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PREFACE

This Textbook has been developed by NBF according to the National Curriculum ol
Pakistan 2022- 2023. The aim of this textbook is to enhance learning abilities through
inculcation of logical thinking in learners, and to develop higher order thinking
processes by systematically building upon the foundation of learning from the previous
grades. A key emphasis of the present textbook is on creating real life linkages of the
concepts and methods introduced. This approach was devised with the intent of
enabling students to solve daily life problems as they go up the learning curve and for
them to fully grasp the conceptual basis that will be built upon in subsequent grades.
After amalgamation of the efforts of experts and experienced authors, this book was
reviewed and finalized after extensive reviews by professional educationists. Efforts
were made to make the contents student friendly and to develop the concepts in
interesting ways.

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

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



UTILITY OR PRACTICAL APPLICATIONS OF THE SUBJECT

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

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

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

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

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

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

Domain F: Impacts of Computing underfine the wide range of technological aspects on our life. The use of
technology and intemet aligns with our present life style and comes up with risks associated like breaching of
personal information, This unit provides the policy guidelines and good praclices that are to be followed while
using modem gadgets and how one can secure himself online keeping up wilh Ihe moral values associated with
our society.

Finally, Domain H: Entrepreneurship in the Digital Age guides students o the path of 'learning and eaming'
through skills using digital devices. With problem solving aplitude and skills like web development, keeping in
view the current applications of computars and their impacts around us; Students can vigiantly come up with
newer solutions and products, Thus, the need arises of creating and managing a firm as per industrial standards
which can acquire clients' demands and provide services.
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Computer Systems

, Learning O

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

2 understand and describe number systems and encoding schemes for data
representation in computer systems.

2 explain how system software controls the flow of information between hardware
components used for input, output, storage, and processing.

2 identify and learn common software tools such as translators, integrated
development environments, online and offline computing platforms, code
repositories, etc.




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 fs 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 0s or 1s,

Binary Representation:
At the machine level, all data is represented using § fj ﬂ 1' D J_I D l; _J'J LU

binary digits. A binary digit, or a bit, can have one of | ;
,010100012010.

two states: 0 or 1, These bits are the fundamental
units of information in a computer. For example:

2> The decimal number 5 is represented in JRSAN} [] )/ [ .L JJ ll D D D 1’ [
binary as 101. :

2 The ASCIl character ‘A’ is represented as )/ L DDG .L U ll D D D .11 E
ot 101000070101

2D Acolorin an image might be represented as a
combination of binary values for red, green,
and blue components.

Data Types:

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

Integers: Integers are represented using a fixed number of bits, with the most significant bit
(leftmost bit) indicating the sign (positive or negative). For example, an B8-bit integer can
represent values from -128 to 127 (signed) or 0 to 255 (unsigned).

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

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




1.2 Numbering Systems

Number System:

A number system is a way of writing and showing numbers. It uses specific digits or symbols to
represent numbers. It helps us organize and understand numbers within a certain group. Number
systems 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)

»» Binary number system (Base- 2)

¥» Octal number system (Base-8)

»>» Hexadecimal number system (Base- 16)

Number Systems

!

Decimal I Binary Octal Hexadecimal
Numbers | Numbers Numbers Numbers
_l____. e A_I_ i
- .
Base 10 Base 2 Base 8 Base 16
[ (0-9) {on - (0-9.AF)

L

i AP —— - 5 o= -

Decimal Number System

The decimal (also called Denary) number system is composed of the 10 symbols: 0,1, 2, 3,4, 5, 6,
7,8 and 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:




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 is ¢
represented. The decimal point separates the positive powers of 10 from the negative powers.

(8745.215)30 = $x10° + 7x10? + 4x10" + 5x10° + 210! + 1x10? + 5x107
=8000+700+40+5+0.2+0.01+0.005
=8745.215

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

(1011.101); = 1x23 + 0x2? + 12! + 127 + 2! + 22 + 123
=8+0+2+1+05+0+0.125
= (11.625)10

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

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

(672),=6x82 + 7xB" + 2x8°% = 384+ 56 + 1 = (442),,
Another example:

(25.6), = 2x8" + 5x87 + 6x8-' =16 + 5+ 0.75 = (21.75),,



Hexadecimal Number System

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

- T A ——— ":.d_ "."_-'.I'.' ‘_'[ ._]'_-_._"r-- - —
H:n:hdrml|u|1|1‘1|4|5|5!1|a‘g;n_n;cTn“!r
| Decimal in‘:ﬁzisi;ispiﬁ'-? aiaimin‘uila! Llﬁ
= . _l l ! : 1 = ==

A hexadecimal number can be converted to its decimal equivalent by using the fact that each
digit position has a weight that is power of 16. The LSD has a weight of 16° = 1 the next higher digit
has a weight of 16" = 16, the next higher digit has a weight of 162 =256, and so on.

The conversion process is shown below.

