o ul way to illustrate your points and make your message more engaging and impactful.
?ﬁ!t‘encc Between a Business Plan and a Pitch Document

-‘ pose: 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
se and persuasive presentation designed to attract interest and secure a meeting or

: Business plans are typically 20-40 pages long, with detailed sections on various
A of the business. Pitch documents, on the other hand, are usually 10-15 slides or 2-3
 pages, focusing on the most critical points.,



—

) Detail: Business plans include detailed market research, financial projections, |
comprehensive strategies. Pitch documents provide a high-level overview, emphasizin
unique value proposition and key financial metrics. '

® Audience: Business plans are intended for investors, lenders, and internal stakeholders
need an in-depth understanding of the business. Pitch documents are targeted at poten
investors, partners, or customers who need a quick and compelling introduction :
business.
9 Format: Business plans are written documents with detailed sections, charts, and appendie
Pitch documents are visual presentations with slides that highlight key points and data. ‘

§ Focus: Business plans cover the business's long-term vision, operational plans, and fi AN«
details. Pitch documents focus on the problem, solution, market opportunity, and the
(e.g., investment or partnership).
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| s S STNY ’ Case Study |

Startup Journey: Turning a Hobby into a Business

k‘”sha. a young and enterprising individual, has successfully transformed her passion for
;’bddng 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:

.:SodaIMediaMastery:
consistently shared visually appealing posts. of her baked goods on Instagram and
' , using relevant hashtags to reach a wider audience. Ayesha ran contests and

:;Iveaways to encourage user engagement and generate buzz. She collaborated with local
t.:wd bloggers and influencers to promote her products to their followers.

f-commerce Platform:

t a created an online store to sell her products directly to customers, offering a 1‘
nient shopping experience. She integrated secure payment gateways to facilitate }
online transactions. She partnered with a reliable delivery service to ensure timely delivery p
orders. '

ng: |
optimized her website and social media content with relevant keywords to improve |

t,seardi engine visibility. She started a blog to share baking tips, recipes, and behind-the-
?messtories , attracting organic traffic, '

Ayesha’s commitment to sustainability has further enhanced her brand image:
)

w)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. i
Ayesha implemented strategies to minimize food waste, including composting and

""‘-‘dmating excess products to local charities. '

Despite her success, Ayesha faced challenges:

iThe bakery-industry is competitive, but Ayesha differentiated herself by offering unique
K flavors and personalized services.

She ensured consistent quality while scaling the business required careful planmng and
~eﬂkient operations.

Nesha learned to prioritize tasks, delegate responsibilities, and maintain a healthy work-

ftifebalance. J
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2 Research: A systematic process to discover, interpret, or revise facts. It includ Qg
identifying a problem, gathering data, analyzing it, and drawing conclusions. 4

2 Qualitative Research: Research expressed in words to understand concepts @
experiences. Uses interviews, observations, and literature reviews.

2 Quantitative Research: Research based on numbers, using statistical analysis. Methg ~
include surveys, experiments, and observations.

2 Data Collection Methods: Various methods, such as surveys and interviews, collect da a
as numbers (quantitative) or words (qualitative).

2 Closed-Ended Questions: Questions offering fixed responses, useful for collect
categorical or numerical data. 4
2 Open-Ended Questions: Questions allowing broader answers, useful for understandi
opinions but requiring more effort to analyze. :
2 Analyzing Quantitative Data: Uses statistical tools to find patterns and report, resul S
with graphs or tables. ;

2 Analyzing Qualitative Data: Involves identifying themes in text or visual data. Methoc s s
include content or discourse analysis.

2 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 proble ;"7-
solution, market, and financial model. |

2 Effective Communication Skills: Clarity, active listening, and positive body langua
are essential for delivering a successful business pitch.

2 Research bias: Systematic errors that can distort findings, such as information bias,
sampling bias, or omitted variable bias.

