The booting process of a computer
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The booting process is the sequence of steps a
computer follows to start up and load the
operating system (OS) when you turn it on. It
prepares the hardware and software so the

computer becomes ready to use.
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Types of Booting
s8@0ed® d®

1. Cold Boot
Starting the computer from a powered-off

state.
&80 En6kR® HBDOBD O & HBDOGD BO
SD®ENDE SHMBTEOOR.

Example: Turning on your PC in the morning.
ECEB® MEGGEE DR 3D®EDmE HFEdm SOHO.

2. Warm Boot
Restarting the computer without turning off the

power completely.
DR ewe® ©Bbenens® BeSd 6o
SOOI DD B3ENBTBOOB.

Example: Pressing Restart.
Restart 6@5o® d3®.

RAM Drive / RAM dm

A RAM drive is a virtual storage device that uses
a portion of a computer's RAM as if it were a
hard drive.

RAM dmeed of odognmem RAM dewmes
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®ORVED ELN0BEE.

It helps speed up the booting process by
storing temporary files or frequently accessed
data in RAM, which is much faster than
traditional disk storage.
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There are several steps of booting process of

a computer.
sOmgnme ©ofn @tibe® HodRBed BrdO
580 g,

e Power On
Rec e3cesBe

When you press the power button, electricity
starts flowing to the computer's components,
such as:

®® Power button &g 80, &9 3€®S ssD®EmD
Eeo® 6DD DEBn ®@) (IO od® 65:

CPU / @0 t3cengs® Sevencs

RAM / st @owc

Hard drive or SSD / a® =3 e®3 SSD
Motherboard / ®8 £06z®

O O O O

The CPU becomes active and looks for
instructions to start the system.

c®88 CPU o 86 8 o080 ddm SO
s gdms cesect 6td® epddm OB,

e BIOS / UEFI Starts

The CPU loads a small program stored on the
motherboard called BIOS (Basic Input Output
System) or UEFI.

B8 190068 ®EN @O grd BIOS (Basic Input
Output System) e®3 UEFI @8 @) Ordesdwn®
CPU @8 g30#mc 08 @R8.

Purpose
go@n:

o Initialize hardware
catho® epdBe OO

o Prepare the system to load the operating

system
o 60ewEd® oldBG gomn BBO® oeH
68086 gond SO

It checks if essential devices are connected.
COBE aosOGS Eo® HORBD B i
sdae) @Ox Qrel.
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Firmware
B8%0®

Firmware contains instructions on how a device
should perform and how it should

communicate with other devices.
B0D0mDE EeN0®EE S DG G PINAG €5®
D5 DD eNo® BO®m BBBEDEHE DS G
MO BBRE coece allo® 68.

Hardware + Software

Firmware

It's usually stored in a type of memory that retains
its contents even when the device is powered off,
like ROM (Read-Only Memory) or flash memory.
DB DDBEEE GRE) ®OE QRBER, ELDoEEB
BB g D8 gho® ¢z O 6ME® DD
oo 6. cowoem e@e ROM (Read-Only
Memory) e®3 Gezd oo  (Flash memory)
ETDOB BTEDE.

CMOS Setup Utility - Copyright (C) 1984-1999 Award Software

» Standard CMOS Features » Frequency/Voltage Control

> Advanced BIOS Features Load Fail-Safe Defaults
> Advanced Chipset Features Load Optimized Defaults
> Integrated Peripherials Set Supervisor Passuord
> Pouer Management Setup Set User Password
» PnP/PCI Configurations Save & Exit Setup

» PC Health Status Exit Hithout Saving

Esc : Quit T4 >« :Select Item
F18 : Save & Exit Setup

Time, Date, Hard Disk Type...

BIOS

Comparison between UEFI and BIOS

Types of firmware
58%0® OB®

e Basic Input/Output System (BIOS)
Found in computers, it initializes the hardware and

loads the operating system.
VIO O @IeRD, DB catho® epOd® O
6®65Ed 3EBGB BOBB WOB.

BIOS is a non-volatile Read only Memory (ROM).
BIOS 5 &5 65002 HrdB0 508 ok
(ROM) o 68.

¢ Unified Extensible Firmware Interface
(UEFI)

A more modern replacement for BIOS, also used

in computers.

BIOS esemn O8NS 98 epecmmns, sdmsnmda &
NS 8.

UEFI (Unified Extensible Firmware Interface) is a
specification that defines a software interface
between an operating system and platform
firmware.

UEFI (Unified Extensible Firmware Interface) o
6@emE® od8rE ©m 88w SOMo® gmd
®ageo® OB S ELODHG 20D
BODDHORE.

/ISUS  UEFIBIOS Utilty -

Feature BIOS UEFI
Release Date 1981 2002
55 ©¢ EHG

User Interface Text based keyboard navigation
sd&BED agdc 605 BEBHBD BROT 3PGTD BB®
[Qloloiey FRDE®G 60

Graphical, support mouse and keyboard
@RS 52 ROT 900D BO® FRPEIEG 68

Operating Mode 16-bit
o®emE® @®n

32-bit or 64-bit, can access more memory

32-bit 6®3 64-bit, 8 P HEIMBDO ed®
B wre

GPT(GUID partition table), over 2TB
GPT(GUID partition table), 2TB @&®&n

Partition Support
Partition e3®c

MBR (Master Boot Record), up to 2TB
MBR (Master boot record), 2TB ez&»

Support secure boot, which prevents
unauthorized OS

Secure Boot &m0 0B, ¢n®m 62DE
6@6mE® 08 Digrd®

Basic, no inherent security feature
AR, SONDD HOBD Berdion
6O

Security
PHOSO
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CMOS Memory
CMOS oome

This is a small amount of memory on the
motherboard that is used to store system
settings, such as the date and time, boot order,

and hardware configurations.

6®n %6 o 65@D, FrOld axnBEede ©®
2ato® Benrdess O &S e3ce® ®REN BHOO
O OB B 300r6D ) B HEISGE.

CMOS memory is powered by a small battery
(often called the CMOS battery) on the
motherboard, which allows it to retain its
contents even when the computer is turned off.
CMOS @ 88 500t6d 8 i) 0BG

(e@e®’ 80 CMOS R0dc 6@ts ®iERED) DE
®5560® g0, SD®EDE F) BOBD O BDHE
58 OB agsob®DEG Oed) ®WBBO 9f) 5@t

The BIOS chip contains the firmware code that
controls the system startup and operation.

BIOS Besedd es€Bed end®@me 3t Hnmdaidm
BNEBDEB WOD BSEG0® 6EBDG o 68.

The CMOS memory stores the settings that the
BIOS uses to configure the hardware and boot
the operating system.

CMOS @i cidho® Dame HBHOO &®»

6®emE® ©EBG woBm BOHAO BIOS ®Hdmm
DOD 57D GRE) OB.

When you change settings in the BIOS setup
utility, those changes are saved to the CMOS
memory.

®® BIOS e3c00e3® ceseniBeomded settings 6®exel
20 80, O® edxe5® CMOS ®5mr0 gdlen.

Clearing CMOS
CMOS ®m) cc®®

Sometimes it may be necessary to clear the
CMOS memory to reset the BIOS settings to
their defaults. This can be done by removing the
CMOS battery or by using a jumper on the
motherboard.

BIOS ttogs® T8 8 os0nd 63 SB®
eem) groc® 80 CMOS @owme B crd® gdms
B o8, 6@ CMOS 0B 99 BDe®sS 63

®5 p300ced g8 Jumper da NS BBEOS
DE WTC.

e POST (Power-On Self-Test)
BIOS performs a POST test to check if the

hardware is working properly.
catho® HE 6t H) OB crB sdie) OO

ees) BIOS @885 POST estedesnns 8¢ Oa.

It checks:

DOBE 5w BEeHms et D) DO QeR:
o RAM / gth» ®owmc

Keyboard / cepdee3©6z®

Processor / estesme

Storage devices / ®@8) &e510®
Display / esocb®mmcs

O O O O

f a problem is found, the computer may
produce beep sounds.

68 eciBr® emdogne DD, SO®EDEG
BB D3 OO B ®oOx ERE.

If everything is fine, the process continues.
Brde St08D &sO8xex »HB, SLNHrde®
B@OBG OO0 @8dr0 &g 68.

POST
Pass Fail
Short Beep Beep sound
pattern
l according
PC turn on to the device

fault
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POST beep codes

Beep Code Meaning

System booting normally /

. POST passed

B5ENBG @5 SOHE OB®
8® / POST &@s5 8@

Memory (RAM) error
o~ ®w (RAM) ecien

Minor hardware error
.o &0 catlo® eciBen

Keyboard or motherboard error
- B0t 8500ted 695 B
2500268 el

RAM failure
i RAM ee5@05 8®
Video card/graphics error
ST BBer] ntiesesy/ Grine]
S 6

System timer or motherboard

ceee problem
808 0B®GeE 613 B
2590268 ®OOD

e Boot Device Selection
Sner0e® ce0me 60 @O

BIOS looks for a bootable device according to
the boot order set in BIOS settings.
BIOS t5cme3® o codd) eed anBeeded axnd

BIHIBOE ®D ceNo®e BIOS 88 ety
@REB.

Common boot devices:

©e3)E, BHDDYD Ee300®:

o Hard disk or SSD / ea® @3 e®3 SSD
o USB drive

o CD/DVD

o Network / e&Hen

It selects the device that contains the operating
system.

cOBE e®emEd® BERBG &lo® EeNO®EB BN
®X QeR.

¢ MBR/GPT loads
The system reads the disk’s partition table to
locate the information needed to start the

operating system.

6®6mE® sEABG PodBm BHBO DS 6IMODOT
@) @B e SEBG Brded 6O OB
BeOEB.

Depending on the firmware and disk type, the
system uses MBR (Master Boot Record) or GPT

(GUID Partition Table).
B8o®m e D OV®E @ semd®d, sENBG

MBR (Master Boot Record) e®»3 GPT (GUID
Partition Table) 8o 6.

MBR (Master Boot Record)
Used mainly with BIOS-based systems.

BIOS oewm 808 6@m gt dmecs Do
68.

The BIOS reads the MBR from the first sector of
the disk, which contains the partition table and
a small boot program that helps start the boot
loader.

BIOS =36 g8 gomens MBR 8wd» gm0,
8 om0l O®d & grofd® OB pHOB®
BVO0 cesemnd O @ED groR® DelesDmed
gflo® 68.

GPT (GUID Partition Table)
Used mainly with UEFI-based systems.
UEFI esem 5808 e5®® 5602 Dmens Do) 68.

UEFI reads the GPT partition table and finds the
EFI System Partition (ESP) that contains the boot
loader.

UEFI GPT emn0el D@0 SBnd) &ro®® ndwe
gfo® EFl 808 emndes (ESP) e @8.

e Boot Loader Loads
SHMHETHOD oW godEns B8

The system finds and loads a program called
the Boot Loader.

8080 B8 Boot Loader ®®8:8 OcesOme
GENENEED DG OFIGB DO,

Examples:
Windows Boot Manager
GRUB (Linux)

The boot loader's job is to load the operating
system into RAM.

SMEROB® MOWEE WIVGEE OBES 6@eHED
208G gy BDWE 60D OENG BOHBEB.
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e Operating System Loads
e®emrn® &80 goens O

The boot loader loads the OS kernel and system
files into RAM.
BB DODE OB 6@ewEd® ESES

DODEE 6B g8 ey RAM 0D gdens
WOEB.

The operating system then:
95iesty 6®EMEHR® BEABG BB

o Initializes device drivers
EeNo® D oy OB,

o Starts system services
s5E08 683 eod®m OE.

o Prepares system resources
808 885 8e)0d® WOa.

e Login Screen Appears
5880 Be® 86x chwmne 5O

Finally, the operating system displays the:
gDEINEEE, 6®emE® ©o8B® BB ©®D &z

ebh®mDE DO:

o Desktop / &®do@c
o Login screen / 5880 8e® 8o

Now the computer is ready for the user to work.
e sOOHMDEBE SOBE®EIEE DelmOED 5E®)
80080 =sO8A.

Summarization
8BNS BO®

Power On

\
BIOS / UEFI Starts

\4
POST (Hardware Check)

\ 4
Boot Device Selection

/N

MBR (BIOS) GPT (UEFI)

| l

Boot Loader EFI| Boot Loader

N

Operating System Loads

l

Login Screen
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Introduction to Operating Systems
c®emnE® 208 WO

An Operating System (OS) is the main software
that manages a computer’'s hardware and
software resources and allows you to interact

with the computer.

6®6mE® SEOSGE B SO®MDEED CANo® €5
®acmio® ©B5s DEOMDOHE WOD  LEINH®
Bagtmo®s B g0 OB RO &sDH®HWEB 5O®
B i) BOOO 9f) e5@esd.

It acts as a bridge between the user and the

computer hardware.
D5 sOBEWE) €56 OO Eato® d eNEBE
6E §K) OA.

Classification of software
®agmio® OLBDOSNE

Software

y ‘ |

System Application

: l l

Operating Utility Language
sysems software translators

System Software
&8 ®agtio®

Software that provides essential services for a
computer to function properly. It helps manage
hardware and supports the running of
application software.

sD@HDEE BB 6@ SHsdm B0 gosd®s
eSO s  @agmio® 68. DB cato®

DEOIWOBG BOOO ©® 66e® ®agmio®
Hosi@wm BBHOO e 68.

Application Software

6c5® ®agto®

Application software is a type of software
designed to perform specific tasks for users,
such as word processing or web browsing.
6ke® ®acmio® Gy Oey rwB® em) O
®eBugn Ot oSOHBEDBS e Sedo
WEES 90 HOO eew SH@gne DO s
Bagtmo® DVBEE.

Utility Software

£560iBe) ®agtdo®

Designed to help manage, maintain, and
optimize computer resources and performance.
D@D 5855 6569 O SOB DESBDDDOSIC
500, a0 BOOO ew gl SO0 cef
BBOO BVE@HBG O Fr.

Language Translators
&) 8OOV OV®

English

v

Interpreter
compiler
\ 4

High level Language
\ 4

Assembly Language

Assembler
\

Machine Language

Machine language
G5y ©H®O

The lowest-level programming language, made
up of binary code (0s and 1s) that a computer's

processor can directly understand and execute.
OO DGO 6Dl 650® 6®m®
BE0m D¢ e 000 ewme (0 w® 1) OB
605D 5He® A006E PO NSO 68.

Assembly Language

Assembly ®1&0

A low-level programming language that uses
human-readable codes or symbols to represent

machine-level instructions.

oxy 80068 comectd Bozogne SO eem
BRSO BHDG B 6D 6M) o6 WIS
O® 5 B006® PHPeRR® ISDS.

An assembler translates assembly language
code into machine language.

Assembler doa5 @8 assembly ®n®) 6o
655 @D sBOVDME WORB.

1. Compilers
©8enemesd

Translates the entire high-level code into
machine code before execution.

S8edm B0 630 ©Bden emwe B0
GDEO 65y 6O SBOVDME WAOLB.

2. Interpreters
OBz

Translates high-level code into machine code
line-by-line at runtime.

Hoss@wm D» 80 gmeg ®DD6D 6D (X3 D
6838605 63800 SsHOVDHEG WOB.
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Utility Software
£560iBe) Bagtdo®

A type of system software designed to help
maintain, manage, and optimize the
performance of a computer system.

D@D SEQSBED SO D) @S0,
DEODMDONE BBOD 5 H®SD BBOOD cesemd
D» 5808 Bagmo®m DB®EE.

Key Features of Utility Software
£566iBe) BagmomdE &ihe Beweio®

e Improves computer performance
sD®ED HEmdDOG i) E@en OB

e Protects the system from threats
B5ENBG DVs® BRS i) OB

e Manages files and storage
GMIT) €58 GORE) DESBWOSE DO

e Helps diagnose and fix system problems
808 ®0O ®weemd SO0E SBOO
&esemnd 68

Advantages of Utility Software
£eniBe) Pagmomnde 83

1. Improves System Performance
6808 VG DG O Ergn wOH

2. Enhances Security
PO Bl Eren OB

3. Saves Storage Space
®RE) i) 98d OB

4. Helps in File Management
6@ WEPWOIEO ce5md 68

5. Detects and Fixes Errors
6el8 HEMEED BOTOE OB

6. Provides Data Backup and Recovery
e ce5e30 BOO e 5BEN®E €585

7. Supports System Maintenance
B5EQNS HEROD 59065 OB

8. Improves System Reliability
6808 BEOHRHEDOG B Brgn OB

Types of Utility Software
&oeni@an ®agmom e

1. Antivirus Software
58-08066 Bago®

Detects, prevents, and removes malicious
software such as viruses, worms, and spyware
from a computer system.

sO®Em  BEOBEBRS 66005, worms  &®

spyware 8 o880 ®acmio® BEINEED,
DEOB 59 9O OEB.

Functions / a)ba6s

e Scans files and programs
oMy &5 Drfedms esde@im®n OB

e Removes infected files
PENED 6K 9B OB

e Provides real-time protection
DB IB® POBO 585653

Examples

o Avast Antivirus

o Kaspersky

o Norton Antivirus

o Windows Defender

2. Disk Cleanup Software
250 808 56® ®agmio®

Remove unnecessary files such as temporary
files, cache files, and system logs to free up

storage space.

DOMBD 66NE), BB oY 5B LD 6E®
OB dms 6@ 903 WO GRE)Y 98 Bemed
OB,

Benefits / 58@®

e Improves system speed
6808 68me Bl Enen Ot

e Creates additional storage space
FODO ®REN 9B SV OB

e Removes unnecessary data
FDO®S D 9O OB

Example: Windows Disk Cleanup
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3. Backup Software
&350 ®ageo®

Create copies of important files and data so
they can be restored in case of data loss due to
hardware failure, system crashes, or accidental

deletion.

ato® @D, e52DS DedOB 6m) FHB®es
OcB® 6BnedE By 5HDenE T
5BENBHG DG WD O SOE Dre®D 6HENE) €5
eodE BOsE SHEENc wOB.

Examples

o Acronis Backup

o EaseUS Todo Backup
o Windows Backup

4. File Compression Utilities
emy) 6880» ceni®om

These tools reduce the size of files to save
storage space and make it easier to transfer files

over the internet.

c®® 6POED® GBS GRE) 98 98D WO “Se
BEX) 6MNE BB &) @O® G FBRDVENRG
®O®) 6ENE B0t BVO ey OE.

There are two main types of file

compression.
6@ BBRDEG HEHD GO 6LWE.

i. Lossless compression

LOSSLESS

Original Compressed Restored

Lossless compression reduces the size of a
file without losing any data.

Lossless ©:®@80oc 58 coons oB® 6md
eMROD DEEBOG ¢f) wOa.

ii. Lossy compression

LOSSY

Original Restored

i

Compressed

Lossy compression reduces the size of a file
by removing some of the data.