(BAF]1 = Bx16” + 10x16* + 15x16° = 768 + 160 + 13
= (8dd)se

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

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

i. Conversion from Binary to Decimal

Examplel (10111} ta | 7 bia

(10111); = (1x2%+(0x2Y)+(1x27)+(1x2) 4 (1x29)
. 16+0+4+2+1

- (28}

e - - = S—

Example2: (100101 1011); to | } Jio

(100201.1011); - (122%+ (0x2%+ (0x2%) + (1x27) « (Ox2Y)
(1% 2%« [1x2% +{0x 2%) +{1 x %) +{1 x 27)

[ 3240+044+04+14(1/2)+(0)+(1/8)+
(1/16)

= 37 + (11/16)
. 37 + 0.6875




i. Cﬂnversim_r from Octal to Decimal

r' (437)a = (4xB%)+(IxB)+({7TxBY)
.= (4x64)+(InB)+(7x1)
: = 256 +24+7
» (287)10

e ey e s m T m— o ————————

ifi. Conversion from ﬁexadecimal to Decimal

Example: (1BEB), to |

(1BE8)1s = (1x16% + (B x 16%) + (E x 16Y) + (8 x 16%)
= (1x16% + (11 x 16%) + (14 x 16%) + (8 x 169)
= (1 % 4096) + (11 x 256) + (14 x 16) + (8 x 1)
= 4096 + 2816+ 224 + 8
= (7144)0

/-@ Activity-1 } W

a. Convert the following Binary numbers to Dacimal
i. 11100011 ii. 101010101  iii. 11001.1001 iv. 10001.111
b. Convert the following Octal numbers to Decimal
i. 3452 ii. 1256 iil. 7454 iv. 2743
e. Convert the following Hexadecimal numbers to Decimal

l. ABOIF  ii.FE1628 iii. 9€170 iv. 8D00A =
o J/

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

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

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

> 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.

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




i. From Decimal to Binary

Converting the Integer Part:

2 Divide the integer part by 2.

2 Record the remainder (O or 1).

2 Update the integer part to the quotient.

< Repeat steps 1-3 until the integer part is 0.

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

2 Multiply the decimal part by 2.

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

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

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

Exsmplal [179.257)}wta| 7 I

$tepl: Comverting Integer part 179 to binsry el Comviriing bricthons] part 0157 to insry
Bdmaay
2 _| 179 | Remainder 0257x2 = |D0.514
2| & 1 ¢ 0514x2 = [1.028
2| M 1 0.028x 2 = 0.056
2 | L] 0.056x 1 = 0.112
2 | 1 o 0.112x2 = 0.224
1| 3 1 0224x2 = 0. 448
2| 2 1 0448x2 = 0.89
1 0 089%x2 = [1.7T92
(179)50 = (10110011} (0-257)m ® (0.0100002):
So, (179.257) = (10110011 0100001);

Evamplei (179257 o te [

StepL: Comverting integer part 179 1o binary Fiepl: Comyerting Fractionsl part 8.137 to binary
d Bonary

2 | 179 | Remsindar 0257x2 = |0.514
2 | B 11 D514x2 = 1.028
1] % 1 0.018x2 = 0.056
2 i 0 0.056x 2 - 0.112
2 | 1 o D.112x2 . 0.224
1| 5 ¥ 0.224x2 . 0.448
2| 2 1 D448 x 2 = 0.89%

1 0 0.896x 2 = l1.m
[179}s0 = (10110011), (0.257)he = (0.0100001)

S0, (179.257)e = (10110011 0100001)s




ii. From Decimal to Octal

Example1: (165)wto| 7? Example 2: [331)iato| [

(163)10 = (243)s (831)10 = (513);

fii. From Decimal to Hexadecimal

Example 1 (739)nte | T Jas Example 2: [365)10 to | '3

(788)10 = (2E8)ss (8301)40 = (DAD)2

/-@ Activity-2 ) N

a. Convert the following Decimal numbers to Binary

I. 786.343 |i. 943,093 lil. 6300.586 hv. 4732.7834
b. Convert the following Decimal numbers to Octal

i. 739 i, 1236 i, 9434 Iv. 2743
e. Convert the fellowing Decimal to Haxadecimal numbers

I 7802 . 4923 lil. 3678 iv. 6401
= J

Conversion from Octal to Binary and vice versa

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

7

I 7 i 1

| |
' | 0!/ 011 | 100 | 101 | 110/ 111
Wnary | 000 oox Toto[ ot | ll

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

— KT O IS



i. From Octal to Binary
7 3 1] 1

ey

111 011 000 001

(7301} = (111011000001}

ii. From Binary to Octal

Legmple (1100110000101, 1o | ' ]

¢ Take group of 3 binarkes from the right side.

l/lflml

® arvy one o0 two bits are left alone, add reros 1o the left 1o maka them group
of &
001 100 111 000 101

*  Corvert wach binary group to Its equivalent Octal digh.
0ol 180 111 o000 101

RN

1 &4 7 @ 3

(1100112000101}, = {14703}y

\
r—@mw-a } ~
a. Convert the following Octal numbers to Binary

i. 785 Il. 1430 lil. 63005 iv. 4282

b. Convert the following Binary numbers to Oectal
I. 10011110 ji. 11000010110 ili. 1000001101 iv. 1110001001101010
v,

.
Conversion from Hexadecimal to Binary and vice versa
The conversion from Hexadecimal to Binary and vice versa is performed by converting each octal




3 0011

4 0100

5 0101

6 0110

7 0111

8 ! 1000

9 1001
A(10) ; 1010
B(11) N 1011
B cl12) ! 1100
D(13) | iio1
E(14) 1110
F(15) 1111

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

i. From Hexadecimal to Binary

Example: [DT3A1)s 1o |

I.i: lr i :[ﬂ !1

1101 o111 0011 1010 OO001
{o72A1)s ve (11010111001110100001):

ii. From Binary to Hexadecimal

lesmple (LIOOII1O01DO130104): ta |

* Take group of 4 binaries from the right side.
1100100110101
—

weni ke Sess b

* I any one or two or thres bits are leflt alone, add seros (o the left (o make
tham group of 4,

ooLL ool1 1001 ©011 o101
s  Convert ssch binary group o s squivalent Hessdecimal digit.