2 Survey: A research tool involving questions distributed to a sample to colle
quantitative or qualitative data. :

2 Sampling bias: Atype of bias where the sample does not represent the population bei y
studied.

2 Ethnography: A qualltative research method where researchers immerse themselves in
a community to observe behaviors and culture. ; -

2 Open-ended questions: Questions that allow respondents to provide detaile {3
unrestricted answers. 2

2 Closed-ended questions: Questions that offer a fixed set of responses for participan 'S

it T oo i— v T —
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9 Likert scale: A survey tool where participants rate their level of agreement or
satisfaction on a scale.
> Market validation: The process of evaluating a product’s feasibility and demand in the
target market.
)ﬂomlnal variable: A categorical variable without a specific order, such as ethnicity or
gender.
: 2 Ordinal variable: A categorical variable with a clear order, like rankings (e.g., “satisfied”
to “dissatisfied").
- ) Quantitative analysis: Analyzing numerical data to identify patterns, correlations, or
causations.

)Qulllutivo content analysis: A method to identify themes or patterns in textual or
- visual data.
- Discourse analysis: Study of communication within social contexts to understand
~ meanings and relationships.
~ ) Customer profiling: Analyzing customer characteristics such as demographics, |
. behavior, and preferences to understand their needs better.
_ 9 Business pitch: A concise presentation that outlines a business idea, problem, solution,
- and market opportunity.

~ 9 Financial projections: Estimated future financial performance, such as revenue or
profit, used to assess business viability.

3 Active listening: The practice of attentively listening to others to understand and
respond effectively.

- —————————— - T — =

ybody language: Non-verbal communication through gestures, posture, and expressions
. toconvey confidence and clarity.
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Q1. Select the best answer for the following MCQs.
1. What is the primary goal of quantitative research?
o understand concepts and experiences
1) 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

¢) Numerical values d) Visual images

6. What is a common problem with self-administered questionnaires?

a) High cost b) High response rates c) Nonresponsebias  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

c¢) Balanced framing d) Avoiding jargon

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

c) 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




& Which step in market validation Involves estimating the potential market size and share for
Lo product?

aConducting customer validation Interviews
bl Writing down goals, assumptions, and hypotheses
¢) Testing your product or service
diAssessing market size and share
What type of data Is useful for researching the search volume of related terms?
3] Qualitative feedback from interviews
. b) Secondary data from market reports
~¢)Monthly search volume data from search engines
d)Customer demographic data
¥ What information is typically Included in a customer profile?
“a) Financial statements of the business
'b) Demographics, behaviors, and pain points of customers
¢ Market trends and competitive analysis
d) Internal company processes
f\ﬂut is one benefit of creating customer profiles?
' Reduces the need for market research b) Decreases customer acquisition costs
-. t) Eliminates the need for customer service d) Increases product complexity
_'r What Is the primary purpose of a business pitch? '
‘ 3 To provide a comprehensive analysis of the business strategy.
llﬂb persuade Investors or stakeholders of the business's potential and value.

Todetall the day-to-day operations of the business.

z’I "lb outline the long-term financlal projections and market analysis.

= ;' ich component of a business pitch addresses how your business will make money?
Pmblem Statement b) Solution

€)Business Model d) Market Opportunity

Elr
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14.in an elevator pitch, what is the primary purpose of the “hook™?
&) To introduce the team members.
b) To provide detailed financial projections.
‘Tograb the audience's 2ttention and spark interest.

L Toexplain the competitive analysis.
; 5. What is the main difference between a business plan and a pitch document?

—E T T T e

T

2) Abusiness plan is more concise and visually appealing than a pitch document.
b) Apitch document includes detailed market research and financial projections.

¢) A business plan is used for intemnal planning and detailed investor reviews, while a pitd
document is designed for a quick, compelling introduction.
d) Abusiness plan is shorter and less detailed than a pitch document.
16. Which of the following is NOT a2 key component of a successful elevator pitch?
2j Unigue Selling Proposition
b) Detailed Financial Projections
¢) Brief introduction
d) Call toAction
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
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9. What role does “Active Listening” play in pitching a business idea?
~ 2 ithelps to provide detailed financial data.
bl it allows for better adaptation based on audience feedback.

.‘ g} it focuses on presenting a detailed operational plan.

