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Introduction to
Computational Systems

Introduction
m Theory of Systems
/7 .
e  Long Questions @

Q1- Define and explain theory of systems.

OR Describe the basic concept of a system.

Ans: Definition

A system is an organized collection of interdependent partswibikt together to
perform a specific function or achieve a common goal. The ideasyktem is
useful to explain both the external reality as well as the ialteme. An Information
System is a combination of technology and people that coligaisesses, stores,
and shares data to help an organization make decisions and oferdiectf.
Explanation

An Information System is simply & systemunit [ Output Devices
organized set of components that —‘
coordinated to perform a designal
function. All the components of the syst
are in some way related to each other
the functioning of the other componel
enhances the operation of the system.  vasTsiorge £
Let us consider a simple example, sucl
a Computer System, depicted in Figure every computer, machirggvare has
components that work together to achieve an outcome.

Basic Concepts of Systems

A system is described by its objectives, componeatsnmunication among
components and environment in which it works. Tleenponents of a system
communicate with each other to achieve the system's objective invaianement.
Systems can be simple, like a thermostat, or complex, like uhear body or a
computer network.

Objective

Every system has a purpose or goal that it wishes to. fAlfialyzing a system's
operation requires understanding its aim. This insightongs the efficiency and
efficacy of the present system.

A transport system aims to transfer people and products seangl effectively
between locations. A computer system's principalge to process data and
provide useful information to users.

Components

Components are the building blocks of any system. Each canpptays a specific
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role and contributes to the overall functionality of the esystUnderstanding the
role of each component of the system is esserdialnderstand how the entire
system works. This helps in identifying problenmproving performance, and
refining system design. Smooth and proper working ofett@smponents together
ensures the system meets its objectives.

Environment

The environment of a system includes everythingemdl to the system that
interacts with it. It consists of all external factors thaeetfthe system's operation.
Understanding the environment of a system is importantiafiiences the system's
performance and behavior by providing inputs arzkeingng outputs. Intelligent
systems adjust to changes in their environment to contimireftimctionality.
Communication

Communication and interaction among system components i® kbg functioning
of a system. It ensures that components work together imgamiped and smooth
manner to achieve the system's objectives. For example, in a aognpystem the
CPU communicates with memory to fetch and store data, andigtogibal system

brain sends signals to muscles to initiate movement.

-

e  Short Questions @

1. Define system.

Ans.A system is an organized collection of interdependent partsvtirt together
to perform a specific function or achieve a common goal. Theatlassystem
is useful to explain both the external reality as well as tteenal one.

2. Define information system.

Ans.An Information System is a combination of techngl@nd people that collects,
processes, stores, and shares data to help anizaijam make decisions and
operate effectively. An Information System is sim@n organized set of
components that are coordinated to perform a datdnfunction.

3.  What are parts of computer system?

Ans.i. System unit ii. Output devicesiii. Mass storage devicé/. Input device

4. What are basic components of a system?

Ans.i. Objective ii. Components iii. Environment iv. Communication

5.  What is the basic concepts of systems?

Ans.A system is described by its objectives, components, commiamicamong
components and environment in which it works. The compor@ngssystem
communicate with each other to achieve the systayhjective in an
environment. Systems can be simple, like a thermostat, or egijde the
human body or a computer network.

6. Define objective of a system.

Ans.Every system has a purpose or goal that it wishes to. fitiihlyzing a system's
operation requires understanding its aim. This insightongs the efficiency
and efficacy of the present system.

7. Define transport system.

Ans.A transport system aims to transfer people and pctsl securely and
effectively between locations. A computer system's principal igdal process
data and provide useful information to users.
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8. What is meant by components of a system?

Ans.Components are the building blocks of any system. Each canppiays a
specific role and contributes to the overall functionalityhef $ystem.

9. Why we need to understand the role of a system?

Ans.Understanding the role of each component of thdesysis essential to
understand how the entire system works. This helps inifigegt problems,
improving performance, and refining system desi§mooth and proper
working of these components together ensures the system teesigectives.

10. Define environment of a system.

Ans.The environment of a system includes everythingemdl to the system that
interacts with it. It consists of all external faxt that affect the system's operation.

11. Why it is important to understand the environmen t of system?

Ans.Understanding the environment of a system is ingmrés it influences the system's
performance and behavior by providing inputs andeiéng outputs. Intelligent
systems adjust to changes in their environmenftttirue their functionality.

12. Define communication of system components with e xample.

Ans.Communication and interaction among system comptmés key to the
functioning of a system. It ensures that componems together in an organized
and smooth manner to achieve the system's objextiFer example, in a
computing system the CPU communicates with memoryetch and store data,
and in a biological system brain sends signals tisaies to initiate movement.

QC Multiple Choice Questions (M CQS):.

1. Whatis a system?
@® A random collection of objects
Organized collection of interdependent parts

© A single component @ Only mechanical devices
2. The main purpose of a system is to:

® Create confusion Work independently

© Achieve a common goal @ Store energy

3. An Information System mainly helps to:
@® Make decisions and operate effectiv@yEntertain users
© Replace humans @ Build machines
4. Which of the following is NOT a function of an Info rmation System?
@® Collecting data® Processing datéd Sharing data @ Destroying data
5. A system is described by:
@® Only components
Objectives, components, environment, and communication

© Only environment ® Only communication
6. What is the main objective of a system?
® To fuffill a purpose or goal To increase complexity
© To reduce communication @ To isolate components
7. Components of a system are:
® Independent parts External factors

© Building blocks of a system @ Outputs only
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The environment of a system includes:

® Internal parts only ® Only outputs

© Only inputs @ External factors affecting the system
9. Communication in a system ensures:

® Components stop working Components work together smoothly

© No interaction occurs @ Only data storage
10. Which of the following is an example of a system  ?

® Thermostat Human body

© Computer network @ All of the above

m Software

/7 .
°
@  Long Questions @

Q2- What is meant by software explain it, types. Dif  ferentiate between
system-software and application software.

Ans:Software is a collection of programs and instructions thbatebmputer what

to do and how to do. Without software, computers woeldigeless machines.

Types of Software

System Software:System software is designed to manage the system resources anc

provide a platform for application software to run. It actsadsidge between the

hardware and the user applications. Here are some examples:

*  Operating Systems:Examples include Microsoft Windows, macOS, and kinu

* Device Drivers: These include printer drivers, graphics card dsyeand
sound card drivers.

« Utility Programs: Examples are antivirus software, disk cleanup tools, and
backup software.

Application Software

Application software is designed to help users panf specific tasks. These

programs are built to fulfill user needs and are typicallyenaried than system

software. Examples include:

*  Word Processors:Such as Microsoft Word and Google Docs.

*  Web Browsers:Such as Google Chrome, Mozilla Firefox, and Safari.

*  Games:Such as Minecraft, Fortnite, and Among Us.

* Media Players: Such as VLC Media Player and Windows Media Player.

Differentiating Between System Software and Applica  tion Software

e Purpose: System software manages and operates computer hardware, making
it possible for application software to run. Applicatioritware helps the user
to perform specific tasks.

*  Examples: System software includes operating systems andcdeadivers.
Application software includes word processors, web browaasgames.

* Installation: System software is usually pre-installed on a computer, while

application software can be installed by the user as needed.

/ L3 \
®  Short Questions @

1. Define software.
Ans.Software is a collection of programs and instructions thaatebmputer what




CAL-RAZT [ETTTHIID o | COMPUTER

to do and how to do. Without software, computers woeldigeless machines.

2. When was the first virus created and what was its m  essage on the screen?

Ans.The first computer virus, called "Creeper,” wasatesl in 1971 as an
experimental self-replicating program. It simply displayed ressage, "I'm
the creeper, catch me if you can!”

3.  What are the types of software?

Ans.System software is designed to manage the system resourcesosiu [
platform for application software to run. It acts a bridge between the
hardware and the user applications.

4. Define system software.

Ans.System Software:System software is designed to manage the syssounces
and provide a platform for application softwarertm. It acts as a bridge
between the hardware and the user application® Bler some examples:

*  Operating Systems:Examples include Microsoft Windows, macOS, and kinu

* Device Drivers: These include printer drivers, graphics card dsyeand
sound card drivers.

« Utility Programs: Examples are antivirus software, disk cleanup tools, and
backup software.

5. Define application software.

Ans.Application software is designed to help users perform speizifiks. These
programs are built to fulfill user needs and argidglly more varied than
system software. Examples include:

Word Processors:Such as Microsoft Word and Google Docs.

Web Browsers:Such as Google Chrome, Mozilla Firefox, and Safari.

*  Games:Such as Minecraft, Fortnite, and Among Us.

* Media Players: Such as VLC Media Player and Windows Media Player.

6. Differentiate Between System Software and Applica  tion Software?

Ans.e Purpose: System software manages and operates computer hagdw
making it possible for application software to run. Applmatsoftware helps
the user to perform specific tasks.