TTTT

-

Y o (16) . itcomsm > B




1
Activity-4 ) i = e i

. AFT&S ii. DL4CO iii. B30OE v, CAZF2

| b. Conwvert the following Binary numbers 1o Hexadecimal
L 1001100001000110 il 11011100010110 . 10001100001101

b, 111000100000110101110

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

Method 1: '

2 Convert Octal to Decimal number

2 Then convert the decimal number to Hexadecimal
Method 2:

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

Example (6457« ta |

Method1: (6457, = (337S) [ Method i aready Explained) |
(3375} = (D2F)is { Mathod s alre ady Explaned| I
So, (6457}, to [D2F)y
Method 2: (6457}, = (110100101111), ({Method s already Explained)
(110100101111), = (D2F)y [ Method is already Explained)
So, (6457)s to (D2F)wu
ii, From Hexadecimal to Octal

Method 1:

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

2 Convert Hexadecimal to Binary number

2 Then convert the binary number to Octal

i

(41117 { Method Is already Explained)
(120235), { Method i already Explained)

Method::  [AQ9D),
(21117}
S0, (A0S0}, to (120235),

Method 2: (A090),, = (1010000010011 101), { Mathod s already Explained)
{1010000010011101), = (120235}, { Method & already Explained)
S0, (A0S0}, to [120235)s




a. Convert the following Hexadecimal numbers to Octal
. AF&3 il. D1CO iil. B30E v. C2F2

3

b. Convert tha following Octal numbers to Haxadecimal
I 768 ii. 1430 iil, 63008 Iv. 4232

1.2.3 Binary Arithmetic

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

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

Binary Addition:

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

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

Examplel: 10010 + 111

Example2: 11101010 + 10011011

D@  (Carry) Q0 Q@
10010 —— 1 8(Decimal) 11101010
+ 111 —— + 7(Decimal) +10011011
11001 ——— 25 I 110000101
HINT!

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

Binary Subtraction:

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

2 Borrowing is used when subtracting a larger number from a smaller one,




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

Some Examples of Binary Subtraction:

s (102 11110
b1 (Borrow) | o w¥o 10
10110 " el (ol e
i01 ” - 101111
!l
10001 I[ 10010110
Activity-6 ) SR
e
f@ J a. Perform the following Binary Additions
I. 11100001 + 10110001 i, 10100111 + 11110101
il 11111101 + 18110111 v, 10101011 + 10110001
b. Perform the following Binary Subtractions
I. 11100001 - 1011001 il 16100111 + 1000101
{il. 11111101 - 101101 v. 10101011 + 10111
'\ J

1.2.4 Overflow and Underflow

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

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

Example: 8-bit Unsigned Integer Overflow

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




FETT T

Since an B-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:

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

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

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

Complements:

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

1's Complements

. Examplel: 1's | t of binary number 01101
The binary numbers can be easily converted s bt | >
into the 1's complement with the help of a

simple technique. According to this g;;g; :r::!bu]
algorithm, if we toggle or invert all bits of a Complement)

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

that binary number. That means we have to 00011101 )
transform 1 bit into the 0 bit and 0 bit into 11100010 (1's Complement)
the 1 bit in the 1's complement.

2's Complements

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

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

Examplel: 2's complement of binary number 01010001 Example: 2's complement of binary number 10101110

01010001 (Number) 10101110 [Number)
10101 110 (1's Complemant) 01010001 [1's Complament)
. 1 [Adding 1) + 1 [Adding 1)
10101111 [2's Complament) 01010010 (2's Complement)
Sa the 2's Complement of 01010001 Is 10101111 50 the 2's Complement of 10101110 s 01010010
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a. Convert the following Binary numbers to their 1's Complement forms.
. 00111001 ii. 11001100 iii, 11100011 iv. 01010101

b. Convert the following Binary numbers to their 2's Complement forms.
_ 101111001 ii. 10001101  ii. 11101011 iv. 01011101

.

Binary Subtraction using 1's Complement

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

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

Examplel: Subtract 100110 from 111000 using 1's complement
2 Convert the subtrahend to the 1's - plemen

complement. ®*  Number of bits are the same.
111000 (Minuend)
> Add_the 1's complement of the 100110 (Subtrahend)

subtrahend with the minuend.

