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ThisduphrpmﬁdmmomafﬂuﬂmyuTMIWUdng
mrdmtﬂmncmanqmlmmwﬁmtypaofqmuhgwby
defining what a system is, discussing its basic components, objectives,
emirunmmdmeﬁ\odsofmmmunimﬁmmrhechapmﬂmndlﬂeunﬂm
between natural and artificial systems, explaining how they function and their
pumﬂndaﬁunﬁipﬂwmmﬂﬂemﬁhnrﬂmdsdmls
also explored, ithﬂing;kmml science, design science, and computer science.
The chapter then shifts to discussing computers as systems, explaining their
goals, parts, and how these parts connect with each other and their
surroundings. It provides a detailed look at the Von Neumann computer
architecture, exploring its components, how it works, its unique features, as well
niusumgﬂﬁmdmkmmmpwa}mmdﬂhmmtypuof
mmmﬁmsyﬂmmchumpumw&mwmmelnm
clearly explaining their roles and purposes. At the end of this chapter, the reader
;wilbaln:bﬂtzrpﬂdﬂontnmdamﬁ:dymtmu.thekdawﬂmﬂm,md
relevance in natural and man-made systems to aid future learning and
utilization,

1.1 Theory of Systems

ﬂuidaaofas;mtmisusahlmuplainboﬂttiuextumdmd'rtyuwellume
internal one. An Information System is simply an organized set of components
that are coordinated to perform a designated function. All the components of
ﬂwsmmminsnmvawﬂatndmeachoﬂwandme&mcﬁmﬂngnfﬂum
components enhances the operation of the system,

Lutuamnsiderasimplummple.nﬂasanndepictathmrel.1:h:ismade
up of an engine, wheels, brakes, andaﬁmmhudim‘herymphysa
unique task, Mcdluﬂthhwammmuehmhngﬂuwm
Likewise, every computer, organism, machine, or device has components that




A branch of a science that deals with complicated structures in living organisms,
mmmmnmmwanummsmmuw It
ives a way of interpreting the existing world with different perspectives,
tl‘ruluﬂureﬁsgt:msand sub-systems operate, how they are integrated,
how they grow and they change with time.
Systems can be observed at all levels of existence, starting with the levels of
nature, and going all the way up to levels of systems designed by humans. These
mbephwmmm-mﬁammmHhunmrﬁtﬂ
admission process; or abstract objects such as a mathematical formula, Thinking
about how systems operate heips us better understand how need to be
developed and nurtured across different discipline like co biology,
engineering, and social science. In this section, basic concepts will be introduced
to emphasize fundamental concepts and principles.
L.1.71 Basic Concepts of Systems
A system is described by its objectives components, communication among
components and environment in which it works. The components of a system
communicate with each other to achieve the system's objective in an
environment. Systems can be simple, like a thermostat, or complex, like the
human body or a computer network,
1.1.1.1 Objective
Every system hasnpuﬂ:osenr | that it wishes to fulfil. Analyzi :gstun_ 's
upermﬁ requires u arstandagaits aim. This insight improves tln?e ciency
and efficacy of the present A transport system aims to transfer people
and products securely and mw between locations. A computer system's
prlmip:lfgmlistupmcmdauandpmuidauuﬁ;linhnmﬁmmm
Types of System Objectives
can have different objectives depending on their nature and purpose.
\nferrustion procissing: Col assing, and e
L ecting, storing, processing, and ng
information, for example
© Acomputer system processes user data to produce meaningful outputs,
o The human brain processes information received by the human senses to
perceive the environment.
2. Supporting other systems: Providing a platform or infrastructure for other
systems to work, for example:
o Acell phone provides a platform to run different applications.
o The sun provides energy to all species on Earth to live,
3. Achieving specific goals: Completing tasks or processes, for example:
0 Athermostat system maintains a set temperature in an environment,
o %mrmsynm alms to convert fuel into mechanical energy
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Brain: Information processing m:lgmnm Thermostat: Achieving

Fig. 1.2 Types of System Objectives tdn‘“ —
('Human Brain System \_Tidbits
1. Your brain is an incredible example of a communication network.
Neurons send mmmm«.dwmmmﬂﬂnhmam
experience This complex communication is what makes our
brains so powerful,
z.mummmmmmwdmwmmmm
operate a low-wattage LED light bulb. Presented here is the brain's
remarkable efficacy as an electrical system.
3. The information traveling through your brain moves at about 268 miles
per hour, which is faster than a F 1 race car,

4, Your brain, ﬁlhiolugﬁ mmmmm?;iiﬁggmlfaaﬂ
neuron was a person, the po i ut ten Earth
' i simultaneously! X
5. The human brain can perform about 10 (10 quadriil n) operations
mﬁ,mkjnghumufﬁumwciandtﬁmmhgg
Whm j
1.1.1.2 Components oy
Components are the building blocks .
ﬁf‘;'llfd?slﬁ'llE:g\ - ent plays
a ¢ role and contributes to the
overall functionality of the ¥ Py ecommer
Understanding the role of each - _

1o understand how the entire system

m. Thils helps in itgfgntifying
ms, improving performance, |

and refining system design. Smooth

and proper working of these :

components together ensures the M [

system meets its objectives.

@ Fig 1.3 Mdmw

component of the system is essential
.l-m
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1. Consider your body as a sophisticated and effective Itis
nmﬂuﬁhsysterncoammw mhm%uﬂm%mu
system, neurological system, and d]ﬁ:stlu system. The

pplies o and the c!m Ww
su en, system processes infc
|m°ﬁmm.dwmmmmmmummm
our survival and wel

2. DNA is like a blueprint for life. It's @ system that contains all the
instructions for an umﬂmmw.#wmghm
our body
reads this blueprint to know what to do. When all the DNA in a sinale
mwmmnmaboutmmmmm
total long of the DNA in your body extends to the Sun and back more
\_ than six hundred times. J

1.1.1.3 Enwironment

The environment of a system includes ing external to the system that
interacts with it It consists of all Mrsmm&umm%
operation. Understanding the environment of a system is important as it
influences the system’s performance and behavior by providing inputs and
receiving outputs. intelligent systems adjust to changes in their environment to
continue their functionality. There are several properties of a system's
environment that affect design and its functionality. Two of these

w'ﬂmndasaibedas lows;
vs. mic:

The environment remains unchanged unless the system provides
an output. There are no changes occurring in the environment while the
system is working internally.

* Dynamic: The environment can change independently of the system's
output. The system must account for changes that occur over time in the
environment,

Deterministic vs. Non-deterministic:

. Mumndnnmﬂrﬁsﬁcmmi;chamdeﬁudbyﬂsﬁxllyhm
and certain i of its output on the environment,

* Non-deterministic: The impact of the system's output on the
environment is characterized by inherent uncertainty, randomness, or
probability.

1.1.1.4 Communication

* Communication and interaction among system components is key to the
functioning of a system. It ensures that components work in an
amaniud.ndmnaﬁmmmrmﬂiweﬂusymm'u_ For
example, in a computing system the CPU communicates with memory to

fetch and store data, and in a biological system brain sends signals to muscles

to initiate movement. @

PRSI



System’s Interaction with the Environment

zhrm lnttmdmﬂﬂramﬁumnﬂamughlwuuandmmputs.
example, a weather monitoring system receives data from ment
sensors and provides the current status ufﬂumﬂmmdﬁmmmto

mlnamlmt&u system, computers the interact and communicate with
devices like and scanners, and in a biological system animais
with plants and other animals, forming a food chain.

Activity: Deslgn a Simple System '
mmmmamwmwum

& ._.'Mmmmm&nmmm
ple system. Students will then work in pairs to define the
objective of their system, list its components, describe their interactions,
and outline the system's environment. The pairs will use diagramming software
-hthmmmmmmmw
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1.2 Types of Systems

Systems can be broadly categorized into two types, namely natural and artificial
systems. Understanding the differences and similarities between these types
helps us apply system th®ory across various fields. Natural systems are naturally
built and occur in nature without human intervention, While artificial systems are
created by humans to fulfill specific needs or purposes.

Galany a Neturmsl System Serew gauge an Artificial Systam

4 Examples

1.2.1 Natural Systems ity i
Natural systems are those that exist in nature and operate independently of
human invalvement. They are governed by natural laws and processes. Natural
systems are of various forms and sizes, from very tiny objects like atoms and cells
in our body to very huge like forests, oceans and the cosmos. Following are
examples of some natural systems that exists in nature.
1.2.1.1 Physical Systems
Physical systems are composed of physical components and governed by the
laws of physics. They include things ra ing from sub atomic particles, atoms, to
planets, stars, galaxies, and cosmos. cal systems, like any kind of matter,
emerge from the interactions of electrons, protons, neutrons and sub-atomic

rticles which are governed by electric and atomic forces. For example
mdrogen (H) is formed when an electron, proton, and neutron combine,
following the rules of physics and natural forces.
1.2.1.2 Chemical Systems
Chemical systems involve substances and their interactions, transformations,
and reactions. They are governed by the laws of chemistry. Chemical systems
emerge from physical systems when atoms and molecules interact and bond
#2-cording to chemical principles, forming new substances. For example, a
cnemical system like water (H;0) is formed when hydrogen atoms bond with

atomns, following chemical rules and reactions.

1.2.1.3 Biological Systems
Biological s consist of living organisms and their interactions. They are
governed by biological processes such as growth, reproduction, and
metabolism, Biological systems emerge from chemical systems when molecules
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interact in complex ways to form living cells, which then organize into tissues,

OTﬂalndofganﬁm:.

1.2.1.4 Psychological Systems

Psychological systems involve the mind and behavior. They include thou%m,
emotions, and mental processes, ed by the principles of gy.

_ Psychology.
Psychological systems emerge from biological systems when the brain’s physical
wmwmﬂemmﬂmgmmﬂmmummmm
are influenced by an indi experiences and environment.
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1.2.2 Artificial Systems
Artificial systems are created and developed by people so that they may fulfill
certain functions or address certain issues. These systems can be as small as a
wheel or as large as the United Nations. Each system is designed very
deliberately to perform the task, improve the efficiency of the processes, and
provide solutions to various issues in different sectors. ,
Artificial systems are a vital part of the contemporary society because they
reinforce productivity, solve complex problems, and improve people's weli-
being. These are systemns such as knowledge management systems, engineering
achievement systems and indeed social systems which are the framework of
success of human civilization. There are different types of artificial systems, some
of which are described below:

1.2.2.1 Knowledge Systems ’
A knowledge system is unique because it is developed to capture, process,
facilitate, store, retrieve and manage information. Such systems facilitate in
managing and utilizing the resources of knowledge effectively for the purpose of
decision-making, leaming and problem-solving.

w
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1. Maﬂnmﬁn:MﬂhmﬁuisaﬁelduthdgnMBmuﬁedtofmn
problems connected to numbers, their amounts, forms, structures, and
patterns.

2. logic: Logic Is a theoretical model consisting of concepts and strategies on
identifying and assessing rationale. That is why it is a basis of all logical
ﬂinkingmandmcﬁneafcﬁﬁ@mlyn’a

3. Databases: A database system can best be described as software for

like MongoDB. :

4. Information Management Systems: These are specific applications
developed with the purpose of capturing, archiving, organizing, and
disseminating data.

1.2.2.2 Engineering Systems

Products developed by engineers are mnpluhnumkmrdmcuﬂmuppiy

engineering concepts to perform certain tasks or solve technical challenges.

ﬂmearesnmammlmofhmmginuﬁ of various types develop systems
according to their own special knowledge and perspective, given to them
through their original visions and approaches,

1. Civil Engineering Systems: Concentration on developments such as
constructing houses, roads, bridges and even maintaining these structures,
For instance, a structure used to provide a passage over water, valleys or
roads is termed a bridge.

2. Mechanical Engineering Systems: Engage in planning and creating devices
mmwlhnmmmmmnmwmm For instance,
nn:al:u:ﬂiacanrmul|:«|:|lll~|:linamumblyriinfuf-:-rpad:agingofproducl:.infilaclam'iel-.r.~

3 mwwh&mmcumﬂimmmm
useful products through chemical processes, considering internal molecular
interactions. For example, a water treatment plant thet purifies water using
chemical processes like coagulation and filtrati :

4. Mhlhﬁm-ing!ymmmdumdyandmplhﬁmuf
electricity, electronics, and electromagnetism to develop electrical systems.
For example a home automation system that controls lighting, heating, and
muriwmhg'amwhmapp.mi:;ymmeledﬂcﬁgmhandpm
to operate various home appliances and systems remotely.

!..mmmhﬂummﬁdﬁw;
and maintaining software to perform certain tasks eradicating errors. For
Instance, an online tool assisting a library in tracking books, users as well as

stocks in their possession. E
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“
[ Artificial Engineering System ‘ ( m)‘

. ﬂnMnﬁanthmwﬁdmm&-ﬁdm
transportation. The railway system consists of tracks, trains, stations, and
control systems that transport people between locations.

*  The first electric traffic lights were built in Cleveland, Ohis, in 1914. Modern
mmmmmwmwmmmm.

. mmmuﬂﬁ-ﬂMMmmmwm
MMmmEmmMmm
mmmwmmmwmmm

*  Virtual Reality (VR): Immersive digital worids enable explorstion and
Munmmmmmmmmm

\ mmmmmmwmwm B

1.2.2.3 Social Systems

Social systems refer to structured frameworks established by individuals to
effectively handle social interactions, organizational governance, and
communal endeavors. The basic goal of these systems is to maintain order,
provide services, and facllitate social connections.

1. Academic institutions: are entities that provide educational services to
students. Schools, colleges, and universities are examples of educational
institutions that provide instruction via the use of administrative, teaching,
and support staff,

2. Governments: Organizational institutions that wield authority and control
over a community or country. Examples include democratic systems, where
representatives are elected and authoritarian regimes, where power is
centralized.

3. Organizations: are entities formed to achieve specific goals and are often
structured hierarchically with well-defined roles and responsibilities, Examples
induée corporations like Apple and non-profit organizations such as the Edhi
Foundation.

"fg" Ay
k.




1.3 System and Science
Knowledge is our understanding of various systems in the universe around and

within us. Science is a systematic way to validate this understanding. Science can

be divided into two main types: natural science and design sclence. Both natural

and :leslgn sciences study systems, but they approach them differently. In

natural science, scientists study existing natural systems to understand their

workings. While in design science, scientists create new systems (artifacts) to
solve problems or achieve specific goals. Each type of science addresses different

systems and questions, and therefore follows different scientific methods.

1.3.1 Natural Science
Natural science is meant to uncover the
objectivity and functionality of natural &%
systems in the natural world. Its nature is 0"

descriptive, meaning that the scientists
seeks to understand and describe
natural phenomena. To achieve this,
natural scientists follow the empirical
cycle of natural science , as shown in

Figure 1.6.

Fig. 1.6 Empirical Cycie of Natural Sclence
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132 Dug! Science

* Design Science is focused on designing and creating artifacts (tools, systems,
methods) ta achieve specific goals. The nature of design science is
prescriptive, meaning that it aims to prescribe and create artificial systems. To
achieve this design science researchers follow the regulative cycle.

* Natural Science: Studying the ecosystem of a forest 1o understand how
different species interact (descriptive),

* Design Science: Developing a new software system to manage forest data
and improve conservation efforts (prescriptive),

Solution '
Evaluati Problem
Regulative Cycle

Solution
Solution : Design
Implementation '

Fig. 1.7 Regulstive Cycle of Design Sclence
1.3.3 Computer Science :
CDmcEJ‘lH science is the study of how computers work, including at what they
can do and their limitations. To understand computer science, we use methods of

both design science and natural science,
1.3.3.1 Natural Science of Science
Natural science of computer focuses on finding the basic rules that

control how computer systems work. This involve the study of various algorithms
and theircharacteristics.

« Study of Algorithms: Researchers analyze existing algorithms to .

understand their efficiency and limitations. For example, studying different
m-tingi algorithms and their characteristics which arrange given data in an
order, like QuickSort or MergeSort. To understand their speed and how they
perform with different kinds of data.

1.3.3.2 Design Science of Computer Science '

Design science of computers focuses on creating and improving computer tool

and systems to make them work better,

* Development of New Software Tools: Researchers create new tools or
applications to solve specific problems. For example: Designing a new
programming language that makes it easier for developers to write secure
computer programs.

iﬁ: ; . WAF| L BALESEERF
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* Improvement of Computer Systems: Researchers work on enhancing
existing systems to perform better. For example, creating a more efficient
database management system that can handle larger amounts of data faster
and with fewer errors,

1.4 Computer as a System

Acumpuﬁerisamplexsystemdesigmdtnpmdmandpmnnm

according to a set of instructions.

141

The main objective of a computer is to perform computations, process data, and

execute different tasks efficiently. For example, a personal computer’s objective

is to run software applications such as word processors, web browsers, and

?amasuarough various computational processes,

A2

Ammpuhrcmvmmedﬁmmmﬁhlmmpanmuﬂmgmm

conjunction. These components include:

Interface nts:

mtm{a:ecmnponantsmferhmeﬁmdmlpamnfa system,

including input devices such as the keyboard and mouse, which allow users to

interact with the computer, '

Computer output devices, such as monitors and printers, are used to present

or generate results from the computer's operations.

. Thnmhrgcmnpnnentsofammpuufmistofﬂucm,whi:haﬂSu

the Central Processing Unit responsible for computations and executing
command.

. mmmMmmmaummwmmﬂmm data and
instructions for the CPU, whereas Storage (Hard Drive or SSD) is a permanent
storage for data and software needed for future processing.

. Theopuaﬁngsmmismspnnslbiefarremhinginfomﬁmﬁmlmm

nents and determining the appropriate actions to take.
mmmmmmmmm.m-mmwmm
system when required to perform one or more specified tasks.

Communication Components:

Communication components in a computer refer to the physical elements that

mﬁmmummmdmrmcmhdmm.

* In a computer, the motherboard serves as the primary circuit board that
interconnects all components by using cables and circuits.

* A system bus is a collection of electrically conductive cables that transmit
data between the CPU and all other interconnected components. There are
three distinct types of buses: data bus, address bus, and control bus, These
buses provide the fiow of data, the address of data or instructions, and

control ﬁgnak&mnﬂucmmuthercompmtsmwmnt{y.

e = —
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1.4.4 Environment

The computer system environment includes any external devices that interact

with the computer. For example:

*  Power Supply: Provides electrical power to allow the computer to work,

*  Network: Connects the computer to other systems and the Intemet.

* Peripherals: Include printers, scanners, and external discs that expand the
computer’s capabilities. :

1.4.5 interaction with the Environment

Acumwtuinhrachwfuwﬂsenﬁmnmntmpmnmhﬂun:ﬂmmrmm:

. Lhuhputhmutypunnﬂumm.andmecamwmrmm
input to display text on the screen,

* Network Communication: The computer sends and receives data over the
internet to browse websites or download files,

* Power Supply: The computer relies on a stable power supply to function
correctly.

1.5 The Architecture of von Neumann Computers

The Von Neumann architecture is a computer paradigm that delineates a system
in which the hardware of the computer has four primary components: the
memory, the Central Processing Unit (CPU), input mechanisms, and output
mechanisms. This model is called the John von Neumann model, the Neurnann
model named in honor of the mathematician and physicist who contributed to
its development during the 1940s. :
1,51

Now we will look at brief overview of the key parts that constitute the
architecture of the von Neumann computer.



: .Contairsboﬂnhputdltnandﬂmﬁ'mmons(pmgmm]mquimd
fthUmcening.Forinmnce.mmidarmeWofmoqunmma
progmmmrtshisluadedhﬁnwwmabhfasmmmwm
when it runs from the hard disk.
. Central i M{@U}:Padanmaddiﬁunandmbtmcﬁnn,md
emwmmmAdmedbyﬂmmnm.mmmhuMMn
components: the Ar Logic Unit (ALU) and the Control Unit (CU).
The Arithmetic Logic Unit (ALU) performs mathematical computations and

A Contro] Unit 1CU
A IUnit{CU}isapeﬁpheralﬂm'gmthn-mﬁsnfﬂmcmty
I m-mmwmmmummmm

ram instructions. It ensures the proper and timely execution of duties
mlﬂ!eothurcunmnts.
When the calculation 2 + 2 an a calculator application, the
Arithmetic Logic Unit (ALU) handles the numerical values while the control
Unit (CU) supervises the whole procedure.
- Input Devices: Enable users to input data and instructions into the
computer system.
lllustrative examples include keyboard, mouse, and microphone. Entering
text on the keyboard transmits data to the CPU for s
Output Devices: Present or communicate the outcomes of the tasks
executed by the computer,
Mhrimlmnﬁnrmpﬁnterﬂmnmnwlﬂmgfdm
dplmm' g, the CPU transmits the outcome to the monitor for visual

A system bus is a communication mechanism that facilitates the
mavement of data between components inside a computational system, It




1,52 Working

MMQmmntmman uhmmnﬁﬂ%ﬁatWF
carry out instructions, na retrieval, interpretation, execut storage. To
mcmmmm.mﬁllmﬂmmmﬁQMi it addition with a
basic calculator application. ’ )

Descrip The central processing unit retrieves an instruction from the
computer's memory. This instruction specifies the operation to be

ents: Memory, CPU (Program Counter (PC), Instruction

on: The Program Counter (PC) stores the memory address of the
mhaqmntimmhn,mmeaddmshmude.ﬁu
irshucﬁmbcaudattrutlncaﬁnnlsretﬂevedwplacedirmm
Instruction Register (IR).

In order to determine the necessary action, the Control Unit (CU) decodes

the instruction.

Compni Components; Control Unit (CU).

Detamm unit (CU) decodes the opcode (operation code) of the
instruction and determines the required procedures and data.
Execution:

Description: The CPU processes the instruction. When the instruction
involves a computation, it is executed the Arithmetic Logic Unit (ALU).
Nwt:skﬂl;;tmirﬂhm data several locations is
managed uU.
Invoived Components: ALU, CU.

Detail: The Arithmetic and Logic Unit (ALU) carries out mathematical and
logical calculations, while the Control Unit (CU) handles data transmission
activities,

. waucripﬁqmmeoumufmecummumiuiﬁwrmmmad
tom or sent to an output device.
m%menm:hlmmd&mm
Specification: outcome is either stored in a designated memory

location or sent to an output device, such as a display.