Examples: System software includes operating systems andcdelivers.
Application software includes word processors, web browaasgames.

» Installation: System software is usually pre-installed on a computer, while
application software can be installed by the user as needed.

7. Why we need to update system software?

Ans.Always keep your system software updated to engotg computer runs
smoothly and is protected from security threats.

QC Multiple Choice Questions (M CQS):.

11. What is software?
® Physical parts of a computer
Collection of programs and instructions
© Only hardware devices @ Input devices
12. Without software, a computer would be:
® Very fast More powerful © Useless @ Automatic
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13. What was the name of the first computer virus?

® Trojan Worm © Creeper ® Hacker
14. System software is used to:
@® Play games Manage system resources
© Write documents @ Browse the internet
15. Which of the following is an example of system s  oftware?
® Linux Google Chromé® Microsoft Word® Minecraft
16. Device drivers are used to:
® cControl hardware devices Play media
© Write programs @ Browse websites
17. Which of the following is application software?
@® Operating system Device driver
© Google Docs @ Disk cleanup
18. Application software is designed to:
® Manage hardware Perform specific user tasks
© Control memory only @ Replace system software
19. System software acts as a bridge between:
® User and internet Hardware and application software
© Keyboard and mouse @ Files and folders

20. Which statement is correct?
® System software is installed by users only
Application software is usually pre-installed
© System software is usually pre-installed
@ Both are always pre-installed

m The Architecture of von Neumann Computers

/7 .
®
®  Long Questions @

Q3- Explain the Von Neumann Architecture of a comput  er.

Ans: The Von Neumann architecture is a computer paradigah describe a system
in which the hardware of the computer has four primcomponents: the memory, the
Central Processing Unit (CPU), input mechanismsl aatput mechanisms. This
model is called the John von Neumann model, thenideun model named in honor of
the mathematician and physicist who contributedstaevelopment during the 1940s.

Components

Now we will look at brief overview of the key parts that dgoge the architecture

of the von Neumann computer.

1. Memory: Contains both input data and the instructions (programjinest) for
CPU processing. For instance, consider the RAM of your ctampwhen a
program starts it is loaded into RAM to enable faster executionpared to
when it runs from the hard disk.

2. Central Processing Unit (CPU):Performs addition and subtraction, and
executes commands provided by the memory. The sy$t@s two main
components: the Arithmetic Logic Unit (ALU) and the Contduiit (CU).

The Arithmetic Logic Unit (ALU) performs mathematical computations and
logical operations.
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A Control Unit (CU) is a peripheral that governs the activities of the CPU by
instructing the ALU and memory to execute tasks accordingdgotbgram
instructions. It ensures the proper and timely executionutieg by all the
other components.

When doing the calculation 2 + 2 on a calculator applicationAtitametic
Logic Unit (ALU) handles the numerical values while the contdait (CU)
supervises the whole procedure.

3. Input Devices: Enable users to input d:
and instructions into the computer syste
Illustrative examples include keyboa
mouse, and microphone. Entering text| 'me«

Device

the keyboard transmits data to the C mams
for subsequent processing. *
4. Output Devices:Present or communice

the outcomes of the tasks executed by ¥heNeumann computer Architecture
computer. Consider, for instance, a monitor andteri Upon completion of data
processing, the CPU transmits the outcome to theitorofor visual display.

A System Busis a communication mechanism that facilitates the movement of
data between components inside a computational system. It cesapris

Data Bus: Transports data.

Address Bus:Maintains data destination information.

Control Bus: Transports control electrical signals.

Working of Von Neumann

The Von Neumann architecture encompasses four essential stageCRi &

carry out instructions, namely fetching, decodiegecution, and storage. To

demonstrate this procedure, we will use the example of additiomo-digits with a

basic calculator application.

»  Fetching: The central processing unit retrieves an instomcfrom the computer's
memory. This instruction specifies the operatiorbéoexecuted by the CPU.
Comprising Components: Memory, CPU, Program Counter (PC), Instruction
Register (IR)).

Description: The Program Counter (PC) stores the memory addrkske
subsequent instruction. Once the address is storademory, the instruction
located at that location is retrieved and placed the Instruction Register (IR).

» Decoding: In order to determine the necessary action, the Control Ukl (C
decodes the instruction.

Comprising Components:Control Unit (CU).
Description: The control unit (CU) decodes the opcode (operation codekof th
instruction and determines the required procedures and data.

«  Execution: The CPU processes the instruction. When the instructiorvies’o
a computation, it is executed by the Arithmetic Logic Unit (ALAny task
that requires transferring data between several locations is mamatfesl CU.
Comprising Components:ALU, CU.

Description: The Arithmetic and Logic Unit (ALU) carries out rhamatical and
logical calculations, while the Control Unit (CUaidles data transmission activities.

Central Processing Unit

N 'qutrﬁl Unit

Output
Device
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Storing: The outcome of the computation is either returned to memaosgrur

to an output device.

Comprising Components:Memory and Output Device.

Description: The outcome is either stored in a designated memory location or

sent to an output device, such as a display.
e

. ™
®  Short Questions @
1. Define Architecture of von Neumann Computers.

Ans.The Von Neumann architecture is a computer paradigm that descristem s
in which the hardware of the computer has four amyncomponents: the
memory, the Central Processing Unit (CPU), input mechaniams, output
mechanisms. This model is called the John von Neumann mbdeleumann
model named in honor of the mathematician and physicist whivitaaed to
its development during the 1940s.

2. What are components on neumann computer?

Ans.i. Memory ii. Cetral Processing Unit (CPU)

iii. Input devices iv. Output devices

3. Define Memory in Von Neumann computer.

Ans.Contains both input data and the instructions (pao9 required for CPU
processing. For instance, consider the RAM of your compwtegn a program
starts it is loaded into RAM to enable faster execution comparethen it
runs from the hard disk.

4. What is the function of central processing unit ( CPU)?

Ans.CPU performs addition and subtraction, and executes commaaondqur by
the memory. The system has two main components: the Arithimagic Unit
(ALU) and the Control Unit (CU).

The Arithmetic Logic Unit (ALU) performs mathematical computations and
logical operations.

A Control Unit (CU) is a peripheral that governs the activities of the CPU by
instructing the ALU and memory to execute tasks according égotbhgram
instructions. It ensures the proper and timely executionutieg by all the
other components.

When doing the calculation 2 + 2 on a calculator applicationAtitametic
Logic Unit (ALU) handles the numerical values while the contlait (CU)
supervises the whole procedure.

5.  What are input devices?

Ans.Input devices enable users to input data and inStros into the computer
system. lllustrative examples include keyboard, sepuand microphone. Entering
text on the keyboard transmits data to the CPUsfiirsequent processing.

6. Define output devices.

Ans.Output devices present or communicate the outcarhdlse tasks executed
by the computer. Consider, for instance, a monéond printer. Upon
completion of data processing, the CPU transmits dlatcome to the
monitor for visual display.
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7. Make Von Neumann computer Architecture diagram.
Ans.

Central Processing Unit

8. Define system Bus.

Ans.A System Busis a communication mechanism that facilitates the movement of
data between components inside a computational system.

9. What are the types of system buses?

Ans. Data Bus:Transports data.

Address Bus:Maintains data destination information.
Control Bus: Transports control electrical signals.

10. How does Von Neumann computer works?

Ans.The Von Neumann architecture encompasses four essential stageSRaf a
to carry out instructions, namely fetching, decoding, execu#éind storage.

11. Define fetching.

Ans.Fetching: The central processing unit retrieves an instomcfrom the computer's
memory. This instruction specifies the operatiorbéoexecuted by the CPU.
Comprising Components: Memory, CPU, Program Counter (PC), Instruction
Register (IR)).

Description: The Program Counter (PC) stores the memory addreske
subsequent instruction. Once the address is storademory, the instruction
located at that location is retrieved and placed the Instruction Register (IR).

12. What is decoding?

Ans. Decoding: In order to determine the necessary action, the Control Uhij (C
decodes the instruction.

Comprising Components:Control Unit (CU).
Description: The control unit (CU) decodes the opcode (operation codegof th
instruction and determines the required procedures and data.

13. Define execution.

Ans. Execution: The CPU processes the instruction. When the instructiorvies/o
a computation, it is executed by the Arithmetic Logic Unit (ALAny task
that requires transferring data between several locations is mamagjesl CU.
Comprising Components:ALU, CU.

Description: The Arithmetic and Logic Unit (ALU) carries out rhamatical and
logical calculations, while the Control Unit (CUaidles data transmission activities.

14. Define storing.

Ans. Storing: The outcome of the computation is either returned to memaosgrar
to an output device.

Comprising Components:Memory and Output Device.
Description: The outcome is either stored in a designated memory location or
sent to an output device, such as a display.