D If the result has a carry, thenadd | * Convertthe subtrahend to the 1's complement.

that carry in the least significant

: ¢ Add the 1's complement of the subtrahend with the minuend.
bit. 111000
2 If there is no carry, then take the + 011001
1's complement of the resultant 1=010001
to find the answer. In this case the e, oy hﬂ"::'d' WG ¥ iy L8 0 S et
answer will be negative(-ve). s 1
[E"TI You can verify your answer 010010
by doing simple subtraction. e 5o the final answer is 010010
11100011 (Minuend)
10101001 (Subtrahend)
* Convert the subtrahend to the 1's complement.
01010110
e Add the 1's complement of the subtrahend with the minuend.
11100011
+ 01010110
1-001110011
® Carry is generated, add it to the LSB of the result
00011001
+ 1
00111010
® So the final answer Is 00111010




Binary Subtraction using 2's Complement

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

zeros(0s) to left side. Example: Subtract 100110 from 111000 uiing 2's Comp
P Convert the subtrahend tothe 2s | + Number of bits are the sam.
complement. m :m-hﬂ
D Add the 2's complement of the
subtrahend with the minuend. ¥ c"mu':l;:i”“h'"d Yothe 2y comploment,
2 If the result has a carry, ignore it * :-
and take the remaining part as 011010
answer. *  Add the 2's complemant of the subtrahend with the minuend.
2 If there is no carry, then take the " m
2's complement of the resultant 1-010010
to find the answer, In this case the *  Ignore the Carry and take 010010 2s the answes
answer will be negative (-ve). 1 Sothe final answer Is 010010
Activity-8 }_ Y
a. Convert the following Binary numbers to their 1's Complemaent forms. PRACTICE TIME!
l. 00111001 fi. 11001100  il. 11100011 v. 01010101

Subtract 10101001 from
11100011 using 1's

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

L i 01111001 il. 10001101  fii. 11101011 iv. 01011101 J

1.2.6 Signed and Unsigned Numbers Representation

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

Unsigned Numbers Representation:

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

Example: Represent decimal number 105 in unsigned binary number.

Simply convert 105 into Binary number.

105=(01101001),

‘Signed Numbers Representation:

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




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

Two's Complement Representation:

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

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

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

Examplel Represent -12 in a computer using B-bit 2's complement
= Convert13 to binary: 13 in 8-bit binary form is 00001101
o Ierwert all the bits: 111100101
s Add 1 keget 2's complement: 1111001041=11110011
% S0, -13 lsrepresented as 11110011 using 2's Comple ment

Examplel Represent -55 in a computer using 8-bit 2's camplement

s  Convert 55 bo binary: 55 In 8-bit blnary form s 00110111
s lavert all the bits: 11001000
s Add1 to get s complement: 110010004 1=11001001

S0, -55is represented as 11001001 using2's Complement

Activity-9 )

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

i.-90 i, -122 iif. -150 iv. -200 v. -240
Floating-point Numbers Representation:

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

Representation of Floating Point Numbers:

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

Components of a Floating Point Number

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

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

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

~ O S R ) IR T ———
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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

- a2

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

1.3 Common Coding Schemes (ASCIl and Unicode)

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

Why Coding Schemes are used

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

Standardization: Coding scilen'!e*s provide a consistent way to represent characters across
different platforms and devices, ensuring compatibility and accurate data exchange.

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

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

ASCII Coding Scheme

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

On June 17, 1963 ASCII was approved as the American standard code. However, it did not gain
wide acceptance because [BM chose to use EBCDIC (Extended binary coded decimal interchange
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code) in its computers. Initially ASCIl used 7-bit codes of various combinations of 0's and 1's to
represent 128 different characters (27 = 128). ASCII-7 could not able to represent newly
developed characters so it  underwent further developments and revisions and ASCII-8 was
developed.

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

. Just to Remember|

= 256) different characters. ASCII-8 became popular in
1981 when it was used first time in IBMs Personal | cpacacters ASCIl-8 Value in
Computer (PC) and soon it became industry standard for Decimal
personal computers. Many Windows systems use an 8-bit | 09 43-57
ASCIl encoding and this Microsoft specific encoding is
known as ANSI code. ANSI stands for American National | &Z -0 |
Standards Institute. In extended ASCII-8, 32 code ,

— : -5 97-112
combinations are used for machine and control i

—— &

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 ASCHI control codes. Table 2 (Annexure 2) shows printable ASCII characters
and Table 3 {Annexure 3) shows extended ASCI! printable characters.

Unicode Coding Scheme
Even extended ASCII (ASCII-8) does not include enough code combinations to support all written

- languages. Asian languages, for instance, require thousands of characters. This limitation gave

rise to new encoding standard known as Unicode (Universal coding system) that can support all

the written languages. It was published by Unicode Consortium (a group of multilingual software

manufacturers). The first version of Unicode was introduced in 1991.

Unicode is an international character-encoding system designed to facilitate the electronic
exchange, processing, and display of written texts from diverse modern and classical languages.
The Unicode Standard encompasses letters, digits, accents, punctuation marks, technical
symbols for the world's major written languages, as well as emoji and other 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 encodi ngs 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 s fully compatible with ASCII. These all

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

An operating system (0S) is essential software that manages a
computer's memory, processes, hardware, and software,
enabling user interaction. It loads into RAM when the computer e
is turned on and is necessary to run any programs. OS has ‘_-

evolved since the first computer generation and is present in Application i
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 B

System

Operating system performs the following main tasks or

functions.