{ d) it ensures that the pitch remains under 10 minutes.
[nmch of the following is an example of a call to action in an elevator pitch?
a) "Our team has extensive experience in finance.”
b) “We project a reverue of $500,000 in the first year.”
¢) “Can we schedule a meeting to discuss potential investment opportunities?”
t‘

d) “Our solution is unique compared to others. ”

Write answers of the following short response questions.

1. Explain how a mixed-methods approach combines qualitative and quantitative research.,

List two potential biases in quantitative research and briefly describe their impact.

dldentify the main difference between open-ended and closed-ended questions in a
~ Questionnaire?

Describe one advantage and one disadvantage of researcher-administered questionnaires.
E&plaln why alpha and beta testing are important in the product validation process.

& How can customer validation interviews contribute to market validation?

;1.\\ht role do customer profiles play in marketing strategies?

Llnbcuss how customer profiling can reduce customer churn.
¥

?q:.wme answers of the following extended response questions.

/What is research? Discuss the differences between quantitative and qualitative research.
What is market validation. Discuss how market validation is determined.

m how customer profiles are created.

Hhat is business pitching. Discuss the components of a successful business pitch.

the difference between a business plan and a pitch document.
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~ Instructions:

. engagement.

- Objective: To develop a concise and engaging elevator pitch.
- Instructions:
- Scenario: Imagine you have 60 seconds in an elevator with a potential investor. Write 2

- Peer Review: Share your pitch with a classmate or group for feedback on its effectiveness and

" Instructions:

N - —— - - - — - .
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Activity 3

Do research for your target market? For products similar to yours, research sales data, t e
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 oﬁ

your business could own. y

Activity 4: Pitch Practice Session

Objective: To practice delivering a business pitch effectively.

‘4

Preparation: Choose a business idea or use a provided scenario. Prepare a pitch using the
components discussed (Problem Statement, Solution, Market Opportunity, etc.). o
Delivery: Deliver your pitch to a group of peers or mentors. Focus on clarity, confidence, '_, |

Feedback: After the pitch, receive feedback from your audience on what worked well 2
what could be improved.
Revision: Revise your pitch based on the feedback and practice delivering it again.

" Activity 5: Elevator Pitch Writing - —

—_—_——

< 8

elevator pitch that includes a hook, brief introduction, unique selling proposition, and call »3;\
action. ;; .

clarnity.
Reﬁnement Refine your pltch based on feedback and practice delivenng it.
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Activnty 6 ComparativeAnalysis pemie g = -

PSR, N

Objective: To understand the differences between a business plan and a pitch document.

Research: Find examples of both a business plan and a pitch document online.

Comparison: 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.

L el . W D s a—  t  ———
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- | ActMty 7: Competitive Analysis Exercise
i pbjective: To identify and analyze competitors and define a unique selling proposition.
4 jstructions:
Research: |dentify at least three competitors in a chosen industry or field.
Analysis: Analyze their strengths, weaknesses, and market positioning.
: W Selling Proposition: Define what makes your business different and better than these
mpehtm
presentation: Create a brief report or presentation summarizing your competitive analysis
and umique selling proposition.

' Activity 8: Financial Projection Workshop
Dbjective: To create basic financial projections for a business.
Instructions:
Scenario: Use a fictional business scenario or a real business idea you are familiar with.
on: Develop basic financial projections including expected revenue, expenses, and
profitability for the first year. :
‘ : Compare your projections with classmates or a mentor to evaluate their realism and

— s . <t R — SE— e il 2 e e
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A Actlvity‘) Storytelling Practice y—
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- ach

-{t bjective: To use storytelling to make a pitch more engaging.

et

Inst. ons.

. }
1 HSC | Story: Choose a personal story related to your business idea or a success story from '
1 ion: Integrate this story into your pitch to illustrate a key point or emotional

10N,

resentation: Share your pitch with the integrated story and receive feedback on how it !
pacted the overall message.

1 TG — o By i T S i
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Activity 10: Problem Identification Brainstorming Session

| 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 |
problems. 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 |
~ why. Encourage students to think about potential business solutions for these problems.

Y Activity 11: Create a Business Pitch -

- 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 tools (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.