1.5.3 Characteristics

1. Single Memory Store: Both program instructions and data are stored in the
same memory space, Fcrexp:’;;:leinamwtergsm both the game's
mde:ndﬂud:h{ﬁkem:ndplawpnﬂﬁum}mﬂumdinﬂuﬂma

2. Sequential Execution; Instructions are processed one after another in a
sequence. For example, when your com runs a program, it follows the
steps one by one in the order they are '



The adva he:.d disadvantages of Von Neumann computer architecture

'AdmbmﬁymrrbininginManddmhMIﬂngh
memory area, architecture is simplified.

*  Flexibility: Programs can be lydungedbychangingmnuﬁr
contents.

Disadvantages:

. ﬂn\hnﬂnumbwum:sdg:nasi le memory area limits the
quickly.

= Security Having data and instructions in the same area poses a
mMnmpfogmmﬂnalterannMsinmmﬁuuhammm
muﬁlyrhk.hhﬂwmnnamhMIHheyhnpommd
medeignnndmmmmnfman{:nmputers, serving as a central model on
how mﬂ;mmpefadintumemmpumr,umkhfdlmit
exactly ensuri and instructions are properly processed,
However, ﬁﬁsnr?'mdel has been essential in the evalution of computing
technology, despite its limitati

}hj e : spes red f hardware and software

computer system is a structured set o and so components
specifically designed for data processing and the performance of various
aperations, These systems can range from simple technological tools, such as
cpimlatnrsusedfnrperhrming mathematical calculations to complex network
of linked com The basic task of a computer system is to execute program
and manage auhuachimenbjncthuwm:smsolvhy.mm
and communication aid. Hardware, software, and electric power are the three
lhuic Islmsﬂutnrtmudadtnmnacnmpuﬂngmmdmhew
nthe ng simple terms.

. Hﬂmdammmmmmwmmmmﬁm
system. These include the CmmldPﬁr‘::mJ:? Unit (CPU), Random Access

sto ICes, an ut devices.

SO s 5 o o o eSS
mqufmnmtsandacumthlthammmndo.memuiﬂhmpﬁmw
categories. System software and application software. em Software
mmmwirg?nmmanduﬁliw ap ns
responsible for managing W&mmmhas\"ﬁndom,
macOs, and Linux Application software refers to software
lppﬂuﬁunsmatarespedﬂuﬂrdwdopedtnunymnmfuncﬁm
fnrtheuu,mhaswdmm;webbrmmmdm

MY FOR GALE STERP



. H-:hidty:ﬂechfdtyisﬂﬂpmrmmmﬂmhhsthnhnrdwm
components to function. Without elech-idty. the hardware components

. E:rnmtmmmemm ng system will not operate.

8, ng
Com systems come in various types, some of these include the followings:
1. Computer, 2. Software Systems,3, Computer Networks, and the 4. Internet.
as a system has been discussed in previous sections, while the

remaining two cnn;Puﬂng systems are described in this section,

1.6.2 Computer Netwoark as Systems

A computer network connects multiple computers and devices, enabling the

ll'ﬁt:ie1 i ;ﬂm of resources and information.

. Resnumesmwmnwmurﬁpleusmtnmmmﬂkeﬂlﬁpﬁm
and inmnmmwﬂhinmoﬁcearnmersetﬁngs. -

* Communication: Enable efficient communication between devices and
users,

* Data Management: Facilitate easy data management and collaboration.
1.6.2.2 Components 2

Networking Hardware:
hmr:am are devices that transmit data packets between their
netwo :
Switches: Switches connect devices in a network and facilitate _
communication,
Network Cables: A physical medium for data transfer.
*  Network Software:
Protocols: Rules and conventions for data exchange suchas TCP/IP.
Network Operating Systems: Software that manages network resources,
suchas Windows /
1.6.2.3 Environment
A computer network operates in various environments, such as office buildings,
data centers, or across the giobe via the Internet. The environment influences
network design, security, and ﬁerfomnnne_
: of Computer Networks

. Hmmmmetummputmhaspm'ﬂcmmhu
a single building or school. For example, an office network that connects
eve Employee PCs and printers.

. vnrf:.mmm connects computers across larger geographic
regions, such as cities, nations, and even continénts, For example, consider
the Internet which links computers worldwidse.

* In summary, a computer network is an important system that enables
resource sharing and communication among connected devices, using
hardware and software components that work together seamlessly to

perform various tasks. E



1.6.3 Internet as a System

The Internet is a vast and mpru:ivstnm designed to connect multiple

networks worldwide, including private, public, academic, business, and

g:::mmemmtwmh Its primary objective is to facilitate communication and
exchange between computers and users globally,

1.6.3.1 Internet Protocols

« TCP/IP (Transmission Contral Protocol/internet Protocol): The core

otocols that govern data transmission over the Internet.

*  User Datagram Pratocol (UDP): Faster but less reliable.

*  File Transfer Protocol {FTPJ:UsedfurTramfmningﬂhshemmmpum

*  Postoffice Protocol (POP): Used for retrieving emails frorn server/netwrok.

1.6.3.2 Interaction among Components

The components of the Internet interact with each other to ﬁerhrrn different

M‘&rwmnammmamhpagaﬂum a web browser,

mUumpmmunfhhtemwortmgeﬂwmd‘sphy contents on the

user's screen, -

1.6.3.3 Environment

The Interet operates in a diverse and d mic environment, connecting variou

mﬁMmdﬁnﬁnlmﬂ'ﬁm.lwwmm

m' rf'm‘i Het“'ﬂrks. ﬁm Eﬂm dﬁg Il Eml it’r

and performance ofthe Internet. - e

ﬂ*... .

imternet systems L
pmmmﬁwwmwm-mmwﬁwm
across the world in just seconds. It's like sending a letter that gets delivered instantly,
regardiess of distance! L
2. The internet is one of the mmmmmmm:mm of
Ww&m&mmﬂnmmuﬂlm it travels through multiple
networks before reaching its destination, all within seconds.

3. Data on the4ntemet travele at nearly the speed of light! When you send a message or
browse awebsite, your data can cross continents almost instantaneously.,
tnmmmummmumunmw.mdmmmmmn
 Connected to theintarnet globally, That's more than half of the worid's i
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Summary

. Ammisa:aﬂemndmmmnmmmga&mhmm:mm
goal.

. Asymu&dﬁcnbadbyimob}uﬁmmpomnummun‘uﬁm
among components and environment in which it works.

. Cnmmmﬂnbuﬂdingblochnfmymm Each component
maspedﬁcmwmnuwutumﬁummllhm&h
System.

* The environment of a system includes everything external to the system
mmwuummﬁaummmtamm's
Operation.

artificial systems,

. Nmmnthmematexhtinnmm'nndnpmmmdaub-
of human involvement. '

. Arﬁﬁdalsysm-aredﬁign-dandwmmtedhyhum

. Sndalemhedemtudbyhmn:mw
social relationships, governance, and community activities,

. Cuhmsdanmisﬂunudyufhmmmmnhnhutﬁm
computers can do and what limitations they have.

. Ampuhrhammplasrstemdﬁigmdmpmcﬁsdmmdwfwm
tasks according to a set of instructions.

# The Von Neumann architecture involves several key steps for a CPU to
execute instructions, including fetching, decoding, executing, and
storing.

. Mmmsﬂubaﬁcsmnmﬂmhdpslmmmm
manage its hardware and software resources.

. hpplhﬁonm&mmhthe'%mdeﬁgmdmhlpmm
specific tasks or activities.
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ultiple Choice Questions
What is the primary function of a system?
a) To work independently b) To achieve a common goal
¢)  Tocreate newsystems d)  Toprovide entertainment
Whatis one of the fundamental concepts of any system?
a) Itssize b) |tsobjective ) IMsage d) Itsprice
What Is an example of a simple system?
a)  Ahumanbody b) Acomputer network
c)  Athermostatregulating temperature d) Theinternet
What type of environment remains unchanged unless the system
provides an ﬂuit out?
a) Dynamic b) Static
c) Deterministic ~d)  Non-deterministic
What are the basic components of a system?
a) Users, hardware, software - ;
b) Wmmmimmkﬂﬁm
c) nputs, outputs, processes
d)  Sensors, actuators, controllers
What concept does the theory of systems aim to understand?
a) Hardware design
b) System interactions and development over time
c) Suﬂmruppﬁ;aﬂmu
d)  Network security :
What role does the Operating System (OS) play in a computer?
a)  Itperforms calculations and executes instructions
b)  Ittemporarily stores data and instructions for the CPU _
c) It receives input from interface components and decides what to
dowithit
d [t provides long-term storage of data and software
\th:huf the fqllmg describes the Von Neumann architecture’s main
characteristic? '
a)  Separate memory fordata and instructions
b}  Parallel execution of instructions 3 :
¢}  Single memory store for both ram instructions and data
d) iple CPUs for different tasks
What is a disadvantage of the Von Neumann architecture?

a)  Complexdesign due to separate memory spaces

b)  Difficult to modify p stored in memory

¢)  Bottleneck due tosi memory space for instructions and data
d)  Lackofflexibility in executing instructions

& 5 —
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10.  Which of the following transports data inside a computer among different
components?
g}} Control Unit 5]} System Bus
; Memory Processor
Defi What basic components?
¥ ne asystem, areits com
g, Drﬁun_l;:ﬂ;t: natural nn:; artificial systems,
. Descri main components ofa computer system.
4. Listand describe the types of c&;puﬂla:ysmns, i
5. Whatare the main components of the Von Neumann architecture?
6. Whatis the Von Neumann computer architecture? List its keycomponents, -
7. maatmﬂ'leﬁuurmainstepsinh Von Neumann architecture's instruction
cycle?
8. Whatis the Von Neumnann bottleneck?
9. Whatisa key advantage of the Von Neumann architecture?
10. What are the three main requirements for a computing system to function?
Long Questions

1. Define and describe the concept of a_system. Explain the fundamental
components, objectives, environment, and methods of communication
within a system. :

2 Differentiate between natural and artificial systems. Discuss their

j ﬁmctianswpumosawimwbumwﬂ.

3. Examine the rehtinmhipbetmmmnﬂddlﬁemntbmdwsnfm
including mh;mlsciamdﬁmmmmmﬁutefsdmmﬂmdo
these branches utilize system theory to understand and improve their

5 Describe the main mramﬂsﬁcsofampumuammlnﬂudim its

among these components.

6. wmmmwmmmMmﬁammm.lmaMm
meniainmmpanqnu.meirmﬂcﬁunaandﬂmmbymppmdhmw
the architecture operates, .

7. Provide a detailed explanation of how a computer interacts with its

i .Imhﬂummuufummmmunkaﬂonw

environment
power y.

8. Dnsaim process of retrieving and displaying a file using a computer,
based on the interactions among different components. Provide a step-by-

stepexplmuﬁonafhuwinpmispmmﬂed.damishwfwmd,md results are
displayed on the screen,

e ——— e eeeee—






Introduction

Understanding number systems is fundamental in computer science and digital
electronics. This chapter will delve into various numbering systems, their
applications, and how they are used in computers. We will cover the following
topics:

1. Different numbering systems: decimal, binary, hexadecimal, and octal,
Binary number system in computers. :
Machine-level data representation,

Representation of whole and real numbers.

Binary arithmetic operations.

Common text encoding schemes: ASCIl and Unicode.

File formats and extensions.

Key terms in data representation.

. Binary data manipulation and conversion.

10. Encoding schemes.

11. Differences between file formats.

12, Storing images, audio, and video in computers.

2.1 Systems

Numbering systems are essential in computing because they form the basis for
representing, storing, and processing data. Different numbering systems help
computers perform tasks like calculations, data storage, and data transfer, These
systems allow computers to represent various kinds of information, such as text,
colors, and memory locations. Here is a description of a few numbering systems:
2.1.1 Decimal System

The decimal number system is a base-10 number system that consists of digit
from 0 to 9 and we use it in everyday life. That's why each digit of the number
represents a power of 10. In the decimal system the place values starting from
the rightmost digits are 10", 10°, 10, and so on. For example, the decimal number
523 means:

5x10°+2x10"+3x10° =500+ 20 +3=523

2.1.2 Binary System

In binary, the place values are arranged from the right to left, starting 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:

1 X2+ 0x2+1x2' +1x2"=8+0+2+1=11n
Computers work in binary system especially because this method fits well with
electronics. Digital circuits have two states: They can be either on or off. These
states are easily represented by the binary digits: 1 represent ON, and 0
represnets OFF. When typing on the keyboard, the computer transiates every

PNOWMAWN
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code. Similarly, all types of data, including numbers, text, images, and sounds,
are ultimately broken down into binary code. We will explore it further later in
this chapter.
2.1.2.1 Conversion from Decimal to Binary
The following algorithm translate a decimal number to binary.
1. To convert decimal number to binary form, divide the decimal number by 2.
2. Record the remainder.
3. Divide the number by 2 until the quotient which is left after division is 0,
4 Meaning itis mprmtedbyﬂnmlndﬂsandit'squfrmﬂubotmm
the top of the binary number.
Example: Convert 83 to binary

83 /2 = 41 remainder 1
41/ 2 = 20 remainder 1
20/ 2 = 10 remainder 0
10/ 2 = 5 remainder 0
5/2 = 2 remainder 1
2/2 =1 remainder 0
1/ 2 = 0 remainder 1

The above steps are graphically shown in Figure 2.1. If the remainders are read
from bottom to top then it gives the required resultin binary, which is 1010011,

2

2

2

2 10—90
15

2

4

Figure 2.1 Decimal 1o Binary conversion

w



2.1.3 Octal System
Octal is a positional numeral system with base eight, which implies that a digit to
be used ranges from 0 to 7. The last digit is a single digit power of 8 while the
other digits are the coefficients. In the decimal system, the place values starting
from the &, 8', 8’ and so on. For example, the octal number 157 means, 1 x 8%+ 5 x
B4 7x8°=644+40+7=111x. :
Each octal digit represents three binary digits (bits) because the octal system is
base-8, and the binary system is base-2. This relationship arises from the fact that
Bisa dzmnzﬁ.memmlmmum&wmw
three digits (bits). This means that any value from 0 to 7 in octal can be
Between binary and ot Sraiht fonarc Tebl 21 e oen
nary and Table 2.1 shows the '
between octal and binary digits:

Example:
Consider the 9-bit binary number 110101011. This number can be divided into
groups of three ‘

s R ok 110 101 011

Each group of three bits corresponds to a single octal digit:
110 =6
101=5
011 =3

W



101
110

Table 2.1: Correspondence between Octal and Binary Digits
So, the binary number 110101011 is equal to 653 inoctal.
mmwmmm&ntmymmmmm
do their work. Therefore, we can say that the binary number 110101011 is equal
to 653 in octal. Whenever you have a binary number that cannot be divided into
groups of a three, you'll have to add zero up to the left end of it to make it
appropriate.

2.1.3.1 Conversion from Decimal to Octal

The algorithm below translates a decimal number into an octal,

1. 'hmnmﬁummwmequhﬂmt
‘octal number, divide the number by 8. 8| 83

2. Write down the remainder.

3. Afterthatdivide the obtained quotient by . 8[10 —

4. Continue the divisions until one of the numbers 8|1
resultsin0.

5. Octal is a base eight number and the octal number | -1 T
Is the remainder read from the bottom up to the
top. . Figure 2.2: Conversion from
Example: Convert 83 to octal : Decimal to Octal.
« 83/8 =10remainder3
« 10/8=1remainder2
* 1/8=0remainder 1
mmmmgﬁphkdyﬂmhﬂgumzlﬁdngupﬁommmm
muhidﬂnadingwﬁlgimﬂ\edﬁmdmuhmniﬂzainﬂmmhlm

Octal | Binary

0 | 000
1 | 001
2 | 010
3 | m
4 | 100
5

6

7

o




The octal system was used in early computing systems like
PDP-8. It was used because it is easier to convert between
octal and binary than between decimal and binary.

When converting between number systems, double-check your remainders
and sums to ensure accuracy. Practice with different numbers to become
more comfortable with the conversion process.

2.1.4 Hexadecimal System

The hexadecimal is a base 16 number systemn with digit number from 0 to 9 and

alphabets from A to F; each digit represents 16 to the power of the position of the

digit. The letter A to F stand for the numeric value of 10 to 15, The digits in

hexadecimal move from right to left in place value that are 16°, 16", 16°...

m For example, the hexadecimal number 1A3 can be represented in
as:

1167+ Ax 16"+ 3x16°=1x256 +10x16 + 3x1=256 +160 + 3=419,,

The hexadecimal number system is not directly used by computers either.
However, it provides an even more compact representation than octal. This
makes it easier for us to read and write large binary numbers.

This is because the hexadecimal system is base-16 and the binary system is base-
2, therefore every single hexadecimal digit equals four binary bits. This
relationship stems from the fact that 16 is a power of 2 (16= 2°). This means that
any hexadecimal number between 0 and 15 then it can be converted into 4-bit
binary number.

Table 2. 2 illustrates conversion of hexadecimal to binary digits. Each group of
four bits corresponds to a single hexadecimal digit.

Example:
Therefore, the binary number 1101011010110010 equals to the hexadecimal

number D6B2. In case a binary number cannot be grouped as four bits add
zero(s) to the left of the number to make it fit.

1101 0110 1011 0010



D ,
2 0010
3 0011
- 0100
5 0101
6 0110
S 0111
i 1000
9 1001
A 1010
B 1011
c 1100
D 1101
i 4 1110
F 111
MMMMHMMMM
1101 =D
0110 =6
1011 =8
0010 =2

2.1.4.1 Converting Decimal to Hexadecimal

The following algorithm converts a decimal number to hexadecimal:

1. Cmmﬂudo&nalnuntatnanahsaluttﬁuebyﬂhddhuithwﬁ.

2. Record the quotient and the remainder.

3. Mmﬂtﬁdﬁmﬂnqwﬂaﬁbylﬁmﬂwntedumhmmﬂﬁuunhlthe
quotient is zero.

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

Example: Convert 2297 to hexadecimal .



aleemibs.t

__

2297
2297 /16 = 143 remainder 9 E‘
143 / 16 = 8 remainder F Bluw-9=>19
8/ 16 = 0 remainder 8 18| 8 —15=>F
0 — 8> 8
2.3: Declmal
" o Recadecinal
mmmmmlymmﬁgmumummm
ﬁmbattummmpgl\mﬂu ]

ui _muir.i.e..HFBinlmadmrrﬂ.

h —T L= =3 'S

mmmwﬁnru ghﬂw?mm"i:fdmm“
dmmmmmmm

2.2.1 Binary Encoding of Integers (Z) and Real Numbers (R)

Mwmm-intmﬁﬁl&hnHMWsiwb

how represented mnwlut‘smhuw
Mﬁmdﬂwm“Muutmmh1 2, and 4 bytes, and how both
are
; W!ulullunhn and Integers (Z)
mqﬂnmﬂm wmﬂ (::mlowwlnd.g‘:i M
and
muwm problems through pmgumﬁng. working
mmw ing algorithms.
2.2.2.1 Whole w)

Whole numbers are a set of non-negative integers. They include zero and all the
positive integers. Mathematically, hmofmlenmmm

W={01

mmm:;;m“m used to represent quantities that can't
be negative. Examples include the number of students in a school, a person's age
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in years, and grades, provided there are no negative figures such as credit point
balances.
A 1-byte integer has 8 bits to store values. If all 8 bits are on, it represents the
maximum value, 11111111, which is 255,,. If all bits are off, it represents the
minimum value, 00000000, which is 0, Similarly, using 2 or 4 bytes, we get more
bits to store data allowing us to store bigger values. If n is the number of bits, the
rmaximum value that can be represented is 2 -1 for examples: |
*« 1-Byte whole number (8 bits): Maximum value = 2-1 = 255
+  2-Byte whole number (16 bits): Maximum value = 2** - 1 = 65,535

gmwenumﬁzbh): Maximum value = 2*- 1-429%%?.295
2 2.2 |
Integers extendﬂtemncapt of whole numbers to include negative numbers. In
computer programming, we call them signed mmmmufirﬁamuk
represented as:

Z={.,-3-2-10123.)

Tuﬂummmammwiunmhukmmdumsignﬁtm
most significant bit). If the sign bit is ON(1), the value is negative; otherwise, it is
positive. Using this system, the maximum positive value that can be storedina1
byte signed integeris (01111111),, whichis 127,.. As the bits available to stored a
value is n -1, hence the maximum value will be 2" -1. We can use this formula to
compute the maximurn values for 2 and 4 bytes.

Negative values are stored using two's compliment, explained in the following

section.
2.2.2.3 Negative Values and Two's Complement
To store negative values, computers use a method called two's complement. To
find the two's complement of a binary number, follow these steps:
1. Invertall the bits (change 0s to 1sand 1sto 0s). .
2 Add 1 to the Least Significant Bit (LSB).
Example: Let's convert the decimal number -5 to an 8-bit binary number:
1. Startwith the binary representation of 5:00000101..
2. Invertall the bits: 11111010,
3. Add 1:11111010, + 1, = 11111011,
So, -5 in B-bit two's complementis 11111011,.
Minimum Integer Value
Founu-brtlnwga we switch on the sign bit for the negative value and tumn all
hi!s ON. resulting in 11111111, Except the first bit. we take two’ mmplm
get 10000000, which is 128, Thus minimum valuein 1-byte si integer is
-1 ZB, Le,.-z’ The minimum value is computed using the formula-2™', where nis
the total number of bits,
+  2-Bytelnteger (16 bits): Minimumvalue = -2" = -32,768

o -
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*  4-Byteinteger (32 bits): Minimum value = -2"'-1 = -2,147,483,648

2
The reason we use binary and these ranges is that ¢ er:
.mummmmmoumw-ofrlg This
binary system forms the foundation of all digital computing!

When working with different integer types,
%hm u&m%wwh_ '_

4

Understanding how integers are stored in memory helps you appreciate the
inner workings of computers and ensures you can effectively work with different
data types in programming.

2.3 Storing Real Values in Computer Memory

In computers, real values, also known as floating-point numbers, are used to
represent number with fractions and/or decimals.