D Process Management
2 Memory Management
2 File Management

2 Device Management
2 Network Management
2 Security management
Process Management

A process is a program in execution, and process management in an operating system allocates
resources like CPU time to various processes in memory. For example, with three processes (A, B,
and C), each having different CPU cycles (A= 5ms, B=2 ms, C=1 ms), the OS manages execution
times. In Case 1 (ABC order), the total time is 6.67 ms, while in Case 2 (BCA order), it's 4.33 ms,

showing that Case 2 is more efficient.
Memory Management

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

Example: In this example the OS is

Maln Memory (RAM) Backing Store (HD)




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 -:RAH.} The whole process is shown in Fig 1.5.

File Management

tludhl.ﬁ:|!-|.l-_|
File management is the part of F— 1......-..... T —

operating system that manages files || yur towtm

and folders on storage devices such || "o L h ]‘ }

as hard disk, USB flash driveand DVD. § =™*"™* "‘*i
It allows computer user to perform || *~:3~

operations such as creating, copying, | v b F b k

moving, renaming, deleting, and | 5o . A <~ R )
searching files and folders. It also l ® Compe

allows the user to perform read, : r}

write, open and close operations on | m_

files and folders. Fig 1.6 shows the |
management of files in various |

folders by OS. BB
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 I/0 management improves the
performance of the computer. As shown in Fig. 1.7.

Monitor

Applications

Example: There are three programs A, B and C which are using the printer. Now the OS5 will decide
which program to use the printer first. Aqueue will be set by the 05 and each program will get the
printer 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 shares
the network resources among users and detects and fixes network problems.

Security management

Security management in an operating system e
ensures resources are used according 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
and malware.

!‘.

1.4.2 Types of Operating Systems

The following are the important types of operating systems that are commonly used on various
computer systems.

Batch Processing Operating System

A batch processing operating system groups similar tasks into Datches and executes them
sequentially. It is ideal for repetitive tasks, such as payroll processing or generating bank
statements, where the same operation is applied to multiple users or jobs. While this system
provides efficiency in handling large volumes of similar tasks, it may introduce delays as jobs are

processed one after another.




Multiprogramming Operating System (RTOS) [ 7———

A multiprogramming operating system allows L vab 1 ‘\

multiple programs to be loaded into the main memory Job2 "\ Sy
simultaneously. Although the CPU can execute only | _——| partitions
one program at a time, it switches between programs Jobd oy

when one is waiting for input or output, thus oi;mtmn K

maximizing CPU utilization. This system is designed to System

improve the efficiency of the computer by ensuring

that the CPU is rarely idle. _
Multitasking Operating System

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

——— . s
Y i -
‘\ i ,'i
Process . {roens
1 ,»* Process
s ' M
Operating System

GO




Time-sharing Operating System
A time-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
banks, universities, and large organizations
that require multiple users to access the :;’&":" Fig.1,13: Time-sharing C
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
highly reliable and responsive.

Multiprocessor Operating System

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

scientific research applications.

PU1 1' Himnw ‘-'—'| cPuU2

__J Lm.m~




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
device is turned on. Embedded operating systems are
optimized for the specific functions of the device and
provide reliable performance with minimal resource
requirements. They are commonly used in consumer
electronics and industrial machines.

Communication
Network

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.

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

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

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

Process:

A process is a program in execution. For
example, when we write a program in C or
C++ and compile it, the compiler creates a
binary code. The original code and Binary
code, both are programs. When we actually g
run the binary code, it becomes a process. Computer

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, I/0 devices, memary, etc.

Various States of a Process:

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




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

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

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

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

Terminated State: Aprocessis in terminated state when it completes its execution.

e

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

: i
cannot be executed independently. The threads are |
made of and exist within a process; every process has e e,
at least one thread. Multiple threads can also exist in a

process and share resources. _
Comparison between Process and Thread

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

called a process. .
2 It has its own cnﬁ&ﬁdauugmt-nhsﬁrmuctﬁMﬂ!dlhw&m-!

of the parent process. process. | .
3 Any change in the process does not Any change in the thread may affect the |

affect other processes. behavior of the cther threads of the process. |: -
' & Processes run in u;rm nﬁﬂ;y'muﬁmlnﬂu};d;muvm ;
| spaces. |
5 ﬁmh“ﬂdhhwm.mmnumﬁdhmmmmﬁn

system. program. ].
6 Processes are independent. L‘I'hudstrldw S
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Process Scheduler: ' = =
A process scheduler is part of the operating ‘ ( ool ] ( it ) [ P“““?'_]'E

system that manages the execution order of | \ l

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

Fig.1.22: Process Synchronization

Process Synchronization:

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

Interrupts:

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

Deadlock: i —

A deadlock happens when two or more processes are stuck, P1 ) P2 )—

each waiting for a resource held by the other. For example, as ' y ;

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 L R1 R2

deadlocks to keep processes running smoothly. ' I
Fig.1.23: Deadlock 4

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

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

Memory Management:

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

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




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

1/0 (Input/Output) Management:

The operating system manages input and output devices such as keyboards, mice, printers, . iid

network interfaces. This includes managing device communication, buffering, and handling

device drivers to ensure that the |/0 operations are carried out smoothly and efficiently.
Iraamzanen 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, $5Ds, and USB drives.
Here's a detailed explanation of the structure and organization of a file system:

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

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

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

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

Directory/Folder Structure

The directory/folder structure can be organized in different ways, commonly used
directory/folder structures are shown in Fig. 1.24.