\Q2w ©@80me ©@®HO D 995 HBHe®s
EEIHROD &®NG &h) OB,

Examples WIinRAR, 7-Zip, WinZip

5. Screen Saver
86 aEn®

A screensaver is a computer program that
activates after a period of inactivity and fills the
display screen with images or patterns.

Screensaver 65 85D DBB0HDD DD D0
BOG OB gBn MHEEDS 5830 80 8 ebm®
BOG dzes @) 6O OB HodB

Functions / a)ba6s

e Prevents screen burn-in
BOx BEeSB® (Burn-in) digrd®

e Provides screen security (password

protection)
BOEAS poend ecsd® (§osenn A®e)

¢ Displays animations, images, or information
during inactivity
68D 663 Gzes 5eb®mHE SO®

e Helps protect privacy when the user is away
2 ®RBOG oD SO

e Can reduce power usage by turning off the
display
BOG 5O ¢80 OGBS BB esdemiesmnc ¢d®
B55@

ictfromabc.com



6. Clipboard

The clipboard serves as a temporary storage for
copied data, primarily text, files, or images,
allowing users to easily transfer content
between different applications or locations.

Clipboard e®®» 80z wé® @ o, o™
DBOEE 665G, 6ME 615 OzeS BEX) MNOMBD
®RENDE 6@ 6306 OB, sOHBEEBSO DR
606e® 6093 BB D0 FRBDIVEDE 3WEEdS o
BBOO @) 3.

Functions / a)ba6s

e Copy and paste data
8053 ¢ e paste SB®

e Cut and paste data
e Cut 0 paste BB

e Temporarily store copied or cut items
B0 @¢ o®) wiyy aBo® OB
®REN BBO

e Store different data types (text, images,

files)
D80 coo OV® (e5g, OFes, 6ENY) GRED
558

e Access multiple copied items (clipboard

history in modern systems)
Ry BOess ¢ glod® 60D 5edn 58 (28m
s20BDE DRI 9Bmwiests ee)

7. Task manager

A task manager is a program on a computer
that provides information about the processes
and applications running on the system, along

with the general health of the computer.

VG DEBDOT (538 V®ENDEE OO HBOEG
850®m 3E056eE Srdm On OB 5w 6ne®
BRe 6mMOOT 385G [sleloTonlmieta)
RIEAGIOHE

Functions / a)ba6s

e Monitoring System Performance
S5E08 G eN®G glnsencn SO

e Identifying and Addressing Issues
@O HED) GO e Ty Bes8®

e Managing Processes
HEOR De@mO$IG

e Providing Historical Data
DBt e 55O

Task Manager (Windows)

[£7 Task Manager o X
v/ System Users
Processes performance App history Startup Users Details Services
17% 65% 1% 0% Gl
Name cPU Memor Disk Network GP
System 17%  TM45MB 01MB/s  0.1Mb/s 0
Task Manager 0% 28.5MB 0 MB/s 0 Mbps 0
> B3 Telegram 0.1% 380.0 MB 0 MB/s 0 Mbps 0
& File Explorer 08%  503MB  OOMB/s 0.3 Mbps 4
>@& Google Chrome (1))
3 Google Chrome (9) 81% 6703MB  0.1MB/s 3.0 Mbps
& Google Chrome (9) 08%  63/2MB 0 MB/s 0 Mbps 0
> B Desktop Window Manager 0.8% 66.2 MB 0.1 MB/s 0.0 Mbps 0
> (23 Antimalwary Service Exeantable 0.4% 49.1 MB 0 MB/s 0 Mbps 0
> & Microsoft OneiDrive 0.2% 156.3 MB 0 MB/s 0 Mbps 0
System » @ Google Chrome (9 72% 162%.% 1% L 2%. Networkl  End task
.o o .
Activity Monitor (macOS)
CPU Memory Energy Disk Network =)
Process Name %CPU v  CPU Time Threads Idle Wake Ups PID
WindowServer 20.7% 20:13.19 23 3 187
Activity Monitor 12.3% 10:23.75 21 4 5399
Core Sync 9.4% 13:09.59 120 130 1380
Firefox 4.4% 10:19.00 83 17 3166
kernel_task 1.3% 10:47.46 9 6 2095
Spotify Helper 1.3% 1:35.34 6 10 2995
Spotify Helper 1.2% 6:53.88 5 9 2929
Control Center 0.9% 1:59.32 14 7 3730
SystemUiServer 0.9% 9:27.45 20 20 730
CPU Load User 9.23% Disk:- 13.68%
System 9.2 Network- 76.15%
Ister:
A A n SN
.
Task Manager (Linux)
System Monitor- =
Processes File Systems
Process Name PL D Memory Dis rite
@ Tracker-miner-fs-3 W 6% 2418 207.7 MiB. 0o
B Firefox 3% 2154 439.9 MiB Oe
0 Firefox 3% 2024 187.3 Mi8 Oe
@ xorg 3% 2078 105.1 Mg oe
© System Monitor 1.3% 0178 13.2 MiB oe
& Xorg 1.3% 0128 49.7 MiB. oo
[ Tracker-extract-3 1.5% 0154 49.7 MiB. oo
© evolution-alarm-notify 1.5% 2164 50.9 MiB Oe
@ gnome-shell 1% 0164 201 Mi8 0o
@ tracker-store 1.6% 2078 10.3 Mg 0o
@ Chrome_GPU 0.7% 2776 105.1 MiB. Oe
CPU History
017 36.4% - s52,0%
Memory and Swap History Network History
g 7495 Kils recering Q@ &5 Kidfs Sendi
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8. Encryption software

aSDeHH Bagio®
Encryption is the process of converting plain
readable data into an encrypted form that
cannot be read by unauthorized parties, using
specialized algorithms.
QBDBODGE G 6o BoDo ®id DD,
Bexdo 8 aremdm® mdmens, aded
MBS NVBOGESD BEDG 6D O» oBE
0N  PmIBEDO SOV  BOHe®
OBk 8.

Hold My opNAIFY
— Otw8elfs6
Beer Gqks0Q=
Unenprypted Encrypted
Plaintext Ciphertext

Message ?

Encryption Key

Encryption software uses algorithms to
transform your plain text data (like documents,
emails, photos) into ciphertext (unreadable
gibberish).

QB3DEEHDGE BIgo®B ARDEE 0E 685¢ DD
(cBR®, BeBF, eHE0zs OS) WMo GG
(BxBDn exui) DO sHOVIDE BBOO
&Fre@mOD® B ) OE.

To decrypt and access the original data, you
need a decryption key, which acts like a
password.

BQ e Benomc BHAO w® Hede S0, ARO
Bosesn 608 H DOD Semo®d GROD FO®S
@d.

opNAIiFY

Otwaelfs6 — Hold My

Gqks0Q= Beer

E_ncrypted Decrypted

Ciphertext Plaintext
Message

Y

Decryption Key

10

There are mainly 2 methods of encryption
a3 5068 P® 2t D Dwerns)
fade)

i.  Symmetric Encryption

Uses a single secret key for both encryption and
decryption.

RBDEDODNG 55 DG BB WO OB
GeeS pd B OB.

Secret key

..... [

<
Cmmna

rm Encryption R PN Decryption R |_
B—==—f—=F

Plaintext
document

Plaintext
document

Encrypted
document

ii.  Asymmetric Encryption
Uses a pair of mathematically linked keys, a

public key and a private key.
PR OV®E GHNHOG D®EHRS BRI B3OT
AOEGE ®HDD) WOB: 6e3E BROD 6B EEBD

BO.
_ A Public key ﬁk Prlva:e key _ A
- Encryption Decryption -

Ciphertext Plaintext

(encrypted)

Plaintext

More details about this will be discussed in the

Data Communication and Networking lesson.
6® BERed 8ed Bl ey o55edemen o)
EHEDOBEB eHRBE e 6t6d.
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Application Software
6c5® ®agto®

Programs designed to help users perform
specific tasks such as writing documents,
performing calculations, editing images,
browsing the internet, or communicating with

others.

c3R® OO, wémmn BOB® Bg OO, Oz
e503mOBN BO®, gEitehHen BB em) e
8o ©oPm ©55edems SO B Sedo
WEES 90 SHOD SVBEDBRBO cesmd 8OO
BEem) BHENG DO G DEsO®eS.

Unlike system software, application software is

directly used by the user to complete tasks.
6808 ®acmio® 60 600, 6Ke® ®acmlo®
sOBEDE) DBE IBEES ©8etdn BOO eem
33508 D OB,

Characteristics of Application Software
605® ®agomdE @IDBEN

e Designed for end users
&BeN® SOBEWBS EH) K@ WO i

e Performs specific tasks or functions
BEDD HGEES 90 OB

e Requires an operating system to run
Be0m 880 6®6m@n® 5E0BGD dms 68

e Usually has a graphical user interface (GUI)
£@DB6HS DY SOBED FROTEHNDD

(GUI) ez

Types of Application Software
6c&® ®agtom S®

1. Word Processing Software
DO» t5owey® @agtmo®

Word processors are used to create, edit,
format, and print documents such as letters,

reports, and assignments.

gmbo, OB 58 estdO® S 6 ER® SHV&HIFG
OO, t50t3mOHE BOO, HWISDOE OO 59
Bcone BV em) DD ewes D) wOa.

Features / Semesio®

e Text formatting
6B¢ BB BTROO

e Spell checking
g0 B sde) SH®

e Inserting images and tables
Gzes 59 O res SOH®

e Document printing
63D® B

Examples: Microsoft Word, Google Docs,
LibreOffice Writer

11

2. Spreadsheet Software
&0c8ses ®agtmo®

Spreadsheet applications help users organize
data, perform calculations, create charts, and
analyze numerical information.

50 6e® SOHBEDBBO DD E30BEIMDEG
BBOO, e SO B SBOO, 5e3MN0 L@

OO ©® oRHBOD 6O BDBeSBHIEG
BB cesmmd 6.

Features / 8easio®
o Mathematical formulas
®OFDOCG 830

o Data analysis
e Bredeenc

o Graphs and charts
583N

o Budget and financial calculations
&odIG 65 QOB @HNHNG BOB

Examples: Microsoft Excel, Google Sheets,
LibreOffice Calc

3. Presentation Software
&@Vesgn Bagtmio®

Presentation software is used to create slide
shows that combine text, images, videos, and
animations for presentations.

9Bhesy OB em 6@, O, ORen’ &®
68Dmon TR o BBDew cHom®
Et@gnc SHBO e0Wesgn Bago® $H) @OE.

Examples: Microsoft PowerPoint,

Slides, Prezi

Google

4. Graphics and Image Editing Software
Graphics &® 6ze3 e3068308n Bacto®
These applications are used to create, design,

and edit images, drawings, and visual graphics.
6®® 6re® Gzes, Dy ©® cams @S SH@IENE
BBOO, eoE® BOOO ® otdmdsnn BHOO
N WOB.

Examples: Adobe Photoshop, CorelDRAW,
GIMP

5. Web Browsers
Web browsers allow users to access websites,
search information, and communicate over the

internet.

cOR BOEE OGBS sOBEDBSO 6O Gid edm
568®m B0, 6mONOT 6e3DBD 5m SDBENREG
®O®) BB BHOOD o) 5.

Examples Google Chrome, Mozilla Firefox,
Microsoft Edge, Safar
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6. Multimedia Software
RS Bagido®

Multimedia applications allow users to play,

edit, or create audio and video files.

D@5 66e® BBS SOBEDBRBO OB 5t CaBS
ey Don BOBO, totdmoOgn BOOO ©®)
EBEgnc SHAO gb) @) 68.

Examples: VLC Media Player, Windows Media
Player, Adobe Premiere Pro

7. Computer Games
sbesme §th

These allow users to play interactive games on
computers or other devices. These games
include graphics, sound, and user controls to

create engaging gameplay experiences.

68D sOHBEEBSO SODHED 683 D%
EN0mDE GBOHEENMD e HEH BOOO @)
63, 600 Sth dD Bpm, ®Re 5% OB
BIED® FRCH O agnd DIBS B aremBO
5t BB S 8.

Examples Clash of Clans, Minecraft, PUBG, Call
of Duty

12

Advantages of Application Software
605® ®agowde 8

e Helps users complete tasks efficiently
sOBEDBBO DIBHEHEES MIVEDSOD e5Beten
BB cesmmd 60

e Improves productivity in work and
education
B 5w glmesners DB Ol
Selogaleld
e Enables communication and information
sharing
&BeDe®EB 589 6MONOT GREETER® &
268
e Supports creativity and multimedia
creation
SHEIBRIOCE €569 D@Dz SO E3E)
[N GRCI)
e Simplifies complex calculations and
processes
BoSVE @G OB 5w HOBS O
268
Liveware
Eo®

Application
Siftware
66e® ®agmo®

System Software
&0 ®agto®

Hardware
catho®m <

ictfromabc.com



Main Functions of an Operating System
c®enr® 2080w th® VK

1.Providing Interfaces
¢OtMENs 55O

Provides a virtual machine that hides hardware
details and offers an interface between

applications and end users.

catho® BDBEd ©mOBE 606e® & gden®
sOBEDBS gd andtc Gmenos @R 6e® M
BB 38565,

It also offers user interfaces like GUI and CLI for
easier interaction.

DOBS ewey gBOSE em GUI esw CLI 8
sOBED oM ¢ @) 6.

2. Process Management
Sooe® De®DDOME

Handles the creation, execution, and

termination of processes.
Swom SHergns SO0, Foem SO ©&®
0% SO ®wedcdy ERB.

Ensures programs run smoothly and share CPU
time fairly.

DV DINOBS 60D HHHD®m 6DTS
CPU m»@c e06008n 6@t HIt® o0 68D
OB VD 595® DOB.

3. Resource Management
6868 OO

Manages computing resources by keeping
track of their usage and handling permissions
to grant or revoke access as needed.

gO®ms 508 g5edmn @) 88 65 gdgor BHO
sem) oo 6B Hdon  Sdiesnc
BBe® e TNO s gded ®wiBdde®s D@
68555 SOOI DOEB.

4. Security and Protection
POBD 5 PODBENED

Controls access to the system using
authentication and  permission  settings,
ensuring only authorized users and processes
can access sensitive data or functions.
SOMSDGE 65 gded  rme®  NDoens
BENBBO s 5ed®men NEMEB WOBS PRGBS
sHBOBRBO & HEIGHEHERO SO 50658
e 6m) IBBEE 60D gedvw B ®S RO
305w OE.

5. Executing Application Software
605® ®agto® e BLO

Runs application programs, making sure they
operate  smoothly  within  the system

environment.
66e® Dfedns Sudm OB, Fn &ddB
B30 DG DNOBS 60D FHs®w O RO
658D OEB.

uiiliiies\ applications
software software
systems components
software
operating
system
device ‘ device device hardware
CPU components
memory
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Evolution of Operating Systems
c®enr® 2080 sHHNOG

At first, people
computers. These
specified for one task.
e8P, B8 Dexes VG SOGED SO® Oif)
BBOO g5¢ced BO00®. 608 sO®ED D WGBS
BEX) BEHODD o) SRQALD.

used  special-purpose
computers had been

So, they had pre-programmed instructions, and
the program should not be changed. So, there
wasn't any need for an OS.

DB, Tned ¢Hd Bellesdms®D ceectl 8R)
g0, DRednm 6D SHBOOD FOGIMOGE
cNBRE. DVDS, 6PemE® HEOSG S
608,

After inventing the general-purpose computers
by John Von Neumann one computer is used to

do multiple tasks at a time.

eesls 6Ny HEO DB eeNg VG SO®ED
G OBE®S o5y, DO WIVBEES BEesED
OO0 O e3V®HENDEE NDD) GDOTED.

To change the programs often, the need for an

operating system arose.
Defedmns oo edxtd OO wem), 6®emE®
&G gDHENOG O .

1. No operating system
c®emnr® 208 6@

(Late 1940 - Mid 1950s)

Refers to the earliest period of computing when

computers did not have operating systems.
sOomed 60emEd® o8 s8R @d®
odemm HE BBedEen.

Input Switches (e389)

OB Punch cards (8gdc ese5)
Output | Display Lights (8@ @c®)
g8O® | Printers (@c#n o)

000000 O 0000 00O 00 D(;O 000000000000000000
100 A REDR S BT R I G 5 YR R B RS T T BN e P T T L b D R R B
2 222222222222222222222 222222222222222222222
33 3 3 333 3333 3333 333333333333333333333233
44444444444444444484440444444044484448480884844048
5555558555555558%° 555555555555586556586655555558
66666 66( 666666666666666666 66666666666666668
777777777777777777777777777777777777777777777
8888883888888 88088888 88388 888888858688888885688
9992999992023, 2222222232200222282222022222222
kN

Punch cards
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Key characteristics
S @Edesn

e The program is loaded manually (operator-

controlled).
Defesdmem 85 g0enn 68 (Sowmde B8
BEBDG DOX QIeR).

e A programmer often interacts directly with

hardware.
DOBRDeny 66 BD catho® HO®
£33§0® FROVHE DOGB.

e \Very little automation: setup, run, and

output are manual.
9 O OBHEWOLNG: re®, HOHG
& 8D &8 8 6wed.

e CPU often sits idle while humans mount

tapes, load cards, etc.
BBy 60 BRDBR @O BO, @ifess gdse

@06 80, CPU d» e@rem’ 80 g&nd sb8.

Memory Structure
Bowed O5me

All the main memory is given to a single
program at a time. There is no memory
protection, no partitions, and no operating

system code stored in memory.

Boe® gihe dowes dDO o8 BifdesD®n®wO
@) 6.y @eR. o MODDD ©MBD,
N0 B, &® BODWed GREN ®O &S
6®6mE® BEOS DG E 6.

The program is usually loaded at a fixed
memory address, which makes the system very

inflexible.

DE0BD® E@IDBEES SNDO P BBHEHEEHS
e#ne DOE EeR), T8 BESG 9 OB
©2760.

e

4
4= 4
BoctLo

Yo
)

Y-
™
B O

Display Lights
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Scheduling Type
500mben B0 g®edecn

There is no automatic scheduling. Job
scheduling is done manually by a human
operator, who decides which program runs next

by loading it into the machine.

B80S Br@mbgnn OO 6. VGG
BoOmOsn SOHO BB Hrrwdredny B g5
8e w08 eR® oo, D6 DGO e HDe®s
Be®O §us®m D» Diddesdme SO wOB.

Single vs Multiuser
o8 em] du sLHBED

This system supports only single-tasking and
single-user operation. The computer cannot
run more than one program or support multiple

users simultaneously

6®® &E08n OH-Be BHw  OB-SOBED
HEdSBDED 5@ 5916 EWOB. S5D®EIDEO
AOO OeBesD®ms Dwd &) H®m SHSO
63 Q) sVBEDBRO DO I BB CEWTD.

NOTE :
The main disadvantage of no operating system
is processor sits idle when

loading programs and doing I/O.