2.3.1 Understanding Floating-Point Representation

Floating-point numbers (real values) are represented similarly to scientific
notation as given below:

A fioating-point number = sign x mantissa x 2 ™", According to the above
formula, 5.75 is represented as 1.4375 x 2 To convert the fractional part of a real
(floating-point) number from decimal (base-10) to binary (base-2), multiply the
fractional part by 2 and write down the integral part of the result. Repeat this
process with the new fractional part until the value of the fractional part becomes
zero or until the required precision is achieved.

Steps for Conversion:

1. Identify the Fractional Part: Get the fractional part of the decimal number. For
instance, in the number 4,625, the integral part is 4 and the fractional partis 0.
625.

2. Convert the Fractional Part to Binary: Multiply the fractional part by 2, and
write down the integer that is obtained. Repeat this process with the new
fractional part till it gets to 0 or until then required number of decimal places
isachieved. . =

Example: Converting 0.375to Bina

1.qurrﬁfyt!‘uFm:t?gfanrtFractirgna! part:0.375

2 Convert the Fractional Part 0.375 to Binary:

| g




0.375x2 = 0.75 (Integer part: 0)
0.75x2 = 1.5 (Integer part: 1)
0.5x2 = 1.0(Integer part: 1)

Theinteger parts recorded are 0, 1, 1.

3, mummmmcmmmmmmdm#mm
from top to bottom:

0.375,,= 0.011,
In computing, it is critical to express real numbers in a binary form since it
facilitates computing and storage. This process involves ommt*g both the
integer (decimal) and the fractional parts of a given number inta binary. Two
commonly use standards for this representation are “Single precision (32-bit)"
2.3.1.1 Single Precision (32-bit)
In this standard, 4 bytes (or 32 bits) are assigned where the 1st bit i$ the sign bit,
and the next 8 bits are for the exponent and the remaining 23 bits are for the
mantissa.
Here the exponent can beranged between -126and +127.
The approximate range of values from1.4x 10“t0 3.4 % 10™.

Value | Representation | Sign Bit | Exponent (8 bits) Mantissa (23 bits)
Grouping ; 1bit 8 bits 23 bits

575 14375 x2° 0 10000001 1ﬂ111m

-5.75 - 143752 2° 1 10000001 10111 |
0.15625 1.25%2° 0 01111101 u1m1
| 015625 |  -125x2° 1 01111101 01 |

Table 2.3; 32-bit Fioating Point Representation

Explanation:
Table 2.3 illustrates how 32-bit floating point values are rep in binary

form. Each floating point value is broken down into three main
sign bit, the exponent, and the mantissa.

1. Grouping: This row explains the bit allocation for the 32- hltﬂuatlng point
format: 1 bit for the sign, 8 bits for the exponent, and 23 bits for the mantissa.
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1. 5.75: Representation: 14375 x 2° - Sign Bit: 0 (positive) - Exponent 2 +127 =
129, which is 10000001, - Mantissa: The binary representation of 0.4375 is
10111000000000000000000,

2. -5.75:Representation: -14375x 2* - Sign Bit: 1 (negative) - Exponent: 2 + 127
= 129, which is 10000001, - Mantissa: The binary representation of 0.4375 is
10111000000000000000000,

3. 0.15625: Representation: 1.25 x 2" - Sign Bit: 0 (positive) - Exponent: -3 +127
= 124, which is 01111101, - Mantissa: The binary representation of 0.25 is
01000000000000000000000,

4. -0.15625: Representation: -1.25 x 2 - Sign Bit: 1 (negative) - Exponent: -3
+127 = 124, whichis 01111101, - Mantissa: The binary representation of 0.25
is 01000000000000000000000,

This breakdown helps illustrate how floating point values are stored and

manipulated in computer systems

2.3.1.2 Double Precision (64-bit)

In double precision, the exponent is represented using 11 bits. The exponent is

stored in a biased form, with a bias of 1023. The range of the actual exponent

values can be determined as follows:
«Blas: 1023
« Exponent range: The actual exponent values range from - 1022 to + 1023,

Therefore, the smallest and largest possible exponent values in double-

precision are:

+ Minimum exponent: -1022
* Maximum exponent: +1023

We can perform the same steps given for the single-precision, except the

difference of the abovementioned values.

> _ )
The smallest positive number representable in sir
precision is approximately 1.4 x 10 and In m
precision is approximately 4.9x 107**|

.-{':.,- E{ﬂlﬁi 1i Tidbits

mmminalnmu:um.
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and are performed on two numbers at a time. Binary arithmetic operatia
mﬂutudechnlamﬂomhﬂfoﬂwbmmlﬁﬂem'u brief overview of
2.4.1 Addition

Binary addition uses only two digits: 0 and 1. Here, we will leamn hc o add binary
numbers and how to handle the addition of negative binary numbe

Binary Addition Rules
Emuynﬂﬁmmﬂh&mmﬂhﬁuﬁnmﬂuum:
1. 0+0=0
2. 0+1=1
3. 1+0=1
4. 1+ 1=0(witha carry of 1 to the next higher bit)

Example of Binary Addition
Example 1:

110‘!
+1011

11000
In this
+ 1+1=0(carry1)
. B+1+1{mny]=ﬂ[urw1}
« 1+0+1(carry) =0(carry 1)
« 1414 (carry) =1 (carmry 1
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2.4.2 Subtraction
lnhinary arithmetic, subtraction can also be carried out by adding the two's
plement or the value of the subtrahend to the minuend.
Ennq:h:Suhlnd 6 from 9 in Binary -
4 Minl.lm‘l'.i gﬁ.: 1[!11;.
Subtrahend =6, = 0110,
Step 1: Find the Two's Complement of the Subtrahend
« Invertthe bits of 0110,
Inversion: 1001, -
+ Add 1tothe inverted number:
1001, + 1, =1010,=-6,,
Step 2: Add the Minuend and the Two's Complement of the
Subtrahend
1001,+1010,= 10017,
Step 3: Discard the Carry Bit
10011, Discard carry 0011,=3,
S0, 9-6=3. )
2.4.3 Multiplication
Binary numbers are base-2 numbers, consisting of only Os and 1s. Multiplying
binary numbers follows similar principles to multiplying decimal numbers, but
wwdnnplerthm we will leamn how to multiply binary numbers with

Mb Multiply Binary Numbers
1. Write down the binary numbers, aligning them by the least significant bit
(rightmost bit).

2. Multiply each bit of the second number by each bit of the first number, similar
to the long multiplication method in decimal.

3. Shift the partial results one place to the left for each new row, starting from
the second row.

4, Add all the partial results to get the final product.

Example !
Let's multiply two binary numbers: 101,and 11,
101

=N
101 (Thisis101,x 1))
11
S0,101.X11,=1111,.
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millions of binary multiplications every second to :

2.4.3 Division
Binary division is similar to decimal division but only involves two digits: 0 and 1.
It follows steps like comparing, subtracting, and shifting, akin to long division in
the decimal system.

Steps of Binary Division
1. Compare: Compare the divisor with the current portion of the devi
2. Subtract: Subtract the divisor from the dividend portion if the d
than or equal to the dividend.

3. Shift: Shift the next binary digit from the dividend down to the rﬁinder

b

4. Repeat: Repeat the process until all digits of the dividend used.
Example _
Divide 1100.by 10,
1011100 10 1g0r 1: Compaie 10 with first two 14, subtract 10 from 11)
41'51’0—- (Step 2: Bring down the next digit 0)
10 (Step 3: Compare 10 with 10, subtract 10 from 10)
T (Step 4: Bring down the next digit 0, no more digits left)

Result: 1100,/10,= 110,

(@) 10107;+10;

]

() 100110;+101; o

e O
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Text encoding schemes are essential for representing characters from Various
languages and symbols in a format that computers can understand and process.
Hmmm&mmmmﬂmmsdmnsMhmm

2.5.1 ASCi e

ASCl| is an acronym that stands for American Standard Code for Information
Interchange. It is a character encoding standard adopted for representing in
devices such as computers and similar systems that use text, Each alphabet,
zn;nﬁuwmbdhghmammbmnﬂm 127 as shown in Table
ASCI| enables different computers and devices to exchange text information

- reliably. Let's encode the name of our country using ASCIL.

The ASCli code for an upper case letter P~ is 80,

The code for letter ‘a" in ASCl| is 97.

The ASCll code for the letter k' is 107.

Itis interesting to know that the ASCII code for the letter 'i' is 105.
In the ASCIl code system, the letter's' has a code of 115,
Thecodefor't'is 116inASCIL.

-
-
L]
L]
Ll
-
L

mmlm&_amwmmmmmmwm
For example, the ASCI| code of the character 'n'is 110.




49
5_'|
55

41

n"

36
38

SP (space)

Character

.

83
7t

63

74
76




81

83

85

N

95

10

103
105
107
109
m
113

115

17

119

121

123

125
127

92

100
102
104

106
108
110
12

114

116
‘118

120
122
124
126

e
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00101000 in binary, which occupies 2 bytes of memory.

2.5.1 Extended ASCH
While the standard ASCII Table includes 128 characters, there is an extended
mhnmuimlmmmammsemmdedﬂllunsabhsa includes
additional symbols, accented letters, and other.characters. However, the original
128 characters are the most commonly used and serves as the for text
representation in computers.
2.5.2 Unicode

Unicode is an attempt at mapping all graphic characters used in of the
raﬂeI %r:u.;h

world's writing system. Unlike ASCI, which is limited to 7bits and can
128 characters, Unicode can represent over a million cha
rent forms of encodings such as, UTF-8, UTF-16, and UTF-32. UTF is an

acronym that stands for Unicode Transformation Format. :

2.52.1 UTF-8

It is a variable-length encoding scheme, meaning it can use a d numbers
ofbﬁu[ﬁom!tuﬂmmprngﬂmadﬁﬁtb:gmhbﬁk'mrd mpatible
with ASCII. It means it can understand and use the older ASCI encodi schema
without any problems. Therefore, if we have a text file written in ASCI, if will work
perfectly fine with UTF-8, allowing it to read both old and new texts.
Example: The letter ‘A’ is Unicode, represented as, U+0041, is 01 Tin the
binary format and occupies 8 bits or 1 byte.

Let’s ook at how Urdu letters are represented in UTF-8: s
Example: The Urdu letter ', is represented in Unicode as U+0628; binary
fnﬂmis11m1mﬂ1ﬂ1ﬂ1000,maanshmkﬁ2bytes.

2.5.2.2 UTF-16
UTF-16 is another variable character encodir‘? mechanism, it uses
either 2 bytes or 4 bytes per character at most. Unlike UTF-8, it is not patible

with ASCIl, meaning it cannot translate ASCll code.
Example: The letter A in UTF-16 is equal to 00000000 01000001 in binary or 65 in
decimal (2 bytes).

For Urdu: |
Example: The right Urdu letter ! in UTF-16 is represented as is 00000110

2.5.2.3 UTF-32
UTF-32 ic 2 method of encodi that uses a fixed length, with all characters
stored in 4 bytes per character. 'nukesitv«ysimpizbutatﬂusanrfﬁm#t
may look a little complicated when it comes to space usage. |

Example: Alphabet letter ‘A’ in UTF-32 Is represented in binary as 00000000
00000000 00000000 01000001 which is 4 bytes. |

—M




2.6 Storing Images, Audio, and Video in Computers

Have you ever wondered how your favorite photos, songs, and movies are stored
on your computer or phone? Let's dive into. the fascinating world of digital
storage to understand how computers manage these different types of files.

_\\I

Data size is usually expressed in byte and its multiples,
1 Byte (B) = 8 Bits

1Kilobyte (KB) = 1024 Bytes
1Megabyte (MB) = 1024 Kilobytes

1 Gigabyte (GB) = 1024 Megabytes
1Terabyte (TB) = 1024 Gigabytes

1 Petabyte (PB) = 1024 Terabytes

1 Exabyte (EB) = 1024 Petabytes

1 Zettabyte (ZB) = 1024 Exabytes

3 1 Yottabyte (YB) = 1024 Zettabytes )

2.6.1 Storing images

Images are made up of tiny dots called pixels. Each pixel has a color, and the
combination of all these pixels forms the complete picture. Computers store
Iimages using numbers to represent these colors.

Color - In a color image, each pixel's color can be represented
by three numbers: Red, Green, and Blue (RGB). Each of these numbers typically
ﬁ;&rgmﬂtuﬁi-hﬂamphaphelwmﬂvalm (255, 0, 0) will be
Image File Formats: The following are Commonly used image formats for
photos - JPEG (Joint Photographic Expert Group). It compresses the image to
save space but might lose some quality. - PNG (Portable Network Graphics ):
Supports transparency and maintains high quality without losing data. - GIF
(Graphics Interchange Format): Used for simple animations and images with few
colors.

Class activity :
c'.'“' Pixel S AR Atiala




2.6.4 How Computers Store These Files
#Lyﬂm %mwwdio, and Tfag.r.]:rn!d stufad1 as binary data, which means
are 5 s,
sequence

» Hard Disk Drive (HDD): Uses spinning disks to read/write data. They offer

storage ca

. &mnﬂd’&; Uses flash memory for faster access times and
better performance. .

. mwmmesm remote servers accessible via the intemet,
providing flexibility and backup options.

7mmuwmufhumssammmam J

and could only store 5,000,000 bytes which is much less than the
storage required for even one lity song today.

This leads us to an understanding and appreciation of how images, audio and

videos are stored in the computers, allowing us to marvel at the underlying

technology of our current digital age. Whether you're taking pictures, enjoying

music, or watching films, it all ster&hcw computers manage information!
mmary

* In computing, numberingmgsmm are crucial as they form the foundation
far representing, storing, and processing information.

*  Decimal nwnbnzwrsyshen?n is a number system in which base is 10 and the
digits involved are 0 to 9, which are commonly used in our daily lives.

= Binary is a base-2 number system that comprises of only the digits 0 and 1.
Each digit represents a power of two,

+ The Octal number system is ancther number system that has eight as its
base; thus, it has eight digits 0 to7, Each digit represents a power of B, this
can be expressed as 8 digit.

«  The Hexadecimal numbering system is another type of number system with
base of 16, where the number 0 to 9 and alphabets A-F are used.

= Integers refers to the set of non-negative whole numbers, while whole
numbers are the complete numbers. They include zero and all the positive
i , also ive zero. '

. mMWm computers employ a technique commonly known
?smcomputamls mplmm which icknamed as floating-point numbers

« In ues, are ni as nu
are used to represent numbers with fraction or decimal point.

«  Arithmetic operations mean addition, subtraction multiplication, and
division performed on numbers in given base. Bif:ary arithmetic involves
performing these operations on numbers in bin or base 2,

« ASCIHl is an acronym for American S‘tarw:iaarlar Cﬂu for Information
Interchange. It is an industry standard used to encode text in computers and

et o
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What is the primary difference between signed and unsigned integers?
(a) Unsignedhtegers:annuthanegaﬁve
(b) Sigqedlnmgmthmalargermnge
s il Umignedintageulremwinﬂmﬂng-pnlnthm
C(d) Signed integer mm@usedfarposiﬁvemhers
7. Inthe Singjle precision. how many bits are used for the exponent?
(a) 23 bits (b) 8bits (c) 11bits (d) 52bits
. What is the approximate fange of values for single-precision fioating-point
numbers?
@  14x10%03.4x10" (b)  14x10™t03.4x10%
©  49x10™t018x10™ (@ 49x10™t018x10™
9. What are the Ly dots that make up an image called?

b O B b @ Nodes

10, InanRGR colormodel, what does RGB stand for?

(a) Red, Green, Biue (b) Red, Gray, Black
(c) Right, Green, Blue (d)  Bed,Green Brown
Short Questions

1. Mmkﬂuprﬁmwmmufﬂnﬂmmdingth?

2. mmmmmm&mmw

3 Flnwdouumwdehuﬂ[em&om&&mrﬂw?
4. Whatis the mﬁge-afvﬂuhfurununﬁgneﬂZMiﬂhgﬂ?

5. mm:mmugerkmmmmmm.

6. thtisﬂnhnmﬁwfushgumigmdlmagm?

cannot be negative?

8. Howisthe range of floating-point numbers calculated for single precision?

10.Why is it important to understand the limitations of floating-point
mpmminidmﬁﬁcmmpuﬁng?

1. Explain mmmmmmumcm Provide examples of
characters from different languages and their corresponding Unicode code
points, :

2. Describe in detail how integers are stored in computer memory,
3. Explain the process of converting a decimal integer to jts binary
representation and vice versa. lndudemmpianfbothpositiu-'md

"Kk
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4. Perform the following binary arithmetic operations:
v Multiplication of 101 by 11.
b. Division of 1100 by 10.
6. Add the following binary numbers:
a)
101

+110

1100
+1011

7. Convert the following numbers to 4-bit binary and add them:
@ 7+(4)
by -5+3
& Solve the following
(a) 1101;-0100,
(b) 1010,-00112
(c) 1000;-0110;
{d) 1110,-100;

b)
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Introduction
In this chapter, we will discuss the Boolean functions, logic, digital logic, and
difference between analog and digital signals. We will also discuss several types

of gates, their truth tables, and digital devices including half and full adders. At

others,

3.1.1 What is an Analog Signal
Analog signals are signals that changes with time smoothly and continuously

—— —=

Analog Signal | Digital Signal
. Continuous | Discrete
Infinite possible values Finite (0 or 1) |
Example: Sound waves II Example: Binary data in |
| | computers _r

 — e — - e . — —_— — e d

mummmm&memmnfmhgmm
hmdighalsi'gnals.whlchmdisaetemdcmbﬁaﬁﬂypmcemw
mmﬂeﬁmddwkesiikemmmandsmrtpm

Digital to Analog Conversion (DAC): DAC is the conversion whereby analog
ﬁgnﬁmmnodmdigimlslgmmhingﬂmiblefmhummpam
ﬂwlrﬂmﬁnmfwhﬂanmthmghspukm,adapimdinﬂgunea. 8




¢ Figure 3.1 Analog to Digital and Vice Verias

ADC and DAC Conversion: Why is it needed?

Digital to analog conversion, and vice versa, Is critical since it enables data
processing, storage, and transmission. Digital signals are much less affected by
noise and signal degradation and are therefore better suited for transmitting and
storing information over long distances.

Example: Sound Waves

Let us consider a situation where one person Is speaking into a microphane while
the other person is receiving sound through speakers as illustrated in the figure
9k

1. Microphone (ADC): When you speak into the microphone, your voice
produces sound waves (analog signals) that are captured by the system. This is
done by converting the sound waves into digital form using an ADC with the
microphone. Finally, this digital data can be transmitted over long distances with
little or no degradation in quality.

2. Speakers (DAC): At the receiver end, the digital signals are then converted
back into analog signals with the help of DAC. The speakers then translate these
analog signals back into sound waves to enable you hear to the other person's
voice as if they were speaking directly to you.

1 Analog signals are sometimes changed to digital signals in
an action known as Analog to Digital Conversion or ADC. This
enables analog information such as music, to be recorded
and manipulated by digital gadgets.




3.1.2 Fundammtag of Digital Logic

Digﬂ;ulhgththebaﬂsofdigiﬁlryﬂmlthmhmtheuseofwynumbus

In digital circuits, the two states, 0 and 1, are represented by different voltage
hvels.Cum!nﬂumlly.ahighervurhge,mhas.Svoﬂs refer to a binary ‘1, while
a low voltage, for instance, 0 volts refer to a binary ‘0", These voltage levels are
tenmdasﬂaeicgi:lewls.wgiclewlsamneadadtﬂmitchnnmdmrchoﬁme
dwicesnndmdeﬂnewuysmrnughwhkhdigitaidmuﬂsmcummmmd
3.2 Boolean Algebra and Logic Gates

Boolean algebra is a branch of mathematics relate to logic and symbolic
computation, using two values namely True and False. It is an essential branch of
digital drcuiusinmhhmubui;fwtheannlysisarddesignofdr:uits. Here in
ﬂamuﬂhnmwlllmerofﬂuoleanfuncuunsmdupmsimummﬁm and
functions of logic gates, Building and evaluating Truth Tables and

rams

3.2.1 Boolean Functions and Expressions

Binary values are used to describe the relationship between variables in the
Boolean function and Boolean expressions. The expressions are built using AND,
OR, and other logic operations and can in several ways be reduced to optimize
digital circuits.

3.2.1.1Binary Variables and Logic Operations

Binary variables that can have only have two values, 0 and 1. Logic operations are .
basic operations implemented in Boolean aigebra for processing of these binary
variables. The primary logic operations are AND, OR and NOT.

AND

AND s the basic logical operator which is used in Boolean algebra. It requires two
binary inputs which will give a single binary output. The symbol "' is used for the
AND operation. The output of the AND operation is 1" only when both inputs
are "1°. Dtherwise, the result is *0".

Example:
Consider two binary variables:
] A = 1(True)
B = O (False)
ﬂwﬂﬂﬂmmﬁﬂr&s&nmﬁ;ﬁ ca;l:u\'riunn mathematically as:
=A-B :
In this example:
A=1 B=0

wmmumrmupnrmmnam is 0 (false),



B ]
Truth Table:

A truth table is useful in demonstrating the functionality of the AND operation
with all possibilities of the input variables, Below is the truth table for the AND
operation.

A | B| AANDB(P)
0
0
0
1

Tabls 3.7: Truth Table for AND Operation

~l=|lolo
- D = D

Explanation:
if both A and B are off, that is equal to zero then the desired output P is off

(O
if Ais 0 and B is 1 the output P is 0.
When A is 1 and B is 0 P is resulting 0.
When A is 1 and B is 1, the output P also becomes 1.

OR Operation:

The OR operation is an other basic logical operator in Boolean algebra. To be
specific this is also a function tables two binary variables as input produces a
single binary output. According to Table 3.2, the OR operation yields true (1)
output when at least of '1° of the inputs is true {1). The output is 0 only when both
inputs are ‘0",

Example: ;
Consider two binary variables:
A =1 (true)
B = 0 (false)
The OR operation for these variables can be written mathematically as:

P=A4+B
In this example:
A=1 B=0
Therefore, result P of the OR gate will be 1.