Input
Device

Output
Device

1
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.C Multiple Choice Questions (MCQs) ®

21. The Von Neumann architecture consists of how many m  ain components?

® 2 ®3 ©4 @5
22. Which of the following is NOT a component of Von Ne  umann architecture?
® Memory CPU
© Input/Output devices ® Compiler
23. The Von Neumann model is named after:
® Charles Babbage Alan Turing
© John von Neumann @ Bill Gates
24. Memory in Von Neumann architecture stores:
@® Only data Only instructions
© Both data and instructions @ Only output

25. Which part of CPU performs calculations?
@® Avrithmetic Logic Unit (ALU) Memory

© Control Unit @ Input device
26. The Control Unit (CU) is responsible for:
® Performing calculations Displaying output

© Controlling and coordinating operatio@ Storing data
27. Which of the following is an example of an input device?

® Monitor Printer © Keyboard @ Speaker

28. The system bus is used for:
® Storing data Communication between components
© Processing instructions @ Displaying output

29. Which bus carries actual data?
@® Address Bus Control Bus © Memory Bus @ Data Bus

30. What is the correct order of instruction cycle in V.~ on Neumann architecture?
® Execute>Fetch-~Decode>Store Fetch—»Decode»Execute>Store
© Decode>Execute>Fetch-»Store @ Store>Execute>DecodesFetch

m Number Systems

/ 4 \
. ®
€  Long Questions @

Q4- Define number system. Explain decimal number sys  tem and binary
number system. How to convert decimal to binary?
Ans: Number systems are essential in computing because they forbashsefor
representing, storing, and processing data. Differeumber systems help
computers perform tasks like calculations, data storage, andrdatdet. These
systems allow computers to represent various kinds ofnnafion, such as text,
colors, and memory locations. Here is a description of a fembausystems:
Decimal Number System
The decimal number system is a base-10 number system thatcohsigit from O
to 9 and we use it in everyday life. That's why each digih®humber represents a
power of 10. In the decimal system the place values startimg fine rightmost
digits are 100, 101, 102, and so on. For example, the desunder 523 means:
5x 102+ 2 x 10t + 3 x £6- 500 + 20 + 3 =523
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Binary Number System

In binary, the place values are arranged from the right toskeftting with 2, and

ending at 2, where each position represents a power of 2. For exampleindry b

number 1011 can be converted to decimal as follows:

1x2+0xZ2+1x2+1x2=8+0+2+1=1}

Computers work in binary system especially becahse method fits well with

electronics. Digital circuits have two states: They can be eitheorooff. These

states are easily represented by the binary digits: 1 represerdardN) represents

OFF. When typing on the keyboard, the computer translates letenyto a binary.

Similarly, number, text, images, and sound are all, at theiedt level, reduced to

binary. We shall discuss this in details later in this chapter

When you type a letter on your keyboard, the compabnverts it into a binary code.

Similarly, all types of data, including numbersxtteimages, and sounds, are ultimately

broken down into binary code. We will explore itther later in this chapter.

Conversion from Decimal to Binary

The following algorithm converts a decimal number to binary.

1. To convert decimal number to binary form, divide the decimaitrar by 2.

2. Record the remainder.

3. Divide the number by 2 until the quotient which is lefeafiivision is 0.

4. Meaning it is represented by the remainders and it's read frerbditom to
the top for the binary number.

Q5- What is octal and hexadeciaml number system. Bri  efly explain the
conversion of octal to binary, decimal to octal, he xadeciaml to
binary and decimal to hexadeciaml number system.

Ans: Octal Number System

Octal is a positional numeral system with base teigimich implies that a digit to be

used ranges from 0 to 7. The last digit is a sirmliggt power of 8 while the other digits

are the coefficients. In the octal system, the @lealues starting from the’,88%, 8% and
so on. For example, the octal number 157 meanS+5x@+7x8=64+40+7=111,

Conversion from Octal to Binary

Each octal digit represents three binary digitds(bbecause the octal system is

base-8, and the binary system is base-2. Thisoe#dtip arises from the fact that 8 is

a power of 2 (8 = 29). So, each octal digit carptezisely represented by three binary

digits (bits). This means that any value from O7tin octal can be converted into a

3-bit binary number. This relationship makes cosi@r between binary and octal

straight forward. Table 1.1 shows the corresponeléetween octal and binary digits:

Example: Octal Binary
Consider the 9-bit binary number 110101011. 0 000
This number can be divided into groups of thiiee 1 001
Bits from right to left: 110 101 011 2 010
Each group of three bits corresponds to a dingle 3 011
octal digit: 4 100
110=6 5 101
101=5 6 110
011 =3 7 111

So, the binary number 110101011 is equal to 858rrespondence between
in octal. Octal and Binary Digits
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Note that the octal number system isn't actually used in mammmputers to do
their work. Therefore, we can say that the binary number 10010i% equal to 653
in octal. Whenever you have a binary number that cannot be divittedroups of
a three, you'll have to add zero up to the left end of itakenit appropriate.
Conversion from Decimal to Octal

The algorithm below converts a decimal number into an octal.

1. To convert the decimal number to an equivalent loctamber, divide the

number by 8.
2. Write down the remainder. 8| 83
3. After that divide the obtained quotient by 8. gl10 — 3
4. Continue the divisions until one of the numbers resnlt. i sl1 — 2
5. Octal is a base eight number and the octal numbehe | _— 1

remainder read from the bottom up to the top.
Example: Convert 83 to octal Decimal to Octal

*83/8=10remainder 3 +10/8 =1remainder 2 < ¥ /8emainder 1
The above steps are graphically shown in Figure 1.4. Goinfyjoup bottom, the
remainder reading will give the desired result, that is 12Baroctal system.
Hexadecimal Number System
The hexadecimal is a base 16 number system with digit numirar@rto 9 and
alphabets from A to F; each digit represents the power ad $6dw the position of
the digit. The letter A to F stand for the numeric value ®ftd 15, The digits in
hexadecimal move from right to left in place value that afe 18, 16°... anothers.
For example, the hexadecimal number 1A3 can be represented in decimal as

1x18+Ax16t+3x16=1x256+10 x 16 + 3 x 1 = 256 + 160 + 3 =419
Conversion from Hexadecimal to Binary
The hexadecimal number system is not directly used by commmitiees. However,
it provides an even more compact representation than octal. @kesrit easier for
us to read and write large binary numbers.
This is because the hexadecimal system is base-16 and the bitarg &/ base-2,
therefore every single hexadecimal digit equals four binary Bh& relationship
stems from the fact that 16 is a power of 2 (163.2¢his means that any
hexadecimal number between 0 and 15 can be converted into 4&oit birmber.
Table 1. 2 illustrates conversion of hexadecimal to binarysdifiach group of four
bits corresponds to a single hexadecimal digit.
Example:
Therefore, the binary number 1101011010110010 egtmithe hexadecimal
number D6B2. In case a binary number cannot be grouped abito@dd zero(s)
to the left of the number to make it fit.
1101 0110 1011 0010

Conversion from

Hexadecimal Binary Hexadecimal Binary
0 0000 8 1000
1 0001 9 1001
2 0010 A 1010
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3

0011 B 1011

4 0100 C 1100

5 0101 D 1101

6 0110 E 1110

7 0111 F 1111

Table 1.2: Correspondence between Hexadecimal and B inary Digits

1101=D
0110=6
1011 =B
0010=2

Converting Decimal to Hexadecimal

The following algorithm converts a decimal number to hexadecimal:

1. Convert the decimal number to an absolute value by dividiog 16.

2. Record the quotient and the remainder.

3. Continue dividing the quotient by 16 and write down témainder until the
guotient is zero.

4. The hexadecimal number, as you might have guessed, is the remaader
from bottom to top.

Example: Convert 2297 to hexadecimal

2297 / 16 = 143 remainder 9 16| 2297
143/ 16 = 8 remainder F 16[143—9 =>9
8/ 16 = 0 remainder 8 16| 8 — 15 =>F
The above steps are graphically shown in Figure 1.5. Re™ | ;" :>‘8"T

the remainders from bottom to top gives the required rdseill,  pecimalto
8F9 in hexadecimal. Hexadecimal

Ve

€  Short Questions @

1. Whatis number system?

Ans.Number systems are essential in computing because they formashse for
representing, storing, and processing data. Differmimber systems help
computers perform tasks like calculations, data storage, and-alatéet.