Single-Level Directory/Folder Two-Level Directory/Folder Tree-Structured Directory /i older
| (A) / (Root Dir/Folder) (B)  /(Root Dir/Folder) (C) / (Root Dir/Folder)
]' file1 userl home
file2 | |—tile | |—usenn
— file3 | L—file2 | | f—tfilea
— user2 | | ‘—rfile2
- p— file3 | L—user2
| L filed | — file3
| L—filea
f— var
| f—iog
| L—www
L etc
| |— configi
I‘ L— config2
i Fig.1.24: Directory/Foldef Structure e

Single-lLevel Directory/Folder: All files are contained in a single directory/folder. This structure
is simple but becomes inefficient as the number of files grows. Figure A shows single level

directory/folder structure.
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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 of
directories and subdirectories, resembling a tree, This structure is flexible and scalable. Figure
shows tree-structured directory/folder structure.

File Allocation Methods
Files can be stored in different ways:

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

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

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

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

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

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

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

File Operations

File systems provide various operations to manage files and directories. Common file operations
are:

Create: Making new files and directories.

Open: Accessing files for reading or writing.

Read: Retrieving data from files.

Write: Adding or modifying data in files.

Delete: Removing files and directories.

Rename: Changing the names of files and directories.

1.5 Computer Software

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




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

2 Application Software
< Programming software

» Driver software

1.5.1 Comparing Different Software Types

Purpose & Function

< Manages hardware and system resources.
< Controls overall system operations and

Android

| System provides a platform for applications to run.
Software » Essential for the computer's overall
functioning.
: < Provides tools for writing, testing, and|Eclipse for Java, Coda for
p | debugging code. Mac, Visual Studio for
rogramming |5 Translates programming languages into|multiple languages,
Software machine-readable code, helping developers | GitHub for source code |
create software. |
2 Performs specific tasks for the user, like|Microsoft Word, Spotify,
. writing, streaming, or browsing. Google Chrome
Application , | pesigned to meet user needs for specific
Software activities,
<> Acts as a bridge between the operating system | Printer drivers, NVIDIA
|Dr‘h"ef and hardware devices. graphics drivers, Wi-Fi
Software 2 Ensures proper communication and|drivers

functionality between the system and
external devices.

1.5.2 Offline and Online Applications

Offline Applications

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

Examples:

2> Microsoft Word - used for writing and editing documents.

»» Adobe Photoshop - used for image editing and graphic design.

»» VLCMedia Player - plays media files like videos and music stored locally on the device.

o



Online Applications

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

collaborative features.
Examples:

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

< Spotify - for streaming music.

=» Gmail - for sending and receiving emails.

1.5.3 Uses of Common Productivitv Appiica

Examples

. G
Uses 4 riAY

Word Processors

Microsoft Word, Google
Docs

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

Spreadsheets

Microsoft Excel, Google
Sheets

Budgeting, financial analysis, tracking
inventory, data charts.

Microsoft PowerPoint,

Business presentations, educational

Presentation Software | Google Slides lectures, and project proposals.

Database Management | Microsoft Access, Managing customer data, inventory,

Systems (DBMS) MySQL employee records, and large datasets.
Microsoft Outlook, Organizing emails, scheduling

Email Clients Mozilla Thunderbird appointments, managing contacts.

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

Tools

classrooms, and online collaboration.




1.5.4 Application Patch

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

Key Functions of Application Patches:

Fix bugs: Resolve software glitches or errors.

Improve security: Patch vulnerabilities to prevent attacks.

Enhance performance: Optimize the program to run more smoothly.

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

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

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

Adobe Acr.dbat Patch: Adobe frequently provides patches to fix issues or add security updates to
its PDF editing software.

1.5.5 Software Hosting .

Software hosting refers to the process of deploying, L T
managing, and providing access to software C
applications on servers. These servers can be located -

on-premises, in data centers, or in the cloud. The QL
primary objective of software hosting is to make . R
applications accessible to users over a network,
typically the internet.

Some common types of Software Hosting are:
On-Premises Hosting: On-premises hosting involves installing and running software on servers
located

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

Fig.1.25: On-Premises Hosting

Pros:
» You have complete control over hardware and data security.

< Itis customizable to specific needs and compliance requirements.
Cons:
& Ithas high initial and ongoing costs.

<( Natlonal Book Foundation o Unit 1: Computar Systams )}



2 Itrequires in-house technical expertise. It has limited scalability.
Shared Hosting:

Shared hosting involves multiple websites or |

applications sharing the same server resources 5
provided by a hosting company. This is a cost- | ==
effective solution, making it suitable for small | e
websites and applications with moderate |8

traffic. The hosting provider handles server |
maintenance, updates, and security. However, .:
shared resources can lead to performance h
issues, and there are potential security risks due | .
to neighboring sites on the same server. As [& = s s
shown in Fig. 1.26.

Pros:

2 ltiscost-effective.

S Itiseasytoset upand manage.
Cons:

D You have limited control and customization. There are potential performance issues.
2 There are security risks from other sites on the server.

Dedicated Hosting:

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

- Pros:
It provides high performance and reliability.

You have complete control over server configuration.
It offers enhanced security.

Cons:

2 Ithasahigh cost.

) Itrequires technical expertise for management.




Cloud Hosting:

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

Pros:
It is highly scalable and flexible,
It is cost-efficient with pay-as-you-go pricing. It is reliable and supports global reach.