Truth Table:
A truth table is useful for better understanding of how the OR operation is

organized and what the result of the OR's application is for all variants of the
input variables. Below is the truth table for the OR operation.



P

IfAis equal to 0 and B is equal to 0 the output P is equal to 0. When A is zero and B
is one, the output P is also one. When A is equal to 1 and B is equals to 0 the
values of P equal to 1. When both Aand B are 1 then the output P equal to one.

AlB| AORB(P)
0

1

1

1

: Table 3.2: Truth Table for OR Operation

| Inbinary logic, 1 + 1 does not equal 2 but equals 1 in logical

operation. This is because the OR operation returns a value of
1ifany or both of the inputs to this operatorare 1.

— Y|
- ] -] o

The NOT operation is one of the basic Boolean algebra operations which takes a
single binary variable and simply negates its value. If the input is one, the output
is zero and if the input is zero, the output is one.
Example:
Consider a binary variable;
A =1 (true) :

The NOT operation for this variable can be written mathematically as:

P=A or P=-A

In this example:
P=0
This signifies that if you have A = 1 (true), the result of NOT operation is going to
be 0 (false). .
Truth Table:

The following table will illustrate the working of NOT operation for all possible
inputs of the variable. Below is the truth table for the NOT operation.

A NOTA (P)|
Yo 1
1 0

Tabile 1.3: Truth Table for NOT Operation
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When theinput Ais 0, the output Pis 1. When A is 1 the output value Pis 0. ANOT
operation performs the negative of the input variable i, e, it gives the opposite
value. This operation is important in digital logic design to generate more
complex logic functions and verify the functionality of digital circuits.

3.2.1.2 Construction of Boolean Functions ‘

Boolean functions are algebraic statements that describe the relationship
between binary variables and logical operations, These functions are particularly
important for digital logic design and are employed in formation of various
digital circuits, which are the basis of current computers, mobile phones and
even simple calculator.

A Boolean function is a function which has a ane or more binary inputs and
produces a single binary output. The inputs and outputs can only have two
values: False (represented by 0) and True ( by 1). The construction of
Boolean functions is done by employing the basic logical operations such as
AND, OR and NOT, which connect the inputs to generate the correct output.

Example 1: Simple Boolean Function .
Consider a Boolean function with two inputs, A and B. We can construct a
function F that represents the AND operation:

F(AB)=A.B

Input FAB) =A -8 ———> |

—

B

Figure 1.2: Simple Boalean Function

The diagram shown above demonstrates a basic digital circuit, which is an AND
gate. The box symbolizes the AND function F (A, B) = A. B, This box has two inputs
Aand B. If both A and B are 1, the output will be 1. In any other case, the output
will be 0. The input are shown at the entrance to the box, while the output is
depicted at the exit of the block. The truth table for this function is as follows:



4

T ——————————————————

) Al B F(A, B)
0]0 0
0|1 0
110 D
1 1 1
Table 3.4: Truth Table for FIAD) = AB

Example 2: Now, let us construct a more complex Boolean function with three
inputs, A, B, and C: . : '
F(AB,C)=A.B+A.C

This function uses AND, OR and NOT at the same time. The truth table for this

function is as follows:

Explanation:

. ﬂ:pnm:ﬁi.B.mdtarelndududinthef:ﬂlmﬂngmn'tpleumﬁnpm
COlumns.

. mm&mnmmﬂnm“mmmammmﬂm
the column A-B.

* Thecolumn A standing for the NOT operation of A.

* Every value in the column A - C displays the resuit of AND operation between
the values in the Fifth column and the third column.

+ The final column F (4, B, C) shows the output of the Boolean function

A.8+A.0 ale[clasalaclraso
ololol o [1| 0| o
olo|1] 0 |1] 1 1
ol1lo]l o (1] e | o
ol1]1] 0 |1] 1 1
1lolol o [0l o | o
1lof1] o lel 0 | o
1[1]o] 7 [0] 0 1 -
TNEERCIE 1

Table 3.5: Dotalled Truth Table for F (A 8. Q) = (A. 8) + A.0)
Usage in Computers: '
There are many uses of Boolean functions in the computers for various
operations. Here are some examples of their usage:
« Arithmetic Operations: Boolean functions are used in Arithmetical Logic
Units (ALUs) of CPUs to perform operations like addition, subtraction,
multiplication, and even division. g

(.08
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« Data Processing: Boolean functions are used to process binary data in
memaory and storage devices, ensuring efficient data manipulation and
retrieval,

« Control Logic: Boolean functions are applied in computers to control various
parts of the system's operation to function in co-ordinated manner.

g Bonlmﬁnwﬂumarrlhnpuuntmourmydnym\
like cell phones and calculators:

Cell Phones: In cell phone processing, when you dail a
number, or press a button on a phone, a Boolean function
evaluates these inputs as true or false and makes the
necessary output.

Calculators: Basic calculators use Boolean functions, When you feed it
with numbers anhd the operations to be performed, Boolean logic is
used to arrive at the right result. 5

mm

George Boole, a mathematician who invented Boolean algebra
was born in Lincoln, England in the year 1815. His work laid the
debate and the basis for future digital revolution and computer
MHMuwmmﬂhWrﬂ.

322 Logi: Gates and their Functions

Logic gates are physical devices in electronic circuits that perform Boolean
operations. Each type of logic gate corresponds to a basic Boolean operation.
Examples of the logic gates are:

AND Gate: Implements the AND function. It outputs true enly when both inputs

careTrue(1) . @




=D

Figure 3.3: AND Gate

Imagine a simple electronic circyit with an AND gate. If you press two switches
(both must be ON), a light bulb will turn on.

*  Switch 1: ON (True)

*  Switch 2:ON (True)

* Lightbulb: ON (True) because both switches are ON,

If either switch is OFF, the light bulb will be OFF,

MMInﬂamﬁntsthn OR function. It outputs true when at least one input

Figure 3.4: OR Gate
NOT Gate: Implements the NOT function. It outputst!tnppositeoftm{nput

See Figure 3.4
A%I

Figure 3.5: NOT Gate
mnmmlsgmism when an AND gate is combined with a NOT
gate. It generates true when at least one of the inputs is false. In other words,
it is the inverse of the AND gate, as presented in Figure 3.6.

il

Figure 3.6: NAND Gate
SOT S0 EAL b



Imagine a safety system where an alarm should go on if either one oftwn Sensers
detects an issue.

+ Sensor1:Noissue (False)

+  Sensor 2: lssue detected (True)
»  Alarm: ON (True) because one sensor detects an issue.

XOR Gate:

The XOR (Exclusive OR) gate outputs true only when exactly one of the inputs is
true. It differs from the OR gate in that it does not output true when both inputs
are true. Itis shown in Figure 3.7,

Figure i.7T: XOR Gate

Example:
Imagine a scenario where you can either play video games or do homework, but
not both at the same time,

+ Playvideo games: Yes (True)
» Do homework: No (False)
+  Allowed? Yes (True) because only one activity is being done.

Class activities
mmmmwmrunmmml

a.mmmmmm ]
the opposite answer. For example, "lsl!ushrmi"'&udam

~ should shout "No!" (NOT True).
4. m;mmm:m:mmm
e e
M both switches are pressed. ‘ o /




3.3 Simplification of Boolean Functions

Simplification of Boolean functions is a particularly important process in
designing an efficient digital circuit. Such simplified functions require fewer
gates making them compact in size, energy efficient and faster than the
complicated ones. Simplification means applying of some Boolean algebra rules
to make the functions less complicated.

Basic Boolean Algebra Rules:
Here are some fundamental Boolean algebra rules used for simplification:
N

i £
e B V9
Gem— AR

S Commutstivelows 17700
Chuodetvelaw (L B0

7 Dlstibutivelaws " (5 5" 0 )

5. Absorption Laws i+ﬂm+ g :i

9. De Morgan's Theorems ﬁﬂ:f__{:_g—_

10, Double Negation Law fi&



Simplification Examples
Example 1 |
Simplify the expression A + A+ 8, |
Solution: 1
A+A+B=(A+A)+(A+ 8 (Distributive Law)
=1+A+8 (Complement Law)
~A+B _ (Identity Law)

Example 2 1y

Simplify the expression A+ B + A + &.

Solution:

AB+A + B=A+B+A+B (De Morgan's Theorem)
= (A+B) Since A is already present in
= A+F (A . B), we can use absorption law
ieA+ (A _B)=A

Example 3 _!

Simplify the expression (A + 8) « (A + B),

Selution: '

(A+B)=(A+B) =A{A+B)+B+(A+B) (Distributive Law)
=A+AB+B+B (Absorption Law)
sA+A8 (Identity Law)
=As(1+8) (Distributive Law)
=A . - (Identity Law)

Example 4

Simplifyﬂuﬂtpunhn-ia»ﬂ-ud-m

Solution:

A+BeA+B) =(A+B)+(A+H) : (De Morgan's Theorem) |
=A+BrA+A+B+B (Distributive Law)

=A+B +A_B (idempotent Law) |

i

i =A"E {‘d.ﬂwm}
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3.4. Creating ic rams -
The logic diagnu'tfgepktmﬂ.u’mking of a digital circuit through symbols that
represent to its individual logic gates. To create a logic diagram:

*+ Find out the logic gates needed for the Boolean function.

. gmngamegatumpﬂformtheupemﬁnmusdeﬁmdbyﬂufwctimofﬂm
* circuit,

+  Connect the inputs and the output of the gates correctly.

To summarize, knowledge of Boolean algebra and logic gates is crucial when it
comes to the creation and study of digital circuits. If students understand those -
concepts, they can build efficient and effective digital systems.

3.5. Application of Digital Logic
mgitdlogfcisanasmnﬁalmhrﬂwﬁuﬁmhgdmm
electronic systems, such as computers, smart phones, and other digital gadgets.
Digital logic optimize in miany ways in order to create and enhance circuits meant
to perform various tasks. Two important applications of digital logic are the
design of adder circuits and the use of Kamaugh maps for function simplification.
3.5.1 Half-adder and Full-adder Circuits’

Adder circuits are widely used in the digital circuits to perform arithmetic
calculations. There are two general forms of adder circuits known as half-adders
and full adders.

3.5.1.1 Half-adder Circuits .
nhalfﬁduisabasitcimﬂhyunitﬂutpﬁfnnmaddiﬁmofmﬁule-hit
binary digits. It has two inputs, usually denoted as A and B, and two outputs: the

sum (S) and the carry (C). g
Truth Table for Half-adder:
| Sum (S) | Camry (C)

0 0 -
1 0
1 0

1 0 1
Table 1.& Truth Table for HaH- adder
‘Boolean Expressions for Half-adder:
' S=ABB
C=A.B
In this case the symbol @ represents the XOR operation. The sum output is high
when only one of the inputs is high, while the carry output is high when both

inputs are high, E i E T PR A

- oo

- o= o m




Sum=A®B

) )=
e

Table 3.8: Half- Adder Circult

2.5.1.2 Full-adder Circuits

A full-adder is a more complex circuit that adds three single-bit binary numbers:
mbiuﬂuthﬁongmmemmwacmyﬁtﬁunapmm:sa%n.nhas
three inputs, denoted as A, B, and C, (carry input), and two outputs: called the
sum (S) and the carry (Cout) with both being integer values.

A | 8| c.[sum 5] comyico
oflolo]| o 0
oflo]1] 1 0
ofl1]o] 1 0
ol1l1] o 1
1lo] 0 1 0
1lo{1]| o T
1|1|0]| o 1
filsyl 1> 1

Tabin 31.7: Truth Table for Full-addess

Boolean Expressions:
Sum = A@B&GCin
Carry= (A.B) + (Cin . (AB))

Table 3.5: Hali- Adder Clreuit



The sum output is high ﬁhnmwgﬁhmkoﬂdm&unw

outputis high if the number of high inputs is at least 2.

3.5.2 Karnaugh Map( K-Map)

A Kamaugh map (K-map) is a graphical representation which can be used to
solve algebra expressions and minimize a logic function where algebraic
computations are not employed. It is a technigue in which the truth value of
Boolean function is plotted to enable the identification of patterns and to

perform term combining for simplification.
Minterm (Variables Combination| Mirterm Expression
'm0 A=0, B=0C=0 TABC
m1 A=0,8=0C=1 AB C
m2 A=0,B=1,C=0 ABT
m3 A=0,B=1C=1 ABC
md A=1,B=0C=0 ABC
ms A=1,B=0C= 1 ABC
mé A= 1,B=1C=0 ABC
m7 A=1,B=1C=1 ABC

Table 3 8: Possible Minterms for AB and €
'3.5.2.1 Structure of Karnaugh Maps
A K-map is a matrix where each square is a cell, which corresponds to a
positioned combination. These cells are filled with *1" or ‘0" in reference to the
truth table of the Boolean function. The size of the K-map depends on the
number of variables:
+  2Variables: 2x2 gnid
*  3Variables: 2x4 grid
*  4Variables: 4x4 grid least
= 5Variables: 4x8 grid (less common for manual simplification)
Every cell in the K-map represents a minterm, and the cells in each row of the K-
map differ by only one bit at any particular position, following the gray code
sequence.
3.5.2.2 Minterms in Boolean Algebra
in Boolean a , @ minterm is a particular product term whereby
variable of the ncﬁunispmemineiﬂ%rﬂhmhrmaﬂum m
minterm corresponds to one and only one set of variable values that makes the
Boolean function equal to trueor 1.
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The mintermwhere A =1,8=0and C = 1iswrittenasABC.

Consider a Boolean function F(A.B,C). The possible minterms for this function are;

Possible Minterms for AB.C

3.5.2.3 Creating Karnaugh Maps

Tocreate a K-map, follow these steps:

1. Create agrid based on the number of variables that exists in the system.

2. Letus complete the grid using the output values in the truth table.

3. Armrange the 1sin the grid in the largest possible groups of size 1, 2,4, 8 and so
on. Every group must have one or more 1s, must be a power of two, and they
must be in a continuous rows or columns.

Example: Simplifying a Boolean Expression with a K-map

To simplify the Boolean expressionA. 8 + A. 8 + A. B using a Karnaugh map (K-

map):

1. Expression: A B+A B+A.B

Step 1: Draw the K-map Grid
For two variables A and B:

8=0|8=1

A=0
A=1] 1 1

Step 2: Fill in the K-map :
Determine the output for each combination of A and B based on the

n:
« ForA=0andB=0: F=A.B+A B+A.B= 1.0+0.0+0.0=0
+ ForA=0andB=1: Fnﬁ.l__fj;ﬂﬂhﬁ.ﬂ: 0.0+1.1+40.1=1
« ForA=landB=0: F=A B+A.B+A.B= 1.1+40.0+1.0=1
+ ForA=t1andB=1: F=A . B+A.B+A.B= 1.0+0.1+1.1=1

Step 3: Group the 1s In the K-map
Group adjacent 15 to simplify the expression

A=0| 0
A=1

i G



From the K-map, we can form the
1. Group of two 15 in the second column:A. 8+ A B
A.B+A.B=(A+A).B=1.B=8
2. Groupoftwo Isinthesecondrow A.B+A B
A.B+A.B=(B+B).A=1.A=A
Final Simplified Expression

FIAB =8+A
Practical Usage:
Karnaugh maps are extensively used in digital circuit design to minimize the
number of gates needed for a given function. This leads to circuits that are faster,
cheaper, and consume less power,

 full-adders to add two 4-bit binary numbers. Create the truth tables,

Summary

« Digital systems are the basis of the present-day electronics and
computing. They process digital data in form of '0' and ‘1",

. signals are continuous time varying signal,

* ADC (Analog to Digital Converter) is the process of converting the
continuous signals into discrete signals that can be processed by digital
devices for example computers and smart phones.

* DAC (Digital to Analog Converter) converts the digital signal back to the
a nal,

« Di logic is the basis of all digital systems. This is the technique we use
tngiprt;lmi digital information in the form of binary numbers.

. Bao#aanalgebraisamb-disdpﬁneafmmhemaﬂ:sbmdnnupemﬂm
involving binary variables.

* Inthe case of AND operation the output is 1 only when both input values
are 1. Otherwise, the outputis 0, _

* In an OR gate, the result is 0 only when both the input vaiues are 0.
Otherwise, the outputis 1. :

* The NOT operation the simplest |ogical npi;mti'nn in Bug:an algebra,
which accept a single binary inputs and gives its opposite as outputs,

* Boolean ft.ll'ICﬁ;mrE amn:'gtlumati:ar expressions that represent logical
operations involving binary variables.

* A crucial element of digital circuit design is the logic diagram, which-

represents the structure of the circuit by showing connections between

w i
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prindfml ication in arithmetic operations. -
$ Ahal*»adﬁlisadigiultlrcuh used to compute the addition of two

single-bit binary numbers.

* Afull-adder is a more complex circuit that adds three single-bit numbers;
two main bits and a carry bit from a previous addition.

* AKamaugh map (K-map) s a graphic aid that is employed in simplification
of Boolean expressions and minimizing logic functions without the used
far complex algebraic operations.

* Aminterm in Boolean algebra is a specific product (AND) form of a Boolean
expression that includes all of the function's variables, either in their

~ normal or complemented form.
Muitiple- Choice Questions (MCQs)
1. Which of the following Boolean expressions represents the OR operation?
W A-B ) A+B © A W ADE
: What is the dual of the Boolean expression A .0 = 07
W A+1=1 mA+0=A @A 1=A @ A.0=0

3. Which logic gate outputs true only if both inputs are true?
(a) OR gate (» ANDgate () XORgate - (@ NOT gate
L In2 haif-adder crcut, the camry is generated by which operation?
(s) XOR operation v AND operation
(cy OR operation (d) NOT operation
« What is the decimal equivalent of the binary number 11017
@1 ®m 12 (©) 13 @ 14
Short Questions
1. Define a Boolean function and give an example.
2. What is the significance of the truth table in digital logic?
3. Explain the difference between analog and digital signals.
4, Describe the function of a NOT gate with its truth table.
5. What is the purpose of a Karnaugh map in simplifying Boolean expressions?
Long Questions
1. Explain the usage of Boolean functions in computers.
2. Describe how to construct a truth table for a Boolean expression with an
example.

e S s —
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3. Describe the concept of duality in Boolean algebra and provide an example
to lllustrate it.

4. Compare and contrast half-adders and full-adders, including their truth

» mmmmm&&m :

5. How do Kamaugh maps simplify Boolean expressions? Provide a detailed
example with steps.

6. Design a 4-bit binary adder using both half-adders and full-adders. Explain
each step with truth tables, Boolean expressions, and circuit diagrams.

7. Simplify the following Boolean function using Boolean algebra rules:

F(A B)=A.B+A B
8. Use DeMorgan’s laws to simplify the following function:
FIAB C=A+B+AC

9. Simplify the following expressions

(@AA+8 .(A+B)

(b)(A+8).(A+8)

A+A.(B+C)

(d)A.B+A.B

€ (A.B) +(A.B)
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Introduction ,
System troubleshooting is a vital skill for keeping computers, machines, and
other equipment running smoothly. When things go wrong, troubleshooting
helps identify the problem and find a quick solution, preventing issues like
downtime, reduced productivity, and potential damage. For instance, if your
computer suddenly stops working, knowing how to troubleshoot can help you fix
it without needing costly professional help. This chapter will guide you through a
systematic process of troubleshooting, covering essential steps such as
identifying problems, testing theories, implementing salutions, and ensuring the
system is fully functional again. By mastering these techniques, you'll be able to
maintain the reliability and efficiency of any system you work with.
4.1 System Troubleshooting
Troubleshooting is essential for maintaining the smooth operation of systems,
whether they are computers, machines, or other types of equipment. When
something goes wrong, troubleshooting helps identify the problem and find a
solution quickly. For example, if your computer suddenly stops working, knowing
how to troubleshoot can help you get it running again without needing to call for
expensive professional help.
4.1.1 Systematic Process of Troubleshooting
The troubleshooting process involves several steps that help you systematically
identify and fix problems. These steps ensure that you don't overlook any
potential issues and that you solve the problem efficiently.
A systematic approach to troubleshooting involves the following steps:

1. |dentify Problem .

2. Establish a Theory of Probable Cause

3, Testthe Theory to Determine the Cause

4. Establish a Plan of Action to Resolve the Problem

5. Implement the Solution

6. Verify Full System Functionality

7. Document Findings, Actions, and Outcomes s L)
i —{_Tidbits )
Tech Detective Work: Troubleshooting is like being a detective for
technology. Just like a detective solves mysteries, you solve tech problems
by following clues and gathering eviderice!
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4.1.1.1 |dentify Problem

The first step in troubleshooting is to identify the problem. This means
recognizing that something is not working as it should, For example, if you press
power button and your laptop does not turn on, the problem is clear that it won't
start.

4.1.1.2 Establish a Theory of Probable Cause

Once you have identified the problem, the next step is to come up with a theory
about what might be causing it. This involves thinking about what could have
gone wrong. For example, if your laptop does not turn on, possible causes might
be adead battery, a faulty power cord, or an internal hardware issue.

4.1.1.3 Test the Theory to Determine the Cause

After establishing a theory, you need to test it to see if it is correct. This involves
checking if the suspected cause is actually the reason for the problem. For
example, if you think the laptop's battery is dead, you can test this theory by
plugging in the power cord and seeing if the computer turns on,

4.1.1.4 Establish a Plan of Action to Resolve the Problem

If your test confirms the cause of the problem, the next step is to come up with a
plan to fix it. This means deciding what steps you need to take to resolve the
issue. For example, if the problem is a dead battery, your plan of action might be
to replace the battery or keep the laptop plugged in until you can get anewone.
4.1.1.5 Implement the Solution :

Once you have a plan, you need to put it into action. This means doing whatever
is necessary to fix the problem. For example, if your plan is to replace the battery,
you would buy a new battery and install it in your laptop.

4.1.1.6 Verify Full System Functionality

After implementing the solution, you need to check to make sure that the
problem is fully resolved and the system is working properly again. For example,
once you replace the battery, you should check to see if the laptop turns on and

operates as expected without plugging in the power cord. -
' . (Tidbits),

Instant Fix: Sometimes, the quickest fix for a computer problem is to restart
it. This is like giving the computer a nap—sometimas it just needs a short
break to work properly again.