2. Define decimal number system.

Ans.The decimal number system is a base-10 number system that<ofsigit
from 0 to 9 and we use it in everyday life. That's why eagh df the number
represents a power of 10. In the decimal system the place vadu@sgstrom
the rightmost digits are 100, 101, 102, and so on.example, the decimal
number 523 means:

5x 102+ 2 x 10t + 3 x £6- 500 + 20 + 3 =523

3. Define binary number system.

Ans.In binary, the place values are arranged from the right tosteftjng with 2,
and ending at 2 where each position represents a power of 2. For example,
the binary number 1011 can be converted to decimal as follows:

1xB+0xZ2+1x2+1x2=8+0+2+1=1}

4. Define octal number system.

Ans.Octal is a positional numeral system with base eight, whigtigmthat a digit
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to be used ranges from 0 to 7. The last digit is a singie gbwer of 8 while
the other digits are the coefficients. In the odg$tem, the place values
starting from the 8 8!, 8 and so on. For example, the octal number 157
means, 1 xB+5x 8+ 7 x &=64+40+7 =11},

5. Convert 110101011 to octal number system.

Ans.Consider the 9-bit binary numier Octal Binary
110101011. This number can be divided 0 000
into groups of three 1 001
Bits from right to left: 110 101 011 2 010
Each group of three bits correspondsfto a 3 011
single octal digit: 4 100

110=6 5 101

101=5 6 110

011 =3 7 111
So, the binary number 110101011 is equabrrespondence between
to 653 in octal. Octal and Binary Digits

6. Convert 83 to octal number system.
Ans.i. To convert the decimal number to an equivalent octal humbededitie

number by 8.

ii. Write down the remainder. 8| 83

iii. After that divide the obtained quotient by 8. E— 10 — 3
iv. Continue the divisions until one of the numbers resnl i sl1 — 2
v. Octal is a base eight number and the octal nhumber | o — 1

remainder read from the bottom up to the top. c ,
onversion from

Example: Convert 83 to octal Decimal to Octal
*+83/8=10remainder 3 +10/8 =1remainder 2 < */(8emainder 1
The above steps are graphically shown in Figure Gaeing up from bottom, the
remainder reading will give the desired resultt tisal23 in the octal system.

7. When was octal system initially used?

Ans.The octal system was used in early computing systém PDP-8. It was used because
it is easier to convert between octal and binaanthbetween decimal and binary.

8. What is hexadecimal number system.

Ans.The hexadecimal is a base 16 number system with digit nundoarGrto 9
and alphabets from A to F; each digit represents the powes td $how the
position of the digit. The letter A to F stand for themeuic value of 10 to 15,
The digits in hexadecimal move from right to left in place eahat are 1%
16!, 16%... anothers.

9. Convert 1101011010110010 to hexadecimal number.

Ans.1101 =D
0110=6
1011 =B
0010=2

10. Convert 2297 to hexadecimal.
Ans.2297 / 16 = 143 remainder 9
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143 /16 = 8 remainder F
8 /16 = 0 remainder 8
The above steps are graphically shown in Figure 1.5. Readingethainders
from bottom to top gives the required result, i.e., 8FBdxadecimal.

QC Multiple Choice Questions (M CQS):.

31. Why are number systems important in computing?
@® For storing and processing data For decoration
© For designing hardware only @ For gaming only
32. The decimal number system has a base of:

® 2 ®s © 10 ® 16
33. Which digits are used in the decimal system?

® 0-1 0-7 © 0-F ® 0-9
34. The binary number system uses:

®0and1 ®0to7 ©0to9 @AtF
35. In binary system, digit '1' represents:

® OFF ON ©OERROR ® NULL
36. Which number system is directly used by computer s?

® Decimal Octal © Binary ® Hexadecimal
37. The base of the octal number system is:

® 2 ®s © 10 ® 16
38. Each octal digit is equal to how many binary bit  s?

®2 ®9 ©4 ®3
39. The hexadecimal number system includes:

@® Only numbers Numbers and symbols

© Numbers 0-9 and letters A-F @ Only alphabets
40. Each hexadecimal digit represents how many binar vy bits?

® 4 ®3 ©2 @®s
m Data Representation in Computing Systems

/7 .
°
@  Long Questions @

Q6- How data is represented in computing systems? Ex  plain.
Ans: Data Representation in Computing Systems
Computers can process and store a lot of information. Ifiottoeving section we
will discuss numeric data representation.
Whole Numbers (W)
Whole numbers are a set of non-negative integers. They includeardrall the
positive integers. Mathematically, the set of whole numbers is:

w={0,1,2,3,...}
In computing, whole numbers are often used to regme quantities that can't be
negative. Examples include the number of student $chool, a person's age in years,
and grades, provided there are no negative figsmeb as credit point balances.
A 1-byte integer has 8 bits to store values. If all 8 hits on, it represents the
maximum value, 11111131which is 25%,. If all bits are off, it represents the
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minimum value, 000000g0which is Q. Similarly, using 2 or 4 bytes, we get more
bits to store data allowing us to store bigger values.i$f the number of bits, the
maximum value that can be represented‘isl Zor examples:

*  1-Byte whole number (8 bits): Maximum value & p=255

e 2-Byte whole number (16 bits): Maximum value ¥ = 65535

. 4-Byte whole number (32 bits): Maximum value 2 = 4,294,967,295
Integers (2)

Integers extend the concept of whole numbers ttude negative numbers. In
computer programming, we call them signed integ@itse set of integers is
represented as:

z={.,-3,-2,-1,0,1,2,3,...}
To store both positive and negative values, one bit is resawelde sign bit (the
most significant bit). If the sign bit is ON(1), the walis negative; otherwise, it is
positive. Using this system, the maximum positive vala tdan be stored in a 1
byte signed integer is (01111131)which is 127, As the bits available to stored a
value is n — 1, hence the maximum value will Be'd. We can use this formula to
compute the maximum values for 2 and 4 bytes.
Negative values are stored using 2's compliment, explainee ifoltbwing section.
1's Complement
1's Complement is a binary number representation system as®press positive
and negative numbers in digital systems. It's one of sevetaloos for representing
signed numbers in binary. 1's Complement represents negativeers in binary by
inverting all the bits (changing Os to 1s and 1s to 0s).
Negative Values and 2's Complement
To store negative values, computers use a method called 2's cempldm find
the 2's complement of a binary number, follow these steps:
1. Invert all the bits (change Os to 1s and 1s to 0s). (Xfpbment)
2. Add 1 to the Least Significant Bit (LSB).
Example: Let's convert the decimal number -5 to an 8-bit binary number:
1. Start with the binary representation of 5: 00003101
2. Invert all the bits: 11111030
3. Add1:11111019+ 1,=11111011
So, -5 in 8-bit 2's complement is 11111011
Minimum Integer Value
For an 8-bit integer, we switch on the sign bit for theatigg value and turn all bits
ON. resulting in 11111131 Except the first bit, we take twofs complement and get
10000009 which is 128, Thus minimum value in 1-byte signed integer is -128,
i.e.,-2. The minimum value is computed using the formulf2where n is the
total number of bits.
«  2-Byte Integer (16 bits):Minimum value = -2° = -32,768
«  4-Byte Integer (32 bits):Minimum value = -31 = -2,147,483,648
/~ .
e  Short Questions @
1. Define whole numbers (W).
Ans.Whole numbers are a set of non-negative integers. They includeazdrall
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Ans

Ans.

OR

Ans.

Ans

41.

42.

43.

44,

45.

the positive integers. Mathematically, the set of whole nunibers

W ={0,1,2,3,...}
In computing, whole numbers are often used to represent tgemikiat can't
be negative. Examples include the number of students in a sehpelson's
age in years, and grades, provided there are no negative figareassaredit
point balances.
Define integers (2).

.Integers extend the concept of whole numbers to include negafimbers. In

computer programming, we call them signed integers. The setegfers is
represented as:

z={.,-3,-2,-1,0,1,2,3,...}
To store both positive and negative values, one bit is resawede sign bit
(the most significant bit). If the sign bit is ON(lthe value is negative;
otherwise, it is positive.
What is meant by 1's complement?
1's Complement is a binary number representatiasiesy used to express
positive and negative numbers in digital systems. It's dreeveral methods
for representing signed numbers in binary. 1's Complenepnésents negative
numbers in binary by inverting all the bits (changingd$d and 1s to 0s).
How to store negative value in complement?
Define 2's complement.
To store negative values, computers use a method called 2's cempldim
find the 2's complement of a binary number, follow thesesstep
i. Invert all the bits (change Os to 1s and 1s to 0s). (Xfgplment)
ii. Add 1 to the Least Significant Bit (LSB).
Convert the decimal number -5 to an 8-bit binary number.

.Convert the decimal number -5 to an 8-bit binary number:

i. Start with the binary representation of 5: 0000G101
ii. Invert all the bits: 11111010

jii. Add 1: 11111019+ 1,=1111101%

So, -5 in 8-bit 2's complement is 11111611

.C Multiple Choice Questions (MCQs) o

Whole numbers (W) include:

@® Only negative numbers Only positive numbers

© zero and positive integers @ Fractions

Which of the following is a whole number?