6®emE® oSG &S ddNedEs s
5w GNBED DBes DesDm®® 308G
BOEBE 39 eNEI® BEEID HNIODE L3WEINE
gEes O O8O,

Advantages
o8

e Simple conceptually (no OS overhead).

£30ROB Bmens 0B (OS B8
O D).

e Full machine resources for a single

program.
28 DefesOmes eem) eBeden BEy
68555 0 G W& BO.

Disadvantages
g8
e Extremely low utilization (CPU idle a lot).

FB»Bs of) dme (CPU e@em’ 80 @t
)N

e Human error is common.
@D 6cis DHED ™ EIel.

e Poor turnaround time; very slow workflow.
ebdE VG B DIEE; 9 BSemB )
5O9Cs.

e No security/protection between

users/programs.
sDBBR/DeesD®S o eODSID
©5NB.
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Examples:
ESDOEN:

e ENIAC (Electronic Numerical Integrator
and Computer) - (1946)

e EDSAC (Electronic Delay Storage
Automatic Calculator) - (1949)
e UNIVAC |

(Universal  Automatic

Computer I) - (1951)

EDSAC

NOTE :

OS was introduced to maximize processor
utilization, automate the manual operations
and reduce the idle time of the processor.
DR CeEIBmME 8 @O @S0,

FRO; 6®emEd® SBO0oSn SO e®
eED6E G MEG gl BOOD wee) &
&,
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2. Simple Batch system
80@ M) sEOS

(Mid 1950s - Late 1960s)

Here, the OS reduces the processor's idle time

during program loading.
cOBE, 6PeHmHEE otABG OEeD®® OBG
OO 53960 FEE QK OB wOR.

Input Magnetic Tapes 8®®wm &0
PO Card Readers @8esss Bdencs
Output Magnetic Tapes §B®wm 30
uBo® Printer @g#n sy

Magnetic Tape

Key characteristics
S @ESesN

e Users submit jobs (often on cards) to an

operator.
sOBEEBE  (eem] BO s )
HEwGredmd bKe 98kt mAB.

e The monitor:

Hmoddeden):
o Loads the next job / Se® @Wwme
2308006 OB

Starts it /& epd®® DO,

When it finishes, loads the next job / ®c
06 8) 0, Be® VGG OSG OB

e Typically uses JCL (Job Control Language)
or control cards to describe job steps.

en®wnsecns JCL (Job Control Language) &3
2ED® MBSS NS OB BEE BudO
Belod @OEB.

e Still no interaction while the job runs.
HGEE Fosewm O  godnd DO
FEOVHE Be 6eed.

16

Memory Structure
Bowed 5™

A small part of memory is reserved for the

resident monitor, which controls job execution.
Oowed @E) eSS HEIODSD) BEH) 685
@6 oS o Do MBEGEE HHs®m BOHO MG
OB,

The remaining memory is used by one user
program at a time, meaning only one job can

be in memory.

980 Powme OO D SOBED® OiBeO®HHE
BB O OB, DB Owed D BEBEE
S50 BDG HTEG

Scheduling Type
500mben BOe® n®eden

Jobs are scheduled using First-Come, First-
Served (FCFS). Once a job starts running, it

continues until completion without
interruption, making the scheduling non-
preemptive.

First-Come First-Served (FCFS) n8meieS

IBEE BE@OSG O i, IVEEE HEIDOW
BBO 085 @B e5gy, D DNOBS 60D edeses
D oo sO5® oo, HEOWOMB HODI
cO® OO & WOB.

Amount of Users
sSOBEDBS ®E®

Many users can submit jobs to the system, but
only one user's job is executed at any given

time.

eNE®; SHBEDBBO SEBGBO VGG 9EDSE
e o o, 0@ Sdwm O
SDBODEEEE® IVEEG 5OHNS HEHDOD 68.

Single vs Multiuser
o8 e®] Du sLHBED

The system is single-tasking. Although multiple
users submit jobs, the system does not support
interactive multiuser operation.

28 DEE SEOSEE. Dy sHBEDBS DVEGE
g8l wEe, ©CBG gROLEEIMd Y
BB FEIMOBOEO 58510 6MEOE.
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Advantages
o8

e Automation: less operator intervention
than "no OS.”

B30EoSEmO#G: “OS ds 6m@S” O D)
&f) §owdt BEHwDON gt

e Better throughput than manual serial

processing.
88 Bed» gnEdn e5uwen® O O&)
GMNE BEOBED QTDO.
e More consistent job execution.
DENS BBNOG 6EE VGG IO SO,

Disadvantages

g8
e Long turnaround time (you submit and
wait).

E® §mn® mEc (98des o @) B0®0
8¢ 8®).

e CPUis idle during I/O (while the job reads
tape/cards or prints).

I/0 006 CPU 808 (it
6063/ onBess el Gesn BB dR0).

e Debugging is painful (each change

requires resubmission).
D08 BOOE SO epesewey 68 (8328 6OHES
BVODO® ard 9Edesy BHOD OGS 68).

NOTE :
The main disadvantage in simple batch system

is processor sits idle when doing I/0O.

BOR IFHE) SEOBBS ars Hihe g
D56 eI B SEIDDE BWENEG FRED
sOBBE.

Examples:
IBM 7094, FORTRAN Monitor System (FMS)

17

3. Multi-Programmed Batch System
D@D D) &S

(1960s — 1970s)

Introduced in the third generation to minimize
the processor idle time during I/0.

PO® 58D W HWEMe g MIRG
g0 BBO esem 3 Oy 8OBstedE HESE) 6e®
@&

It is considered as Central theme of modern OS.
B »T® 60emEd® ©EOS6HE 6WBEE G6DSD
GRE tTREM.

Here, the process switches when a process

block.
cOBE, FOBoD DB §) B0 DO HrDBe @bt

&8. (ex- 1/0)

Input Magnetic Tapes (8®w &0)

OB Card Readers (=838 Sd® )
Punch cards (8g¢z &%)

Output Magnetic Tapes (8®w &0)

gBo» Line printer (638 @c#v ©55)

Key characteristics
S @ESesN

Several jobs are resident in memory

simultaneously.
DBO BBG BBeSED Owecs 5O8.

OS manages / OS »e®@xmogne O8:

o Memory allocation / @ s 88O
o Protection / epde5end®

o CPU scheduling among ready jobs

80580 sD8» e god CPU
Br@mOSn BOHO

Often introduces spooling (Simultaneous
Peripheral Operations On-Line):

e@e®3 B0 spooling ®»eXe) ecd:

Uses disk as a buffer for slow 1/0O, like printing
and card reading.

BeHs 65 RS DO & sieond® |/O
BE®) DMAOGE 6@ OB IS DOB.

Still mostly non-interactive (batch), but

internally concurrent.
200 66w 00 GEIOHEHMD DD
(EBER), DS 5B DOD 30D @d.
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Memory Structure
Powed D5we

Memory is divided into multiple partitions so
that several jobs can be stored in memory at the

same time.

Oown Ry 6Ol ORD 6Re) &8 gmd DAGS
DO WEB HBSGE ODHWed ®RE) DG
BT,

These partitions can be fixed or variable in size,
and memory protection is required to prevent

jobs from interfering with each other.

6®® 6O SMDG 615 H@gnens BOEs Bn
B g0, BEG DD DS 5O Drero®
BEH) O POSID OGS 685.

Scheduling Type
B8c0mdsn 8568 g®eden

There are two levels of scheduling: job
scheduling decides which jobs enter memory,
and CPU scheduling decides which job runs

next.

Bo@mOsME BHe® 008 ecwmid Hed: VGG
BEOmOHE OO Oownd ged® Oxes p®®m
Bore e  Some o8, o» CPU
BEEmOHE DO SemD Hisdm DS5es @
BBEE B oSG DOB.

When one job waits for I/O, the CPU switches to
another job.

D e 1/0 esem St 80 80, CPU 6d®s
VBEEDO B0 68.

Amount of Users
sOBenB8 weMmD

Many users can submit jobs, and multiple jobs
from different users can be kept in memory
simultaneously, although users are still not
interactive.

eE®; SHBEDBSO DIVBE PEDSD BE WD
g0, 880 sdBemBsems DK IBEES DO

Bwed D on HSn, DT SOBEDBS
2008 GBS 6:68.

Single vs Multiuser
28 e®] Dy sOBED

This system supports multitasking through
multiprogramming, but it is not fully multiuser

in an interactive sense.

6®® BB RHVEDOLNG ®O®) DIV
B ©BHG OB, S Do FSOOHEID
abOESS BHEEESO Dy SVECD 62068.

Advantages
08

e High CPU utilization (CPU rarely idles
waiting for 1/0).
e9mg CPU 9936 (1/0 se®) && 806®s
CPU @08 gt 68).

e Higher throughput than a simple batch.
B0Q IO OB 9Bg SBDEE
QeDO.

e Better overall system efficiency.
&0 508 MBEHBOND DE) 6NECS.

Disadvantages
&8
e Much more complex OS / &0 e30S8H#n
OS ©)®>e:
Memory management, protection,

scheduling, and deadlock concerns.
O DEODWOLNE, POBID,
BoOmOgE BO® 3w B0 ®TOD.

e Debugging and performance tuning are

harder.
BeeHe3moOENc 63 DIIVEG 0B 63630 BH®
eBmd .

e Still poor for interactive work (users still

“submit and wait").
SFBOHEEIIND ) e DO OB
(sDBEDBS OB “98bessS o D) BI").

Examples:
IBM System/360 - mid-1960s

CDC 6600 - late 1960s
Burroughs B5500 - mid-1960s
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Memory Evolution in Operating Systems
6®enr® s£080@ Onw obemdn

Empty space —1+—>»
Empty space ——> Empty space —1—>»
Program n —1—>»
Program 1 —+—>»
Program 1 —1—> Program 1 ———»
0§ ——>» 0s ——>»
No OS Simple Batch Systems Multiprogrammed Batch
(1-4 KB) (8-32 KB) Systems
(64 KB - few MB)

4. Time-sharing system
E Buwdd 808
(1960s — 1980s)

Time-sharing systems emerged in the 1960s as
an advancement in operating systems to
minimize the response time and maximize the
user interaction during process execution.

550 HEs OB BB 5w OB IO
B8 xOBED FBIVHE b BBV eem
6®emE® B0 Ered e 1960
MEODIBDE IR Dwesw SES BB 6e®

@C.

Here, a process switches even if a process is
running fine (preemptive via timer interrupt).
cOBE, BOBHE MER BHIDO® de
BDOBk @6t 6D (MEG #dess B8 Se) .

Input Mouse (@&wa)
PDOB Keyboard(smoe 890zD)
Output | Magnetic Tapes
o80® | (B D)
Line printer
(038 Qs 6siy)
User 3 User 4
User 2 User 5
User 1 Active Link User 6

19

Enables to share the processor time among

multiple programs
RH) DOEVHES O HWHENEE WIQEG 6D

@O0 ®TDED @Rree.

Rapidly switching among programs, credits
illusion of concurrent execution of multiple

programs.
Dede0ns oo Begens @de AKS gD

%) DOERRAGS HHBOD DD DD 658DHB.

OS switches processor from one program to
another after a certain time quantum (context
switching)

oeRe S8 I Oidednass o908
B0 DO x5O 6d@DDO &gy Bds OB
(es55eten e350)

Key characteristics gt @Sesn
Interactive: users type commands and get

quick responses.
BOHEEIIND BO: sBBE®EBS Bthw O8BS o
OS] BNO R .

Multi-user: many logged-in sessions

simultaneously.
Ry-o0BEm: DDOO 6E®] 6@ &) 568
e5cDEO.

Stronger requirements for / ®380s ¢d@so):

o Fast context switching / e®®5 ese5ctemcs
®de BOH®O

Memory protection / ®»wm e0w3@D0

File systems and access control / eeg)
BE0E &5t B3ed® ENEMGB

Typically built on (and extends)

multiprogramming ideas.
£2@DBEES XN HOCRD et @D 6mIRD®)
e (639 E® OE).
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Memory Structure
Powed D5we

Time-sharing systems use advanced memory
techniques such as swapping, paging, or
segmentation.

DR DS 5L »OENGr BB, 80 BY® 6]

R BOO OB cesed O BSB® BB ©HDom
DOEB.

Virtual memory is often used, and strong
memory protection ensures the safe execution
of multiple users’ processes.

g5 OB 6em] O wdm O® oo,

GBSO o MOSd B oOBEDBREE
BB oB8oD Hri®w BOO oS wO.

Scheduling Type
Bodoosn B86e® g®eden

Scheduling is preemptive and usually based on
Round Robin. Each process is given a small time
slice, and the CPU switches rapidly between
processes to provide quick responses.
BodmosNE SO DeB O b eNRIDBEHRS
OB 60D B SeH® 68. 528 FHOBHBWO®
2D MR 6O @ & s gmd, WO
o850 ) 80 e CPU 8mdds aod
65®ers @dt 68.

Amount of Users
sOBenB8 ®MHD

Many users can access the system
simultaneously via terminals. The system
supports dozens or even hundreds of

simultaneous users, depending on hardware
capacity.

ee®] SOBEDBRO sHeRD ®oE DO
808G D) DG BTDG. catlo® HDDD O
s5enB, 5E8G &80 ®HHEW 60 8K ®EHE
DOO SOBEDBIO 5 ewdE.

Single vs Multiuser

o8 e®) iy sOBeD

Time-sharing systems are fully multitasking and
multiuser. Multiple users interact with the
system simultaneously, each feeling as if they
have their own computer.

E GAETHED &S ©BVIMEHES® DBV
0 Dy OB 5. DY sOBEDBS DD
sENBG O®m gD ) OB, DS DD ard
OB SOOEIDEE 4t DO eres.
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Advantages
)5}

e Fast response time for users.
SOBEDBS Bem) 65mOS BIO DIRGES
B30.

e Efficient sharing of expensive hardware
resources.

BE gl catho® 658 DIVEDBOD 6Re)
®8®.

e Great for program development, editing,
and experimentation.
BeB)esDMSS e30DVRME, e30e3DOFC €59
g5®me) Dd® tem BBBOB.

Disadvantages

&8

e Higher OS overhead (context switching,
scheduling, protection).

OS OB esem) ) &S 8O (e555eh®e
@Gz BO®, HEBOHE®D OO, epdeed).

e  Security becomes critical (many users on

one system).
68D BOENSOD 68 (B sE0BGD
6@16®] OBEDEBS).

e Performance can degrade under heavy

load (too any users/processes).

gD DVEBES NBGE 06 VG EI0MDG
BB800 @ Bk ®HG (6683
BB/ D).

e More complex to design and manage.
20RE® SO 65 DEPMDOLNB BHO DENS
€300 ENE.
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Multitasking
Qg VG

Ability of a computer to execute multiple tasks
or processes concurrently, seemingly at the

same time is known as multi-tasking.
sOoMDEDD DdO VDD DWVEES  6m)
85ORB 60mBD Srndw BHe® ®SEO N
BB 6ERE BIERES.

While it may appear that the tasks are running
simultaneously, in most cases, the operating
system rapidly switches between them, giving

the illusion of parallel execution.

IBEES DwdO FEw O»n DD 656HBHO
BR/#sS, 6w’ deNDEE, 6®emE® EBG
6D®6eES IVEES GO @t DD o, @O
S B0 B3Re @eszdn a4 O,

\\"l){i!’l mA Summer of
T Monuments
Secure ShYI]

Secure Shall (SSM] Ix

B |8 Seoweshel - Wipesa .| 1 Cakalatzr

&7 GMJ Irege Marpadeson .. %) VLG mede pyer

Bis 15 Linae sinl rumiey Iirefox, ¢
ne M t

(M Isage Manipulation Project

There are two main types of multitasking.
Qg VG gih e ecwed Bed

1. Process-based Multitasking
5O @ 5cm® §) Y G

This involves running multiple independent
programs  (processes) concurrently. Each
process has its own memory space and

resources.

6®x0 ©@®mIBD Dy 3Ndn D)eD®S (H:HOB)
o BOO et 68. 0@ §uDBnwOe
DOB6EE B GO 65 58t .

The operating system switches between these
processes, allocating CPU time for each one.
6®6emE® 808G 608 FOBH d bt D
g0, D DN HEIOBEG ) WD R 6O
OB

2. Thread-based Multitasking
Thread ®» 3c»® § D WG

This involves running multiple threads within a
single process.

6®r0 O HOBGE ¢ threads BBesns
NOHB BDHO eres 68.

Threads share the same memory space and
resources of the  process,  making
communication and synchronization easier.

threads ®o® ®o® gdwIBE ©® FNOBED
6Bss R iR®, &XBeBemn  6®
30ZRHDHDOLNE 3908y O
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Examples of Multitasking
Qg BG BeHn EedHN

Running multiple applications simultaneously
(e.g.. web browser, word processor, music

Background processes (e.g. antivirus scans,
system updates) running while the user
interacts with other applications.

SsOBEDE DN 6K HBA® GEDOHE WO
OO0 5B OB (6o oB-080ts
£305B58E, 0S8 IOMBZD B) Frd®m 68.

player).
DDO 6068 BB HOBDE BH®
(e - PR oBBud, dey rwe®, to&m Word ! Web -
DAODB). Processor ] browser REE
Server handling multiple client requests 217 g g g
concurrently. . ,
gﬂééé)gg@@) Ry eBhenm 9588 ©®EHBD [ Qpe"at'“9$3’5tem
CPU core
Comparison between stages of evolution of the computer
sOmEnmed sbEmBed gdis ged t30ess5cE
Feature No OS Simple Batch | Multi- Time-Sharing System
System programmed
Batch System
User Interaction Direct None Limited High
s0B0m gL (Manual) SBOS e 80 5B g3
e5aeg ()
Job Execution Manual, single |Sequential, Concurrent, Concurrent, multiple
§e0s GO | program single program | multiple programs | users
(e RO, OB DB, OB [SRIONOMA) SOOI, DY SOEBEDHES
RlGAN L) RlGAN L) RlAN L)
CPU Utilization Low (idle Low (idle during | Higher (overlaps I/O | High (rapid switching)
eoewed 856 | during 1/0)  |1/0) and CPU) 9OEB.
g8)3. (o |gRd. (o o 9BEH. ()™ (CaloRiaoNeale)
5B 580 gdd | GEEB 658 WD
o0 e |t 1) @ O®)
5®)
Memory None Simple Complex More complex
02D DEEPMDOLE
Complexity Low Low Medium High
[l eYoN L6 G G B3O B
Response Time Manual (slow) |Delayed (batch |Improved Quick (interactive)
&8O EG FROT processing) B8 E@gn w0 gt | 9n0s (pdobEmd)
(@23en®) o5®e 68 (&)

€502EO)
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Classification of Operating Systems
c®emnE® 308 DLBOE

Based on number of users
sOBED B0BO B s5cHBd

1. Single User
o OB

Single-user operating systems are designed to

support one user at a time.

T 0B 0emEd® o8 SbeEgnn O
gedesd BODD D SOBE®EnRD &M ErHpd®
EBEEIE.