ST PO AN EFERRE
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4.1.1.7 Document Findings, Actions, and Outcomes
The final step is to document everything you did during the troubleshooting
process. This includes what the problem was, what you thought was causing it,
what you did to fix it, and the outcome. This documentation is important for
future reference and can help you or others troubieshoot similar problems more
efficiently in the future. For example, you would write down that the laptop
wouldn't tum on due to a dead battery, that you replaced the battery, and that
the laptop is now working property.
% B depbuinn s sl
L ensu continue to s and 2
4.1.2 Importance ﬁmluhouﬁnmm Sysmmm
Troubleshooting is very important in computing systems because it helps keep
our computers, software, and networks running smoothly. When something
goes wrong with a computer system, it can disrupt our work, cause data loss, or
even lead to security issues. By knowing how to troubleshoot computing
systems, shmld.“ can quickly find and fix problems, ensuring that everything works as
it
4.1.2.1 Preventing Downtime
Downtime occurs when a computer system is not operational. This can be very
costly, especially in businesses that rely on their systems to operate efficiently.
When a system is down, employees may not be able to work, leading to lost
productivity and revenue. With the help of troubleshooting, we identify and
resolve the system problems in very short time which facilitate to reduce the
possibilities of system downtime.
4.1.2.2 Ensuring Data Int
Data integrity means ensuring that data is accurate and reliable. Problems like
software bugs or hardware failures can corrupt data, leading to incorrect
information being stored or processed. Troubleshooting helps identify the
source of data corruption and prevent it from happening again, ensuring that
data remains accurate and reliable.
4.12.3 Improving Security
Computer systems are often targets for cyber-attacks. Troubleshooting can help
identify vulnerabilities and security breaches, allowing for quick action to protect
the system. This is important for maintaining the confidentiality, integrity, and
availability of data.
4.12.4 Enhancing Performance :
Sometimes, computer systems do not perform as efficiently as they should,
Troubleshooting can identify the reasons for slow performance, such as
insufficient memory, software conflicts, or hardware malfunctions. By resolving

mmMmiwhmIEﬂnmﬂﬂum
. uor



4.1.2.5 Extending Equipment Life
mguiwmmﬁmwgwmmmhebmmﬁhofmmm
mmwmmwngammmmmmmmg
mmmmmﬁmmymrnnduamnﬂmm

4.1.2.6 Saving Costs :
Real-World Impact: Effective troublest in businesses helps

Real-World Impact: Effective trot
S preve downtime and ductiv
If is not i , troubles reveal
S oper ot iy s oo e e

entire printer.

4.1.1.7 Enhancing User Experience

When computer systems work well, users have a better They can
their tasks efficiently without encountering frustrating issues.

‘?or:um«:oﬁ-nghel ensure that systems are reliable and user-friendly,

Example: If icuﬁanhepscrnhing.ﬁuubluhoabna midmﬁl‘} if the

| -Is;e?mnhmmmaﬁbﬂﬂyhum ing the issue can
improve the user experience, making the application more stable and enjoyable
touse.
* Troub ing is an. essential skill in computing systems. It helps prevent
dmmmd:;inm' .irrsm mdwmmamperhmm
equipment life, save costs, and provide a better user experience. By
understanding and Hmi troukb -*

! rUunning smoo v




R T s e e =, &
4.2 Troubleshooting Strategies '
Understanding basic troubleshooting strategies for software and hardware
issues can help keep your computing systems running smoothly. By identifying
commeon problems and knowing simple solutions, you can resolve issues quickly
and efficiently, ensuring minimal disruption to your work or activities.

4.2,1 Basic Software-Related issues

4.2.1.1 Common Software Issues and Solutions

Issue: Application Freezing - An application freezing means that a program
stops responding and you cannot use it This is a common problem and can
usually be fixed with a few simple steps;

Solution: Try pressing Ctrl + Alt + DeietemnpmthaTaskManagm Find the
unresponsive application, select it, and click "End Task." This will force the
application to close. If the problem persists, consider reinstalling the application
or checking for updates.

Issue: Unresponsive Peripherals - Peripherals are external devices like
keyboards, mice, and printers, Sometimaes, these devices can stop responding
due to software issues.

Solution: First, check the connections to make sure they are secure. If the device
is still unresponsive, try unplugging it and then plugging it back in. Updating the
drivers for the device can also help.

4.2,1.2 Restarting and Shutting Down

Issue: Importance of Restarting a Computer - Restarting a computer can fix
many software issues. It clears the memory, stops background processes, and
gives the system a fresh start.

lssue: Using the Power Button Effectively - The power button can be used to
shut down or restart a computer when it is not responding to normal commands.

Solution: Press and hold the power button for a few seconds to force the
computer to shut dowri. This should only be used as a last resort because it can
cause data loss if programs are not properly closed.

- Restarting the Computer: Restarting a computer can fix up to
50% of all software issues. This is because a reboot clears the
system'’s memory and stops processes that might be causing




The Power of Documentation: Keeping track of your troubleshooting steps
Is like writing a diary of your adventures. It helps you remember what
worked and what didn't, making future problems easier to solve. ;

4.2.2 Basic Hardware-Related Issues

4.2.2.1 Common Hardware Issues and Solutions

Issue: Cable Disconnection - Loose or disconnected cables are a common
hardware issue that can cause devices to stop working.

issue: Overheating - Overheating can cause a computer to slow down, freeze, or
shut down unexpectedly.

Issue: Peripheral Devices - Peripheral devices like keyboards and monitors can
have various issues, from not being recognized by the computer to not working

correctly. :

: _ {_Tidbits )
Cool Tools: Modern troubleshooting Involves using special tools like memory
diagnostic apps (e.g. MemTest86) and hard drive health checkers (e.g.
CrystalDiskinfo). These tools are like having superpowers that can see inside

your computer’s brain! problems by following clues and gathering evidence!

4.2.2.2 Maintaining a Safe Workspace
Issue: Cable Management - Proper cable management can prevent accidental
disconnections and reduce the risk of tripping or damaging cables.
Solution: Use cable ties or organizers to keep cables neat and out of the way.
Labeling cables can also help identify them easily.
Cable Management: Good cable management is crucial. It's like organizing your
school supplies; when cables are neatly arranged, it's easier to find and fix issues.
Plus, it helps prevent accidental disconnections.
Example: In an office, using cable ties to bundle cables together can prevent
tlv:hemhfmm getting tangled and make it easier to identify which cable gnes to
ich device.

I &

Cable Management: Good cable management is crucial. It's like organizing
your school supplies; when cables are neatly arranged, it's easier to find and
fix issues. Plus, it helps prevent accidental disconnections.
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Issue: Proper Ventilation - Proper ventilation is crucial to prevent overheating
and ensure the computer runs efficiently.

Solution: Place the computer in a well-ventilated area, away from walls and
other obstructions. Regularly clean the vents and fans to remove dust buildup.
Example: Keeping a desktop computer on a desk with good airflow around it can
help prevent overheating and keep it running smoothly.

Recognizing hardware failures is necessary for maintaining a computer system's
functionality. Here are some common symptoms and diagnostic techniques of
RAM or Hard Drive Failures:

lesue: RAM Failures - Common signs of RAM issues include frequent system
crashes, Blue Screens Of Death (BSOD), and poor performance. The computer
may also fail to boot or restart randomly.

Solution: RAM Diagnostic Tools - Use built-in tools like Windows Memory
Diagnostic or third-party applications like MemTest86 to check for RAM issues.

 [EEEma
i Blue Screens Of l.l;ith {BSOD).




Issue: Hard Drive Fallures - Symptoms of hard drive failures include strange
noises (like clicking), slow performance, frequent crashes, and corrupted files.
The computer may also fail to boot or display error messages about the disk.
Solution: Hard Drive Diagnostic Tools - Use tools like SMART (Self-Monitoring,
Analysis, and Reporting Technology) status checks, or software like
CrystalDiskinfo, to monitor hard drive health.
4.2.3.2 Component Replacements and Upgrades
Upgrading or replacing hardware components can significantly improve your
computer’s performance and extend its lifespan,
Upgrading RAM: To upgrade RAM, first determine the type and maximum
capacity your motherboard supports. Purchase compatible RAM sticks, power
off your computer, open the case, and insert the new RAM into the empty slots,
Example: If your computer is slow while multitasking (running multiple
applications at a time), adding more RAM can help improve its performance.
Replacing a Hard Drive: To replace a hard drive, back up your data, purchase a
compatible drive (that can work in your computer), power off your computer,
open the case, disconnect the old drive, and connect the new one. After installing
the new drive, you will need to reinstall ﬂmupﬂraﬁngsp‘tm and restore your
data from the backup.
Example: If your hard drive is failing, replacing it with a new one can prevent data
loss and restore your computer’s functionality

\_Tidbits_

Space Saver: Keeping your computer's storage clean by deleting
unnecessary files is like making space in your room. The more organized
mﬂumﬂuhmymrmpuﬁrmﬂnm——;ustihahﬂymumis
easier to navigate.

42.4 Security and Maintenance

Understanding and applying regular maintenance and security measures are
essential for the praper and continued performance of a system. Using te
following security, maintenance and troubleshooting techniques, you can
effectively maintain and enhance the pnfformincn and security of your

computing systarns

mmw = ‘i' Ei




Keeping WMumwm solving a conflict Is essential for security and
talli mwmmmwrm
patches ensures that software is protected against and
perfarms optimally. A - e



Example: Updating your

operating system and applications can protect your
computer from security threats and fix bugs that cause crashes,

Resolving Software Conflicts: Identify and uninstall conﬂu:ung software,

4.2.4.2 Addressing Security Threats

Threats protecting your computer from security threats are important for
maintaining data integrity and privacy.

Identifying and Removing Malware Infections: Use antivirus software to scan
for and remove malware. Regularly update the antivirus definitions and perform
full system seans.

wngonmwummmmmmng operating system
updates is essential for protecting your computer from newly discovered security
vulnerabilities.

Example: Regularly updating your operating system can prevent hackers from
exploiting security flaws to gain access to your system.

Creating and MMMMMammbmﬂmafupper{ﬁ-Z}

password manager to keep track of them,

Bxample: Creating a strong password for your online accounts can protect you
fmmunmttnmdmandidemhythaft.
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4.2.5 Data Management and Backups

Effective data management and regular backups help in free up resources,
improve efficiency, and ensure data security. Here's how these practices can be
beneficial

Data Management and Backups mean storing, and organizing data so it is easy
to find and use. It helps make sure the data is available, accurate, and ready when
needed. Regular backups involve making copies of data regularly to ensure it can
be recovered if it is lost, damaged, or during a disaster. These strategies are
necessary for keeping data safe and ensuring it can always be restored.

4.2.5.1 Managing Storage Space

Management of storage space is one of the key requirements for data
management. It is important to keep your computer running smoothly and
efficiently. Here is how you performiit:

Deleting Unnecessary Files: Regularly review your files and delete those you no
longer need. This can include old documents, downlozaded files, and temporary
files.

Example: If your computer is running out of space, go through your download
folder and delete files you no longer need. This can free up a significant amount
of space.

Moving Files to Free Up Disk Space: Transfer large files, such as videos and
photos, to an external storage device or cloud storage to free up space on your
computer’s internal drive.

Example: Moving a collection of vacation photos to an external hard drive can
free up gigabytes of space on your main drive, improving your computer's
performance.

4.2.5.2 Data Backup Methods

Backing up data is essential to prevent data loss in case of hardware failure or
other issues. Here are some common methods:

Using External Storage Devices: Use external hard drives or USB flash drives to
back up important files. This provides a physical copy of your data that you can
easily access and store safely.

Example: Copying your important documents and photos to an external hard
drive ensures that you have a backup in case your computer’s hard drive fails.
Utilizing Cloud Solutions: Use cloud storage services like Google Drive,

| i piacas



Dropbox, or OneDrive to back up your data online, This allows YOu 1o access your
files from anywhere with an internet connection.

Example: Saving your school projects to Google Drive means you can access
them from any computer, even if your personal device is unavailable or
damaged.

426 Udngmfor'l‘muhluhmﬂug

When you encounter issues, there are many resources available to help you
troubleshoot effectively.

Data Backup: It's estimated that 60% of people have never)
backed up their data, Regular backups can protect against
data loss from hardware failures, accidental deletions, or
malware attacks.

MWUPMM-WWWM
Centre J

Built-in Help Features: Most operating systems and software applications

include built-in help features or guides that provide solutions to common

problems.

lnmrle If your printer is not working, you can use the built-in troubleshoati

guide A your computer's settings to find and fix the issue. =

wmlmm Use online rﬁnuhrces such.as fnlnxm tl.ltumk ials, and FAQs dﬂt:
S0 1o more complex ms. Websites like Stac Exchange, Red

and ?ouTugeamwluabla 1‘t::ﬁ:l Eﬁbwsu&w ng help. i

Example: If you are experien ga are error, searching the error message

onGoogle can lead ummmmmmmmnsgﬁuﬁum.

417

Helping others with their computer problems can reinforce your troubleshooti
skills and build a collaborative learning environment. o
4.1.7.1 Communication and Cﬁlilhuﬂﬂonh Clearly ;
Importance of Effective Communication Troubleshooting: explain
the issue and your troubleshooting steps when assisting others. Listen to their
descriptions and ask questions to gather more information

mhnmmhudmhsmmdmmeﬁmmluﬁnm

mmrabmaﬁmﬁmapeermm more experience with a particular
software can helpyoubc:ti'aleamﬂmtroubleshouﬁng techniques.
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4.7.2.2 Sharing Troubleshooting Knowledge

Transferring Troubleshooting Skills to Assist Others: Share your
troubleshooting experiences and solutions with others. Create guides or
tutorials to help your peers understand how to fix common issues.

Example: After resolving a tricky software installation problem, you could write a
step-by-step guide and share it with your classmates, making it easier for themto
handle similar issues in the future,

cm-tmmmmmmﬂm“\

| cooling systems fail. High temperatures can reduce a CPU's |
| lifespan by up to 50%. Proper cooling and regular cleaning

| cansignificantly extend a computer'slife.

CPUs : J

. Summary
T . Tmmhmimﬁomm&rmukﬁngammhmaﬁmnf
- systems like computers and machines,
» Troubleshoaoting helps identify and resolve problems quickly to prevent
downtime and system damage.
. MMd‘l’lﬂWﬂg
Identify Problem: Recognize and define the issue (e.g., a computer
not turning on).
o m-mummmwmmm
_ might be causing the problem (For example, dead battery, faulty
power card). werT rom




Test the Theory: Check if the <

uspected cause is correct (For example,
testing with a new power cord),
o Establish a Plan of Action: Createaplanto fixtheissue (e.g,, replacing

mdtlusystnmwortspm :
o Document Findings, Actlons, and Outcomes: Record the
wnubleﬂmﬂngpmessandrmlbfnrﬁmmmfem
" WM
o Basic Software-Related Issues:
. Hnrnd[eunrasmiwnpplicaﬂonsnndpm'lp‘mls.
. Userﬁtartingandshmtingdoummamoduﬁecﬁwy.
o Basic Hardware-Related Issues:
- Mdmsscabledismnue:tienswmﬂmaﬁng.
* Troubleshoot peripheral devices and maintain a safe
workspace.
o mwmmmm
. Becognheswhptnnuafwmhammmmm
. Ferfnrm:mpunmtreplacemmumdupgmﬁs.
* Security and Maintenance
o Hﬁntdnhgm:lnstaﬂupdnmsandresulvﬂoﬁwancmﬂim
5 MMMMaMsaﬂwamapmm
updates, and manage passwords.
. nnuhlmmdhdups
o MMMMeunmwﬁl&smmﬁlum
free up space.
o Data Backup Methods: Use external storage devices and cloud
snluﬁonsfnrregularh:ckupa
* Using Resources for
o Bullt-in Help Features: Utilize system help guides and
troubleshooting tools.
o Internet Resources: Search forums, tutorials, and FAQs for solutions,
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o Communication and Collaboration: Clearly explain issues and
collaborate with others for solutions.

o Sharing Troubleshooting Knowledge: Create guides and share
solutions to assist peers.

| EXERCISE |

~ Multiple Choice Questions (MCQs)
1. What s the first step in the systematic process of troubleshooting?
a) Establish a Theory of Probable Cause b) Implement the Solution
¢) Identify Problem  d) Document Findings, Actions, and Outcomes
2. Why is effective troubleshooting important for maintaining systems?
a) It helps save money on repairs
b) It prevents the need for professional help
c) Itensures systems operate smoothly and efficiently
d) It allows for more frequent system updates
3. Which step involves coming up with a theory about what might be
causing a problem?
@) Test the Theory to Determine the Cause b) Establish a Theory of Probable
Cause c) Implementthe Solution d) Verify Full System Functionality
4. After implementing a solution, what is the next step in the
troubleshoating process?
a) Document Findings, Actions, and Outcomes
b)Test the Theory to Determine the Cause
c) Verify Full System Functionality
d) Establish a Plan of Action to Resolve the Problem
5. Which of the following is an example of identifying a problem in
. troubleshooting?
@) Testing a laptop battery by plugging in the power cord
b)Coming up with a plan to replace a laptop battery
¢) Noticing that a laptop does not tum on when the power button
is pressed
d) Writing down that a laptop battery was replaced
6. Why is documenting findings, actions, and outcomes important in

troubleshooting? E 1




a) It helps solve problems faster

b)it provides a record for futyre reference
¢)It allows for more efficient testing
d) ummﬂummwm
7. Whatisthe purpose of establishing a plan of action in troubleshooting?
a) To identify the problem
b) To verify full system fu
¢) To determine the cause of the problem
d) To decide on the steps needed to resolve the issue
8. Whyistrou bleshooting important in computing systems?
) Itensures hardware components are always up to date
b) it prevents the need for data backups
¢) Ithelps keep systems mnningsnnoﬂiyandsocwﬁy
d) It eliminates the need for software updates
9. What does troubleshooting help prevent by quickly identifying and
resoiving issues?
8) The need for professional help
b)The need for software updates
¢) Downtime and lost productivity
d) The need for regular maintenance
10. Which of the following is an example of ensuring data integrity through
troubleshooting?
a) Hmﬁfyingasoﬁwambug that causes incorrect database results
b) Replacing a faulty printer
¢) Using a cooling pad to prevent laptop overheating
d the .
) Updating the operating system regularly

2 Afurﬂmﬂmapfuhlmwhntismemsupinmﬂwmw
how does it help in resolving the issue?

3 Dmhhhmmﬁmmnwmduﬂmmmmm
process. Provide an example.

4. Explain what the "Implement the Solution” step entalls in a

troubleshooting.

L AL R



5. Why is it necessary to verify full system functionality after implementing a
solution?

Long Questions _

1. Discuss the importance of troubleshooting in maintaining the smooth
operation of systems, especially compuiting systems.

r E:plalinﬂ'e systematic process of troubleshooting. Describe each step in
detail.

3. Using a case study where a printer is not printing, explain how you would
Identify the problem and establish a theory of probable cause.

4. Discuss the importance of documenting findings, actions, and outcomes
during the troubleshooting process.

5. Analyze the various ways troubleshooting is vital in computing systems, -
particularly in preventing downtime, ensuring data integrity, and
improving security, Provide spetific examples and scenarios to support
your analysis.

6. Describe basic software-related troubleshooting strategies, including
handling application freezing and unresponsive peripherals.

7. Explain how to recognize hardware failures, particularly focusing on RAM
and hard drive issues. :

8. Elaborate on the importance of maintaining software and addressing
security threats.

9, Describe common methods for identifying and removing malware
infections and applying operating system updates for security.

10. Describe the different data backup methods, including using external
storage devices and cloud solutions,
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Introduction

Saﬂwnkmhﬂgrllpmofmmmpw:gma:ﬁnguww
bﬂmﬂmemernndﬂuhm.hﬂisduptunmwﬂlumme
significance of system software and application software, understanding their
mhhMlMappliuﬁmummﬂwsmay@em#ﬁistm.

Software is a collection of programs and instructions that tell a computer what to
do and how to do. Without software, compurters would be useless machines.

Q). ) Tefirstcomputervirus, called "Creeper, wascreatedin 1971
.1 | as an experimental self-replicating m'am. ft simply
NN | displayed the message, "Fm the creeper, catch me if you can!
51.2 ;I'y'pesofSoftwarl ' |
5.12.1 Syﬂnmhﬁw;nnad e
stem software is d to ma system resources and ide a
PRurmion o A e A e o vl
and the user applications. Here are some examples:
* Operating Systems: Examples include Microsoft Windows, macOS, and Linux.
. D?dhbﬁvnmﬂmindtﬂnpﬂnmdﬁm;gmphi{smrdm;rdmm
card drivers.
. Lﬁqummgmawmmdhtdumm;w

5.1.2.2 Application Software

Application software is designed to help users specific tasks. These
programs are built to fulfill user needs and are more varied than system
software, Examples include;

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

'Web Browsers: Such as Google Chrome, Moxzilla Firefox, and Safari.
Games: Such as Minecraft, Fortnite, and Among Us.

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

-1.2.3 Differentiating Between System Software and Application Software
Purpose: System software manages and operates computer hardware,
making it possible for application software to run. Application software helps

il snfuu - drivers.

. System are includes operating systems and device

wkpplkﬁunmﬂmminduﬂumd processors, web browsers, and games.

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

application soft can be installed by the user as needed.

M
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5.2  Introduction to System Software

System software is essential for the operation of a computer system, acting as an
intermediary between the hardware and the user applications. It ensures that the
mmda:mmmeﬁmﬂyandmﬂma
stable environment for application software to run. Here, we discuss the role and
main functions of system software in detail.

5.2.1 Operating System

An Operating System (OS) is a type of system software that manages all the
hardware and software on a computer. It acts as an intermediary between the
computer hardware and the user applications. The operating system ansures
that different programs and users running on a computer do not interfere with
each other. It also provides a stable and consistent way for applications to
interact with the hardware without having to know all the details of the hardware.
Some most commonly used operating systems are: -

Windows: A popular OS for personal computers developed by Microsoft. it has
a start menu, taskbar, and windows for applications. See Figure 5.1,
mmos&mphsmcmnhuadockmﬂummﬁm
screen and unique features like Mission Control. See Figure 5.2.