® -3 0 ©-1 ® -10

What is the maximum value of a 1-byte (8-bit) un  signed integer?
® 127 259 © 256 ® 255

The formula for maximum value using n bits (unsi gned) is:

® 2" ®2"+1 ©2-1 ® n2
Integers (Z) include:

® Positive, negative, and zero Only negative numbers

© Only positive numbers @ Only decimals
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46. In signed integers, the most significant bit (MS  B) is used as:

® Data bit Sign bit © Address bit @ Control bit
47. |If the sign bit is 1, the number is:

@® Positive Negative © zero ® Undefined
48. 1's complement of a binary number is obtained by

® Adding 1 Removing MSB

© Inverting all bits @ Multiplying by 2
49. To find 2's complement, we:

@® Only invert bits Add 1 only

© Divide by 2 @ Invert bits and add 1
50. The minimum value of an 8-bit signed integer is:

® -127 -128 ©o ® -255
m Binary Arithmetic Operations

/7 .
°
®  Long Questions @

Q7- Explain binary arithmetic operations?

Ans: Binary Arithmetic Operations

Arithmetic operations include addition, subtractionultiplication and division,
which are performed on two numbers at a time. Binary arithnogt@rations are
similar to decimal operations but follow binary rules. Heaelwrief overview of the
basic operations:

Addition

Binary addition uses only two digits: 0 and 1. Here, wiélaarn how to add binary
numbers and how to handle the addition of negative binarypersn

Binary Addition Rules

Binary addition follows these simple rules:

- 0+0=0
- 0+1=1
. 1+0=1

e 1+ 1 =0 (with acarry of 1 to the next higher bit)
Example of Binary Addition
Example 1:
1101

+ 1011

11000

In this example:
e 1+1=0(carryl)
e O+1+1(carry)=0((carryl)
e 1+0+1(carry)=0(carry 1)
e 1+1+1(carry)=1(carryl)
Subtraction
In binary arithmetic, subtraction can also be ocadrout by adding the 2’s
complement of the subtrahend to the minuend.
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Example: Subtract 6 from 9 in Binary
Minuend = 9, = 1003
Subtrahend = £ = 011G
Step 1: Find the Two's Complement of the Subtrahend
* Invert the bits of 0110
Inversion: 100}
* Add 1 to the inverted number:
1003, + 1, = 101G = -6,
Step 2: Add the Minuend and the Two's Complement of the
Subtrahend
1001, + 101G = 10013
Step 3: Discard the Carry Bit
100113, Discard carry 0011= 3,
S0,9-6=3.
Multiplication
Binary numbers are base-2 numbers, consisting bf @ and 1s. Multiplying
binary numbers follows similar principles to multiplyigigcimal numbers, but with
simpler rules. Here, we will learn how to multiply binagnmbers with example.
Steps to Multiply Binary Numbers
1. Write down the binary numbers, aligning them by tbast significant bit
(rightmost bit).
2. Multiply each bit of the second number by each bit of the fienber, similar
to the long multiplication method in decimal.
3. Shift the partial results one place to the left for each new stasting from the

second row.
4. Add all the partial results to get the final product.
Example
Let's multiply two binary numbers: 194and 13
101 (This is 103 x 1,)
x11 (This is 103, x 1,, shifted left)
101
101x
1111

So0,103 % 11,= 1113,
Division
Binary division is similar to decimal division but orityvolves two digits: 0 and 1.
It follows steps like comparing, subtracting, and shiftisignilarly to long division
in the decimal system.
Steps of Binary Division
1. Compare: Compare the divisor with the current portion of the devidend
2. Subtract: Subtract the divisor from the dividend portion if theislv is less
than or equal to the dividend.
Shift: Shift the next binary digit from the dividend down te tlemainder.
Repeat:Repeat the process until all digits of the dividend have besth us

A w
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Example
Divide 110G by 10,
1071100 [110  (Step 1: Compare 10 with first two 11, subtract 10 fddij

10 (Step 2: Bring down the next digit 0)
10 (Step 3: Compare 10 with 10, subtract 10 from 10)
-10 (Step 4: Bring down the next digit 0, no more digits) lef
______________ o
Result: 1100, / 10, = 110,
e . N
®  Short Questions @
1. Solve.
Ans. 1101
+ 1011
11000

In this example:
1+1=0(carryl)
0+ 1+1(carry)=0(carry 1)
1+0+1(carry) =0 (carry 1)
e 1+1+1(carry)=1(carryl)
2. Subtract 6 from 9 in binary.
Ans.Minuend = 9, = 100%
Subtrahend = £ = 011G
Step 1: Find the Two's Complement of the Subtrahend
* Invert the bits of 0110
Inversion: 100}
* Add 1 to the inverted number:
1001, + 1, = 101G = -6,
Step 2: Add the Minuend and the Two's Complement of the
Subtrahend
1001, + 101G = 10013
Step 3: Discard the Carry Bit
100113, Discard carry 001}l= 3;,
S0,9-6=3.
3.  What are the steps to multiply binary numbers?
Ans.i. Write down the binary numbers, aligning them by the leggtificant bit
(rightmost bit).
ii. Multiply each bit of the second number by each bit of thet fiumber,
similar to the long multiplication method in decimal.
iii. Shift the partial results one place to the left for each new staxting from
the second row.
iv. Add all the partial results to get the final product.
4. Solve.
Ans.Let's multiply two binary numbers: 19and 13
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5.
Ans,

6.
Ans.

7.
Ans.

51.
52.
53.
54.

55.
56.
57.
58.

59.

101
x 11
101 (This is 103 x 1))
101x (Thisis 10} x 1,, shifted left)
1111

S0,104x 11,= 1111

How many binary multiplications can a CPU do?

The Central Processing Unit (CPU) of a computefopers millions of binary
multiplications every second to execute complesricgions and run programs!
Define division.

Binary division is similar to decimal division but oniyvolves two digits: 0
and 1. It follows steps like comparing, subtracting, andtirsty, similarly to
long division in the decimal system.

Solve.

Divide 110G by 10,

101100 1110 (Step 1: Compare 10 with first two 11, subtract 10 fddip

10 (Step 2: Bring down the next digit 0)

10 (Step 3: Compare 10 with 10, subtract 10 from 10)
-10 (Step 4: Bring down the next digit 0, no more digits) lef
______________ o

Result: 1100,/ 10, = 110,
.C Multiple Choice Questions (MCQs) o

Binary arithmetic operations are performed using ho w many digits?

®s 10 ©2 ® 16
What is the result of binary addition: 0 + 17?

®1 100 © 10 @11
What is the result of 1 + 1 in binary?

®1 0 © 10 ® 11

In binary addition, 1 + 1 gives:
® 1 with no carry ® 0 with carry 1 © 1 with carry 1 @ 0 with no carry
Binary subtraction is often performed using:

® 1's complement only Multiplication method
© Division method @ 2's complement

To find 2's complement, we:

® Add 1 only Subtract 1

© Invert bits and add 1 @ Multiply by 2

Binary multiplication is similar to:

® Decimal multiplication Addition only

© Division only @ Subtraction only

In binary multiplication, shifting left means:

® Dividing Adding

© Moving to higher place value ~ @ Removing bits

Binary division follows steps similar to:

@ Multiplication Long division in decimal
© Addition only ® Complement method
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60. Which component performs binary operations in a computer?

® Monitor Keyboard © cpPuU @ Printer
Common Text Encoding Schemes

/ 4 \
. ®
€  Long Questions @

Q8- Explain common text encoding schemes used in co mputers.

Ans: Text encoding schemes are essential for representing charactergafioos
languages and symbols in a format that computers can undeasidipdocess. Here
are some of the most common text encoding schemes used in esnput

ASCII

ASCII is an acronym that stands for American Stadd@ode for Information
Interchange. It is a character encoding standard adopted for reprgserdevices
such as computers and similar systems that use Eadh alphabet, number or
symbol is given a code number between 0 and 127 as shovabliea T.3.

ASCIl enables different computers and devices tohexge text information
reliably. Let's encode the name of our country (Pakistan) #s8jl.

* The ASCII code for an upper case letter “P” is 80.

*  The code for letter 'a' in ASCII is 97.

*  The ASCII code for the letter 'k' is 107.

* ltis interesting to know that the ASCII code for thedlet' is 105.

* Inthe ASCII code system, the letter 's' has a code of 115.

* The code for 't'is 116 in ASCII.

*  The ASCII code for “a” is 97.

»  The ASCII code for ‘n’ is 110.