Provide an environment where a single user can
run applications, manage files, and interact with
the computer hardware effectively.

600 2B 8 sOHBEDEGRD 6Ke® HD®E
B580, 66Ny DEOI®OBE BHOO 589 OGS
2a)o® &O® DEE)B 6@ FRODVEE) SOOO B
23000 €5e308.

Comparison

2. Multi User
) sOHBeD

Multi-user operating systems are designed to
manage and support multiple users
simultaneously.

8 sHBED 60eHEE &R t5tEN® DO grrien
DO Ry SOBEDBE DWDO DEODDOLCE
BBOO e 329 RSO esencs BBOCH.

These systems allow several users to interact
with the computer, often at the same time, by
efficiently sharing resources and managing user
activities.

6®® 5208 OGS SOHBLDBS BB ecemWO
sD@HDE BO® gt Fd SOOD 9f) e,
ee®’ O D@ gddEMedEd, &dsd
IHEDBOD 6REETRO 5 SOBED HIOD®
DEOMDOING BHO.

£306BEDC
Feature Single-User Operating Systems Multi-User Operating Systems
Bed®omn T 008D 6®enr® odds g OBED 6PeHr® LS
Resource Resources are dedicated to one user Resources are shared among users
Allocation 6855 D8 SOHEQWEERWO WS WO gr. | B85S DY SHEQWHES FDd RS ®S.

688 605 OO

User Interface
[SlelGleIn)
OB

5® et Dym sSOE@D
OB .

Mainly a graphical user interface (GUI).

Provides GUI and command-line
interfaces.
GUI e3t9 Bt 6B empdc@mens 3cesc

Security and

Permissions
OO €529 FDEsd

Basic security for a single user.
BB PO B SVBEDEnROB.

Strong security and access control
GBSO OO €59 KOG N
(IBDEES.

Process and Task

Manages processes for one user.

Management 28 OB BE®) HOTS
DEOMDOSNE

Manages processes for multiple users
R VBB Bem i SO
DEPDMDONG OB

System Complexity | Simple and easy to use and manage.

More complex due to multiple users,

Windows 10/11
macOS

80863 80 @ $HT) HOOO &® processes, and security measures.

E3oBBEBOCS DEBDNOEB BOBO e38EE. D) SOBRDES, OB €59 OB
BrDOns De@mnmosncs 830 e
oS 68.

Examples MS-DOS UNIX and UNIX-like systems

COBOE Windows 95/98/ME Windows Server

IBM z/OS
Solaris
FreeBSD
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Based on number of tasks
B 5@ B scHBd

1. Single Tasking
T oW

A single-tasking operating system is designed
to manage and execute one program or task at

a time.

Fep W0 6@eHEE &SN 5tEH® DO e
DD O  OleOmens  6m®m)  Sneent
DEOM®OIB BHOO 659 FEHOD SOOOCG.

These types of operating systems dedicate all
their resources, such as CPU time, memory, and
input/output devices, to a single running
application until it completes.

6®® OVmed 6@emr® s B8 CPU e,
DB, 6B POD/HBO® EN0® B B
&8s, Do ©BdHen O» e D5 HOd®
6GBEBO wres wOEB.

Comparison

2. Multi Tasking

Qg VG
Word Web Browser Email
1 Process
Process . ' L’
l _-* Process

Operating System

|

CPU

Multitasking operating systems are designed to
manage and execute multiple tasks or
processes simultaneously.

R e 60emE® &S ttEN® WO e
DwDO D odooes  e®  §odld
DEOM®OEB BHOO 659 FEHDOD SOAOCG.

This capability allows users to run several
applications at the same time, significantly
enhancing productivity and system efficiency.
6®® MDD HOHBEDBRO DWOO  6red
BBSEE OB BOHOD 9b) ©Eed, dee)Bomd
509 BE08 BEEDB®DD eTESn G 6@ Il
2OB.

£306BEDCE
Feature Single Tasking OS Multi-Tasking OS
Bem®iome T obee e@emnn® s&S Qg VG 6PeE® &S

Resource Allocation
58e3ty 8Dy HOH®

Simple, less complex
0@, &h) e300

Complex, efficient management
50BN, IBEDS® DEODIDOLE

System Overhead Low High

808 eeng BB DD a8 WG

CPU Utilization Inefficient Efficient
CPU 8o BB DIVEBBOB
User Productivity Limited High
s0&ED DB B0 e8> 9nEH
System Complexity Simple Complex
s5E0B6E 5oV EIOG B0 50

Example
EEBOEN

Early MS-DOS, embedded
systems, early palm OS, CP/M
(Control Program for
Microcomputers), Apple DOS
(for early Apple Il computers)

Windows, macOS, Linux

24
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1. Single-user Single-tasking
T 08D T b6

A single user-single tasking operating system is
designed to allow one user to perform one task

at a time.

FTo dBom T DV6 6PemE® sEOBnS
EB@#nn O griens O SOEBmenD DGO
D IBGEE BHOO 9f) tsrEets BOEGE.

These systems are foundational in the history of
computing and are characterized by their
simplicity and efficiency for specific, limited-use
scenarios.

608 5208 sVHED @BWIEEE SeH® O Fd

Fex8», B8 By g3 sem Tded BoE
B 59 WIVEBOME BB 50QEED 68.

Single User Single Tasking Operating System

@) i : |
- - - =

2. Single-user Multi-tasking
T 08D D WG

A single-user multi-tasking operating system is
designed to allow a single user to perform

multiple tasks simultaneously.

T OB Dy V6 6Pe»HE® SEOBGE
V@ @O gries D sdBmenmO dwdd
DIBBEES BBesoE BOOO @) 5t SVE .

These systems enable users to run several
applications at the same time, improving

productivity and the overall user experience.
6®® 5EB BB DEEYBMD 5t B3 SOHBEWD
eB® D8 Egn OB DG 6088 BEBescw
O®E BHOD sOBEDBIBO HBED red.

Single User Multi Tasking Operating System
P - N [

&o- -8 -
L / ™~

Result

25

3. Multi-user Multi-tasking
) sHEBED® VY WG

Multi-user multi-tasking operating systems
support multiple users concurrently while
allowing each user to run multiple tasks

simultaneously.

Ry OB Dy WG 6®eHEE 808 O B
OBEDEO DDO VXD WWVEEGES HEIDOD
BB 9b) 5D GO® DWOO B sSOBBHO
& &390 68.

NOTE :

A multi-user single-tasking operating system
cannot exist because when multiple users are
active, the system must handle multiple tasks at
the same time, which requires multitasking.
RH)-50BED OB-DWEG 6PeHEd® LGS
BB emm, Bfe Dy OBEDBS §rxrd
O O, »EBRO dWDO IMVOEE BESED
®eBOB®B (e o, T esem) D) GG SEOSGEES
gO®s 8.
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Based on processing model
oe® PwaSo O scn®d

Multithreading Operating System
Rt ERTEID 6®emE® &S

A thread is the smallest unit of processing that

can be scheduled by an operating system.
FBBEGD BE 60eHED BEOSGD &S Bn®
DG S DO e3cwe® Towna.

Threads share the same memory and system
resources but execute independently with their

own execution states.

FBSEcD DO B W SES B8 6
®8, 288 FTned® Husen SHed® OGS
BO® SNDHO HPHDOD 8.

The OS scheduler manages these threads to
improve CPU utilization and enable concurrent

or parallel execution. CPU 08¢ O28@en
OO 59 OB 653 B0 HEHDOD OO

o8c S0 0SS 5x@Hdd 600 FunScic®
DEOMDOBING DO,

Graphic

RespondingJ ﬁrammar‘

to Keystrokes Check
Thread Thread Thread
[ Word Processor J
CPU

Multithreading

This approach enhances system performance,
responsiveness, and efficiency, especially in
applications that handle multiple tasks at the
same time.

6®® pedms Jem®ens DWOO VEGBHES
BB wE0edd 66eBDE LS BrImdDO®,
5BONDOD RO e WIVEWBBD 8 Eren
WOEB.

26

Single threading Operating System
o eScicn 6@emne® &S

This allows only one thread per process, so
tasks execute sequentially with no internal

concurrency.

T 8o o0emE® oEdBoE O
FBBEGHEDO @I 9 6w Reds, emsRmo
SOMB  HPIRBIMOEBS  6MOD  DIVEGS
FRDBD HH5ED 68.

This simplifies system design but limits

performance and CPU utilization.
605 ©EB ©EH® 8o OB, D DIVG

306 6% CPU en8mc 8®) mdE.

Examples include early operating systems like
MS-DOS and CP/M, as well as some real-time
and embedded operating systems.

coO®ogn e@es MS-DOS &w CP/M a8 @3

6®emE® &8 60RO ©@HO D5 DIZ® &M
e, 6@EHED ENS e 68.

code | data ‘

‘ registers ‘ | counter l ‘stack|

é <— thread

‘ files |
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Comparison

£306BEDCE
Feature Multi-threading Operating Single-threading Operating Systems
Bem®iome T gnEcio® 6®emne® s&s

Systems
R ERSEID 6®emE® &S

Concurrency and
Parallelism
BOOBBOE &5
BEBDODOENE

Supports concurrency and

parallelism
OMBOG 589 E5BIBDOWDOLIES
BEM) OB EWOB.

Runs only one task at a time within a

process
HOBws DG DGO B BB
Hoss@w DOEB.

Resource Sharing
6855 BRE®TEE®

Threads share memory and other
resources

FRHBID ODWE 655 FERD
6855 BREHE) ®S

Each process runs independently with
its own allocated resources.

520 HEOB[EDO HOSGEE 605 DS
6055 &O® ESNDHO HHDOm 5.

Performance
DB e

Uses multiple CPU cores efficiently
and keeps the CPU busy
Q5 CPU @0568 080 0» oo

I/0 e®e®E® d8 CPU obnuned
) ®5GB

CPU may remain idle during 1/0
operations.

I/0 e®e®»r® @8 CPU 8cd &5td80:
D 3

Responsiveness
&5BNG

Enhances application
responsiveness by allowing
background tasks to run
concurrently with user interactions.
5B gBOHFE) BO® HRENSD
5808 @VEES FEI@m SO @)
808 60e® uBMOE B Eren
WOEB.

Can become unresponsive during long-
running tasks.

ERmB® ®VEES gDoORd 6668 &G
©DEDOB.

Examples

Windows
Linux
macOS
Android
i0S

MS-DOS

CP/M

simple embedded OS
early Palm OS

27
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Based on timing requirements
R BrOGS O s5cH®d

Real-Time Operating Systems (RTOS)
o035 E 6PenrR® 08

A Real-Time Operating System (RTOS) is
designed to serve real-time applications that
process data as it comes in, typically without
buffer delays.

225 DZ® 606mE® 3&dBnE (RTOS) &B@)gncs

D0 e @mses buffer g@enies emmdd
e e5cBegn® B0 5wt DB P 6BeBDRO
6305 BBHBOG.

Examples of RTOS include VxWorks, FreeRTOS,
QNX, RTEMS, pC/OS-Il, uC/OS-lll, and ThreadX,
each serving diverse applications from
automotive and medical devices to industrial
automation and aerospace systems.

RTOS esemn cepmden eres VxWorks, FreeRTOS,

QNX, RTEMS, uC/OS-Il, uC/OS-lll, eseo ThreadX
FED 6.

Real Time Operating System

Man-Machine Interface

]

Operator
System

\

Key Characteristics of Real-Time Operating

Systems
o035 mE 6@emrE® sED8DE S @SeEN

e Deterministic Timing
Bbgnom e SHens

Ensures that tasks are completed within

known, fixed time constraints.
BNOG R BEOSD G DVEES 58N
2O RO 398 WOE.

e Priority-Based Scheduling
S8R scHd § cocddoond BHO

Uses a priority-based scheduling algorithm
where higher-priority tasks preempt lower-

priority ones.

58D seHd® §) mEesDHS arSemdDHOEE
DD OB, DBE 9wE PRV IVBEHES &tf)
58D gHEnesnr wOE.

¢ Minimal Interrupt Latency
gO® ) PG
RTOS are designed to handle interrupts
with minimal dela

RTOS 8b@gnes @06 agriess i) SB58 D@
5@enBsS esBOdROG

Instrumentation Interface

1 @7%2?

Real Time Computer

28

I Controlled Object

¢ Reliability and Stability
BB06B0s500 65w SMHDOSBOS
Designed to be highly reliable and stable,
with features to recover from hardware or
software faults.
cato® 6% @aco® 6c38 DFS WSO

HPO Beweio® &), @) WO €5
BNDO EEs BHENBG DO L.

¢ Real-Time Clock
25 Z® 0D
Incorporates a real-time clock to manage
and track task deadlines accurately,
ensuring tasks are completed within the
required time frame.
BB e B DE DIHGEES 8ten Do
RO oS DOFS, VG DSBS
58680 DEODIDOSEG BBOO €309
SODBNE SO0 o5 P DOEEI DD
FED 6D.
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Types of Real-Time Operating Systems
o035 MZ® 6@cmnr® 08 dH®

Hard Real-Time Systems
Missing a deadline can lead to catastrophic

failures.
86 e S0 0® ®de Ostsmend
NGO 655 BB BT,

Examples include medical systems, automotive

airbag systems, and industrial control systems.
EO®OE 6@ 660es SEAS, w® Iy Rzd
S5EOS 59 VB eNED SEE e 68.

Soft Real-Time Systems

Deadlines are important but not critical.
BB HEBEDS Oie®s DD SOENDOD
©68.

Missing a deadline results in degraded

performance but not total system failure.
BB e BEOD O® ®deds VG MG
B850 o8n O» DD ©BE B
ENBODBOG 6506,

Examples include multimedia systems and

telecommunications.
EO®OE 6@ RH@IS &S 5w BeB t3068®
FED 6.

Task scheduling

Device drivers

i 8

T

Task 1

Resource management /

Read/
Write

File 1

29

Use Cases for Real-Time Operating Systems
2035 DZ® 6@cnr® 508 by gdtsM

e Automotive Systems
Onw® &8

Engine control units, airbag systems, and
advanced driver-assistance systems

(ADAS).
DB e Trow, O REa SE0S 5w esed

Boeds e &8 ADAS.

e Medical Devices
eedes ¢eswidsn

Pacemakers, infusion pumps, and MRI
machines.
6e3e360mb, 9x5BE®e 6enBes et MRI eiy).

¢ Industrial Automation
BB BSOGEoFrOENc
Robotics, assembly line
process automation systems.
MR DB, DwEE LR LNEBEB €W
5O B3DGoSimdsn sERS.

control, and

¢ Aerospace and Defense
EOBODIBE 63t POBBL

Avionics systems, unmanned aerial vehicles

(UAVs), and missile guidance systems.
@O ) B5ENB, BBRS OB @DS Drwd

UAVs e BesBe @bemised® sE0s.

¢ Nuclear reactor control systems
2580 588EMOD HE® SE8

Monitor and control reactor operations in

real time to ensure safety.

PODED HSm OO e IBFEMOD
6®6xE® D5 MO HBDwWesnn OO 5w
BNEDG BOO.

¢ Satellite and space probe control
systems
DB 650 gHsdm®m e HED® SEDS
Manage navigation and system functions
with strict timing requirements.
ed) R OGS HBHDD oEIEMEB €W
B5E0N8 BImOm® DEPmOE HHO.

o Elevator control systems
eesien® nE» séS
Control elevator movement and safety
responses in real time.
6e33e® DEMG 6 MHODBD GO OB
DIBDD eEBG HOD.
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Time-Sharing Operating Systems
e Snd® c®ewr® osE08

In time-sharing systems, the processor’s time is
shared among multiple users or applications by

rapidly switching between them.

MEE DHnesm 58S DEE, B sOBEDBS M3
6ke® b 60mens ®0: De®S e
DEG GRS ®F) QIGR.

This allows multiple tasks to run as if they are

happening at the same time.
cPIBS VEGES BHSEE DDO DO
DTS 6@ wm OO @) eEest.

Key Characteristics of Time-Sharing

Operating Systems
E Snd® 6®cwr® 08D Gt @EeE

e Quick Response
QuOS &&O®

Each user or program gets frequent access to
the CPU, so the system responds quickly to user
inputs, making it suitable for interactive use.

2@ DBEDECRO® 66 OrednomO® CPU
6D BDO edmsc @eR® ®BS, oSEABG
sOBED 60cHE DD WASH HBNO O
gm0, D6 BV ENMD DG BEE) e 6D.

¢ Reduced CPU Idle Time
CPU 8 g@t onee gf) 508

The CPU is kept busy by constantly switching
between tasks. If one task is waiting (e.g., for
input), the CPU immediately works on another,
minimizing downtime.

VEES god BOSoens @dc Se®5 CPU
DVERXED D) BF. Hd VS &8 BI56s

28 (6e): epeynn em), CPU B8s Dmm® oD
IBEEES FEISOD DOBS e IRG GO OB,

e  Multiprogramming
Rt OB DO

Multiple programs are loaded into memory
simultaneously, and the CPU switches between

them to keep all processes progressing.
) DrBesdms DO BWEO 3086 DOH @M
gm0, B80e® HOB® SOndm DB DD

@0 CPU F&) g0 @de 68.

30

¢ Resource Allocation
&8ss DS SOO

System resources, such as CPU time, memory,
and 1/0 devices, are shared fairly among users,
preventing any single user from monopolizing
the system.

CPU anes, @omo e |/0 coom 88 oS
6055, SOBE@DES god N0 6@ 6RE)
o88s &8 oOBomecn oldsn oo
NDDEES DRWOB.

Resources are dynamically allocated and
deallocated as needed, depending on the

current load and user demands.

D OB 6w OB 938 @ SO
688 O8D 608 WO gdms O 6 ®»dH
Q6.

e CPU Scheduling
CPU 85c@mdsns 808

The CPU time is divided into small time slices
and assigned to each process in turn, ensuring
all users get a fair share of processing time and
smooth system performance.

CPU o @) ane 6Ol He0 6Re) &ts eod
S DD FOBHO am@Bmd D0 &, DG
Bre® sOHBEDBB0 50we® DHEeES IO
60D M 800 &S BHIMOBOGED @TeD™
R0 wo8m 6wed.
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Comparison of Real-Time and Time-Sharing Operating Systems
2035 ZD 6@cnr® &8 t» R Bnn e®@emr® &S totssle®e

BEO) G @IVGEES 5BHEN BES
e,

Feature Real-Time Operating Systems Time-Sharing Operating Systems
Beci@nn (RTOS) (TSOS)

o035 MZD 6®emwr® &8 e Snd® c®ewr® sE08
Timing Tasks must be completed within No strict deadlines; focuses on fair CPU
Constraints defined time limits (hard deadlines). | sharing
R BEHDSS 5600 mE BEDS (8 @ e2® ES®0s een®im; CPU mes

ENOLN 6EE 6OS BO® 6meOS GOIMEG
6T DOGB.