Linux: An open-source OS that is used for everything from servers to desktop
computers. It can look different depending on the distribution (version) you use.
See Figure 5.3.

Android: An OS for smartphones and tablets, developed by Google. It is used on
many different devices from various manufacturers.

§0S: An OS for iPhones and iPads, developed by Apple. It Is known for its smooth
performance. Let's study some key functions of an operating system.

b e
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Figure 5. 1! Screemuhot of a Windows desicop

5.2.1.1 Managing Hardware Resources
One of the primary functions of an operating system is to manage the hardware

resources of a computer system. This includes the CPU, memory, disk drives, and
. peripheral devices such as printers and keyboards. The OS ensures that each
application gets the necessary resources to function correctly without interfering
wilhoﬂ'sarmm :
Example: you open a web browser while listening to music on your
computer, the operating system allocates CPU time and memory to both the
web browser and the music player. It ensures that both applications run
smoothly by managing the resources effectively.
5.2.1.2 Providing a User Interface
The operating system provides a User Interface (Ul) that allows users to
interact with the }
There are two main types of user interfaces:

Graphical User Interfaces (GUIs)
+» Command-Line Interfaces (Clis).
Graphical User Interface (GUI): A GUI allows users to interact with the
computer using visual elements such as windows, icons, and menus. This type of
interface ic user-friendly and intuitive, making it easy for users to navigate and
tasks.
Microsoft Windows and macOS are operating systems that use GUls.

Users can click on icons to open applications, drag and drop files to move them,
and use menus to access different functions.
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Command-Line Interface (CLI): A CLI requires users to type text commands to
perform specific tasks. This interface is more flexible and powerful, but it can be
more difficult for beginners to use.

Figure 5.1 Screemsheot of 8 macOS desktop

Example: Linux and Disk Operating System (DOS) provide CLis. Use can type
commands to copy files, run programs, and configure system settings.

5.2.1.3 Running Applications

The operating system is responsible for running applications on a computer. It .
loads apgplications into memory, allocates the necessary resources, and manages
their execution. The OS also ensures that applications do not interfere with each
other and that they run efficiently.

Example: When you open a word processor like Microsoft Word, the operating
system loads the application into the computer's memory and allocates CPU
time for it to run. If you open multiple applications, the OS manages the
distribution of resources so that all applications can run simultaneously without

=




5.2.2 Utility Programs

Utility p are essential components of system software that enhance the
functio of a computer system. They B:rform various tasks to ensure smooth
operation and efficient management of hardware, software, and data. Here are
some common utility programs along with their functionalities in real-life
scenarios.

Figure 5.§: Screembot of a Linux desictop

5.2.2.1 Disk Cleanup

Functionality: Disk Cleanup scans your hard drive for temporary files, cached

files, and other unnecessary items that can be safely deleted.

Real-life Scenario: After using your computer for a while, you notice it's running

slower than usual. Running Disk Cleanup can help reciaim disk space, potentially
ing performance,

5.2.2.2 Antivirus Software

Functionality: Antivirus software scans files and incoming data for known

viruses anE; malware signatures. It also provides real-time protection to prevent

virus attacks.

Real-life Scenario: You receive an email attachment from an unknown sender.

Before opening it, you run your antivirus software to scan for any potential

Mmsuﬁngmrpnmtﬂrem&imsnfe.

5.2.2.3 Backup Software

Functionality: Backup software schedules regular backups of files and folders to

external drives, cloud storage, or network locations. It allows for full system

backups or selective file backups.

Real-life Scenario: You accidentally delete an important presentation file. Using

backup software, you retnmrak the latest backup version of the file, ensuring

to .
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and make file transfer faster. '

5.2.2.4 File Compression Tools

Functionality: File compression tools compress one or multiple files into a single

archive format (e.g. ZIP, RAR) while preserving data integrity. They also provide

options for encryption and password protection.

Real-life Scenario: You need to send a large folder of high-resolution photos via

email. Using a file compression tool, you create a ZIP archive to reduce file size,

miaking it easier and quicker to upload and send.

These utility programs are essential for maintaining the efficiency, security, and

reliability of your computer system. Understanding their functionalities can help

you better manage and optimize your computing experience.

5.2.3 Device Drivers '

Device drivers facilitate communication between hardware devices and the

operating system, ensuring that devices function correctly. Imagine your

computer as a superhero with many powers, but sometimes it needs help to talk
to its gadgets, like a printer, keyboard, or mouse. Here's where device drivers
come in. A device driver is like a translator between the computer and its gadgets

Printer Driver: Helps the computer send the correct signals to the printer, so it

can print documents.

« Graphics Card Driver: Makes sure the computer can display images and
videos correctly on the screen.

How Device Drivers Work

1. Installation: When you connect a new device to your computer, you often
need to install a driver,

2. Communication: The driver acts as a translator, converting general
instructions from the computer into specific instructions that the device can
understand.

3. Operation: Once installed, the driver helps the computer and the device to
work together smoothly.

Real-Life Analogy: TV Remote Control

Think of a device driver like a TV remote control:

- TV (Device): It can change channels, adjust the volume, and more, but it
needs instructions.

« Remote Control (Driver): Sends the correct signals to the TV to perform
these actions.

*  You (Computer): You decide what you want to watch or adjust and use the
remote control to tell the TV.

HOTFCR fAE PESRS n e —————
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a first operating system was created in the 1850s
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53 Software

, software refers to p designed to perform specific tasks for
users, ranging from ctivity and creativity to entertainment and education.
These software ize the capabilities of the underlying operating
system and hardware to fulfill user needs effectively. Here are some common
types of application software along with their functionalities and class activities:
5.3.1 Commonly used application software

5.3.1.1 Word Processing Software
Word processing software is a type of application software used for creating,
editing, bumﬁng. and printing documents. These software programs are
essential tools for writing letters, reports, essays, and other text-based
documents. Word processors offer a variety of features that enhance the writing
m;wm making it easier for users to produce professional-quality

of Word Processing Software:

. Word: Available on Windows and macOS, Microsoft Word is one
of the most widely used word processors. It offers a range of features
including text formatting, spell check, grammar check, and the ability to
insert images, tables, and charts,

« Google Docs: A web-based word processor available on any operating
system with internet access. le Docs allows for real-time collaboration,
where multiple users can edit a simultaneously. It also integrates
with other Google services.

. Pages: Available on macOS and iOS, Apple Pages provides a user-

interface with powerful tools for creating beautiful documents. It
includes templates, design tools, and easy integration with other Apple

. m:-malmﬂabhan Windows, macOS, and Linuyx, LibreOffice
Writer is a free and open-source word processor. It offers a robust set of
features similar to Microsoft Word, making it a great alternative for users who.

refer -source software. wot
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.mwmmmwmmm&m&mwy
‘appealing spreadsheets. It includes templates and easy integration with
other

LibreOffice Calc: Available on Windows, macO35, and Linux, LibreOffice Cale

5isiﬁeu-ndupen-muma=pimtenptugmrtoﬁasnrum=ﬂaf

features similar to Microsoft Excel, making it a great alterative for users who




of Graphic Design Software:

. Photoshop: Available on Windows and macOS, Adobe Photoshop is

mafﬂmnmtpupu{:;graphicﬂ;&ﬂgnrws. It offers powerful tools for

edi ital painti ic desi

mum -rﬁng,wdlg .a&vaiinbrfl:zg' mmmgrap :ﬁ?mmmmmummm

vector graphics editor used to create logos, illustrations, and scalable

phics that maintain quality at any size. :

. gm.mrabummmmmmcwmtum
graphics editor known for its user-friendly interface and robust feature set,
ideal for creating professional graphics mmuu

+ GNU Image Manipulation Program (GIMP): Available on Windows,
macOs, and Linux, GIMP is a free and open-source graphic design program. it
offers many features similar to Adobe Photoshop, making it a great
altarnative for users who prefer open-source software.

+ Canva: A web-based graphic design tool accessible on any operating system
with intemet access. Canva provides an easy-to-use interface with a wide

mdmﬁﬁaﬁdﬁmd&nmuﬁwﬁwﬁﬂhmmmaw

fessionals alike.

: Sensel in shop and lllustrator, help designers by

Summa
. Snﬂmesysmindudenﬂmeprgmmdapphﬁom&utmﬂe
us to perform specific tasks on a computer.
. memryobja:ﬂmdmﬂmmuammkmwham
resources and provide a platform for applications to run smoothly.
« System software manages the hardware and basic system operations,
while application software helps users perform specific tasks.
. Thamammncﬁunsafsysmmsumwhdemmh\ghﬂm
resources, providing a user interface, and running jons.
« UUtility software nces system performance ensures security and
maintenance, and device drivers, which facilitate communication between
 hardware devices and the operating system. .
« _In business, application software streamlines operations, improves
- productivity, and enhances communication.
. |ned|nbmappﬁcatbunsa&mmanhumuﬂ1elemﬂngm
improves administrative efficiency, and facilitates communication
between teachers, students, and parents.




Muitiple Choice Questions
1. What is the primary function of an operating system?

(8) Tocreate documents
(b) bwhr&w:ummm:minm

(c) Toperform calculations (d) Todesigngraphics
€. Which software is used to enhance system performance and security?
(a) Operating system (b) Utility software

(c) Application software (d) Devicedrivers
3. What role do device drivers play in 3 computer system?
(a) Manage files
(b) Hﬂhﬁmmun&aﬁmmmmmm
operating system
(c) Create presentations
(d) Enhance graphics performance .
4. Which of the following is an example of application scftware?
{8) Microsoft Word (b) BIOS (o) Disk Cleanup  (d) Device Manager
3. Whatis the main purpose of a spreadsheet software?
(a) Toedit text documents (b) To organize and analyze data
(c) Tocreate visual content (d) To enhance system security
6. How does utility software differ from application software?
(a) Utility software manages hardware, while application software performs
specific tasks for users.
(b) Utility software creates documents, while application software
manages hardware,
() Utility software performs specific tasks for users, while application
software manages hardware.
(d) Utility software Is free, while application software is paid.
7. Which type of software would you use to design a logo?
{a) Operating system (b) Spreadsheet software
(c} Graphic design software (d) Utility software
8. What is the function of system software?
(a) To facilitate communication between hardware and software
(b) To perform specific tasks for the user
(¢) Tocreate visual content
(d) Toorganize and analyze data
9, Why are operating system updates important?
(8) Theyincrease screen brightness  (b) Theyadd more fonts
(c) They enhance security and fixbugs (d) They improve battery life



10 What is a common task you can perform using word processing software?
(a) Create and edit text documents
(b) Manage hardware resources
(c) Enhance system performance
(d) Organize and analyze data
Short Questions
1. Define system software and provide two examples.
2 Explain the primary functions of an operating system
3. Whatis utility software and why is itimportant?
4. Describe the role of device drivers in a computer system.
5. Differentiate between system software and application software with

examples.
6. What are the main functions of spreadsheet software?
7. How can graphic design software be used in the field of education?
8. Whatis the significance of data backups and how can they be performed?
Long Questions
1. Discuss the importance of system software in a computing system.
2. Describe the roles of operating systems, utility software, and device drivers,
] of each.

providing

3. Explain the differences between system software and application software.

4. Describe the process of using utility software to optimize system
performance and maintain security. Provide detailed steps and examples of
common utility tools.

5. Explain how to install, update, and troubleshoot device drivers for hardware
components.

6. Discuss the main functions of commonly used application software, such as
word processing, spreadsheet, presantntlnn, and graphic design
applications.
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In today's interconnected world, computer networks play a vital role in the
functioning of societies and businesses. This chapter aims to provide a
mMMndlngafmmmnmﬂsasm including their
components, objectives, and real-world applications.

6.1 Network asa System ;

A computer network is a system of linked devices and computers that may
exchange data and together. Networks can range from emall, Local Area
Network (LANs, Loca mmm&s}mlugemmmrk.wmsindudlmm
Internet. Networks are arranged of various elements that work together to
facilitate communication depicted in Figure 6.1.

Sarved

- -
Desking PC Deskiop PC

.,))
f‘
Dwakitop PC Smartphons
Figure 6.1: Network Diagram
The primary components include:
. Hmwmmﬂmamdmmmmﬁmm
smartphones, and printers.

. mmmmmmWhuﬁmtmm
cables) or wireless (like Wi-Fi).

*  Switches: Devices that connect multiple nodes within a network to forward
data,

. mmﬁmmmmdmmmmmmmm
‘between them.




€) ) The internet is the Ia est network, all the

*  Example of Using Switches

. hnagiuaﬁhhnshrinanuﬁcenmmuum;ﬁhfmmmr
computerto a colleague's computerin another room.

. Theﬁh‘uspﬁtintuMﬂxarrdeuchpackﬂhasthedesﬂmﬁmMACaddrﬂs
(your colleague's computer),

* The packets are sant to a network switch.

* The switch examines the Media Access Control address and forwards the
pachunnlytnmupnrtmmmuugue'scampuwtscﬂmm.

* Once all packets are received, your colleague’s computer reassembles them
into the ariginal file.

Example: Air Travel System

Think of sending people via air travel. Here's how it relates:

= When traveling, passengers (data) might be split into groups (packets) and

assigned different flights (paths). In packet switching each group has a ticket
. with the final destination (IP address).

*  These groups might take different routes, through various airports (routers),
to reach the final destination.

6,1.1 Objectives of Computer Networks
The primary objective of computer network is to enable resource sharing, data
communication and coltaboration:

1. mwmwﬁsaIMdnimtan
suchnspdntersmdstorage.redlm costs and improving efficiency.
Example: In an office network, multiple computers can share a single printer,
reducing the need for multiple printers.

2. Data Communication: Networks facilitate data transfer, enabling
communication through emails, instant messaging, and video :
Example: Employees in different locations can collaborate through video
conferencing tools like Zoom or Micrasoft Teams.

3. Connectivity and Collaboration: Networks connect devices, allowing for.
remote access and collaboration, improving productivity and flexibility.
Example: A team can work on a shared document in real-time using cloud-
based services like Google Drive. :

W



ol | TheWorld Wide Web (W\WW) was invented by Tim Berners-Lee
Ly | in1989, revolutionizing how we access and share information.

6.2 Fundamental Conceptsin Data Communication

Data communication involves the exchange of data between a sender and a

receiver through a communication medium. Key components include the

sender, receiver, message, protocol, and medium.

6.2.1 Components of Data Communication

It comprises of five basic components:

1. Sender: The device that sends the data. Example: A computer sending an
email. ~ .

2. Receiver: The device that receives the data. Example: A smartphone
receiving the email.

3. Message: The data being communicated. Example: The content of the email.

4. Protocol: A set of rules governing data communication. Example: The HTTP
protocol used for web communications,

5. Medium: The physical or wireless path through which data travels. Example:
Ethernet cable or Wi-Fi.

6.3 Networking Devices _

Networking devices include hubs, switches, routers, and access points are

responsible for the management and direction of network traffic.

6.3.1 Switch

Switch is a network device that connects multiple network devices such as

computers, printers, and servers, within a network and allows these devices to

communicate with each other efficiently. Switches play an important role in

modern networks by efficiently managing data traffic and ensuring that

information reaches the correct device.

How Does a Switch Work?

A switch is used at the Data Link layer which is called the Layer 2of the OSI model

(Section 6.6). It uses hardware address of a device called Media Access Control

(MAC)addresses to forward data to the comect device. When a data packet

reaches at the switch, it reads the destination MAC address and sends the packet

only to the device with that address, rather than broadcasting it to all devices.




Switch

Figure 6.3 A network switch connecting multiple devices.

irst time, switch forwards or broadcast data to all connected devices. Once it
Iaarnadaddress of devices, it starts sending data to exact destination.

h (_Tidbits )

A switch is like a smart traffic conductor that directs data )
traffic only to the intended destination, making the network
fastzrandmnmeﬂ'icim

Didwal-mwhatyour home router often includes a switch
and a wireless access point? This ailnwsyoutomsﬂ( Tidbits
multiple devices both wired and wirelessly! —

6.3.2 Router

A router is a networking device that interconnec A
networks or allows devices to connect to it. It directs
data packets between different networks. Think of itas /At heme -

a traffic director on the internet, making sure that data _
gets from one place to another efficiently. Figure 6.2 —r_a
illustrates how a mobile internet connection (via SIM

card) integrates with a home network. Alternatively,

an Ethemet cable can be used to obtain internet m& At ek
access and distribute it among home devices. In Access Point

enterprise environments, different types of routers

Mobile Wi-Fi
are employed, as depicted in Figure 6.2. A !-L‘m«w"

A 18




| subscriber on a mobile network. It allows the device to connect
to the network, make calls, send messages, and access Internet. -

How Does a Router Work?

Packets: Each packet contains part of the data and the address of the destination.
The main job of router is to ﬂndﬁwbestpathfnream data packet to deliver its
destination.

path for data packets. This table lists the possibie paths and

Routers use somathing called a routing table to decide the best
helps the router make efficient decisions!

6.3.3 Access Point

An Access Point (AP) is a networking
device that facilitates the connection of

= =
wirﬂassde;ickutuawimdmtwnrk.rt & ED
works as a link between your computers — -
and smartphones or any other wireless Ll a

device and the internet.

=

ﬂ? Elmn
@ Figure 6.4: A typical Access Point




How Does an Access Point Work?

An Access Point works by receiving data from the wired network and transmitting
it wirelessly to your devices. It also receives data from your wireless devices and
sendsrttuthemrednretﬂnrk.

ﬁm%mmﬁnmhbmhdaushﬂhrtu
how your favorite radio station broadcasts music!

Class activity

Create a human network with students. Assign roles such as Access Point
Router, and Devices, Use ropes to represent connections. Show how dat
mfmﬁnhmhﬁhﬂwhﬂﬂ#ﬂmmmm

Did you know that modern Access Points can connect
hundreds of devices simultaneously, making them perfect
ﬁ:rsﬁmhaﬁas.andwmmdw?

( Tidbits
Whmsettinnupmkms?mnt.prm hmamibcaﬁmiumrlﬂle
best coverage and signal strength for all your devices!

6.4 Network Topologies
Network topologies are methods
used to define the arrangement of
different devices in a computer
network, where each device is
called a node. The reliability and
performance of a network are
impacted by the way its devices are
linked. 6.5: Bus Topology

6.4.1 Bus Topology T—

In a Bus topology, all devices share

a single communication line called a bus. Each device is connected to this central
cable.

%




6.4.3 Ring Topology -
In & Ring topology, each device is connected in a

circular pathway with other devices, Data travels

in one direction, passing through each :
device.

Example: Consider a relay race where each ﬁ
runner passes the baton to the next runner in x 7
a circle until itreaches the starting point again.

Figure 6.7 Ring Topology
Ring mpoiogy can handie high traffic, but If one connection lails, the whols,~ B—
l network s affected. Then 2.way ring cansolve thisissue tosome exdent. m
5.4.4 Mesh Topology

& In a Mesh topology, each device is connected to
= every other device. This provides high redundancy
and rellability.

‘Example: Imagine a city where every house is directly connected to every other
house by roads. If one road is blocked, there are multiple alternative routes.

Mesh topology is very reliable because if one link fails, data
can bererouted through other links.




6.5 Transmission Modes

Network communication modes describe how data Is transmitted between
devices. There are three primary modes: Simplex, Half-Duplex, and Full-Duplex
as shown in Figure 6.13. Let's explore each mode with examples and real-life
analogles!

6.5.1 Simplex Communication

In Simplex communication, data transmission is unidirectional, meaning it flows

in only one direction. A advice can either send or review data in this
communication. :

SHmMTMmAanAITIIRTO ™
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Figure 6.9: Simplex Communication
Example: Keyboard to computer is an example of simplex communication.

3 In Simplex communication, the direction of data flow is fixed,
making it useful for applications where only one-way
communication is needed! ;

- 6.5.2 Half-Duplex Communication
In Half-Duplex communication, data transmission can occur in both directions,

but not simultaneously. One device must wait for the other to finish transmitting
before it can start.

Figure 6.10: Half-Duplex Communication
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65.3 Full-Duplex Communication
Full-duplex communication allows for simultaneous dats delivery in both
directions. Both devices may transmit and receive data simultaneously at the
‘same time.

=

Figure 6.11: Full-Duplex Communication

Example: _
Telephone conversations are an example of Full-Duplex communication. Both

peopie can talk and fisten at the same time without waiting for their turn.

Full-Duplex communication allows for more efficient data
transmission, making It ideal for modemn ct !
systerms like intemet browsing and video calls |

mnmum“mwmmwﬂm
could speak at a time. Modern phe use Full-Duplex, allowing
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8.6 The OS5I Networking Model

The Open Systems interconnection (OSI) Model is 2 framework used to
understand how different networking protocols interact. It has 7 layers, each with
a specific function. Let's explore these layers with examples and relate them t0

Figure §.121: DS Model

Layer
*ﬂeﬂs Ihblehrﬁe@ﬂmnnedhnb-mduumm
ng unprocessed data bits via a physical medium is the focus .

imagine the hardware that connects computers, like a Network
cables, repeaters, hubs and connectors.

Error detaction and correction, as well as node-to-node data transport, are
handied by the Data Link Layer. It ensures error-free data transmission from the
Physical Layer.

Think of the Data Link Layer as traffic Iightsatiq-fwsecﬁm'-.wlim
manage the flow of cars (data) and prevent collisions.

0 A—



The Net.lmrk Layer is responsible for data transfer between different networks.

Itﬂetenﬂne;mebeﬁpathfardmmmlfrmmemmmﬂu
destination

MIﬁugimaGPSsystemﬁndingmehmmhrynummm
home to school.

The Transport uyummrhmwmw
wmmmmmw

ces.
| 'maphonecanwlmereﬂwsussimlawmm-memﬂ.hepsk
cmmcmd,r::gjmﬂs itwhen you hang up. .

Layer 6: Presentation r
The Presentation uyemslatas data between the application layer and the

network. fomuuandenmvpt:dmtcmurermrembhwmmng
system.