Character | ASCII Code | Character |ASCIl Code |Character | ASCII Code

SP (space 32 - 45 : 58
! 33 . 46 ; 59
" 34 / 47 < 60
# 35 0 48 = 61
$ 36 1 49 > 62
% 37 2 50 ? 63
& 38 3 51 @ 64
' 39 4 52 A 65
( 40 5 53 B 66
) 41 6 54 C 67
* 42 7 55 D 68
+ 43 8 56 E 69
, 44 9 57 F 70
G 71 Y 89 k 107
H 72 Z 90 I 108
I 73 [ 91 m 109
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74

J \ 92 n 110
K 75 ] 93 o] 111
L 76 A 94 p 112
M 77 - 95 o} 113
N 78 ? 96 r 114
O 79 a 97 S 115
P 80 b 98 t 116
Q 81 c 99 u 117
R 82 d 100 \ 118
S 83 e 101 w 119
T 84 f 102 X 120
U 85 g 103 y 121
\ 86 h 104 z 122
W 87 i 105 { 123
X 88 i 106 | 124
} 125 ~ 126 DEL 127

Extended ASCII

While the standard ASCII Table includes 128 chaegtthere is an extended
version that includes 256 characters. This extended ASCII ubs &nd includes
additional symbols, accented letters, and other characters. Howeseoriginal
128 characters are the most commonly used and sexsehe basis for text
representation in computers.

Unicode

Unicode is an attempt at mapping all graphic characters used iof &mg world's
writing system. Unlike ASCII, which is limited to 7bigsnd can represent only 128
characters, Unicode can represent over a million characters thrdtegerdiforms
of encodings such as, UTF-8, UTF-16, and UTF-32. UT&nhisicronym that stands
for Unicode Transformation Format.

UTF-8

It is a variable-length encoding scheme, meaning it can use eedtffeambers of
bytes (from 1 to 4) to represent a character. UTF-8 is backeargatible with
ASCII. It means it can understand and use the oKk®CIl encoding scheme
without any problems. Therefore, if we have a text file writterASCII, it will
work perfectly fine with UTF-8, allowing it to read botld@nd new texts.

Example: The letter ‘A’ in Unicode, represented as, U+0041, is 0100000the
binary format and occupies 8 bits or 1 byte.

Let's look at how Urdu letters are represented in UTF-8:

Example: The Urdu letter ' is represented in Unicode as U+0628; its binary
format is 11011000 10101000, means it takes 2 bytes.

UTF-16

UTF-16 is another variable character encoding mechanism, althbugbsieither 2
bytes or 4 bytes per character at most. Unlike UTF-8, itotscompatible with
ASCII, meaning it cannot translate ASCII code.
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Example: The letter A in UTF-16 is equal to 00000000 01000004ima&ry or 65 in
decimal (2 bytes).

For Urdu:

Example: The right Urdu letter—' in UTF-16 is represented as is 00000110
00101000 in binary, which occupies 2 bytes of memory.

UTF-32

UTF-32 is a method of encoding that uses a fixed lengtlh, alitcharacters stored
in 4 bytes per character. This makes it very simple but atatime §me it may look
a little complicated when it comes to space usage.

Example: Alphabet letter ‘A’ in UTF-32 is represented in By as 00000000

00000000 00000000 01000001 which is 4 bytes.

/ L3 \
®  Short Questions @

1. Define ASCII.

Ans.ASCIl is an acronym that stands for American Standard Codmflammation
Interchange. It is a character encoding standard adopted for reprgsent
devices such as computers and similar systems that use textalphebet,
number or symbol is given a code number between 0 and 127.

2. Define extended ASCII.

Ans.While the standard ASCII Table includes 128 characters, thereeastanded
version that includes 256 characters. This extended ASCII usies &nd
includes additional symbols, accented letters, and other charddtevsver,
the original 128 characters are the most commonly used and asriles basis
for text representation in computers.

3. Define unicode.

Ans.Unicode is an attempt at mapping all graphic characters used iofahg
world's writing system. Unlike ASCII, which is lingd to 7bits and can
represent only 128 characters, Unicode can represent over a lilaoacters
through different forms of encodings such as, UTF-8, W6Fand UTF-32.
UTF is an acronym that stands for Unicode Transformatiom&or

4. How do computers store files?

Ans.All these files (images, audio, and video)are storedinary data, which
means they are represented by sequences of Os and 1s.

5. How may types of storage devices are there?

Ans.« Hard Disk Drive (HDD): Uses spinning disks to read/write data. They offer
large storage capacities.

» Solid State Drive (SSD):Uses flash memory for faster access times and

better performance.

» Cloud Storage: Stores files on remote servers accessible via the internet,

providing flexibility and backup options.
/ L . . \
@ Multiple Choice Questions (MCQs) ®
61. ASCII stands for:
® American System Code for Intern@ Automated Standard Code Interface

© American Standard Code for Information Interchange
® Advanced System for Computer Information
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Standard ASCII uses how many bits?

" ® 7 bits ® 9 bits © 8 bits ® 16 bits
63. How many characters can standard ASCII represent  ?

® 64 512 © 256 ® 128
64. Extended ASCII uses:

® 7 bits 8 bits © 16 bits ® 32 bits
65. Unicode can represent:

@® Only English letters Only numbers

© Characters from many writing systef@ Only symbols
66. UTF stands for:

@® Universal Text Format Unicode Transformation Format
© Unified Text Function ® User Text File
67. UTF-8is:
® Variable-length encoding Fixed-length encoding
© Only 2-byte encoding @ Only 4-byte encoding
68. UTF-8 is compatible with:
® Unicode only ® ASCII © UTF-16 @ UTF-32
69. UTF-32 uses how many bytes per character?
® 1 byte 2 bytes © 3 bytes @ 4 bytes

70. 1 Kilobyte (KB) is equal to:

® 1000 Bytes 512 Bytes © 1024 Bytes (@ 2048 Bytes
4 . e,
o Activities b4

Activity 1 : Design a Simple System

Objective: The goal of this activity is for students to apply thimgiples of system

design and understand the process of creating a functionainsyByethe end of

this activity, students should be able to define purpose of a system, list its
components, describe the interactions among thosganents, and understand
how to model this system through a diagram.

Required Material
» Computers or tablets with diagramming software (e.g., lohait)

» Paper * Pencils » Markers

Activity Tasks Detail

1. Introduction: The teacher will start by presenting an example of a simple
system, such as a coffee-making system or a school attendance. Shiséem
teacher will explain the key components of the system, howithesact, and
their roles in achieving the system's goal. For example, inffaeemaking
system, components include the coffee machine, wateffee beans,
electricity, and the user, with interactions such as the usencadditer and
coffee beans to the machine, the machine brewing the coffee, andethe us
receiving the coffee.

2. Define the System and List Componentsin pairs, students will choose a
simple system they are familiar with. This could be a vendiaghine, home
heating system, shopping system, or even a music player system

Each pair will;

« Define the objective of the system (what the system is suppos).
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List the components that make up the system (e.g., for angemdachine:

payment mechanism, buttons, food items, dispenser).

Identify how these components interact to achieve the systejatgiodb.

3. Use Diagramming Software to Create a System Prototyp&tudents will
use diagramming software (such as Lucid chart) to create a sysittyjpe or
diagram. This prototype will visually represent the compaeitthe system
and show the interactions between them.

For example, in the vending machine system, the diagram wazlidle:

e User interacting with payment mechanism, selecitiams through buttons,
and receiving the item via the dispenser.

« Arrows or lines showing the flow of actions, like moneyeeimg the machine
or the machine dispensing an item.

4. Describe the SystemEach pair will describe:

*  The objective of the system.

e« The components involved.

How the components interact to meet the system's goals.

e« The environment of the system, if applicable (eayvending machine's
environment could be a public space or a shop).

5. Class Presentation and FeedbaclAfter completing their system diagrams,
each pair will present their system to the class. They willagxghe system's
purpose, components, interactions, and how the system operates.

* The teacher and classmates will provide feedbackhendesign, identifying any
missing components or areas where the interactionkl be improved or clarified.

» Students will also engage in a Q&A session to déscdifferent design
approaches and learn from each other's systems.

Output:

e Each pair will produce a system prototype or diagtsing the diagramming software.

* The students will receive feedback on their designd be encouraged to
refine their ideas.

*  The activity will enhance students' critical thinking and systieisign skills by
allowing them to visually represent and explain how a systeetibns.

Learning Outcomes:

»  Students will gain an understanding of the process of sydsign and how to
identify the necessary components of a functional system.

*  They will learn to create a visual system prototype that ilites$ interactions
between components.

e This activity will improve students' collaborative and preatom skills, as
well as their ability to explain complex systems in simplenger

Activity 2 : Make a list of all the software you use on your ¢ omputer or
tablet. Categorize them into system software and ap  plication
software. Discuss with your class mates which softw are you find
most useful and why.

»  For the class activity described in Unit 5, you need taalisthe software you
use on your computer or tablet, categorize them gyistem software and
application software, and discuss which software fiod most useful and
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why. Here's how you could approach this activity:

Step 1: Make a List of All the Software

» Start by listing all the software you frequentlyeusyou might want to
categorize them as you list them to make the next step easier.