Task Scheduling
IBEE
EB6EDH®D
B55@

Priority-based Scheduling: High-
priority tasks run immediately.
58D NED® Ce5eCRB®D HVO:
9HEG PRV IVHES DD )
OB,

Round-Robin Scheduling uses time slices.
OB BOIRVS BHE HHO NE @ILHE)
)0 DOB.

User Interaction
felelGIGIn)
FRLE

Typically, minimal user interaction
E®HHBEES FOB SO
FRBE

High user interaction with multiple users.
) sOBEDGS BN gwe @006
sOBED gBOLEE Be OB

Response Time

Response times are predictable and

Aims for minimal response time but

MC/OS-Il, ThreadX

B0 mEG guaranteed. without guaranteed limits.
B0 MEG 360IDODEG DG BT 00 3BHNO NEG BEMD) YR DOD
g0 560D B85 e 58O 2D 5B G B8PS 6e@om.
@TeRE.

Examples VxWorks, FreeRTOS, QNX, RTEMS, UNIX, Multics, IBM 0S/360, VMS,

Windows NT

User Interfaces
sOBED giTEMmens

A User Interface (Ul) is the part of a computer
or device that enables users to interact with
software and hardware.

s0BeD gud@msnos (Ul) cx osdosnmom
6] CoNomG e  O®»  gmd D6
sOBEDBBO Bacmio® €8 Catlo® BBO® b
S BBOO 5eHEID @R 668.

A good Ul makes interaction smooth, efficient,
and user-friendly, improving the overall user
experience

e, Ul Do gSobESmd 680, anbeie® e®
s5DB-BNS OB, 603D sOBED eSO
OBBRE OB,
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1. Command Line Interface
B 688 gdc@mens

A Command-Line Interface (CLI) is a text-
based user interface where users interact with
the system by typing commands into a terminal
or command prompt.

B 638 andt@nenos (CLI) oy ene &
se®® § sOBeD gi@menmn dn gud dBE
sOBEDBE OVLBEEDO 65 B® DGO

Bne 083 BV SEBG &O® G
OB,

It was the primary method of interacting with

early computers and is still widely used today
D5 BB DE6E SD®END BB® DD H) BOED
R3O POG § b a0 DHED B OB,

Powerful and efficient, allowing users to
automate tasks, manage files, and control
system settings using command interpreters
like Bash, PowerShell, or Zsh.

RDed ® MHEDB® O» god, SODB®BRO

Bash, PowerShell %3 Zsh 5% 8th® sddbom
DDeES VGG BDGSn SO, 6oy
DSOS BOOO 5 BEDS D LNEMEG
BBOO 98 3.
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Examples

e Unix/Linux Shells (e.g., Bash, Zsh)

overide@Atul-HP: ~
overide@Atul-HP 1

dr X e ¢
overide@Atul-HP:~$

e Windows Command Prompt

Microsoft Windows [Version 10.0.22631.3810]
(c) Microsoft Corporation. ALl rights reserved.

C:\Users\plus_vision>ipconfig

Windows IP Configuration

Ethernet adapter Ethernet 4:

Connection-specific DNS Suffix . :

Link-local IPv6 Address . . . : fe80::381:35f:43f9:76f3%21
IPv4 Address :10.4.2.1

Subnet Mask 255.255.255.0

Default Gateway 1 10.4.2.2

Ethernet adapter Ethernet:

Media State . . . . . : Media disconnected
Connection-specific DNS Suffix . :

e PowerShell

@ VisualSUN Server PowerShell

Windows Powershell
Copyright (C) Microsoft Corporation. All rights reserved.

Welcome to VisualSVN Server PowerShell!
List of VisualSVN Server cmdlets: Get-Command -Module VisualSVN
Get help for a cmdlet: help <cmdlet-name> or <cmdlet-name> -?

Get online help for a cmdlet: help <cmdlet-name> -Online

PS C:\Repositories> Measure-SvnRepository

[Name Revisions Size

Departmentel 927,050 KB
Departmente2 11607 190,488 KB
Departmente3 660 4,898 KB
Departmented 2502 11,329 kB
Departmentes 2197 66,432 KB

PS C:\Repositories>

e Terminal on macOS

2. Graphical User Interface
B sOBED gridtEMmenD

A Graphical User Interface (GUI) is a user-
friendly interface that allows users to interact
with electronic devices using visual elements
like windows, icons, buttons, and menus.
Do sOBED gdc@neno(GUl) cy sd&om-
Boond agdc@mnsmon O god DAGKS O,
gBm», O w 60x B cams go®

NDDEES YEEWEOISD €e30® LB® SGHDV H)
BB sOBEBRO 9B 5.

Unlike command-line interfaces, GUIs use
graphics and a pointing device (like a mouse) to
make navigation easier.

B 638 adt@nens 608 ex9d, GUI
BoNEBE &mwey SO® ew) D ©® ere)d®

E0®ED(@BmED Di8) dm) wOa.

Operating systems like Windows, macOS, and
many software applications use GUIs to
improve usability and accessibility.

Windows, macOS &8 6®e®n@® oS ®
66 Bacmo® 6HED BB €51 HEO®SID

B8 Br@n BO® ee® GUI 8o 6.

User interfaces run with windows, icons, menus
and pointers (WIMP).

sOBED oM DO, alm®, 60 M
eb®WES BO®m §usem 68.
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Examples

Linux GUI

MacOS GUI

e  Windows GUI
ceome s
9 ¢ ¢ 08 v
@ o 0O @ = &
va

HPpuHezoLe e0uw Tnd

I

290w +0) =0) 99

Graphical User Interfaces (GUIs) VS Command Line Interfaces (CLIs)
B sOBED gritEmens 5w Bt 688 gdiEmens gond 6Dt

Aspect

GUI

CLI

User Interaction

Interaction through graphical elements

Interaction through text commands.

Slelclei) like windows, icons, buttons. 65g B ©0®) FBHOEE).
islalelnln) DO, EBDD, 6IBHB DB Do
BREDs o) FBIVEE) BHO.
Usability User-friendly, easier for beginners Requires knowledge of commands, more

NDDEE 5esd

OB @D®-BnD, epOBmmide eem)
ESBEI0S.

complex.
DENS e30BVHN, DN BERE con®s Gd®B
8.

Learning Curve
9emAR® OY®G

Easier to learn/ @e®5®0 eseesd

Steeper learning / 8@%) 96680 O3,

Speed
RO

Slower for experienced users due to

navigation through menus and dialogs.

6O 3% £30D1¢ BO®) E30DIRJEB
eBDEOR 5EL0tE SOB@DBS Eem)
B 8.

Faster for experienced users who can
execute commands quickly.

BN 9SS HEOD DG B 563088
sSOBEBS BEeH) 68mOS 6.

Resource Usage
3858 97D

Consumes more memory and

processing power.
D8 i 65 €50e® DEGD

sdemiesmn DOB.

Lightweight, uses fewer resources.
56 RR 68, d® e85t BN IS
DOE.

Error Handling
el ®Edd®

Often gives visual cues or messages.
eem) 80 cams 9@ 6® sH5E) @D

ee.

Errors may be harder to interpret for

beginners.
POBWBS sem) 6eid agbd Bozesgnn SO

epeseney Do wTEs..
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3. Voice User Interface (VUI)
®6) OB oW

A Voice Command Interface allows users to
interact with a system using spoken language

instead of typing or clicking.
w6 s0BeD gd@HHmE BB SOHBDBSO
0833 BH® 613 DR BOO 6ORDD OB 8D
NDDEES SEQBGEE 5O® gt H) BHOO gb)
€3@es63.

VUl convert speech into commands using
speech recognition, enabling hands-free and
natural language interaction while providing
real-time responses.

VUI 20 ®een@td® endoecns @Omn SiH®
RO s3BOBBEG OB, DB P HNO 583
FOOR g-Semed 5t SN @) VG
655G DOEB.

They enhance accessibility for all users, support
multiple languages, and are often integrated
with Al assistants such as Siri and Alexa to
control devices like smartphones, smart homes,

and cars.

Fon Bogd sHBemBS oew) gedmsmd Bif)
8rdn OB, Dy tN®) BEH) BHG OB, &®
B@HOemies, SO B&es 5w 6@OL OO &

EN0® eNEMG BO® eem) Siri ew Alexa &8 Al
EMEWERS BO® 66 8O FmRED 8.

Examples:

e Siri (Apple)

e Google Assistant

e Amazon Alexa

e Cortana (Microsoft)

VCls enhance convenience but may face issues
with accents, background noise, or complex
commands.

VCl o030 88 Engn 08, 285 8o,
o808 ®»Ren 61 oSbHE D® BB® ®IOO
DO Bmgn En ®TEs.

Q ‘.. Eiei;’\ (@) chatepT
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4. Virtual Reality Interfaces
god5 MV RO MmENS

A Virtual Reality Interface is a computer-
generated simulation that allows users to
interact with a 3D environment using special
equipment like VR headsets, gloves, or motion

Sensors.
g5 MHO GROT@HEDD B SOGDENDEHES
BODE @OD @ oM O® god BB

s0&BEBBO VR endetsd, din® e®’ e
&3060ecw 8 Do cmbsn mBmens S@én
BB BO® g H) BOBO g9 e5@esd.

It provides an immersive experience by
simulating the real world or creating entirely
virtual spaces, making users feel as if they are

physically present in that environment.
B oz eRime gmmofme Sde®s e®)
&8eHEnenx® gods  gOmImes  SH@HEnn
BBe® eSO 0 ) 6B, DB
sHBeBRO OB &sdesded ewIBnd 80» RS
060,

Key Features
S @ESesn

e |Immersive 3D environments
B8 3D esdesded

e Real-time interaction
DB DIBD GO

e Requires VR hardware
VR catho® gd®s 68
(e.g., Oculus Rift, HTC Vive, PlayStation VR)

Examples

VR games (e.g., Beat Saber, Half-Life: Alyx)
Virtual training (e.g., flight simulators)
Virtual tours (e.g., real estate or museums)
e Medical simulations

VR interfaces are widely used in entertainment,
education, healthcare, and military training.

VR expéc@uens Bemicyeddenm, elnesdd,
6e9Ds 63N & BB GHHD HeE) PXED
NS 68.
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5. Gesture-Based Interface (GBI)
eBu0 O o5c»d § gnds ueno (GBI)

A Gesture-Based Interface allows users to
interact with computers or devices using body
movements, typically hand or finger gestures,
without touching a screen or physical controls.
g 1D gdi@nsmon OBS sdHEBEDBSO
BOGED 663 695D NEDEH 5esb® 6O GBDO
DEM®ES, HBIDBEHES G 60 LB GG
DDEES SV®ED 63 Ce30® B® B
BBOO @) 3.

It uses sensors, cameras, or wearable devices to
detect and interpret gestures.

D5 EBDGES HEDMe®® GO Bozssenn SBHOO
£3060ew, Wi®0) M) STGED BT EeNo® NI
DOEB.
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Key Features
&5 Dewsio®

e Touchless interaction
Sestm O SBGE

e Natural and intuitive control
SONTD 59 JEDOG LHEBGB

e Often uses motion-sensing technology
eRNe®3 SO DE® 5068w DIIDBLI NN

@O8 (e.g., cameras, infrared sensors)
Examples

e Microsoft Kinect (for Xbox and PC)

e Touchless gesture controls in smartphones

e Smart TVs with gesture navigation

e Virtual reality hand tracking (e.g., Oculus
Quest)

e Automotive gesture controls (e.g., BMW
gesture control)
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File Management
@Y DSODDOSE

File vs Data

Data refers to raw facts, figures, symbols, or
information such as numbers, text, images, or
sounds. Data by itself may not have meaning
until it is processed.

e 6N a8 @Oy, OFes, €306 GM) 30,

6556, 0z 683 BRE DS eMORNOT 6. XD
e OT FNO® gHOGE 6BV BTECS.

A file is a named collection of related
information, usually a sequence of bytes, that is
stored on a computer or other electronic
device.

6RO Gy  DoMmDeD 6m) DD
PEEWENBD CN®ED  OREN WO aed
eN@5enS ABO nBEeden d»n dBemnwO
BB 6Ot DO .

In simple terms, data is the content, and a file
is the container that stores that content.
80D BOeHND, £BDD (B3 FSDVO®DG DD eDd
eENHROD 3E) DO FEDVODE ®RIE) DOD
Ren®E.

File
BEIND

It serves as a fundamental unit of storage,
allowing data to be saved, retrieved, and

organized efficiently.

D ®RE) BdH6® BB Towns 6@ 6306 o,
e S0, @) GtBD ©mw VEDBOD
300D BHOO g e3@esd.

Files can contain a variety of information types,

such as text, images, audio, or executable code.
ey OE 6656, 0z, BOS 6593 HEMBOD WG B
6D 5 B8R 6mMORG: OV® &lo® BB W&,

Files are managed by the operating system
using a file system that keeps track of their

locations and properties.

ey D BSN® &M CHRDBH HOHDBENB WO
ey BEOSEE ®0®) 68emE® sEBG OB
) e@mO#G DOE @eR.

uuHﬁL
) t

OPERATING FILE FILES
SYSTEM SYSTEM

File Structure
emIY BxmeG

A file structure is a format understood by the

OS of a computer.
My DEHEE Y 606eHED EABHBDO 6O®
®OD B ePHaSR.

A file has a specifically defined structure

according to its file type.
eMRODO O gdEess agud abd codh) SBHdDD
Rlole W Rszcol

<“«————— 1920 pixels ————»

<—— 1080 pixels ——>»

A file structure of an image

1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

01 02 03 04 05 06 07 08 09 10 11 12 13

A sound wave converting to digital form
to store
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File Name Components
e®YE) MBS 630D

period

image ! jpg

1

file name file extension
(primary name)

1. File Name (Primary name)
@Y MBB

Used to uniquely identify and distinguish a file

from others.
CENHOD FDDS BERE WEW) BTRHOD €3 FEDW
FnBeS 6050 ®ED) ®eSHBOO NS wOE.

When multiple files are saved in the same
directory, each file must have a unique name to

avoid confusion and accidental overwriting.
D® @OPJom 6my SHoGD HOSH O,

OEDOB 3w overwrite H® OEE) ®TBOO
520 emHODO® goms HOD SDG GE.

If two files have the same name and extension,
saving the second file will overwrite the first
one, potentially causing loss of important data.
ey 6O DD® H® &5 ERdr B T,
6CDD 6mRD HEIEEdS e emHRD overwrite
D® g0, DB ems e MBHOD e DG
BT,

2. File Extension
emH Exd

Used to indicate the file type and determine

which application can open it.
ey DV®E crdB0 e Do DD BE BV
2®® 66e®O Grie BOHMG BSBOOD ©HD DOGB.

It indicates the file type and informs the
operating system and users which application
should be used to open the file.

D emy DV®BE 6557 WO® Do 6@mIND
DDan SOBO DM WE G 66D 6Pe»H®
&GO e sOBOBSO eBOB.

Text files ot
.doc/.docx
.odt
rtf
.pdf
Spreadsheet Files
cec®es Xls/ xlsx
emX .ods
.CSV
Presentation Files
980 5068 emxn -PpY/.pptx
.odp
Image Files S
520 2 JPg/jpeg
.png
gif
.bmp
Audio Files
@05 emn -mp3
.wav
Video Files
BBex’ ey ‘mp4
.avi
.mkv
wmy
Compressed and Archive zip
Files '
0888 5 edS8® emiy | 1Al
tar
.gz
Executable Files oxe
Sorsien e ®i emy )
-app
.bat
.sh
Web Files
o0 e@A .html/.htm
.CSS
Js
php
Programming Files
DOedD® emy) -py
Java
-€pp
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Showing extensions of the known file types

1. First, go to the control panel and search
for “file extension”.

file extension

2. Then click the “Show or hide file
extensions” below “File Explorer Options.”

] File Explorer Options
Change the file type associated with a file extension
Show or hide file extensions

@ search Windows Help and Support for “file extension”

3. Inthe "File Explorer Options” window, put
a tick on the "Hide extensions for known
file types”.

File Explorer Options X

General View  Search

Folder views
You can apply this view (such as Details or Icons) to
all folders of this type.
Apply to Folders Reset Folders
Advanced settings:
Files and Folders A

[] Aways show icons, never thumbnails
[] Always show menus
Display file icon on thumbnails
Display file size information in folder tips
[] Display the full path in the title bar
Hidden files and folders
(O Dont show hidden files, folders, or drives
(® Show hidden files, folders, and drives
Hide empty drives

Hide folder merge conflicts v

Restore Defaults

OK Cancel Apply

A file can be viewed in two ways:
e@mROE PO BN crBe BTHG:

1. Logical View (Programmer’s View)
OB cr® (DOCRDEE Credd)

This is the way a file appears to users or
programs, seen as an organized sequence of
data (such as records, pixels, or bytes).

6005 6mNDD sOBEDBSO 683 Betlesdms DO
8e30®  pandnB, Do oD  eno
FNBEeOED 6@ BB WK (Do, BueE
63 B0 8).

LOGICAL VIEW

(Programmer’s Perspective)

[3[7.0] 23210001 0] <mvetdlatis: user=program; date-2023-10-27>

DINT I < occes image(ile);
I load pivels(file})

SAD-to FLIMAKE

END-OF-FILE MARKER

\ J

2. Physical View (Operating System's View)
x9S ct® (6@eme® &S cr®)

This is how the file is actually stored on the hard
drive or storage device. (such as 0,1 / north,

south / crest, trough)
eNRD D DBEEHO €ad) DO6E 6m) HREN

ENo®EE ®RE) @O g epmdn 6@ (0,1 /
E0, cdn / Bbec, B8n O8).