NOT % s S S -i F';F_': ——————



Enmpl:ThhkafmePremtaﬁonLayerauuamhturcMMabookm
one 2 _guagemamfmﬁutmpmple:anmdit.
= WI

mwmuwtwisﬂudmmﬂmerﬂm.ltpmﬂﬁanmmum
directly to applications, such as email, web browsing, and file transfer,

Example: Imagine the Application Layer as a waiter taking your order in a
restaurant and bringi g YO rfood.

o

6.7 Ipvd and lpvé
internet Protocol (IP) addresses are unique identifiers assigned to devices
connected to the Internet There are two primary versions: |Pv4 and |Pv6, Let's
eq:lomﬂaecﬁﬁummbetwmﬂwmwimmmplnsmdmimmmdally
life.

6.7.1 Internet Protocol version 4 (IPv4)

IPvd is the fourth version of the Interet Protocol and the most widely used
today. It uses a 32-bit address scheme, allowing for approximately 4.3 billion
unique addresses. To find the total number of unique IPv4 addresses, we
calculate 2% which represents all possible combinations of 32 bits, ie. =
=4,294,967,296.

172 . 16 . 254 . 1
¥ ¥ ¥ ¥

10101100 .00010000 11111110 .00000001

11 J
I ]

8 bits

1
32 bits (4 bytes)
Figure 6.13: TPv4 Address Format
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Maddmmmﬂun in four sets of decimal
wmmmmnmzssm, 192.168.1.1).

6.7.1 Internet Protocol version 6 (IPvE)
1PV6 is the most recent version of the Internet Protocol desig

6.8 Protocolsand Network Services:

6.6.7 Introduction to Protocols
Pmtocolsamsetsofrubesﬂmmndmmmmunknbn. Common protocols
include TCP/IP, HTTP, FTP and SMTP.

Example: yperTaxtTmsqummnd{HTTP] Bmedﬁarmsfuﬁngwnbpagus
over the intemet. :
6.8.2 DNSand GHCP

Domain Name System (DNS) :
DNS translates domain names to IP addresses, making it easier for users to
access websites, i o "
Example: When you www.example.com in a browser. DN translates it to
hmmspmﬂm_nguss.

mmm_mw (DHCP)
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access to computer networks. Let's explore the importance of network security

and some key concepts with examples,

6,9.1 Importance of Network Security

Network security is important for several reasons:

* Data Protection: Ensuring that sensitive information is not accessed or
altered by unauthorized users. 2

= Preventing Attacks: Defending against malicious attacks that can disrupt
networks and steal data.

* Maintaining Privacy: Safequarding personal and confidential information
from being compromised

+ Ensuring Availability: Ensuring that network resources are available and
accessible to authorized users,

6.9.2 Key Concepts in Network Security

Firewalis

Firewalls are security systems that monitor and control incoming and outgoing

network traffic based on predetermined security rules.

Figure &.14: Firewall Concept

untrusted external networks, like a security checkpoint.




Plain Text: Hello, World!

Text (using a simple shift cipher): Khoor, Zruog! where each letter in
prlainlm}smplacadbythelﬂttarmatiﬂpusiﬁunsdm the alphabet,
tion; Converting "Khoor, Zruog!" back to "Hello, World!* using the same
shift cipher in reverse.

encryption algorithms to

making it unreadable to una




through deceptive emails or websites,

* Denial of Service (DoS) Attacks: Overwhelming a network with traffic to
disrupt its normal operation and make it unavailable.

* Man-in-the-Middle Attacks: Intercepting communication between two
parties to steal information or aiter messages.

6.10 Typesof Networks

Networks are classified based " |

Inijet

on their size, range, and ™
purpose. Let's explore some E
'h POA
work.

6.10.1 Personal Area

for communication between ! Figure §.15: Personal Ares
personal devices, such as Metwork (PAN}) o

common types of networks e =

Natwork (PAN) * = J e . )) D
Leptop Computer Mcitilbe Pl

smartphones, tablets, and laptops, within a short range. Example: Blustooth

and understand how they
APAN Is 8 small network used
connections between a smartphone and a wireless headset form a PAN.

personal device communication.

The range of a PAN is typically 3 few meters, perfect for ]

A LAN is a network that connects computers and devices within a limited area,
such as a home, school, or office building.

%N

jnter  Daskdap PE  Desivinp P
Figure 6.1& Local Ares Network (LAN)
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Use a Virtual Private Network (VPN) to securely connect toa | TIADItS
WAN and protect your data when accessing public networks.

6. 10.1 Campus Area Network (CAN)
A CAN is a network that connects multiple LANs within a limited geographical
area, such as a university campus or a business park. '
Example: The network that connects various departments and buildings within a
ﬂm«ﬂﬁ'aﬁ' different of networks he

ing the di types lps us comprehend how data
travels from one device to another, whether within a single room or across the
globe. Each network type serves a specific purpose and is designed to handle
various ranges and sizes,

Figure 6.1%: Campus Area Network (CAN)

6.11 Real-World Applications of Computer Networks
£11.1 Business
In business, networks enable efficient communication, resource sharing, and
datamanagement, '
Example: Companies use intranets to share information and resources securely
within the organization.
8.11.1 Education

institutions use networks to provide online leaming platforms,
virtual classrooms, and access to educational resources.
Example: Universities use Learning Management Systems (LMS) like Blackboard
and Moodie to deliver course content and assessments.
6.11.2 Healthcare )
Healthcare networks facilitate the sharing of patient information, telemedicine,

- e



and access to medical databases.

Example: Hos use Electronic Health Records (EH ms to store and
retrieve paﬁentm efficiently. i

6.12 Standard Protocols in TCP/IP Communications

6.12.1 Introduction to TCP/IP

TCP/IP (Transmission Control Protocol/Internet Protocol) is the fundamental
suite of protocols for internet communication,

8.122 KeyProtocols

. m&mwmmmbhdmmm.

* Internet Protocol (IP): Handles addressing and routing of data packets.

. mf?ﬂmﬂ Protocol (UDP ): Provides faster, but less reliable, data

. mﬂmw (DNS): Transiates domain names to IP addresses.
. mmmmmmmmmmmmwmgmm
addresses.

6.13 Network Security Methods

6.13.1 Firewalls

Monitor and control incoming and outgoing network traffic.

6.13.2

Protects data by converting itinto a secure format.

6.13.3 Antivirus Software

Detects and removes malicious software,

Example: A combination of firewalls, encryption, and antivirus software provides
robust network security.

Summary

.* A computer network is a system of interconnected computers and devices
that communicate and share resources. _ sha

» The ob of r networks are to enable resource sharing,
dmmnimmmdmmdewim

* Data communication involves the exchange of data between a sender and a
receiver through a communication medium.

* Protocols are sets of rules that govern data communication. Common
protocolsinclude TCP/IP, HTTP, FTP and SMTP. |

* A router is a device that connects different nétworks together and directs
data packets between them.

* When you send data over the internet, it gets broken down into smaller

pieces called packets. @ ‘



A switch Is a network device that connects multiple devices (like computers,
printers, and servers) within a Local Area Network (LAN). .

An Access Point (AP) is a network device that allows wireless devices to
connect to a wired network.

Network ogies refer to the arran of different elements (links,
nodes, etc) in a computer network. s

In a Bus topology, all devices share a single communication line called a bus.
Each device is connected to this central cable. :

In @ Star topology, all devices are connected to a central hub or switch, The
hub acts as a repeater for data flow.

Ina Ring , @ach device is connected to two other devices, forming a
circular data path. Data travels in one direction, passing through each device.
In a Mesh topology, each device is connected to every other device, This
provides high redundancy and reliability.

In Simplex communication, data transmission is unidirectional, meaning it
flows in only one direction. : .

In Half-Duplex communication, data transmission can occur in both
directions, but not simultaneously.

In Full-Duplex communication, data transmission can occur in both
directions s )

The Open Systems Interconnection (OSI) Model is a framework used to
understand how different networking protocols interact.

Internet Protocol (IP) addresses are unique identifiers assigned to devices
connected to the Internet There are two primary versions: IPv4 and IPvé.
DNS transiates domain names to IP addresses, making it easier for users to
access websites.

DHCP automatically assigns IP addresses to devices on a network, simplifying
network management. :
Network security involves measures to protect data and prevent
unauthorized access to computer networks.

Encryption transforms data into a secure format that can only be read or
understood by authorized parties with the comrect decryption key.

- APAN is a small network used for communication between personal devices,
such as smartphones, tablets, and laptops, within a short range.

A LAN is a network that connects com and devices within a limited
- area, such as a home, school, or office building.

fmiunmmﬁm spans a city or a large campus, connecting multiple

A WAN covers a large geographical area, connecting multiple LANs and

MANS. The internet is the largest example of a WAN.,
A CAN is a network that connects multiple LANs within a limited
geographical area, such as a university campus or a business

Ciw), —



[ EXERGISE

Multiple Choice Questions (MCQs)

1. What is the primary objective of computer networks?
() Increase computational power
(b} Enable resource sharing and data communication
f) Enhance graphic capabilities
(d Improve software development

Z. Which device is used to connect multiple networks and direct data packets
between them?

. {u) Switch (b) Hub () Router  (d) Modem !
3. Which layer of the OSI model is responsibie for node-to-node data transfer -
and error detection?
(n) Physical Layer (b)  Datalink Layer

() Network Layer (@  TransportLayer
4. What is the function of the Darnain Name System (DNS)?

() Assign IP addresses dynamically
() Translate domain names to IP addresses
() Secure data communication
. (@ Monitor network traffic
5. Which method of data transmission uses a dedicated communication path?
(wy Packet Switching 6y  Circuit Switching
(¢} Full-Duplex , (@  Half-Duplex
6. What is encapsulation in the context of network communication?
(a) Converting data into a secure format
(b) Wrapping data with protocol information
(e} Monitoring network traffic
(d) Translating domain names to IP addresses .
7. Which protocolis used for reliable data transfer in the TCPAP model?
) HTTP ® FTP " @ TCP @ UDP
8. What is the main purpose of a firewall in network security?
() Convertdatainto a secure format
{t) Monitor and control network traffic
(c) Assign P addresses -
(&) Translate domain names p
9. Which network topology connects all devices to a central hub?
) Ring ®m  Mesh () Bus (@ Star
10. What is a key benefit of using computer networks in businesses?

(s) Increase computational power




B R e e ]
() Enable resource sharing and efficient communication
¢) Enhance graphic capabilities
(d Improve software development
Short Questions
1. Define data communication and list its key components.
Explain the role of routers in a computer network.
What are the main functions of the Network Layer in the 0S| model?
Describe the difference between packet switching and circuit switching.
What is the purpose of the Dynamic Host Configuration Protocol (DHCP)?
How does encapsulation ensure secure communication in a network?
Differentiate between TCP and UDP in terms of data transfer reliability.
Explain the importance of encryption in network security.
. 'What are the advantages of using a star topology in a network?
10 How do firewalls contribute to network security?
Long Questions
1. Discuss the objectives of computer networks and provide examples of how
they facilitate resource sharing and data communication.
2. In a Simplex communication system, assume data is transmitted at a rate of
500 bits per second (bps). Compute the time to transmit a message if:
{a) itisof 10kilobits. (b itis of 10 kilobytes.
3. Describe how data is transmitted across computer networks using packet
switching and circuit switching.
4. Discuss the role and importance of protocols in data communication, Explaln
the functions of key protocols such as TCP/IP, HTTP, DNS, and DHCP.,
5. Evaluate different methods of network security, including firewalls,
encryption, and antivirus software.
6. Describe real-world lpplluhuns of computer networks in business,
education, and healthcare.
7. Compare and contrast the different types of network topologies (star, ring,
bus, and mesh).
8. Consider a shift cipherwith a shiftamount of 4.
sy  Encryptthe message "SECURITY",
{b) Decrypt the message "WMXYVMI".
9. An IPv4 address is a 32-bit number. Calmlatememtalnumberni unique Pv4
addresses possible.
®  Showthe calculation for the total number of IPv4 addresses.
(»y  How many addresses are left if 10% of the total addresses are
reserved for special purposes?

WoNMU B WN
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Computational
Thinking

5tudi nt Learming Cutcomes ~

+  Create and interpret flowcharts to represent algorithms visually,
*+  Write pseudocode to outline algorithms in a structured, human-readable

nd of this chapter, you will be able to:

+  Define computational thinking and its key components: d
o g ecompaosition,
Explain pﬁ:ﬁplu wmp-:moml thinking, inciudi problem
understanding, problem mﬁuﬂmilmngdum
Describe algorithm design methods, specifically flowcharts and
pseudocode, and understand the differences between them.

format.
‘Engage in algorithmic activities, such as design and evaluation techniques.
MMW&MNNMM&WM

I.um':lﬂn concept and importance of LARP (Logic of Algorithms for
lmwmmmmmammmﬂ
Iduﬂyﬁﬂhummofmm algorithms, Inmdiumm

logical errors, and runtime errors,
. wmmmwwmmmhw

Duw'lltlltl skil
hm Is by applying computational thinking
%mmdmwmmmm

SR |



R T e e R e R NP
Introduction

Introduction Computational thinking is an essential skill that enables individuals
to solve complex problems using methods that align with processes involved in
computer science. This chapter begins by defining computational thinking and
breaking it down into its fundamental components: decomposition, pattern
recognition, abstraction, and algorithms. These components are essential for
simplifying complicated problems, identifying patterns that can lead to
solutions, focusing on relevant details while ignoring unnecessary ones, and
creating step-by-step procedures for solving problems. Understanding these
concepts is not only beneficial for computer scientists but also for anyone
looking to improve their problem-solving skills across various fields,

In addition to defining computational thinking, this chapter explores the
principles that guide it, such as understanding the problem at hand, simplifying it
to make it more manageable, and selecting the best solution design. The chapter
introduces different methods for designing algorithms, including the use of
flowcharts and pseudocode, and explains how to distinguish between these two
approaches. Furthermore, it emphasizes the importance of practicing algorithm
design and evaluation through hands-on activities like LARP (Logic of
Algorithms for Resolution of Problems), Lastly, the chapter covers essential
aspects of error identification and debugging, providing techniques for
recognizing and fixing common errors encountered during the implementation
of algorithms: By mastering these skills, students will be well-equipped to tackle
a wide range of computational problems efficiently and effectively.

7.1 Definition of Computational Thinking

Computational Thinking (CT) is a problem-solving process that involves a set of
skills and techniques to solve complex problems in a way that a can be executed
by a computer. This approach can be used In various fields beyond computer
science, such as biology, mathematics, and even daily life

Computational thinking is not imited to computer science. It
Is used in everyday problem solving, such as planning a trip or
organizing tasks.

Let’s break down computational thinking Into its key components:

3
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smaller, more convenient components, i

mnkmﬁmtminwmmiuﬂnWHim

dividing a complex problem into smaller, manageable tasks. Let's take the

example of building a birdhouse. This task might look tough at first, but if we

k it down, we can handle each part one ata time.

Here's howwe can decompose the task of building a birdhouse. Figure 7.1 shows

the decomposed tasks for building a birdhouse.

* Design the Birdhouse: Decide on the size, shape, and design. Sketch a plan
and gather all necessary measurements.

* Gather Materials: List all the materials needed such as wood, nails, paint, and
tools like a hammer and saw. . !

* Cut the Wood: Measure and cut the wood into the required pieces according
to the design.

+ Assemble the Pieces: Follow the plan to assemble the pieces of wood
together to form the structure of the birdhouse.

* Paintand Decorate: Paint the birdhouse and add any decorations to make it
attractive for birds. i

* Install the Birdhouse: Find a suitable location and securely install the
birdhouse where birds can easily accessit.

Figure 7.1: Building a Blrdhouss

e |



7.1.2 Pattern Recognition
Pattern recognition involves looking for similarities or patterns among and
within pmuenmhimmﬂmmmtywwmmﬂm
homework on Mondays, you might recognize a pattemn and set a reminder
specifically for Sundays.
Pﬂmnmgmﬂmkanmmupmdmmwunmﬁmmm
identifying and understanding regularities or patterns within a set of data or
pmhmursmnﬁdarhmmpbofmmwngpamlnmumd
squares.
Theuppermwinﬂgmuwnumesidelmgﬂmufmminghm
110 7. The lower row shows the corresponding areas of these squares. Here, we
can observe a pattern in how the areas Increase.

* Side Length 1: Area = 1" = 1

+ Side Length 2: Area=2"= 4 (1 + 3)

* Side Length 3: Area = 3 =9 (1 + 3+ 5)

+ Sidelength4: Area=4"=16(1+3+54+7)

* SidelengthS5:Area=5=25(143+5+7+9)

* Side Length &: Area = 6'=36(1 +3 + 5+ 7+ 9+ 11)

* Sidelength 7: Area= 7'=49(1 +3+ 5+ 7+ 9+ 11+ 13) -
‘We can see that the area of each square can be calculated by adding consecutive
‘odd numbers. For example, the area of a square with a side length of 3 can be
found by adding the first three odd numbers: 1 +3+ 5 =19,

Visual/Numerical Pattern
i Goes up by 1
o 41 +1 1 +1 1
A A A

1]2| 3|4 |5 |67
91625 |26 (47

114
J};o 0¥|¢I

Goes up by consetutive odd numbers starting at 3
Figure 7.2 Pattern In areas of squares with sides from 110 7

: I : e
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Abstraction is a fundamental concept in problem solving, especially in computer
science. It involves simplifying complex problems by breaking them down into
srralar.mmmanageableparls,wm:ing only on the essential details while
ignoring the unnecessary ones. This helps in understanding, designing, and
solving problems more efficiently.

* Definition: Abstraction ishpmssufﬁcﬂngm:nmph:dmmwrﬂn
expasing only the necessary parts. It helps reduce complexity by allowing us
1nhcmmﬂuhiﬂrwmm'wﬂmm lost in the details.

. mmkﬁuaCupofha-High-h-dm 1. Boil water. 2, Add tea
leaves or a tea bag. 3. Steep for a few minutes. 4. Pour into a cup and add
milk/sugar if desired. Wﬂ'ﬂ

|
q?dﬁuuumﬂl&mlnmmwﬂlhdwym undmtmd'thqp!m
better and find a solution more easily. By using abstraction, we can tackle
WWMIImm- ata higher level.

7.13 Algorithms
An 'igﬂﬂthm is a step-by-step I;' 1
collection of instructions to solve a n
problem or complete a task similar to
following a recipe to bake a cake..

An algorithm is 2 precise sequence of
instructions that can be followed to |

achieve a specific goal, like a recipe or a _ LN
set of directions that tells you exactly -1 S
oot (R
Figure 7.3: Algorithm example: Recipe
to bake 2 cako

e L e——



« Example 1: Baking a Cake: In Figure7.3, we see a recipe for baking a cake. The
recipe provides a list of ingredients and step-by-step instructions to mix
them and bake the cake. This is an example of an algorithm because it
outlines a clear sequence of steps to achieve the goal of baking a cake.

» Example 2: Planting a Tree: Here is a simple algorithm to plant a tree, an
activity that can be very meaningful and beneficial:

1. Choose asuitable spotinyour garden,

2. Diga hole that is twice the width of the tree’s root ball.

3. Place the tree in the hole, making sure it is upright.

4. Fillthe hole with soil, pressing it down gently to remove air pockets.

5. Water the tree generously to help it settle.

6. Add mulch around the base of the tree to retain moisture.

7. Waterthe tree regularly until it is established.

This algorithm gives clear instructions on how to plant a tree, making it easy
to follow for anyone.

- Class activity
L«'smmalgnﬂﬂmﬂnﬁ&nfm ilny.lh
mmrMummmm %m&m
you follow, m@“%m%%md&mﬂmi
your friends can follow it!

Did you know that algorithms are not just used in computers?
They are everywhere! When you follow directions to your
friend’s house or play a board game with rules, you are using
algorithms. Algorithms help us solve problems logically.

Class activity y
Owinem nlgnrithm for applying to the Board of Intermediate and
Secondary Education (BISE) for 9" Grade Examination,

Challenge
« Workin pairs to create an algorithm for a common task, such as making
lﬂMmthm‘%MuﬂmM‘
‘then exchange algorithms with pair. Follow mwr-
exactly as written and see if you can complete the task.

—
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7.2 Principles of Computational Thinking

Computational thinking involves several key principles that guide the process of

problem-solving in a structured manner.

7.2.1. Problem Understanding _

Understanding a problem involves identifying the core issue, defining the

requirements, and mﬁngtheabjecﬁveiUndemndinghpwhhmismaﬁrst

and most important step in problem-solving, especially in computational
thinking. This involves thoroughly analyzing the problem to identify its key
components and requirements before attempting to find a solution.

'lflhadanhuurtnmlwapruhhml'dspendﬁﬁminute:minhingnhcutm

problem and 5 minutes thinking about solutions”. — Albert Einstein

lmﬂmwm

» Clarity and Focus: By fully understanding the problem, you gain clarity on
whntnudstnbesulvumishdpsynufomsmtherightmwm
getting distracted by irrelevant details.

* Defining Goals: Proper understanding of the problem allows you to define
clear and achievable goals. You can determine what the final outcome should
look like and set specific objectives to reach that outcome.

. Hﬁdnnﬁuﬂm%mywmpmhndﬂwpmﬁemw&ﬂﬁum
dwls&nmeﬁcimﬂandaﬁecuvesoluﬁomm:mchmme‘bﬁt
methrﬁjsandtuulsmaddmmepmblem,mﬁrmmdm

. mmayﬁmgh&mﬂmmmmMm
avoid common pitfalls and mistakes. Misunderstanding the problem can lead
to incorrect solutions and wasted effort, i

Example: Building a School Website

Imagine you are asked to build a website for your school, Before jumping into

coding, you need to understand the problem:

1. Identify Requirements: What features does the website need? For example,
Pages for news, events, class schedules, and contact information.

LUnrNuch;Whowﬂluﬂﬂuwebsh?Sthmls.mmparmts?
Understanding your audience helps in designing user-friendly interfaces.

3. Technical Constraints: What resources and tools are available? Do you have
access to aweb server and the ry software?

By understanding these aspects, you n plan and build a website that meets the

needs of your school community.



7.2.2 Problem Simplification

Simplifying a problem involves breaking it down into smaller, more manageable

sub-problems. Example: To design a website, break down the tasks into

designing the layout, creating content, and coding the functionality.