Cons:
< Itis dependent on internet connectivity.
2 There are potential data security and compliance concerns.

1.5.6 Programming Software

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

Components of Programming Software:

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

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

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

How Programming Software Helps:

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




Example: In Visual Studio Code, "_'_'“"""':_"_'“__‘,":*:‘_*;'_T-‘j"__‘_::’.“f,“,':'.':.";._".',-"."-".".'.'" $i% #5 5
typing if in a Python file il
automatically highlights it and |~~~ "T T |
suggests possible completions, [-w=ss .. .

making coding faster and | "2, . |
reducing errors. T
Code Completion: IDEs offer

advanced code completion,

where the software predicts and f e o D i oy & e S
suggests the next part of the T avert p8s PFIAL('XS KA° X (ays.esecutavie or |.-"_.p:|a.|.int‘.. 'l.ll..'rrrllll*?
code you are typing. This feature kool !
helpﬁ in wntlﬂg CN'E faster and i:{l:!:l:f?;:lﬂ':*:]” {defasll, Der & JOL7, TA:S@:10) |
with fewer errors. - . | |
Debugging: IDEs come with E:___@@wwmm 4

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

Error Checking and Syntax Highlighting:

Text Editors and IDEs provide real-time error checking, underlining syntax errors and other issues
as you type, This immediate feedback r’mmumwwww” |

helps in quickly identifying and [Me tee fomst fun Opom Windom Melp

correcting mistakes. Fig 1.30 shows L we |
1 while & « 10 1

syntax error in a program. aea |
i ifanr

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

forget a semicolon in a JavaScript file, g, “ee", 1)

it highlights the error and provides | "™ .. cueitner tost s teur)

suggestions for fixing it. T b S i )

Compiling Code: Compilers take the .

Thera's B0 @FESY i yOus Rroge e

code written by programmers and | unmdent dors not matth sty Cuter indentition leve! l

translate it into executable machine |

code, They also perform varfous [| —— —= —

optimizations to make the code run BT T Fig..30: Syntax error B3t

more efficiently.

Project Management:

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

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




Learning Activity

"Hello World! Project”

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

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

Before you begin, ensure you have Visual Studio Code installed.
Step-by-Step Guide
1. Open Visual Studio Code program. As Shown in Fig 1.31.
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Visual Studio Code
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2. 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:

2 In Visual Studio Code, click on File > Open Folder....

2 Navigate to and select your HelloWorldProject folder.

4. Create HTML, CSS, and JavaScript Files:

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

(HelloWorldProject). .
2 Select New File and create the following files:
index.html :
styles.css
script. js
5. Add the Code to the Files
HTML (index. htmi):
2 Openindex.html and type the following code. As Shown in Fig 1.33.
e = € - | Osamen Doo® - o X
@ B indexhtml x M -
p 1 <|DOCTYPE htmls Aacr—
2 ¢html lang="en"3
3 thead»
39 @ <netd charset="UTF-8"»
L9 <meta namas"viewport™ contents“widthsdevice-width, Initlal-scales1.8%>
& <titlexChange Messagec/titler
7 ¢link rels"stylesheet™ hrefs"style.css™
8 </bhead> =
9 ¢body>
10 cdiv lde"message”sHello worlde/divy
@ 11 <button ide"change-message-button™>Change Messagec/buttond
12 ¢seript srce"script. Js™r</scripty
13 «</body>
Q 14 </htal>
@oa0 “wo amm @ D F & © Spacer 4 UTR8 CALF mTML @ Golve @Gotne 0 :

1 s AR
AL =
- e T L
e i e m = whs

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

CSS (styles.css):

2 Openstyles.css and type the following code. As Shown in Fig 1.34.
<> This file contains the C55 styles for your HTML elements.
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@ B oo bgmi O oy x m oy
jol 1 bedy | B 4
] font-femlly: &rlal, sanmi-serif; -,

1 dlaplay: flen; k-
z:p i flun-dlrection: colusn; -
i justify - content! center;
n_l") ] sllgn-ftems: center;
! helghn: 108h;
i margin: o)

o

i)

bacigrownd - color: Deigdefe;
H 1
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iy wmgisage [ |
" color: WMeINY;

"f' 14 font-alze! Jes;
5 margin-batton; 2oy
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B
I betton {
% padding: I0pa ipa)
L font-uize: lem;
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21 calor: Dlwhite;
b border: none;
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tE)
J‘.I button hover |
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M"m -4t X8 _
JavaScript (script.js):
Open script. js and type the following code, As Shown in Fig 1.35.
This file contains the JavaScript code that adds interactivity to your webpage.

g = « - £ Search ggoone - o0 x
@ B indexhtmi 0 stylecss swnptjs X M - J'
,O 1 document.addEventListener( DOMContentLoaded”, function() { Tt
2 const messagellv = document.getElesentByld( ' message’);
3 const button = document.getilementByla( change-message-button');
e 4
4 button.addEventListener(“click®, function{) {
] if (messageDiv.textContent === "Helle world') | i
7 messagellv, textlontent === ‘I Love my country, Pakistan’; -
B } else [
@ ? sessageDliv.textContent = 'Hello world!”;
18 }
A |
{E} A
13
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Running the Example
View in Browser:

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

- © Create Helto Workd i x E cramge Wetiage u -+ — O x

“Hello World!