PHYSICAL VIEW
(Operating System's Perspective) - Hard Disk
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Logical view vs physical view
OB cod® Vs 6B crd®

Aspect Logical View Physical View
OB coed® IS cT®
Representation Represents data in a meaningful Represents data as binary content
oz format (e.g., text, tables). stored on the disk.
HODS PHWISERS D 20606 ®REN O gt &G
Bozessnn D08 (6e): 6656, D®) FEOVEODE 6ERE EB BOzSHG DOGB.
Purpose Provides a conceptual Describes the actual storage structure
3080 representation of data. of data on the disk.
e O 50mEBB BOEesHBE 22060 eodE 55 GRE) DR
35068, B30 Oa.
Accessibility Represents data in a user-friendly | Represents data at the lowest level for
ed@smmd format for manipulation. storage management.&®&»
®BOO® e sOB-BB DEOMDOBNEG &) 3Hc® BDD6D
PSRN e Hewlswn OB, | e Hewlesme OB,
Management Focuses on data structure and Focuses on disk-level details for
DEODIWOLE organization for usability.cs® efficient storage
D0 309 CLeEIBDD BEH) management.mbese® GRED
00D 6E0E FONDH 6N | wE@mmies Sem wd O30
®0B. Beld 6me0® Dt 668 DAOGB.
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File Attributes
BmIT) RSWVo®

File attributes are properties associated with
files that provide information about their
characteristics, permissions, and status within a

file system

BENE CORDBLN (BE) 6MIY BEOSEHD e Ted
Q®®, gded ©H DBBOG BeRe 6MONT
£303(52 B@IA) BB BRVBDD REFNo® 68

General Security Details Previous Versions

@ WhatsApp Image 2024-06-05 at 12.05.15_e6754967.jpg

Type offile: JPG File (jpg)

Opens with: Photos Change...
Location: D:\Downloads
Size: 39.5 KB (40.477 bytes)

Size ondisk:  40.0 KB (40.960 bytes)

Created: Wednesday. June 5, 2024, 12:05:31 PM
Modified: Wednesday. June 5, 2024, 12:05:17 PM

Accessed: Wednesday. June 5, 2024, 1:44:20 PM

Atributes: (JRead-only  [JHidden Advanced..
Security: This file came from another computer
and might be blocked to help protect () unblock
this computer.
[ oK Cancel

General Security Details  Previous Versions

Property Value
Sharpness
White balance
Photometric interpretation
Digital zoom
EXIF version
File
Name WhatsApp Image 2024-06-05 at 1..
ltem type JPGFile
File location D:\Downloads
Date created 6/5/2024 12:.05 PM
Date modified 6/5/2024 12:05 PM
Size 395KB
Attributes A
Availability
Offline status
Shared with
Qwner BETELGEUSE)\plus_vision
Computer BETELGEUSE (this PC)

Remove Properties and Personal Information

oK Cancel

40

Owner

5l0/ne

The owner of the file is the individual who
created or owns it.

emNEd STwdc O SH@ENG DG 66 EBS
8E®EE) 68.

They typically have special privileges, such as
the ability to modify permissions or delete the
file.

0RO  eN®rwsens goed dntd Sde®
WBDEO 6] emnnd B B O Dowes
DOGENE T

Location(s) on Secondary Storage &88&8m

epdoned 88508

Indicates the physical or logical location(s)
where the file is stored on secondary storage
devices (Ex. hard disk drive, solid-state drive).
ZOBBm GREN c5oede (Ee): € ®d
DD, BH-DDDD HDDE) 6@IND BRDED O
&5 69985 695 VB BN®E(B) DB

Access Permissions

gedm gded

Access permissions specify who is permitted
to read, write, or delete data in the file.

8560® gdesdns OGBS em®ed e BEOD,
BOBD e® ®wn c®®0 gdesd gres Oe
3D BEHS DOB.

Time and Date of Creation, Modification,
Last Access

Ebengnn ¢ O om Ene, eduned SO,
&0 5eder

These timestamps provide information about
the history and usage of the file.

6mNGE 9BMmIesn &5t NDDG BERE 6MOOT
€38563E3.

They help track changes made to the file's
content and monitor file activity.

Fon emmxed gxiobomnd ®O® @ 6DDm®
®E OO & 6mY HEMODE® SHdwdsencs
SO0 el »OB.

File Size
ey Smesdn
File size reflects the amount of storage space

the file occupies on the disk.
M) G BB 6mRD DO6H e ®RE)
9B 3®Enc BEDE) DOB.

Size on Disk

ot06d oergne

Shows the actual amount of storage space a
file occupies on the disk, which may be larger
than the file size due to how disk space is
allocated.

6RO 0@ s DOem® B0H ®RE)
9B &5®ENG 6e58OB, Do B @) 6D WO &S

PINOB Bt e6m® &5BENcd &) e Do
B,
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How data is physically stored on disk
o50ed co 6wISnd ®REN O s PO

Platter

&=

v e
-

—_—

— Track
Circular Path

Sector
Small Section

Block
Logical Unit

Cluster
Group of Blocks

Platters
o0

Platters are circular metal disks inside a hard
disk drive that physically store data. They rotate
at high speed while data is read or written.

Platters ¢ cad o0 OGS G 68 OO
63w 0 O® gud DBE D IS GRE)
@6 e, e BEd® B0 63 Br® o0 TFon
g 69®enS BB 68.

Data is stored in the form of tiny magnetized

spots
2 HBHD @B PWIOEHES D GRED WO &TD.

Some hard disks have several platters.
&oe® eaf) 50 D@ O BBeSHE SOS.

Tracks
&0

Tracks are circular paths drawn on the surface
of a platter. Data is recorded along these

circular paths.
50 68 206D ORBO g8» @ 08 AV® 6.
e 6®® OB e Bdetd B0ms 68.

There are several tracks on one platter.
D 5500 B 30 HBBesH O,

Modern hard disks can have thousands of
tracks on a single platter

2o 1l D@ D5 DG 5O et ®EMD
B ®eB6
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Sectors
208

Sectors are small sections of a track. They are
the smallest physical storage units on a disk and
store data in fixed-size portions (commonly 512

bytes or 4 KB).

go®m f MO® &0Gm @B eandd 8. &M
0D S DEN® 695D ®REN T O® gmd
8NGO 5@ 6O ORBS e ®REN OB

(e®®5ec® B 512 e®3 4 KB).

Blocks
S

Blocks are logical storage units used by the
operating system to read and write data. A

block may consist of one or more sectors.
FE) ) 60eHEB SENBG BB e BHBDB®O
&0 BDRO 0D O MHBD GRE) Tow 8.
D@ DO go®m D 663 BBesd eflo® B
®TEC.

Clusters

Clusters are groups of one or more blocks used
by the file system to store a file. A file is
allocated space in terms of clusters.

Clusters o) 66 €080 D8 6mBROD GOREN
O e B DO DeEw D 683 Ol
BHHDD DEVENHEE 68. emn®O Clusters exd
8 608 OX) @TeD.
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Blocks in the disk

A block is a fixed-size unit of data used to store
and read information from a hard disk.
FED GE Al OB 6mOROT BREN
OO 59 BEOBO DM OD ESNDO ¢5®rFnecd
e Towens.

The computer does not read or write single

letters or bytes. It always works using blocks.
sD@Eme OB gudt 663 RBO B 6w JOO
eMWOB. Do t5cd®DOR D@ NDDEHES S
OB,

Blocks are made when the user formats the disk.
There is a default block size in each file system.
But block size can be tuned.

sHB®E) OB PWIBDOSE O® BO &)
&EE @eR. ©E® My BEASED® 68058
MFEEE  HOENGED e, DY, IHVEED
SOFNEB 63630 DG BUBCS.

Format Data (D:) X

Capadty:

224GB
File system

NTFS (Default)
Allocation unit size
4096 bytes v

Default allocation size

8192 bytes

16 kilobytes
32 kilobytes
64 kilobytes
126 kilobytes
256 kilobytes

Block size in a hard disk is usually a power of 2.
When files with casual sizes are stored, they
must occupy whole blocks.

28 OEm SIED S@ING ENBIBDBEHS 2 &
RErE 68. 6003 @IFN BB 6@mIR GHRE) WOD
B0, &) e38e0®n NFFEEE D) DG HE.

If a file size is not an exact multiple of the block
size, the last block allocated to that file will not
be filled.

eEN{ED GEHNG LBRGHE BIENEE SHDD
RENDOEE 668 0B, DB 6m{DD DS WO
eSS gD NG ©BHHEHES T DS
GEWTCEI.

The unused space inside that block cannot be
used to store another file because a block can
be allocated to only one file at a time.

DO FGE DG S HDDED MBS 96
20D 6mNDD GHREN SBHBOO HDMN DG GIIWTD,
B DG DO DD 6@mRDDO 5OED
DS DG BTEC.
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This unused space within allocated blocks leads
to wastage of disk space, which is known as

internal fragmentation.

6D WO @E MFIED DG S 6@ NHDDEO
6M®S 98 D FOMIBEB MBS BB ex O»
g0 BB B0 DETFHOE 6@ HTESED.

Internal fragmentation
5550 DS DOME

HDD

block size = 4KB

file size = 8.66KB j

P Internal
- fragmentation

4KB 4KB

size on disk = 12KB <J

The block size is 4 KB, and the file size is

8.66 KB; the file needs 3 blocks (12 KB). Only
8.66 KB is used, and the remaining inside the
third block is wasted.

Re@n De® @ 4 KB d» b emnyned
&®gnc 8.66 KB 68; emxd0 Deeis 3w 12 KB

gOms 8. 8.66 KB @& t0dm) & oo,
250D Ve D> DG 950D a8 9b) aeses 6.

4KB

This unused space cannot be used by another
file, so it results in internal fragmentation.

600 MBDED MO @B OB 6MXDDO
D) DG eMHD, DD Do FHBRDO
RDEDBBDOENEO 6oy 68.

Simply, internal fragmentation is the wastage of
memory or disk space that occurs inside an
allocated block when the block is larger than
the data stored in it.

80D BOEHND, GO RETDDDOSNG By
6D OB @ Ve D DG DB GRE) O
s e DRD OE) Bene § D0 8 Bed» ol
RN IR ORIOGR
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Path Name
emY &b® B

A file pathname is the complete address or path
that specifies the location of a file or directory

in a file system.

ey @HE® MOGD GE 6MNE SEOSGD
eEMROD 66 MEOJon B88TO BEODD DD
&8eHen BB™B 693 BV®EER.

It includes all directories (folders) leading to the

file, starting from the root directory.
D0 Bro @OBens po@m & emudd B®
60550 BrE® M@OTP (6MITR0) e 68.

1. Absolute Path name
S5oesSs bm MOG

Shows the complete directory path starting
from the root directory. It begins with the root
(such as/in Unix-like systems or C: in
Windows) and includes all folders up to the

required file or directory.
Bo 2@DBens pOdn & eBeten DB
OV®EG 6308, Do e OB pid® 68

(Unix 828 s8080@ / oo’ ddetiel & C. &)
&5 GO®S 6RO 6] MEOBJH ) Bre®
MBSO gres 68.

Examples
/home/user/Documents/report.txt
(Unix-like)

C:\Users\user\Documents\report.txt
(Windows)

2. Relative Path name
esie &be »MBG

Shows the location of a file or directory with
respect to the current working directory. It
does not start from the root directory and is

usually shorter than an absolute path.

DO Hwmd @OBHO eSS 6@mNDD
6] MNOBrD BB 65508. D @
MENOBens POB® 6MOD GO ENEIDBEES
BoeSss OV®EDO DE) 60 68.

Example
/Documents/report.txt

Pathname

7 ~N

C:\Program Files\Windows Media Player\wmplayer.exe

T T

Drive Path Filename Extension
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A

nf 1 & nf 2 A nf 3
abc.html par.html
Xyz.jpg - l --
images videos audio
cheems.jpg
Ex.01

In HTML, as xyz,jpg is in the same folder as
abc.html, it can be referred to simply as
xyz.jpg. This is a relative path name.
HTML &, xyz.jpg abc.html emigtded® Sed

B3, D 30D Xyz.jpg 6@t BIESBIG BTw.
600 tNeSs BV® NOGE.

Ex.02

Since cheems.jpg is stored in the images folder
and used in pqr.html, it can be referenced as
\images\cheems. jpg. This is also a relative
path name.

cheems jpg images 6M3EOG RE ®REN DO
g8 e pgr.html & e5czeB.000 8)H8on

wOBes 28, D \images\cheems.jpg eees
®oEDDG ®Tw. 6OGE 7638 EH® MBGE.

Ex.03

Also the full location of cheems,jpg is given,
such as C:\\nf 3\images\cheems.jpg, it is
called an absolute path name.

C:\\nf 3\images\cheems.jpg e@t

cheems. jpg & @0 M®wc ¢ @) EBO
. DB BOeSD® OV® MOGD 6@ BERES.

What is a root directory?
8@ HNOBED 6Y ROC?

The root directory is the topmost directory in a

file system.
Bo D@DBG BE 6MmY) BEOSGD 9HE®
NORBEA.

It is the starting point from which all other files
and folders branch out. Every file and directory
in the system is located inside the root

directory, either directly or indirectly.

D5 e BrEE® 6mE) 658 6MISHRO 6RE &
OB B3N®HEB. 3EBEE €5E® 6@mRDE €30
BDB® €3aesd 63 Dd e OB G
880 gro.
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File Directory (folder)
e®mYE) OB

A file directory is a virtual container within a file
system that holds files and other directories.
6ENE) MBDOJHEE (3 6EIY) €3 DR MEOT
OED) DR ®B®) B6ENY) SEABHED DE s IS
[NCIOHE

A folder is a user-friendly term commonly used
in graphical interfaces. A directory is a
technical term used in operating systems and
command-line environments.

6MICROGED oy Dym gdi@nens O DKEd
D) DD OEBRD-BDS 60O, MMBDJE
65 606mE® sEOS w® Bihd 638
FORMINS D MDBED 6KEOS.

It serves as a way to organize and manage files
on a computer or storage device.

D5 sVOMDED 665 GRE) EN®HED 6MmN
£30DNDG BHBO 59 WEBMDONE BHOO S
OGS 6@ 6300 DORB.

Directories can contain any number of files and
subdirectories, allowing for hierarchical

organization.

OB e QAOOB ©oDHBED 9l B
Doz® 6@mA) 50RO 5B 5 RHED 5oDBOD
gfo® BB ®Tw.

Each file and directory within the same directory
have a unique name that distinguishes it from

others.

DO MEOBE G e €520 6ENHDODO® €3
DB O® e TNBS 6D5WO HEN®D
B DB DD T,

A file directory is a logical structure and a
concept. It cannot be seen by users. Also, it gets

a small space to make in the HDD.
ey MDJOE GH NOBD OFHEE €M
oR5ER. D SOBEDBSO EtBE WM.

Detd®, B HDD o 652880 i) 9tk @) ®5.

There are some attributes in the directories as
well. Those attributes are the same as the file

attributes.
MNENDBRDE@E, BEMo® o 68. DO BENo®
@R RFNoGORD &5EI1® 68.

File Directory types
emE ENDP ObV®

1. Single-Level Directory Structure

o5 80068 @O D5®E
In a single-level directory structure, all files are
stored in a single directory, and there are no
subdirectories.
28 80068 M@DP DxmwnD DG, BOR® eIy
25 ued®m @R w0 &4t god ¢t RHued®
GXOD.

Every file in the system is contained within the

same directory.
680B86E s ©z® emROBE Do® DB

2E Glo® 68.

Each file must have a unique name within that

directory. 65z® emxORE DB MHEOTG G
FOBL HOD BDG GE.

Simplest form of file organization, suitable for
small systems or those with limited file
management requirements.

6mE) 350DNBEE 3OE® eNO®, W) &S
BE®) 613 BB 6MX) WCODWOLN GOSN
e85 T esem e 68.

1.jpg methods.txt

Directory

OS.docx

2.mp4 JTP.txt

Files
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2. Second-Level Directory Structure
6cd® ®006® mmEOTP O5We

In a second-level directory structure, there are
multiple directories at the top level, each
capable of containing files and additional

directories.

6cdn ®0068 MmMmENOB DEHEE DC, VS
®006® R 2@DT &, T 6520 DB 6mN
&9 568D MNOB llo®w BOBD ®THEID .

Introduces a level of organization by allowing
for the creation of subdirectories within the

top-level directories.
9nE 0068 @D G ¢t PHRB SV
S5O0 @b Bed®S 308 BTD®D HEHE) 6ef.

Files are organized within these subdirectories,
providing a more structured approach to file

management. 6®%) DE®OSEG BCH) DENSS
DO ed®EE 330 608 5 RWL® DG
6@ t30DNBDGB WO GT.

Each file must still have a unique name within

its respective directory. £5z® &M@ O
&G MMNOBB DG OB gHHS HOD SV

.

Master Directory USER 1 USER 2 USER 3
/ | \
. . File File File File File File File File File File File
User Directories Entry | Entry | Entry | Entry Entry | Entry | Entry Entry | Entry | Entry | Entry

Files

OO0 O

3. Hierarchical Directory Structure
QOO OB Bz

A hierarchical directory structure consists of
multiple levels of directories arranged in a

tree-like fashion.

QANOB EOB ORWEE e O epmIOBs
el @O S D B006® @D DB
£OBTD 8.

Provides a flexible and scalable approach to

organizing files and directories.

6@ &5 MBNOT e50DNDEB HOO t5cH)
DOBBD 59 V@G DG O 56D®EEE
383363,

O O

O 0000

Allows for the creation of nested directories,
enabling deeper levels of organization.
£30DmeE @0 BOOB 556 OBS el
OB Bd@gns BHOO @b e3@est3.

Users can navigate through the directory
structure by moving up or down levels within
the hierarchy.

ANOBB e @008 gnEd 68 5wEd ®d
BBe®S sOBEDEHO BB Dx®e wdE)
€3825e3c®0 9T,

Offers efficient file management for large
systems with diverse storage needs. 888 ®®&H
FOBB) 8D BENE SEOS BE®) IMHGEDS®
MY DEOMWOLNED BOHOB.

Root Level Directories

Home

lib

—

Files and Sub-Directories User 2
A4
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Disk Allocation Methods
ey Bwd® @

Disk allocation methods are how an operating
system assigns and manages space for files on

a disk.

ey D PO By 60eHEE BEASGE DOk
MY E®) 98 OO EPMH®OMNE BOD
EPOGBE.

There are 3 main methods.
@8 5t PO®ede 3w L.

1. Contiguous Allocation
e, Beonesncs

2. Linked Allocation
8 Beoesencs

3. Indexed Allocation
50 Bemesncs

1. Contiguous Allocation
Re, Benedmnc

T
0000
0 -0
[ [0
00
W[ ve[] 0

Blocks

Directory
File Name  Start block length
Text.txt 0 2
Image.png 6 2
Video.mp4 11 6

46

A file is stored in one continuous block of
memory locations. This technique needs to
keep track of unused disk space.

6RO IR Onm WHEDh) BBk B8edI0
RS WOB. 6RO NDBHIE DDE M)
NDD 6 S 0 FOIBEB HDBEE BSOSO
OGS 68.

Accessing this file is called sequential access.
6®® emRDD 3edHD® XY HEd®B 6@
WEBOR.

Advantages
o8

e Very fast access (direct access).
68®Os edme (esagy Hed®®B)
e Simple to implement.
@ SO s0B.
e No overhead.
FODO 9B NDDHET M.
(This refers to the extra memory used to store

pointers rather than actual file data.)

(@ el @oOxEd o5 6MIYH Crd 60[DO
e GOV BO® esew) D) oD @O B
SOD®E 65)

e The movements of the hard disk are low.
20 06 Domns ai)d.

e File size is equal to the storage size of the

file.
M) B3BBG EENHD ®RE) BBBO B §
5®FNE0 @ 68.

Disadvantages
N8

e External fragmentation occurs.
DBO RHBOBIEB S 68.

e Increasing the file size is difficult.
emE @G D8 BV 80 .

External fragmentation
DBO DHFOBDONG

The condition in which free storage space is
split into many small, non-contiguous blocks,
so that a large block of memory or disk space
cannot be allocated, even though the total free

space is sufficient.