7.2.3 Solution Selection and Design

Choosing the best solution involves evaluating different approaches and

selecting the most efficient one. Designing the solution requires creating a

detailed plan or algorithm.

7.3 Algorithm Design Methods

Algorithm design methods pmwdeamngeafmlsandtechﬁuummdde

various computational problems effectively. Each method has its strengths and

weaknesses, making it suitable for different types of problems. Understanding

different methods allows one to choose the most appropriate approach for a

given probiem, leading to more efficient and elegant solutions. Let's discuss two

of these methods.

7.3.1 Flowcharts

Flowcharts are visual representations of the steps in a process or system,

depicted using different symbols connected by arrows. They are widely used in

various fields, including computer science, engineering, and business, to model

" processes, design systems, and communicate complex workflows clearly and

effectively.

7.3.1.1 importarice of Flowcharts

+ Clarity: Flowcharts provide a clear and concise way to represent processes,
making them easier to understand at a glance,

+« Communication: They are excellent tools for communicating complex
processes to a wide audience, ensuring everyone has a common
understanding. ‘

+ Problem Solving: Flowcharts help identify bottlenecks and inefficiencies ina
process, aiding in problem-solving and optimization.

« Documentation: They serve as essential documentation for systems and

w



QW | 1547 by the American National Standards Intitute (ANSI)

7.3.1.2 Flowchart Symbols :
Flowchart symbols are visual representations used to lllustrate the steps and flow

ufapmcass’urqstarnushmninmue?.t
Symbol Name Description

Oval (Terminal) Represents the start or end of a
process. Often labeled as
umrtngrpﬁnd‘-

, Rectangle Represents a process, task, or
- D (Process) Operation that needs to be
performed.

Parallelogram Represents data input or

D (Input/Output) output (e.g, reading input from
a user or displaying output on
a screen).

Diamond Represents a decision point in

(Decision) the process where the flow can
branch based on a yes/no
question or true/false
condition.

Arrow (Flowline) Shows the direction of flow
within the flowchart,
connecting the symbols to

. indi:ateﬂ'nmquamaofm

Table 7.1: Flowchart symbols
L ggs S TYEE T




Figure 7.4: Flowehart of the Shop Order Process

Class activity
Creats a flowchart for  daily routine activity, such as getting ready for

Example: A Shop NwMHmSuppuseaﬁmtak&sufdmviluﬂm
messages. The flowchart in Figure 7.4 outlines the order processing steps. The
input is the order, and meoutputsamhanddiv-ryuramﬁﬁuﬁnnmﬂw
customer if the item is unavailable.

g, A



T
Decisions are made regarding item availability and customer payment. If the
customer does not accept the item or make the payment, the item is returned to
the shop, and the customer rating is decreased by 1, The customer's rating
increases by 1 if they pay for the item. If the item is unavailable, the shop notifies
the customer, otherwise, the shop picks, packs, and ships the item.

Enhancing Flowchart by Using Customer Rating -
Note that while the customer rating is included in the flowchart shown in Figure
74, it is not utilized. Let's revise the flowchart to ensure only customers with a
rating greater than 0 are attended to. The updated flowchart is shown in Figure
T.5 .

Figure 7.5: lowchart of the shop using customer’s rating

%



vithin the valid
Example: A flowchart for a login system showing steps such as inputting a

‘usémame and password, verifying credentials, and granting access shown In

ﬂm?.s.hmmmkea'mmmumnfﬂwmm :

7.3.2 Pseudocode : :
Pseudocode is a method of representing an algorithm using simple and informal
language that is easy to understand, It combines the structure of programming




clearity with the readability of plain English, making it a useful tool for planning
and explaining algorithms.
What is Pseudocode?
Pseudocode is not actual code that can be runon a computer, but rather a way to
describe the steps of an algorithm inamamerﬂtatisusytufuihw.nheips
programmers and students focus on the logic of the algorithm without worrying
abmtmemaxafas;:e:iﬁcpmgmmnﬂnqlanguage.
Example-1
Determining whether a number is even or odd is a fundamental task in
programming and computer science, An even number is divisible by 2 without
any remainder, whereas an odd number has a remainder of 1 when divided by 2.
Below is the pseudocode for this process, followed by an explanation.
Algorithm 1 Pseudocode for determining if a number is even or odd.
Procedure CheckEvenOdd{number)
Input: number {The number to be checked}
Output: “Even” if number is even, "Odd" if number is odd
Begin

if (number % 2 == 0) then

print "Even”
else
print *Odd"
Endif

10: End

Explanation
1. Procedure Declaration: The pseudocode begins with the declaration of the

procedure ‘CheckEvenOdd' which takes a single input, 'number’.
2. Input: The procedure accepts a variable ‘number’ which is the integer to be
checked

3. ﬂnlputThapmcadurenutputs'Ewn'ifﬂmemmberlswm.and'ﬂdd'ﬁﬂn
number is odd. -

4. Begin: Mark the start of the procedure.

3. Condition Check: The condition 'if (number % 2 == 0) checks if the
remainder of the number when diﬂdadbyzkm.mcmodulqnm‘%'
s used for this purpose.

6. Even Case: If the condition is true, the procedure prints "Even”,

7. Odd Case: If the condition is false, the procedure prints "Odd".

8. End: Marksthe end of the procedure.

W
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Determining whether a number is prime is a fundamental task in number theory
and computer science. A prime number is a natural number greater than 1 that
has no positive divisors other than 1 and itsalf Below is the pseudocode for this
process, followed by an explanation.
Algorithm 2 Pseudocode for determining if a number is prime,

1:  Procedure Is Prime(number)

Z2:  Input: number (The number to be checked}
3. Output: True if number is prime, False otherwise
4. Begin
o if (number <= 1) then
6: return False
{ end if
8: forifrom 2 to sqri{number) do
o if (number %i == 0) then
10: return False
1" endif
12: end for
13: return True
14: End
Explanation

1. Procedure Declaration: The pseudocode begins with the declaration of the
procedure 'IsPrime’ which takes a single input, 'number’,

2. Input: The procedure accepts a variable 'number’, the integer to be checked.

3. Output: The procedure will output ‘True' if the number is prime, and 'False’
otherwise.

4. Begin: Mark the start of the procedure.

5. Initial Check: The condition if (number <= 1)’ checks if the number is less
than or equal to 1. If true, the procedure returns ‘False’ because numbers less
than or equal to 1 are not prime.

6. Loop Through Possible Divisors: The 'for’ loop iterates from 2 to the square
root of the integer. This is because a greater factor of the number is a multiple
of a previously tested smaller factor. -

7. Divisibility Check: Inside the loop, the condition ‘if (number % i == Q)

Aﬂ



checks if the number is divisible by ' without a remainder. If true, the
procedure returns ‘False' because the number has a divisor other than 1 and
itself,

8. Prime Confirmation: If no divisors are found in the loop, the procedure
returns True', confirming the numberis prime,

9. End:Marks the end of the procedure.

Create Your Own Pseudocode: Divide the students into small groups and
assign each group a different simple problem, such as finding the
maximum number in a list or calculating the factorial of a number, Ask
— “:cmﬁ,wfwm assigned problem and then

.| Pseudocode is often used in software development before
A | wrlﬂmﬂuachnlcodetummﬂut&mbgiciwﬁdmdm

%Y be using different programming languages.

Why Use Pseudocode?

Using pseudocode has several benefits;

» Clarity: it helps in understanding the logic of the algorithm without worrying
about syntax.

» Planning: It allows programmers to outline their thoughts and plan the steps
of the algorithm,

» Communication: It is a universal way to convey the steps of an algorithm,
making it easier to discuss with others,

7.3.3 Differentiating Flowcharts and Pseudocode

Flowcharts and pseudocode are both tools used to describe algorithms, but they
do so in different ways. Understanding their differences can help you decide
which method is more suitable to use for your scenario.
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documenting algorithms in a way
that can be easily converted into

actual code in any programming
language.

Pseudocode Flowcharts

* Pseudocode uses plain language | « Flowcharts use graphical symbols
and structured format to describe |  and arrows to represent the flow
the steps of an algorithm. of an algorithm,

oIt is read like a story, with each | o It is like watching a movie, where
step is written out sequentially. each symbol (such as rectangles,

» Pseudocode communicates the diamonds, and ovals) represents
steps in a detailed, narrative -like a different type of action or
format. decision, and arrows indicate the

= It is particularly useful for connection and direction of the flow.

 Flowchart communicates the
process in a visual format, which
can be more intuitive for
understanding the overall flow
and structure.

« They are useful for identifying the
steps and decisions in an

algorithm at a glance.

Tabie 7.2 Difference between Pseudocode and flowcharts

Example-3

Algorithm 3 presents the pseudocode for checking a valid username and

password.

1. Procedure CheckCredentials(userame, password)

2. Input: username, password
3. Output Validity message
4. Begin

5. validUsername = "user123” {Replace with the actual valid username}
6. validPassword = pasﬂza‘{naplacwdﬂ&ﬂnncmdnndmﬂ}

7. if (username = = validUsername) then
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8: if (password == validPassword) then
9 print "Login successful"
10: else
1" print "Invalid password”
12: endif
13:  else
14: print “Invalid username"
15: endif
16: End

7.4 Algorithmic Activities

7.4.1 Design and Evaluation Techniques

Techniques to essential algorithms are essential to understand how efficiently
they solve problems. In this section, we will explore different techniques for
evaluating algorithms, focusing on their time and space complexities.

74.1.1 Time

Time Complexity measures how fast or slow an algorithm performs. it shows how.
the running time of an algorithm changes as the size of the input increases,
Here's an easy way to understand it: \

Imagine you have a list of names, and you want to find a specific name. If you
have 10 names, it might only take a few seconds to look through the list. But what
if you have 100 names? Or 1,000 names? The time it takes to find the name

increases as the list gets longer. Time complexity helps us understand this
s .

| Time complexity is usually expressed using Big O notation,
like Otn), Ollogn), or O(r"). It helps us compare different
algorithms to see which one is faster! y




Space complexity measures the amount of memory an algorithm uses relative to
input size. It is essential to consider both the memory required for the input and
“any extra memory used by the algorithm.

Designing and evaluating algorithms involves activities like dry runs and
simulations to ensure they work as intended. ' :

7.5 Dry Run '

A dry run involves manually going through the algorithm with sample data to
identify any errors.

7.5.1 DryRun of a Flowchart

A dry run of a flowchart involves manually walking
through the flowchart step-by-step to understand how
thea works without using a computer. This helps
identify any logical errors and understand the flow of

Example: Calculating the Sum of Two
Numbers

Consider the flowchart given in figure 7.7 for adding two
numbers:

Steps to dry run this flowchart:

1. Start

2. Inputthe first number (e.g. 3)
3. Inputthesecond number (e.g. 5)
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5. Output the result (8)

6. Stop

7.5.2 Dry Run of Pseudocode

A dry run of pseudocode involves manually simulating the execution of the
line-by-line,

This helps in verifying the logic and correctness of the algorithm.

Example: Finding the Maximum of Twe Numbers

Consider the pseudocode for finding the maximum of two numbers:

Mmmmmmmmmm

. MWNMh:MMﬂMH@E
Jnj Mm‘gmﬂthMI bt iy

Algorithm4 FindMax

1. Input num1, num2

2. ifnum1 > num?2 then
3. max=numi

4, else
5. max=num2
6. endif
7. Qutput max
Figqure 7.8 Flowrhact for finding
maximum of two numben
Steps to dry run this pseudocode:

1. Inputnumland num2 (e.q., 10and 15)

2. Checkifnum1 > num2 (10> 15: False)

3. Sincethe condition is False, max = num2 (max = 15)
4. Output max(15) =

i ns )



* Dry running your code or algorithm helpsﬂtdim errors
inthe pment process, saving time and effort.

1.5.3 Simulation

Simulation is we use of computer programs to create a model of a real-world

mmmmwmmmmuﬁng;mwmm

idnsuralyorithnuwithm:tmedingmtfymemumln real life.

Why Use Simulation?

1. Testing Algorithms: We can use simulation to see how well an algorithm
wurksuimdiﬂemmtypsnfdau.hrmnple,ifwemmmnmw
to sort numbers, we can simulate it with different sets of numbers to see how
fastitis.

2. Exploring Scenarios: Simulation allows us to create many different
situations to see what happens. For example, in a science experiment about
plant growth, we can simulate different amounts of water or sunlight to find
outwhich conditions help plants grow best.

Benefits of Simulation

* Cost-Effective; It is often cheaper and faster to run simulations than to
conduct real experiments. g

* Safe: We can test dangerous situations, like a fire in a building, without

putting anyone at risk,
* Repeatable: We can run the same simulation multiple times with different

settings to observe how things change.

Examples of Simulation

1. Weather Forecasting: Meteorologists use simulations to predict the
weather. They input data about temperature, humidity, and wind speed into a
mnm:nmdgltummﬂwmﬂmmigmmangewmwfml
days. ]

2. Traffic Flow: City planners can simulate traffic to see how changes to roads or
mﬁcighumiglnaﬁed&mﬂwof:amﬂﬁshﬂpsthmdeﬁgn better roads
and reduce traffic jams.

‘ | a—



LARP stands for Logic of Algorithms for resolution of Problems. Itis a fun and
interactive way to hamhnwﬂgommwmﬂymnnimﬂmw
seeingmemmmmlnkof?tuaplmndwhmyuu can experiment with
different algorithms and understand how they process data.

7.6.1 Whyis LARP Important?

LARP helps you: :

* Understand how algorithms work. For instance, refer to Figure 7.9, which
iflustrates an algorithm designed to determine the applicability of tax on the
annual salary of a person. -

* Seethe effect of different inputs on the output.

. Prncﬂcawﬁtingmdimpmﬁngyuurmawm

7.8.2 Writing Algorithms

IF..THEN..ELSE to handle decision-making processes. By breaking down
complex problems into manageable steps, LARP allows learmers to focus on the
logical flow of the algorithm without getting stuck on complex coding syntax.
This method not only aids in understanding the fundamental concepts of
algorithm design but also enhances problem-salving skills by encouraging clear
and logical thinking.

Here's an example of 2 simple algorithm to check if a number is even or odd:

St o
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Figure 7.9: LARP Software

WRITE "Enter a number”
l IF number % 2 == 0 THEN
WRITE "The number is even"
ELSE
~ WRITE"The number is odd"
i ENDIF
| END
7.6.3 Drawing Flowcharts in LARP
mmmwmmmhwam
| using standard flowchart symbols such as rectangles for processes, diamonds for
decisions, and parallelograms for input/output operations. Once the flowchart is
created, it can be executed in LARP by translating the flowchart into LARP syntax,
which uses straightforward commands like START, WRITE, READ, IF..THEN..ELSE,
“and END. This process allows students to visualize the logic of their algorithm

[
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mmu verify 71: correctness. #his hﬂ:ﬂumw-m rduhrg
on

litdum:dlngl ofhowaflowchartworks, i

7,7  Error identification and Debugging

ﬁlmmwﬂhdwiﬂmnmmﬂmhm umuﬂmm

mnﬂdmmmmmWMmewm

. Error
mm wﬂmmmmmm

Figure 7.10; Flowchart in LARP

7.7.1 Typesof Errors '
Mmmmwmmmﬂmm

« Syntax Errors: These occur when we write something incorrectly in our
mwmmmmnmammm

. mmmwmwwumum




executed, For example, trying to perform an impossible operation, such as
dividing by zero.

* Logical Errors: These are mistakes in the logic of the algorithm that cause it to
behave incorrectly, For example, using the wrong condition in a decision step.

Wmmmmmﬂm_mmhmmw
usually points them out However, logical errors are the
hardest to find because the algorithm still runs but does not
procedure correct answers,

1.7.2 Debugging Technigques

Debugging is the process of finding and fixing errors in an algorithm or

flowchart. Here are some commen debugging techniques:

. mmmmmmughmmpofyauralgnr%morﬂmmmtnm
identity where it goes wrong.

. Lhmwmemmnunrmminmalgo‘fﬁwmtnmiammt
each partis supposed to do. This can help you spot mistakes.

« Check Conditions: Ensure that all conditions in decision steps are correct.

. mm-mmmmmeamﬂhmlnmmhrmmm

-each part separately.

¥ -

. Always read error messages carefully, They often tell you mcﬂywlr.u
thlprobluﬂls.

1.7.3 Commeon Error Messages in LARP
Here are some common efror messages you might see in LARP and what they
mean:

+ Missing Step - You probably forgot to include an hmuntstnpinm
algorithm,

. WW-Mammingamthun‘thmdaﬁmdyﬂt

» Invalid Operation - You are trying to perform an operation that is not
allowed, like dividing by zero.

- &, iy



Summlz
Computational thinking is important skill that enables individuals to solve
wummmmmmrmrmmsmm
mnpum—sdam;_m of breaking d complex problem i
sition process own a ex nto
S o A
Pattern recognition involves looking for similarities or patterns among
“Ahmmwi fying by b hem
ction ves simplifying complex problems reaking t
down inte smaller, more manageable part, and focusing only on the
essential details while ignoring the unnecessary ones.
Mdgnﬂﬂmham-mmﬂmmmnpmblnmur
complete a task.
Ur\dumﬂimmepmblunlsﬂuﬁfnandmukwmph
prublmmlvhg,ﬁpeciaﬂyincmwwnﬁng
Simplifying a problem involves breaking it down into smaller, more

kathmmvisualmﬂumnfﬂumpsimprmorm

depicted using different symbols connected by arrows.

Pseudocode is a way of representing an algorithm using simple and
iwm:m&mmMEmmmmmnd
wmnmmhmuaga%ﬂu_mdmwﬁmhmmh
useful tool for planning and explaining algorithms,

Time Complexity is a way to measure how fast or slow an algorithm
performs. It tells us how the running time of an algorithm changes as the
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size of the inputincreases.

* Space complexity measures the amount of memory an algorithm uses in
reluﬁmtnhinpmslultlslmpomtumnﬁdubmhﬂumm
madudﬁarmeinputmdanyudditiomlmmmymdbythealgoﬁm

* A dry run involves manually going through the algorithm with sample
data to identify any errors.

* Simulation is when we use computer programs to create a model of a real-
world process or g ;

* LARP stands for logic of Algorithm for Resolution of Problems. It is a fun
and interactive way to leam how algorithms work by actually running
them and seeing the results.

*» Debugging is the process of finding and fixing errors in an algorithm or
flowchart.

1. Which of the following best defines computational thinking?
(a) Amethod of solving problems using mathematical calculations only.
(b) A problem-solving approach that employs systematic, algorithmic,
and logical thinking.
(c) Atechnique used exclusively in computer programming.
(d) Anapproach thatignores real-world applications,
2. Why is problem decomposition important in computational thinking?
(a) it simplifies problems by breaking them down into smaller, more
manageabl parts.
(b) Itcomplicates problems by adding more details.
(c) Iteliminates the need for solving the problem,
(d) Itis only useful for simple problems.
3. Pattern recognition involves
(a) Finding and using similarities within problems
{b) Ignoring repetitive elements
(c) Breaking problems into smaller pieces

(d) Writing detailed algorithms
4. Which term refers to the process of ignoring the details to focus on the main

idea?
(a) Decompasition (b)  Pattern recognition
(c) Abstraction (d)  Algorithm design

i) e




2. Which of the following is a principle of computational thinking?
(a) Ignoring problem understanding (b) Problem simplification
(e) Avoiding solution design (d)implementing random solutions
6. Alganthms are
(a) Listsofdata
(b)  Graphical representations i
(c) Step-by-step instructions for solving a problem
(d) Repetitive patterns
7. \Which of the following Is the first stap in problem-solving sccording to
commputational thinking?
(@) Writing the solution (b) Understanding the problem
() Designing aflowchart (d) Selecting a solution
8, Flowcharts are used'to, .
(8) Codeaprogram
(b)  Represent algorithms graphically
(¢) Solve mathematical equations
(d) Identify patterns
9. Pseudocodeis
(8) Atypeoffiowchart
{b) Mﬂgh-lewlduscripﬂonofma!goﬁﬂmmuﬂngptﬂnhmm
(€}  Aprogramming language '
(d) Adebugging tool
10.Dry running a flowchart involves: _
(a) Writing the code in a programming language
(b} Testing the flowchart with sample data
{c) Converting the flowchart into
(d) Ignoring the flowchart details
Short Questions
1. Define computational thinking. ,
What is decomposition in computational thinking?
Explain pattern recognition with an example.
Describe abstraction and its importance in problem-solving.
What is an algorithm?
How does problem understanding help in computational thinking?
What are flowcharts and how are they used?
Explain the purpose of pseudocode,
9. How do you differentiate between flowcharts and pseudocode?
10. What s a dry run and why is it important?
~ 11. Describe LARP and its significance in learning algorithms.
12, Listand explain two debugging techniques.

— 4
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Long Questions

1. Write an algorithm to assign a grade based on the marks obtained by a
student. The grading system follows these criteria:

* 90andabove: A+
+ B0w8%A
+ 7010798

6010 69:C

Below 60: F

2. Explain how you would use algorithm design methods, such as flowcharts
and pseudocode, to solve a complex computational problem. lllustrate your
explanation with a detailed example.

3. Define computational thinking and explain its significance in modern -
problem-solving. Provide examples to illustrate how computational thinking
can be applied in different fields.

4, :Jhmssﬂ?mnceptnfdecomsiﬁon in computational thinking. Why is it
mportant

5. Explain pattern recognition in the context of computational thinking. How
does identifying patterns help in problem-solving?

6. What s an abstraction in computational thinking? Discuss its importance and
meﬂdhmmmmbeumdtnMIﬁmmph
pro

7. Describe what an algorithm is and explain its role in computational thinking.
Provide a detailed example of an algorithm for solving a specific problem,
and draw the corresponding flowchart.

8. Compare and contrast flowcharts and pseudocode as methods for algorithm
design. Discuss the advantages and disadvantages of each method, and
provide examples where one might be preferred over the other.

9. Explain the concept of a dry run in the context of both flowcharts and
pseudocode. How does performing a dry run help in validating the
correctness of an algorithm?

10. What is LARP? Discuss its importance in learning and practicing algorithms.

11.How does LARP enhance the understanding and application of
computational thinking principles? Provide a scenario where LARP can be
used to improve an algorithm.
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