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

v © CreateHelloWeordin X @ Cmange Metiage x + - D »

| Love my country, Pakistan

I 157 Change Message T
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' Machine-Level Representation of Data: Data is stored in binary (bits) and represented
in various data types.

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

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

<> Binary System: Base 2, using 0 and 1 for data representation.

2 Octal System: Base 8, with symbols 0-7.

2 Hexadecimal System: Base 16, using symbols 0-9 and A-F for compact data
representation.

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

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

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

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

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
| bit to indicate positive or negative values.

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

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

< Operating System (OS) Overview: Manages memory, processes, devices, and software,
enabling user interaction.
2 Main OS Tasks: Includes managing processes, memory, files, devices, networks, and
security.
% Process Management: Allocates CPU time and optimizes resource use.
3 Memory Management: Allocates and manages memory for programs.
3 File Management: Handles file creation, deletion, and organization.
2 Device Management: Controls and optimizes input/output devices.
3 Network Management: Manages network resources and resolves network issues.
\3 Security Management Enforces security policies and manages user accounts. /




‘/.) Batch Processing OS: Processes tasks in batches, improving efficiency. \
2» Multiprogramming OS: Executes multiple programs simultaneously in memory.

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

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

2 Real-time 0S: Executes tasks within strict timing constraints, often used in industrial
processes.

2 Multiprocessor 0S: Manages multiple CPUs to improve performance.
2 Parallel Processing 0S: Runs multiple processes at once using several processors.
2 Distributed OS: Manages a distributed system, balancing load for fast execution.

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

2 Application Management: 05 manages resources for running applications efficiently.

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

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

2 SchedulingAlgorithms: Includes FCFS, SJN/SJF, priority scheduling, and round-rabin.

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

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

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

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

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

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

2 File Operations: Include creating, reading, writing, deleting, and renaming files.
2 Software Hosting: Involves deploying software on servers for network accessibility.

2 On-Premises Hosting: Software hosted on internal servers, offering control but with

high cost. /

T




| Shared Hosting: Multiple websites share a single server, offering low cost but potential\
performance issues,

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

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

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

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

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.

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

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

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

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

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

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

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

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

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

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




SRExercise

Q1. Select the best answer for the following MCQs.

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

a) 10101011 b) 11010101 ¢) 11010101 d) 11101011
2. Which of the following binary numbers corresponds to the hexadecimal number JFA7?
a) 0011 111110100111 b) 11000011 1101 1000
€)1011 11000011 0111 d)0111 101110111100
3. How does the ASCII code for the character 'Z' (90 in decimal) look in binary?
a) 01011010 b) 01001110 c) 01011000 d) 01101001
4. Inan 8-bit signed integer representation, what is the range of values that can be represented?
a)-127to 128 b)-128t0 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
) Email Management d) Device Management
7. Which type of operating system allows multiple tasks to be performed at the same time?
a) Multiprogramming b) Batch Processing c) Real-time d) Single-tasking
8. Which state of a process represents that it is ready for execution but waiting for CPU time?
a) Start State b) Running State c) Ready State d) Blocked State
9. What is the main purpose of a process scheduler?
a) Tomanage file operations b)To manage CPU utilization
¢) To manage memory allocation d) To manage network resources
10.Which memory management approach involves dividing memory into fixed-sized blocks?
a) Paging b) Segmentation
c) Virtual Memory d) Contiguous Allocation
11. What is the main purpose of interrupts in an operating system?
a) To speed up CPU processing b) To slow down CPU processing
c) To handle immediate events d) To manage network connections
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12.Which scheduling algorithm assigns CPU time in fixed time slices to each process in a cyclic

order?
a) First-Come First-Served (FCFS) b) Shortest Job Next (SJN)
¢) Priority Scheduling d) Round Robin (RR)

13.Which memory management technique divides memory into fixed-sized blocks?
a) Segmentation b) Paging

. c) Fixed Partitioning d) Dynamic Partitioning

14.Which type of hosting involves installing and running software on servers located within an
organization's physical premises?
a) Shared Hosting b) Dedicated Hosting
¢) On-Premises Hosting d) Cloud Hosting

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

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

Q2. 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?

3. Why are binary numbers more efficient for computer calculations than decimal numbers?
4. How do ASCIl and Unicode differ in character representation?

5. What is the importance of positional value in number systems? Give two examples.
6. What is the process to convert a binary number to its hexadecimal equivalent?

7. What is the purpose of machine code in computer operations?

8. Why coding scheme is used in computer? Give three reasons.

9. State five differences between a process and a thread.

10.What is memory management and how does it work in an operating system?

11. What is a real-time operating system and where is it commonly used?

12. Differentiate between multiprogramming and multitasking operating systems.
13. List two pros and two cons of on-premises hosting.

14. What is an application patch? Give key functions of it.

15. Differentiate between offline and online applications. Give one example of each.

Q3. Write answers of the following extended response questions.
1. Explain decimal, binary, octal and hexadecimal number systems with examples.
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2. What is 2's complement, and why it is used? Give examples.

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

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

5. What is an operating system? Explain any five tasks/functions of 0S.

6. Explain any four types of operating systems.

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

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

9, What is software hosting? Explain On-premises and Cloud hosting. Also give two pros and cons of
each.