5030 Bets FDIM®EG DD O T Dwe®
DDEB®D 6:5tOEE Hex) GREN WO®D B BB
@ 6EHROD S5O ®RE) DOGD WS DOG.
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2. Linked Allocation Advantages
008 Benesncs 83

e No external fragmentation occurs.
DBO RFOEDOENEE Eeeened.

e File size can be easily adjusted.
eEN{ED OB B5®EEds DVHE DO ®D
D,

e Efficient use of disk space.
®RE) 9lwd) cdB®erS B 68.

Disadvantages
N8

mw7|:] 19 ] e Slow access (sequential only).
S

BB edBn (Fnmdm 5OL)

e Pointer storage overhead.

DI
irectory b 6eH) DrBed 9t Oic 8.

optional
File Name  Start block Size/

Risk of data loss if a pointer is corrupted.
Example.txt 1 20 kB eBBDED @O GrS0 e 63 GSO0
Program.py 9 16 KB 62 He® gD SOBE.

(Assume that the block size is 4 KB.
Re@n Dwm 5@ 4 KB el cesmdes®n
6DD.)

Afile is stored as a linked list of blocks scattered

across the disk.
6RO DB ®) € P v GORED
EN0®EB 8507 BEGtEn SR DS @D 68.

In each block
[ ORI ONAMNON
o Data/es®

o A pointer to the next block / 8g® #3800
eB&EE

Blocks can be anywhere on the disk or adjacent.
e GRE) ceNo®me Bz® mmm DD e5cdBG
et O DE® O BB ®HG.

Used in FAT (File Allocation Table) systems
(FAT chaining).
FAT (File Allocation Table) & ®)®o) 8.

47 _
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3. Indexed Allocation
58 B

All block addresses of a file are stored in a

separate index block.
emHED ©z® WHEDO BBHE OO D
IFED ORED OR @DEA.

Each file has an index block. The index block
contains addresses of all data blocks. Data

blocks can be anywhere on the disk

6z2® emHODOD 6D LGS ar. BrEe®
ey Do e BB® ©dm IS eo®
69. e De@® ®rdec Bwz® mrom BDG O

Used in UNIX/Linux file systems.
UNIX/Linux e s080@ Do) 68.

Advantages
o8

¢ No external fragmentation occurs.
DBO RFOEDOENEE Eeeened.

e Direct access and also can do random

access.
€338y 96D®E 65 FOE) HEO®E & WE WM.

e Files can grow dynamically.
eMRODO Bemeed HVOHG B ®Ho.

e No corruption occurs as all the indexes are

mentioned in the index block.
Bre® cHhomm 60D ENGE Hems @O
&S Qs HBE 6cimnn 8 6e6eD.

e No overhead.
FODO 9B NDDHEET BT,

Disadvantages
g8

e Extra space needed for index block.
60 DG em) Ditded 9t O B8.

e Index block size limits file size.
£ DR 58Nt BB 6mNed
5@ BE) B8.

Directory
File Name Index block
home.htm 11
6
14
11 8
18
48
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Comparison

£306BEDCE
Feature Contiguous Allocation Linked Allocation Indexed Allocation
Bemesiomn Re, Benedmnc e Beedoncs 58 B

Storage Method
®RE) BBe® HOn

File stored in continuous
blocks

FRHID HFTE) D@ GRED
20 e

Blocks linked using

pointers

ebmw NBDEHS
) BB O
o)

The index block stores
the addresses of all file
blocks

ebmm meited Boe®
eENE M) O BB®

®RE) 6wed
Access speed Very fast Slow Fast
569® 65®m®G 9 685®OS Bseond RG]

Directory Entry
MNENOB FrEs
EDelC)

File name + Starting
block + length(optional)
6@mNED HO® + POBHD
DEBRG + B® (Boodes)

File name + Starting
block + Size
6ENGD 2O +
POBD DI +
&5®@éncs

File name + Index block
6@mNGD DO + cH®D
ST

Block Placement

Adjacent blocks

Anywhere on disk

Anywhere on disk

OO ) OB

FODO 9B NDDET MDD

each block
B D B O
®ORED DO gtd cHhmD

INBE) BND®D IR, HBE) 206 Bne® oo | ®0ed DE® oo
HO®

Fragmentation External No No

Al BO T T

File Growth Difficult Easy Easy

6®IE) OBRDEG 80 ol ol

Overhead No pointer overhead Pointer stored in One index block required

B ebmw Do D
OB

O 80

Reliability High Pointer corruption Safer than linked
RICRINIS e} G risk Q€ DB O
eBomed 63 ar® | POSBDB
Be® gdcrn®
Implementation Simple Moderate More complex
Complexity &0@ Clarale) OENSS 30V
Hosem BHe®
£30OLIND
Best Used When File size is fixed Files grow Large files needing
DGO gee eanyed deesion frequently random access
FOBSND B0D6 8O 6mE HO DBRMG 58 5edme gdms BmE

[ClO RSO

49

ictfromabc.com




File Systems
ey &S

A file system is a method that an OS uses to
control how data is stored and retrieved on a

storage device.
6®6mE® &8 & emy GRE) BO® o) T
20D QR @BO® ©Ee®) D OB ORWEE
MY BEABGEE.

File systems store metadata such as file name,
size, type, permissions, creation date, and

modification date.

MmN BEOS 6@mX MBG, BBIG, BV®EG, &0,
SV D¢ DG 656 6D SDe® Exnc D&
NO-eBD ®HRE) wOB.

They decide how disk space is assigned to files

(e.g: contiguous, linked, or indexed allocation).
B emy ©Eem) DO @) SDO® OB SOHIEG
OB (6e): IRe, e5RE M) £50D Senesmn).

Advanced file systems support file permissions,

encryption, and access control lists (ACLs).
CetS ey EB 6mE gded, GIDD®DE €W

8568® e @B (ACL) em 5w emoi.

Modern file systems are designed to improve

speed, reliability, and efficient storage usage.
2T 6mE BEOS BHBMEG WO GLED 6D®E,
DEOBBHEDOG 5t WIVCEDBO® GRE) tNDDE Ol
Bxign 8O® esewn .

Each file system has limits on maximum file size,

partition size, and number of files.

2@ 6mE SERBGE®O® £ed® @y @I,
0@ DE &G 55 6MmK ®END BERe B8
e,

ex-
FAT (File Allocation Table)

NTFS (New Technology File System)
HFS+ (Hierarchical File System Plus)
APFS (Apple File System)

exFAT

50

1. FAT (File Allocation Table)
@y Sms® DR

FAT was developed for MS-DOS to manage file
storage using a File Allocation Table that tracks
where files are stored on a disk.

FAT 8t@gns 0 gioes MS-DOS eeo) ey
®RVE) BOB De@®wdsnn OB cw) D oo
DB o0 6mIE ORE O &8 B
SBedegne DOB.

The FAT table and root directory are placed in fixed
locations so the system can locate boot files
during startup.

FAT 930 & e @06 SN0 SSHade RN
g8 b DOBS SEBBO POB®medEE mdBmm
BHENE) BESID) BB BTDC.

To prevent data loss, two copies of the FAT are
kept, allowing one to serve as a backup if the other
is damaged.

e OO Do se®), FAT & 8058 6cwme
D g god, Do g™ NS HDem
&e5e30mn 6@y 6306 BHOD 9f) e5Eest.

Mainly, FAT is universally compatible.
5r® dmens, FAT 86dxn Dmens gune 5.

Because of its simplicity and long history, FAT is
supported by almost all operating systems and
many devices.

D8 0@ VD 6w Br 9Bmiesn 5, FAT 8rg®
c®emEd® B8 ©® 6ME®] ceNom BBS 3
ewda.

Additionally, ~many storage devices are

preformatted with FAT when manufactured.
86328, 6RI6HS MREN EeNo®m SdeneHmn Db 8O

FAT 5@® 6630 enwmaBmogne w0 &o.

Devices such as digital cameras, printers, smart
TVs, gaming consoles, and car infotainment
systems commonly use FAT because it is

lightweight and easy to implement.
D803 @@, @con oy, D OB, b
eIMDEENR B® 6dOD OO emdRds O3

&8 BB ¢e500® e@560s FAT 08m) os5ee
D QR 658 §Ew SO0 smey Deds.

//—\7 8-bit FAT \ 977

FAT
categories
FAT getsie

FAT16B
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FAT Chaining Questions (MCQ)

4 N\
01. The block size of a disk is 8KB. A portion of its File Allocation Table (FAT) at a particular time is
shown below. The portion shown indicates the blocks of the fitgirl-bins.md5 file as well.

200D e 60D DmEsdn 8KB 68. 88 68@dw & ema Smiesn Oxed (FAT) emOes
oD cred. et g8 emndet] fitgirl-bins.md5 emxed 606 ¢ c5Oa.

FAT
Notes: 150 |151
|. The last block of a file is indicated by -1. 151 1152
emMROD denD 6O -1 ABS crwed. 152 |-1
Il. The directory entry of a file contains the block number of the first 153 154
block of the file.
6% MEOF 6MORO 6mHES 5GE e ST o gio® 154 |155
@d.

155 |156

Which of the following gives the directory entry for the fitgirl-bins.md5 file and the disk space
allocated for the fitgirl-bins.md5 file respectively?

fitgirl-bins.md5 e®x® s3em) 0@OF 6omoR0 (directory entry) e fitgirl-bins.md5 esnxnd
BE®) 608 WO & 0 98) BBeDBS @R 66X 5D BEMS OO &2

1) 150, 16KB 2) 150, 24KB 3) 151, 16KB
4) 152, 8KB 5) 150, 32KB
Answer: 2)

The block size of the disk is 8KB, which means each block can store 8KB of data. The FAT table shows
how different blocks are linked for a file. The number in each row corresponds to the next block of
the file. If the value is -1, it indicates that it's the last block of the file.

25060 DeEiw 60D ¢5@)%nc 8KB 68, H58 65z0 De@w 6w DwO® 8KB c55m ®RE) DE 5rm.
6m%) Denesd OXD (FAT) @& emudn tem) OB DeEis 6Ol 8RB D& epIOK 635505, D

D) 6886l o 6mNHED Be®m 0D gxdzes 60. gme -1 ®8, di 6EmHRES DD 6N VO
603558 OA.

According to Note ll, the directory entry for the file is the first block number, which is 150.
Note Il © 58, 6mND 3E®) MEDTB GO0 5EE) DO o 3ews d® gmd dn 150 8.

This means that fitgirl-bins.md5 uses three blocks (150, 151, 152).
6®BS gemed woxiex fitgirl-bins.md5 de@s 6063 e (150, 151, 152) ©08om wdem ROE.

51 _
ictfromabc.com



FAT

e Each block is 8KB. I
£52® DeEis 6mOe® 8KB 68. 150 | 151)|STEP 3

|
151 | 152)|STEP 2

e Since the file uses 3 blocks, the total disk space used by the file is 152 i 1 STEP 1
8KBx3 = 24KB.
e@mND De@w 6L 3 Do) oD Vtd), 6mRd ©NEm) DO 153 | 154
800 cded 9f) u®eucs 8KBx3 = 24KB 8. 154 | 155

155 | 156

The directory entry is block 150. The total disk space allocated is 24KB.
MENDB 60RO t3ew®) OSes 150 68. 6mNed @O BmEmDn Dsjes) 24KB 68.

Thus, the correct answer is option 2) 150, 24KB.
DB, BOOE BERO dwaes 2) 150, 24KB 8.

02. The block size of a disk is 8KB. A portion of its File Allocation Table (FAT) at a particular time is
shown below. The portion shown indicates the blocks of the report.txt file as well.

200D De@ 60D BmmEendn 8KB 68. 868m 6D@dm 8 ema Smesm D®ed (FAT) eandes
BHD Cred. 65558) g8 606t report.txt 65Hxed 6O ¢ o,

FAT
Notes: 310 311
i. The last block of a file is indicated by -1. 311 (315
emMROD denD 6O -1 ABS crwed. 312 |1
ii. The directory entry of a file contains the block number of the first 313 (314
block of the file.
eEMHROD MEOTP 6MORO 6@NGE G 66 IR o io® 314 1316
68.

315 |-1

Which of the following gives the directory entry for the report.txt file and the disk space allocated
for the report.txt file respectively?

report.txt 6xHxd sc®) MEDTP edd(directory entry) &% report.txt eemxnd seH 60 o
&8 0 98 BBedRS @R 6562 5D BEMS OO &2

1) 310, 16KB 2) 311, 24KB 3) 310, 32KB
4) 311, 16KB 5) 310, 24KB
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Answer :5)

Firstly, assume that the -1 in the 312 block is related to another file, not to the report.txt, as we

can't find the starting block of it.

5680, 312 block deo® &t -1 report.txt 6@RDO 6220, DHND EENQOWO BV DD Ee5ABHG
DOE), B D D epOB® BN GENEIHD GMNTD RDE.

Identifying the Directory Entry
NOB gedms »EH) @S

According to Note 2, the directory entry is the block number of the first block of the file. From

the table, the first block of report.txt is 310.

8305® 20 g5d OB 86DBG (BE) 6@MNED SEE N6 DOEN Gownd. DReds, report.txt &

6@ emdes 310 60

Finding the Number of Blocks Used
O 6D @ D@ @END EENC) @TDO

e Block 310 — block 311.
e Block 311 — block 315.
e Block 315 is the last block of the file (-1).

e 315 ca emxEd den®m 60t (-1)'

Thus, the file uses the following blocks.
60 exnd, 6mRD 5D G0 B WOE.

310 - 311 - 315

Calculating the Total Disk Space
80 0 FODIBE @MW BOO

e Each block is 8KB.
&52® D@ 6tmO® 8KB 68.

314

316

STEP 3
STEP 2

STEP 1

e Since the file uses 3 blocks, the total disk space used by the file is 8KBx3 = 24KB.

R D@ 6O 3w B DO RedE, 6mAD ©HDD) o @ten meded 98 ®IFNG

8KBx3 = 24KB 8.

The directory entry is block 310.
DB 6IORNO 5E®eS D5sesy 310 68.

The total disk space allocated is 24KB.
MY O BmEBOn dxes 24KB 8.

Thus, the correct answer is option 2) 310, 24KB.
OB, BOOE Bemd Bwdes 5) 310, 24KB 8.
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NTFS (New Technology File System)
20 BN 6@y SEIBG

Developed by Microsoft, NTFS was first
introduced in 1993 with Windows NT 3.1.

BBeetnd0 B8 B 8xey @o®» @ NTFS
850®enx 1993 & Windows NT 3.1 s@@s ogsSen

GeE® 8.

12228

MICROSOFT
WINDOWS NT

3.1

NTFS is an improved version of FAT.
NTFS ©5 FAT & 888@en e enIceHe.

These improvements include,
c®0 OHERs S5O0 suvm 68DE gio® 5.

e NTFS can automatically recover from certain
disk errors, supports Unicode, and handles
larger hard drives more efficiently.

NTFS 0 eoe® 50 6638 DS 30moSmd
6O IBHOED 5 B B gm0, BRI
BEX) BHE OB e dmE £id) 0 NS
IHGEDBOD BegdTDR.

e Provides stronger security through file

permissions and encryption.
emy g0 ©H NG HOD) GO
OO €5e3E3.

e It is mainly used in Windows environments
where advanced security, large storage
support, and reliable data protection are

required.
D e BOmwens NI ORed el
OO, DEIE GRE) e8I €58 DHEESEIHED

e pdend gdms dx Windows edesdde
.

e NTFS was designed to replace FAT due to
FAT's limitations in file size and performance
on disks.

FAT & o08@ 6mg) ¢58)%0c 656 Hmdsioed

BENOS 6560 FAT 38e3demnc SBH®0 NTFS
EB@gnc @0 &aum.

e NTFS supports built-in file and folder
compression to save disk space.

20 98 950 @O ®d® tem NTFS xe®
SUEEnn DO @ 6mNE) 58 ISR BSBD
DB au.

e NTFS supports very large file and partition
sizes (much larger than FAT32's 4 GB file limit).
NTFS om Bmne em &® &o® IEISES

e 656 e (FAT32 8 4 GB emx) 8890
DE) 6Re®’ D®IERK).

54

e NTFS uses a special structure called the
Master File Table to store information about

all files and directories.
Boe® emy ©® MDY BBREC 6MONGT

®RE) B%® eem NTFS Master File Table 33
Demes O5nD NS DOG.

e NTFS keeps backup copies of critical file
system data structures to improve fault
tolerance.

6c38 ®e®noD) @S®0 NTFS #dih»®w &
ey BB e DIWERE® 30 8Os
2 BEE.

ReiserFS

Introduced in 2001 for Linux, it is a journaling file
system that uses a B*-tree structure for efficient
storage, especially of small files, unlike Windows'
NTFS, which uses a Master File Table (MFT)
structure.

Linux eses 2001 8 »eSth ¢ 606, boms®

®RE) BV® ew) B*-tree Oxwns ©8m) @O
VD@ 6mE SEABEE, Dexsen® WE) 6MmA,

Windows &8 NTFS 6®s5 @218 Master File Table MFT
D5 D) DOB.

APFS (Apple File System)

Released in 2017 for Apple operating systems, it is
optimized for SSDs with features like copy-on-
write, snapshots, and encryption, while Windows'
NTFS focuses more on compatibility and
enterprise-level features.

Apple 6®6mE® 5208 eem 2017 & Sas @0 @2
6@, B80ss SO0 0 OO, odesd &®

NG 8 Dem®o® ©®®» SSD  eem

OSSO @O g g6, Windows & NTFS
FBEMD 65 O30 BTD6® DesBlo® 6WeOS
D8 DHWEE 6NE) DAOE.

HFS+ (Hierarchical File System Plus)

Introduced in 1998 for macOS, it uses B-tree
structures for file management and was designed
for older Mac systems, whereas NTFS provides
more built-in security and advanced file system
capabilities.

macOS e 1998 & wexeh 8 600, 6mHN
DEOMDOFNG e B-tree x5mes’ endo) @O
g0 50080 Mac 808 sew) Sbegns o0 a8

gm0, NTFS 880 6cnu® @ edw®Id 5t &6t
MmN B5ES BHBEIOS 3e53E.
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Disk fragmentation
250 DBOBOLc

Disk fragmentation occurs when a file is stored

in non-contiguous blocks on a disk.
200D 6ENHROD FRSIE) 6D It O GREN
20 &8 B0 20 REIBOFG B 68.

Instead of being saved in one continuous
sequence of storage locations, parts of the file

are scattered across different areas of the disk.
D ol onBEedem HAls® 6030,
emyed 60 mded DDD yedw ®wom) B
&eeD.

If a new file is too large to fit into one
continuous free space, the operating system
splits it into smaller parts and stores them
wherever space is available. This scattering of

file pieces is called fragmentation.