(( National Book Foundation @

Unit 8: Entrepreneurship in Digital Age )

- s —— s ——_—— .~ G r——

!

!

OSSN, [FWESE TS L L U laaed L e S




(—@  Activity 12: Elevator Pitch Challenge

| 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. |

1. 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 on 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 partlclpation
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ASCIl Non-Printing Control Codes Chart

'~‘=«v 0’1

u'Lﬁm

[oecimal] Hex | Oct | Abbr. | Descrption | [Decimal] Hex | Oct | Abbe | Description

0 0 000 NUL null 16 10 020 DLE data link escape
1 1 001 SOH  startof heading 17 11 021 DC1  device controi 1
122 2 002 STX  stantoftext 18 12 022 DC2  device control 2
3 3 003 ETX  endoftext 19 12 023 DC3  device control 3
ie 4 004 EOT  endoftransmission 20 14 024 DC4  device control 4
Bs § 005 ENQ  inquiry 21 15 025 MAK  negative acknowdedge

6 6 008 ACK  acknovwiedge 22 16 025 SYN synchronous idle
7 7 007 BEL  belt 23 17 027 ETB  endc!transmission
-8 3 010 BS backspace 24 18 030 CAN cancel
L9 9 011 TAB honontal tab 25 19 031 EM end of medium
= 10 A 012 LF (ine feednew hne 28 14 032 SuB substitute

1 B 013 VT verucal tab 27 18 033 ESC escape

12 C 014 FF form feed new page 28 102038 2FS file se arator

13 D 018 CR carriage retum 29 1D 035 5SS group separator
ST E 016 SO shift out 30 1€ 03% RS record separator
1515 F 017 I shift in 3%, . 3P 037 1US unit separator
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BMoecimat | Character | |Decimat| Character | |Decimal/Character| |Decimai [ Character
€ 160 192 A 24 A&
61 193 A 25 @&
, 162 ¢ 194 A 26 &
f 163 £ 195 A 21 &
3 164 & 196 A 228 &
165 ¥ 197 A 229 &
1 166 | 198 & 230 &
b4 167 § 199 € 231 ¢
% 168 200 E 232 @& _
11 %o 169 © 201 E 233 @ *;
S 170 . 202 E 234 @& ‘
9« 171 € 203 E 235 @
w & 472 5= 204 | 2384+ .4
R R205 L Lo stk Y
7 174 ® 206 | 238: 5 1 1
1185~ 20 1 < | H
% 208 D 240 O :
209 N 241 R
20 O 242 t
211 O 243 O :
22 - 250) 244 O
@ O . Maus o6 L)
214 O 248 0
215 X 247 + :
26 @ 28 @ :
217 U 249 U ;
218 U 250 0
219 U 1251 0 ‘
20 U 252 @ :
20§ 1! 1263 - -y :
22 b 254 b 3
223 B oG | i




2 B .
mf AUNe '_,5')
ASCH Printing Charactars Chart

[(somarex T 0t Khaacter] Jrrcme Wan | Oct_[charactor| [oacimai] viex | OciKrioraciedl
. space o0 @ W e b
™ 21 04 |