Example List:

e  System Software:

e Operating Systems:Windows 10, macQOS, Linux

*  Device Drivers: Printer drivers, graphics card drivers

o Utility Programs: Antivirus software (Norton, McAfee), System cleenéCCleaner)

*  Application Software:

Word Processors:Microsoft Word, Google Docs

«  Web Browsers: Google Chrome, Mozilla Firefox

*  Games:Fortnite, Among Us

* Media Players: VLC Media Player, Spotify

*  Graphic Design Tools:Adobe Photoshop, Canva

»  Spreadsheet ToolsMicrosoft Excel, Google Sheets

Step 2: Categorize the Software

« System Software:These are essential for running the hardware asich
system operations. They are generally not used directly by ssrd-but work
in the background to ensure that the computer and its hardamaferation.

* Application Software: These programs are used directly by end-users to
perform specific tasks. They run on top of system software.

Step 3: Discuss the Usefulness

» Discuss with your classmates which software you find mesfuli and why.
Consider factors like frequency of use, features that aid yagduptivity or
entertainment, and how they impact your daily tasks or priofessvork.

Example Discussion:

« "l find Google Chrome extremely useful due to its fast perémce and the
extensive range of extensions available, which eeckamy browsing
experience and productivity.”

*  "Microsoft Excel is crucial for my studies and work becausaldws me to
organize data efficiently, perform complex calciuats, and visualize
information through charts."

« "Adobe Photoshop is indispensable for my graphic desigjeqis because of
its comprehensive tools and features that allow for high-lesestivity and
professional output.”

Step 4: Share and Compare

»  Share your findings and reasoning in a class discussios. CHm help you
learn about other useful software from your peers and undersiiéierent
perspectives on the software tools used by others. Compamalébeof system
and application software in practical scenarios and discuss heywirtteract
within your computing environment.

e This activity will help you better understand théfatent types of software you
interact with regularly, the roles they play, aheit importance in various contexts.
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Activity 3 :

1.

7

Work in pairs to convert the following decimal nu mbers to octal:
45, 128, 64.

Convert these octal numbers to decimal: 57, 124, 301.
Share your answers with the class and discuss an vy differences.
45 in decimal to octal

45 + 8 = 5 remainder 5

5+ 8 =0remainder 5

Octal: 55

128 in decimal to octal

128 + 8 = 16 remainder O

16 + 8 = 2 remainder O

2 +8 =0 remainder 2

Octal: 200

64 in decimal to octal

64 + 8 = 8 remainder O

8 +8 =1 remainder 0

1+ 8 =0remainder 1

Octal: 100

Convert these octal numbers to decimal

57 in octal to decimal

7x8+1x8@=56+1=57

124 in octal to decimal

1x&+2x8+4x8 = 64+16+4=84

301 in octal to decimal

+3x8+1x&+0x8= 192+0+1=193

Discussion and Differences

After converting the numbers from decimal to octal and vice vassshown, the
students can compare their results and discussdasgrepancies in their
calculations, fostering an understanding of the conversiocepses and potential
errors that can occur during manual calculations.

Activity 4 : Find the following values (or find over Internet) and express

them in hexadecimal. Discuss your findings with you r classmates:

Minimum Age to Cast Vote

In many countries including Pakistan, the minimuge & cast a vote is 18 years.
Length of the Indus River

The Indus River is approximately 3,180 kilometers long.

Total Districts in Pakistan

Pakistan has around 160 districts.

Height of K2 (the second-highest mountain in the w  orld)

The height of K2 is about 8,611 meters.

Area of Pakistan

The total area of Pakistan is approximately 881,913 squanmddérs.

Converting to Hexadecimal

Now, let's convert each of these values into hexadecimal:
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Minimum Age to Cast Vote (18)

* Decimal: 18

» Hexadecimal:18 in decimal is 12 in hexadecimal.

2. Length of the Indus River (3,180 kilometers)

* Decimal: 3180

* Hexadecimal:3180 in decimal is C6C in hexadecimal.

3. Total Districts in Pakistan (160)

* Decimal: 160

* Hexadecimal:160 in decimal is AO in hexadecimal.

4. Height of K2 (8,611 meters)

 Decimal: 8611

* Hexadecimal:8611 in decimal is 21A3 in hexadecimal.

5. Area of Pakistan (881,913 square kilometers)

» Decimal: 881913

* Hexadecimal:881913 in decimal is D74F9 in hexadecimal.

Discussion

« Understanding Hexadecimal: Hexadecimal numbers are used in computing
for a more compact representation of numbers. Discussing thesersions
helps understand how large decimal numbers areesepted succinctly in
hexadecimal form, which is prevalent in computing, particularlynemory
addressing and color coding in digital graphics.

« Real-World Applications: Through this activity, students can also see the
relevance of number systems in real-world data representatiomgreathstract
concepts more tangible.

* Engage with your classmates to see if they got similar seaunli understand
their method of conversion, which can deepen your understaadohgrovide
insight into various ways of approaching the problem.

Activity 5 : Practicing Binary Division
Objective: To practice and understand binary divisi on through
hands-on examples.

Instructions:

1. Form groups of three to four students.

2. Each group will solve the following binary divis ion problems:

(a) 10101, + 10, (b)11100,+11, (c)100110,+ 101,

3. Write down each step of your division process cl early.

4. Present your solutions to the class, explaining each step and the
reasoning behind it.

(&) 10101, +10,

gte%1 by 10 (which is 2 in d ) ? hifti TIOIO
ividing by which is 2 in decima same as shifting r
one bit. 10 ]18101
Long Division

001
Quotient = 1019 0

Remainder = 1 01
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(b) 11100, +11, 1001
Step-by-step 11 51 1100
11
001
0
100
Quotient = 1001 11
Remainder = 1 01
(c) 100110,+101, 111
Step-by-step 101)100110
101
111
Quotient = 111 L
Remainder = 10 10
Activity 6 :

1. Write down your name. (SARIM and AZLAN)

2. Find the ASCII code for each letter in your name (SARIM and
AZLAN). You can use an ASCII table 2.4 to help you.

3. Convert each ASCII code to binary.

4. Write down your name in binary!

«  For this class activity, we'll find the ASCIl codes and contleem to binary
for the names "SARIM" and "AZLAN."

Step 1: Write Down the Names

* Names:SARIM and AZLAN

Step 2: Find the ASCII Codes for Each Letter

* Using a standard ASCII table:

* For SARIM:

*S: 83 * A: 65 *R: 82 o|: 73 e M: 77
. For AZLAN:
*A: 65 «Z:90 e: 76 *A: 65 *N: 78

Step 3: Convert Each ASCII Code to Binary
*  Now let's convert these ASCII codes to binary:
*  For SARIM:
* S (83): 01010011 * A (65): 01000001 <R (82): 01010010
| (73): 01001001 *M (77): 01001101
* For AZLAN:
* A (65): 01000001  +Z (90): 01011010 *L (76): 01001100
* A (65): 01000001  «N (78): 01001110
Step 4: Write Down Your Names in Binary
*  Combining all the binary codes, the names "SARIMY dAZLAN" in binary are:
SARIM: 01010011 01000001 01010010 01001001 01001101
AZLAN: 01000001 01011010 01001100 01000001 01001110
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e EXEREISE o0

Multiple Choice Questions
1. The primary function of a system is:

® To work independently To achieve a common goal

© To create new systems @ To provide entertainment
2. One of the fundamental concepts of any system is:

® lts size Its objective  © Its age @ lIts price
3. An example of a simple system is:

® A human body A computer network

© A thermostat regulating temperat@eThe Internet
4. The basic components of a system are:

® Users, hardware, software

Objectives, components, environment, communication

© Inputs, outputs, processes ® Sensors, actuators, controllers
5. Which of the following describes the Von Neumann architecture's

main characteristic?

® Separate memory for data and instructions

Parallel execution of instructions

© single memory store for both program instructions and dat

® Multiple CPUs for different tasks
6. ASCII stand for:

® American Standard Code for Information Interchange

Advanced Standard Code for Information Interchange

© American Standard Communication for Information Interchange

@ Advanced Standard Communication for Information Interchange
7. How many bits are used in the standard ASCIl enc  oding?

® 7 bits 8 bit © 16 bits ® 32 bits

8. How many bytes are used to store a typical integ  er?
® 1 byte 2 bytes © 4 bytes @ 8 bytes

9.  Which software is used to enhance system performanc e and security?
@® Operating system Utility software

© Application software ® Device drivers
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10. Which of the following is an example of applica  tion software?
® Microsoft Word BIOS
© Disk Cleanup @ Device Manager
| MCQsKey |
[1L]®]2.]®]3.]O]4.[®]5.[O]6.[®]7.|®]8.[®]9.[®[10]®]

Short Questions

1.
Ans.

2.
Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Define a system.