! e 41 101 A 91 61 141 e
W 22 042 " ) 2 102 B 98 62 142 b
4% 2 0 # W67 4 (103 C 99 63  14) ¢
33 u4 044 8 60 44 104 D 100 64 144 d
}s.iar 2 045 % 60 45 105 E 101 65 146 o
38 26 046 8 70 46 1108 F 102 66 146 f
RY ot o7 71 41 (107 G 103 67 U7 g
40 28 050 W72 48 110 H 104 68 150
R4l 29 051 ) 7S 49 111 ) 105 69 161 |
2. A o082 * M A 2 106 €A 152 |
1) 28 083 |+ % 48 113 K 107 68 153 K
B4 12 084 |, 76 4C 14 L 108 6C 154 |
B4 12D 085 . 77 4D 115 M 109 60 155 m
46 & 056 |, 78 4E 116 N 1110 6E 156 n
Y X 087 | N7 4 117 O |11 6F 157 o
48 30 060 0 B0 5 120 P 12 70 160 p
49 131 061 1 81 81 121 O M3 71 181 q
50 32 o062 2 We2 62 12 R 114 72 162 't
st (33 ‘o83 (3 23 8 N S 115 73 163 s
52 M 064 4 84 64 124 T 116 74 184 ¢
53 3% 085 |5 .8 56 125 U M7 15 185 u
§54 36 066 (6 86 56 126 V 15 76 166 v
gss 37 o067 7 Y 67 121 W 119 7T 167 w
%66 38 o070 8 e 58 130 X 120 78 170 x
Moy » o1 o 89 59 1 Y 21 719 M y
MEe A 072 | Moo SA 132 2 122 {TA 112 2
6y 8 o ~ CTI - T & < T i3 8 113 |
%60 3 074 (< 92 5 1M\ 124 |7 174 |
B61 3D 05 = M93 50 (135 ] 125 D 175 )
62 1€ 076 |> 94  5E 136 A 126 (TE 178 '~
63 F om 2 W oF iy 0 Bar CiF i loeL
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768
769
170°
o p by
1727
7737
1747
1757
7767
7 b
778!
7797
7807
181:
7827
7837
7847
1857
786"
787!
788"
789:°
790
791;,
192:
793:
794,

795:-

796;
797:
798:
799
800:,
801:
802:

1024: E
1025:
1026:
1027:
1028:
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1030:
1031:
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1038:
1039:
1040:
1041.:
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1054:
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1058: T
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Policies and mechanisms that restnct access to resources based on user
Access Control | roles and permissions.

‘ A well-defined, step-by-step procedure or set of rules for solving a specific
Algonthm problem or performing a task.

Sinary 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 |

o v e
iy o b i O O

~Surn Prediction | Services 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,
1500 computing | arworking and application software over the cloud (Internet).
I The use of digital devices involves networking and collaboration with
Colaboralion srher people across distances.
| A selection of items from a set where the order of selection does not
<omonation matter.
_ e it 1s a specialized branch of Al that teaches computers to draw meaningful
Computsr vision | requits from digital images, videos and other visuals. 'j
Computing In computer science is one that is solved step-by-step through ‘
sroblem computation. i
C xnputationa! A way of solving problems by using ideas from computer science.
Thinking
L= Small text files stored on a user’s device to track online activity, which can
~ooKies raise privacy concerns.
! |The practice of protecting computer systems, networks, and data from
C /z ersecunty | unauthorized access, cyberattacks, and other malicious activities. ;7
|A digital (or virtual) currency that facilitates direct payment without the ‘

- Crprocurrency |nyolvement of intermediaries such as bank.

g Online harassment or bullying that can cause emotional distress and has
Cyberbullying | gjonificant negative impacts on individuals.

Database | A collection of related data stored in the form of tables.




e ey~ e

Clean |8 abaut ﬁ\m; the data to n\\ke sure ity mach for amlms
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&cwmn Tho process of converting deta into a coded fmmt m pn-\vent
lm.\uthon'ved access.

pa Modeling u\ structure that reptmnt_s_the data and how d'ifhenenﬂt m&s relate to_
¥ - ' each other.

IIDEsprowdetnolsforﬁndm;andﬁ\mgbugsbysteppungthrmuhmde
hetal literacy | It is the ability to create mfonnatm in a digital emnronment

—

It is the ability to collect, understand and evaluate information from
Varous sources.

An infrastructure that consists of network of servers that provides
connectivity between multiple devices and facilitates man to machine and
machine to machine interaction.

A branch of Artificial Intelligence which gives computers the ability to
understand text and spoken words the same way humans do.

An arrangement of all the members of a set into a specific sequence or
order.

It is a series of audio or video files that are released on a regular
schedule.

' A combination of artificial intelligence and engineering which involves
designing, creation and operation of automated machine programmed to
perform tasks like humans.

The process of finding a particular item within a set.
The process of arranging items in a specific order.

Unwanted and often maticious emails that compromise user privacy and
security.

Malicious software that secretly monitors and collects personal
information from users.

A service that encrypts internet connections, enhancing privacy and
security.
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