A system is an organized collection of interdependent partsthrittogether
to perform a specific function or achieve a common goal. Theaflaasystem
is useful to explain both the external reality as well as tteenal one.

Enlist the main components of the Von Neumann ar  chitecture.

The Von Neumann architecture is a computer paradigm that descryseem s
in which the hardware of the computer has four amyncomponents: the
memory, the Central Processing Unit (CPU), input mechaniams, output
mechanisms. This model is called the John von Neumann mideélleumann
model named in honor of the mathematician and physicist whivitaaed to
its development during the 1940s.

Enlist the four main steps in the Von Neumann ar  chitecture's
instruction cycle.

i. Fetching ii. Decoding iii. Execution iv. Storing

What is a key advantage of the Von Neumann archi  tecture?

A key advantage is its simplified design, as both prograstnictions and data
are stored in the same memory, making it easier to design afelrient.

What is the primary purpose of the ASCIlI encodin g scheme?

ASCII is an acronym that stands for American Standard Codmfiammation
Interchange. It is a character encoding standard adopted for reprgsent
devices such as computers and similar systems that use textalghabet,
number or symbol is given a code number between 0 and 127.

Define Unicode.

Unicode is an attempt at mapping all graphic characters used iofahg
world's writing system. Unlike ASCII, which is lindd to 7bits and can
represent only 128 characters, Unicode can represent over a lilhoscters
through different forms of encodings such as, UTF-8, W6Fand UTF-32.
UTF is an acronym that stands for Unicode Transformatiom&or

How does the number of bits affect the range of integer values?

The range increases exponentially with the number of bits, asaglonal
bit doubles the number of representable values.

Define system software and provide two examples.

System Software:System software is designed to manage the syssounces
and provide a platform for application softwarertm. It acts as a bridge
between the hardware and the user application® Bler some examples:

* Operating Systems:Examples include Microsoft Windows, macOS, and kinu




CAL-RAZT [ETTTH D B o7 | COMPUTER

» Device Drivers: These include printer drivers, graphics card drivers, and
sound card drivers.

« Utility Programs: Examples are antivirus software, disk cleanup tools, and
backup software.

9. Differentiate between system software and applic  ation software.

Ans. Purpose: System software manages and operates computer hegdw
making it possible for application software to run. Applmatsoftware helps
the user to perform specific tasks.

» Examples: System software includes operating systems and device drivers.
Application software includes word processors, web browaasgames.

« Installation: System software is usually pre-installed on a computer, while
application software can be installed by the user as needed.

10. Add 1100, and 1011,.

Ans.1100 + 1011.

Add directly: 1101
+1011
11000

Decimal check: 12 + 11 = 23

11. Subtract 0011 , from 1010 ,.

Ans.0011, - 101Q
Decimal check: 001,1= 3, 1019= 10
3-10=-7
Binary of 7 is 111

Long Questions

1. Describe the basic concept of a system.

Ans:For answer see page 5

2. Explain the Von Neumann Architecture of a comput  er.

Ans:For answer see page 10

3. Explain the working of Von Neumann Architecture.

Ans:The Von Neumann architecture encompasses four essential stageSRaf a

to carry out instructions, namely fetching, decagiexecution, and storage. To

demonstrate this procedure, we will use the example of additiomo-digits with a

basic calculator application.

e Fetching: The central processing unit retrieves an instomcfrom the computer's
memory. This instruction specifies the operatiorbéoexecuted by the CPU.
Comprising Components: Memory, CPU, Program Counter (PC), Instruction
Register (IR)).

Description: The Program Counter (PC) stores the memory addrkske
subsequent instruction. Once the address is storademory, the instruction
located at that location is retrieved and placed the Instruction Register (IR).

» Decoding: In order to determine the necessary action, the Control Ukl (C
decodes the instruction.

Comprising Components:Control Unit (CU).
Description: The control unit (CU) decodes the opcode (operation codekof th
instruction and determines the required procedures and data.

«  Execution: The CPU processes the instruction. When the instructiorvies’o
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a computation, it is executed by the Arithmetic Logic Unit (ALAny task
that requires transferring data between several locations is mamatfesl CU.
Comprising Components:ALU, CU.
Description: The Arithmetic and Logic Unit (ALU) carries out rhamatical and
logical calculations, while the Control Unit (CUaidles data transmission activities.
e Storing: The outcome of the computation is either returned to memaosgrur
to an output device.
Comprising Components:Memory and Output Device.
Description: The outcome is either stored in a designated memory location or
sent to an output device, such as a display.
4. Explain how characters are encoded using Unicode al  so provide examples.
Ans:Unicode is an attempt at mapping all graphic characters used iofahg
world's writing system. Unlike ASCII, which is limiteid 7bits and can represent
only 128 characters, Unicode can represent oveill@fomcharacters through
different forms of encodings such as, UTF-8, UTF-16, afd-32. UTF is an
acronym that stands for Unicode Transformation Format.
UTF-8
It is a variable-length encoding scheme, meaning it can use eedtfieambers of
bytes (from 1 to 4) to represent a character. UTF-8 is backe@rgatible with
ASCII. It means it can understand and use the ok®€ll encoding scheme
without any problems. Therefore, if we have a text file writterASCII, it will
work perfectly fine with UTF-8, allowing it to read botld@nd new texts.
Example: The letter ‘A’ in Unicode, represented as, U+0041, is 01000A0the
binary format and occupies 8 bits or 1 byte.
Let's look at how Urdu letters are represented in UTF-8:
Example: The Urdu letter ' is represented in Unicode as U+0628; its binary
format is 11011000 10101000 means it takes 2 bytes.
UTF-16
UTF-16 is another variable character encoding mechanism, althobugasieither 2
bytes or 4 bytes per character at most. Unlike UTF-8, itoiscompatible with
ASCII, meaning it cannot translate ASCII code.
Example: The letter A in UTF-16 is equal to 00000000 01000004imary or 65 in
decimal (2 bytes).
For Urdu:
Example: The right Urdu letter—' in UTF-16 is represented as is 00000110
00101000 in binary, which occupies 2 bytes of memory.
UTF-32
UTF-32 is a method of encoding that uses a fixed lengtlh, alitcharacters stored
in 4 bytes per character. This makes it very simple but atatime §me it may look
a little complicated when it comes to space usage.
Example: Alphabet letter ‘A’ in UTF-32 is represented in hiy as 00000000
00000000 00000000 01000001 which is 4 bytes.
5. Describe in detail how integers are stored in co  mputer memory.
Ans:Integers extend the concept of whole numbers to include negatiubers. In
computer programming, we call them signed integ@itse set of integers is
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represented as:

z={.,-3,-2,-1,0,1,2,3,...}

To store both positive and negative values, one bit is resawelde sign bit (the
most significant bit). If the sign bit is ON(1), the walis negative; otherwise, it is
positive. Using this system, the maximum positive vali ttan be stored in a 1
byte signed integer is (01111131)which is 127, As the bits available to stored a
value is n — 1, hence the maximum value will Be42. We can use this formula to
compute the maximum values for 2 and 4 bytes.
Negative values are stored using 2's compliment, explainee ifoltbwing section.
1's Complement
1's Complement is a binary number representation system asedptess positive
and negative numbers in digital systems. It's one of sevetaloas for representing
signed numbers in binary. 1's Complement represents negativeers in binary by
inverting all the bits (changing Os to 1s and 1s to 0s).
Negative Values and 2's Complement
To store negative values, computers use a method called 2's cempldm find
the 2's complement of a binary number, follow these steps:
1. Invert all the bits (change Os to 1s and 1s to 0s). (Ifpbment)
2. Add 1 to the Least Significant Bit (LSB).
Example: Let's convert the decimal number -5 to an 8-bit binary number:
1. Start with the binary representation of 5: 00006101
2. Invert all the bits: 11111010
3. Add1:11111019+ 1,=11111013%

So, -5 in 8-bit 2's complement is 11111011
Minimum Integer Value
For an 8-bit integer, we switch on the sign bit for theatigg value and turn all bits
ON. resulting in 11111131 Except the first bit, we take twofs complement and get
10000009 which is 128, Thus minimum value in 1-byte signed integer is -128,
i.e.,-2’. The minimum value is computed using the formulfri2where n is the
total number of bits.
«  2-Byte Integer (16 bits):Minimum value = -2° = -32,768
«  4-Byte Integer (32 bits):Minimum value = -31 = -2,147,483,648
6. Perform the following binary arithmetic operatio ns:
(a) Multiplication of 101 , by 11,

Ans: 101, x 11,
Convert to decimal (optional check):
10,=5,11,=3

5x3=15
Back to binary: 15=1111

(b) Division of 1100. by 10.
Ans: 1100 + 10Q,

Decimal check:
1100,=12,1Q=2

12+2=6
Back to binary: 6=110
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