2D eNROD oI Hewsl Edm®mnmO
@B 6K OB Deme 5B, eB®e»n®
sE08n dn D 6O DD ) 98 &ts
Doz® o OEN DOB. 6@y 6Ol DEBHO
RHBDOSB 6QE BTESRGD.

Also, contiguous allocation can lead to
fragmentation over time. When files are

deleted, gaps are created.

Detd®, e Donesme DIQGD  60®m
DFOBDOHNEG BEew) 6w DB ®iD. 66NE O
€@ 80, B80S SH®enc 68.

New files may not fit perfectly into those gaps.
The system may split large files to fit into
available spaces. As a result, files become non-

contiguous.

2D emy DO BORD odedhem 6@
EM®TRES. SEBE @R D B GOIMI®ESO
@@ OE DEE 6my) 6ReRB. B8 DG
6@, 6N (NRE 6D IR BE OSE.

In other allocation methods, fragmentation
does not happen as they save the files in

scattered places.

gonns Dy PO OE, emny DB s
SNOE HQoB® ds, DBDOsME &g
©2760.
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Drawbacks of Disk Fragmentation
250 RS BOE® ¢t

1. Slower Performance

OB G DD
The disk read/write head must move to
different locations to access scattered file parts.
These increases seek time. Overall system

performance becomes slower.

BEGedn emey 6 60D edm B® eem) O
BDed®/B38e® Bben DD 5N 6D BN e
oG, 60060 MEEG DiBens e 608. &d®t3m
s5E08 HrmdDDn BSeonN® 68.

2. Longer File Access Time

Ex 6@y 5edm® K
Opening, saving, or modifying files takes more
time. Large files are especially affected.
ey B BO, (OISO 6t 6OmES BDO e
D8 DIeeE ooed. JeIE 6M:IE  Em)
Dem®ens D@end.

3. Inefficient Use of Space
#OmIBE gHGEB® 6 wBan SO®

Free space becomes broken into small pieces. It
becomes harder to store large files without

fragmentation.

Bewed gOmme i) DRdBORD wid .
DFOBDOENBEE 6t00D BEE 66NE GHRE) SO
e8>0 68.

4. Need for Defragmentation
550800 eH) gdmsmde s 58
The  system may  require periodic
defragmentation. Defragmentation rearranges
files into contiguous blocks. This process

consumes time and system resources.
BENBEO OBy D6 DRHEwOE des Be
oD, DRSIDBDOIEG 6my HRe 60 DD
2OD el WOB. 6PR SHHOBHG DIERG ©®
&8 58658 B OB,

5. Increased Backup and Scanning Time
£ese30 et 3wz BOe® tnes OB 58
When files are fragmented, they are stored in
multiple scattered locations. Backup software
and antivirus programs must access different
parts of the disk to read a single file. This
increases the time required for backups, virus

scans, and disk checking operations.

ey 6O dmens & 80, Fon B8y
BN BBe3HD OV 6w63. 53O Baco® €5t
8-080es OEOHS D8 6mRDD BHEIBOO
2060 BB 6 60D edr Do m®K. 680
B30, 66008 oz 5w 0 &de BOED
6®6e®mEd BeH) FO®S IR O OB,
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Disk Defragmentation
a0 BRSISDOSE

The process of reorganizing data on a storage
drive so that pieces of the same file are stored
next to each other instead of being scattered
across the disk.

®REN HOWEm ey  §Bodme  HDe®

BORBG D god DAGBS Dw® emyed mO0
50, O8D e 6Ol IRDe, ISR D BoOBH.

Defragmentation does,
250 BRSO OGS 8 DoH ERSE,

e  Rearranges fragmented data
REIDDEG §) e O Lwed BOH®

e  Places related file pieces together
FE 6mY ENOL DO DO

e  Organizes free space more efficiently
Bewel gi) DENS IBEEB®D e50DNDEG
DO

e  Reduce external fragmentation
NBO RFEDOENG &) OB

Defragmentation can,
20 BRSOBDOME OBS DS W6,

¢ Improve file access speed
6@ 55696 68®mc O Engn SHD

e Make programs load faster
DeBeD®m 60®mens g30Nn BHOO
€56QTE3D®

¢ Improve overall system performance
083D &8 SEMdBOG Ol Engn BB

file 4 part 3 file 4 part 1
file ; part 2
defragmentation file ; part 3
>
file , part 1
file , part 2

56

Disk compaction
50 t5oESDIDOLNE

The process of rearranging files (or blocks) so
that scattered free spaces are merged into one

large continuous free space.

B8BGesn Hewed gdommes O Dep GRS
Bemed Dm®mnm0 TanRER Do B8 emy (63
) 2D eswed BOE® HHOBH 8.

Defragmentation may consolidate free space as
a side effect, but compaction does not
necessarily defragment files.

g0t 5B 6QE DVFTEBOSG SHewmed
FODBE TRER DG Bl DD E30REDDOLIE
50 OBS FHVEEEHE 6mE DDFIOSDOLIE
G®WOHA.

Advantages
o8

1. Eliminates external fragmentation
NBO DETRDG 9O OB

2. Improves disk access performance (HDDs)
250 5560® VG 200G D8 Eren OB

Disadvantages
g8

1. Very time-consuming
DMERG ®D 6D

2. System slowdown
s5E08 BPemd B®

3. Risk of data loss
e S0e® gde)n®

4. Not suitable for live systems
88 08 sem e 6ad®

file 4 part 3 file 4 part 3
file ; part 1
compaction file ; part 2
>
file , part 1
file ; part 2
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Comparison

£306BEDCE
Feature Disk Defragmentation Disk compaction
Bem®iome 250 SRS mOS 50 t5oESOLNE
Main Goal Arrange fragmented file blocks into Remove free-space gaps
5 O@SD contiguous order 863 gDm® 9dn) HO®
RFOHG DO® EE 6EmIY 6O
DBeO IRV FHBEEDRD €35
Focus File blocks Free space
GRIAN) My 60 Bewel gb)
Used In Mainly Hard Disk Drives (HDDs) Memory management, databases,
20 DO 30 O®EHES cad ®d O (HDD) storage systems
RS DD DEOMDOIE, D ELIGS,

®REN &S

Data Movement

Rearranges file fragments to be stored

Moves data blocks to remove empty

coo DEHG together spaces
emE 60 DD ®REN SO e 863 DM®ES 9O SHAO e
2D 5wl OB 60 6®® BB
Performance Directly improves read/write speed Improves efficiency, may indirectly
Impact (HDD) improve performance
DB DD Bxded®/B306® 68mn t5acid® 8 VDO Bed) E@en OB, Dd
RDEeE® Eagy w63 (HDD) B 000 OBIEHRE E BUDG
Creates Yes (main objective) Not necessarily
Contiguous Files | ®3 (5@ gd@en) FSMBEEES 6206d
ORe, 6ENR
Eo@ngnc 2ot
Free Space May consolidate free space as a side Creates a large contiguous free space
Handling effect (main objective)
Bewel gb) Ot 5BOEGE 6@t Bewes 9b) DBeHDO e, D Hewed 9t
OleReRLO) A TARN RN 6] Sb@gnc D08 (556 e¢d@en)

57
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Disk Partitioning
a0 o BOO

Dividing the same physical storage device into

several logical parts for ease of handling.
D® 6095 ®RIEN oM BTBOD® e5wesd
BED) VB 6O BBSEDO 6RED.

Each partition is given a separate drive letter.
€520 e50RODO® 60D W OD @R & &r.

What is a drive letter?

OO oD xR OBC?

A single alphabetical letter assigned by the
Windows operating system to identify a storage

device or partition.

®REN Ee00®EED 6 60D HED) BTS® 3EH)
Bdet)iel 6@emn® B0 DS D0® @ 8
FOS.

Partitioning can be done on hard disk drives
(HDDs), solid-state drives (SSDs), and other
storage devices.

e @0 dwmmes (HDDs), solid-state drives)

(SSDs) &30 s ®RE) Eedo® @D Som OO
8Be g ®.

Purpose of disk partitioning
50 sSo® BBe® gb@en

1. Improve Data Management
e OO O Exen SO
Easier backup, formatting, and
maintenance of specific sections.
B0 emOlde omey co5tdd e,
PDASDOSNC €569 HEDDO.

2. Enhance Security
POED O Exen HLO
If one partition is corrupted or infected,
others may remain unaffected.
B 6O ®OO s 8 e® B0, et
so® OO DB e &t 68 BDO.

3. Optimize Performance
B NDBEG @S HOO
Some systems perform better when system
and user data are separated.
600 5208, BES e sOBED D 605
D¢ B0 eES Hw) mAOB.

4. Organize Data
e DR SO

Separate system files, applications, and
personal files.

6808 6oy, 6(KED 5B BEG®RD® 6mNE 6D
£558.

Partition 1TB Hard Disk

M C volume -operating system
D volume-programs
50 E volume- personal data

B Fvolume-entertainment

Advantages
o8

1. Easier Backup & Recovery
sty 6630 e 65K BENDDG

Format the system partition without

deleting personal files.
emB® 6mE @w) crBRBS 6MOD EB
50®D maSmognt SDHD.

2. Multiple Operating Systems
R 0®emnn® A8 Senn

Run Windows and Linux on the same
computer.

Do® osdagomed Windows e®  Linux
[ EMeCH

3. Improved Security
O)EEn e POHW®D

A virus or corruption in one partition may

not affect others.
D o@D 66DGEBED 68 6ciBrn &S
80, B g TFnd DEeHB6sS HTo.

4. File system Flexibility
ey &8 »OsBZOG

Different partitions can use different file

systems.
DD ©or DDD @ S B DS
BT,

e.g: NTFS, FAT32, EXT4
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Disadvantages
o8

1. Space Management Problems
gOm® DGODDOHN BTOD

If one partition becomes full, you cannot
use the free space from another partition

unless you resize it.

B 50RO B B DO, DB 5@HFIE 6DHES
EDWEEENS B8O DO 6mDeBS SHewed o)
Q) BDE GIIWTW.

2. More Complex Setup
OENS 3oV e5teey®

Partitioning requires planning and technical

knowledge.
o) BBV, toEn® BHEO® K DDBLID
ctn® #des B®.

3. Risk of Data Loss
e e85e® gdon®
Incorrect partitioning can delete existing
data.
DOE 6@es So®) BO® BB 5OB® e 9O
B &,

4. Limited Flexibility (After Setup)
88 »OsBZOG

Changing partition sizes later can be

difficult.
e50E3e®E 5630 60 @IFNGE ©6Doed
5@ gdwd B ®Se.

5. Slight Performance Overhead
£5© @6 el ecis g 58

Improper partition alignment can reduce
SSD performance.

Deaeey 603 ee3e®rel® SSD G &0
&f) o ®G.

59

Disk Formatting
50 PISDONE

Formatting is the process of preparing a storage
device, such as a hard disk drive (HDD), solid-
state drive (SSD), USB flash drive, or memory
card, for data storage.

PDIBDOMBG BH D HRE) BO® eem) cad

20 e (HDD), solid-state drive (SSD), USB
DG DG M5 O BB O ®REN
ENoB®ED e3wed BB HrDBGER.

Format Local Disk (E:) X
Capacity:

481 GB v
File system

NTFS (Default) v

Allocation unit size

4096 bytes v

Restore device defaults

Volume label

Format options

Quick Format

Start Close

It involves initializing the storage medium and
creating a file system that the operating system

can use to organize and store data.

D0 HREN BB HOBHn BHO &5 606HHd
BENBBO e todihme HBOD ) ®REN
SO0 DM WG WD 6@ SEABGE SBH®HECG
B e 6D.

Purpose of Disk Formatting
250 PwaSwognes B0e® gofén

e Prepare a new disk for use
DG BE®) 2O DOEE 3eHd SO

e Remove viruses or corrupted data
66008 63 68 8D D 9O BHO

¢ Change file system type
ey BEOS Db®e 6OHLS BHO

e Fix disk errors
o0 6ci®d 508 OO

¢ Improve performance in some cases
80®0 deSMND@ @VG DG O Een
HOO®
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Side Effects
gm0 580

e Data loss (if not backed up)
e 880 (653 O 6N®S »HB)

e Improper formatting can damage

partitions
REICET PaBWONG BOB 50® OO @B
DE WTRG

e Frequent formatting may reduce SSD

Backups
o=~ o)

A backup is a copy of data stored separately
from the original location to protect against
data loss.

e 2eBDe®s ndwe) B0 em) F BSBens
6D» 6D%® ORE) O B cde BOSHD
£8e30EE 68.

lifespan slightly

Bod ewaBmognc BB SSD i @G
DOBD &h) WG BT

1Drive Wipe Software

Drive wipe software permanently deletes all
data on a storage device by overwriting it

Back Up ‘ F}/‘ Restore

Manual Automatic Repository
Backup Backup Export

multiple times, making recovery nearly

impossible.

Drive wipe ®actmo®c G ®RE) ELNo®GD Advant

g Boed e %D 2D 3e®s S30D® &gan ages

O BB, DOBS D O GHHDG DS ) )

SN 5. e Protection from hardware failure
catho® D@ ecis a8 Deds e o)
8®

Unlike formatting, wiping destroys data

completely. e Recovery from accidental deletion

PBGHE 608 6O, wiping OGS < 5oB6R% cie Omcr®ed®s u8entmne BH®

e8gbEers® @O @OB. e Protection against ransomware
ransomware @ epdwe) D@

Purpose

go8en e Business continuity

e Securely dispose of old computers
008 5D®END PODBDD Doerd SOO

e Protect sensitive information (personal,

financial, corporate data)
30608 6mMONO: POD® BB® (ZEH¥wD,
BB, HEOBD D)

e Meet data security compliance standards
e pddBen eamEo) GBS e5etd®
e Prevent data recovery by unauthorized

people
g0 el DB cdm OSENDG .
RIde M)

Examples
e DBAN (Darik's Boot and Nuke)
e CCleaner Drive Wiper

e FEraser
e KillDisk
e BitRaser

60

D100 EFRHIEND

Disaster recovery
eese) B enNdHG

Disadvantages
o83

Storage cost
®REN BB

Maintenance and management required
2D BIO 5 SOOI GBS SO

Backup can fail if not monitored
FRDBENGE 6IDESEENS 30 eI
B &

Security risk if backup is not encrypted
EBE3OB E306DHDGE DO 6B HB
PoODBD gD BD®
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How Large Companies Use Backups
B@@ 6@H®8 £e5e3d B oD PO

Distributed Data Centers

eRe) HO® @c e BRBSNH®

Data is copied across multiple global data
centers.

e®IBG e BRBEND BBSED e BOSH
DOEB.

Redundancy
a5 el m e)h)

Data is stored in
(replication).

e R eBNIEmES® ®RE) O &rD
(e OzEDOE03).

multiple servers

Incremental Backups
D cese3d

Only changed data is backed up to save

space.
9b) 950 SO teH) DM WG D SOIND
o830 oy EREB.

Automated Backup Systems
800ofe 530 88

Regularly scheduled backups

manual intervention.
g8 @y DO
MEBODB®D B ¢e5e30.

without

emMOD  BBesm

Disaster Recovery Plans
PSS 55D t5tee®

If one data center fails, another takes over
immediately. This ensures high availability

and minimal downtime.

D e BRAsLBEMNHEE EHG DM, OB
DS DB HPEIDOw 60B. 6% 9BEG @R
@860 HTHEID 5 gd® S IR 3OS
OB,

61

Examples of Backup Software
£65650 ®agto® BTH) COWOSM

Personal Use
aéodn ®0on \f
e Windows Backup and Restore T

e Mac Time Machine

e Acronis True Image @
e EaseUS Todo Backup

e Cobian Backup

CobianSoft

~The home of Cobian Backup

Cloud Backup Solutions
On® cot3d Bec®

e Google Drive Backup
e OneDrive
e Dropbox

e Backblaze
e Carbonite

L

3’: Dropbox OneDrive

¢ BACKBLAZE
<¢ CARBONITE

by opentext

Enterprise / Business Solutions
506 / D816 Besg®

IBM
Spectrum
Protect

e Veeam Backup & Replication
e Veritas NetBackup

e Commvault

e |BM Spectrum Protect

e Acronis Cyber Protect

o

Acronis Cyber Protect

i
COMMVAULT &)

NETBACKUP
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Data Recovery
e 58D

Data recovery is the process of retrieving lost,
deleted, corrupted, or inaccessible data from

storage devices.

e BNOBE B GRE) EeN0BOBE HTSE),
o €@, ecie 6B 61 5edm BE GIIWID
e @R ®rSe® FrdPnkH.

Need of Data Recovery
e 58606 gO®BINOEG

e Accidental deletion
DOBES e Bmetd®®

e System crash
s5E08 Deddd

e Virus or ransomware attack
660063 63 ransomware geo

e Hard drive failure
cad) 0 g B®

e Corrupted files
el 68D emy SO

Advantages
o8

1. Protection Against Data Loss
e eSO DedBD edsd @NE®

Prevents permanent loss from hardware

failure, accidental deletion, or corruption.
catho® S B8, DrdBe®s e Bmerd®®
63 6cisd OGS Bedn 580 g DEOR.

2. Protection from Cyber Attacks
B gd OBS pded @rd®

Helps recover data after ransomware or
malware attacks.

ransomware e®J eS80 @agmo® ODZS
o8 e DO ERY GTBHBO cesnd 68.

3. Version Control
EROE SNQBDGB
Allows restoring older versions of files.
6®IE) O &S0 aREIE 55eN0DHE0 @)
ee.

4. Business Continuity
05006 RO

Minimizes downtime and financial loss.
FEB NRGB &5 QB SF@IBG OB O,

62

Disadvantages

g8
1. Cost
808scs

Storage devices, cloud subscriptions, and

maintenance can be expensive.
®RE) E0®, DWO HEDBOGER &M
2ODDD B gl B Bees.

Time Consumption
NERB ®5O

Large backups may take hours or days.
Bene o3 Bem) i ®ENHD 685 E®
®HHDD O BB Wow.

Storage Space Required
gO®s @DEN @b

Requires extra storage systems or cloud
space.

FODO ORE) LS 613 DO 9tk FO®S
6d.

Security Risk

PODBD FOOHDO

If not encrypted, backup data can be stolen.
£306DDDGE DO MBS 5B, 30 e
GENODO DS BT.

Management Complexity
DSODDOSN 6308LENDO

Requires monitoring, updating, and testing.
FRDBEB, GIOZD OO m SO
S50 gdms 8.

Possible Backup Failure
&6’ gSo 88

If not checked regularly, backups may be

corrupted or incomplete.

BB DS eMDEeEND, 30 OE
eci® S0 613 esBehEn 6 e GREN
B eSes.

Examples of Recovery Software
58e00DB Bagmo® SEH) BN

Recuva

EaseUS Data Recovery Wizard
Disk Drill

Stellar Data Recovery
Wondershare Recoverit
MiniTool Power Data Recovery
R-Studio

PhotoRec

AnyRecover

DMDE (DM Disk Editor and Data Recovery
Software
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File

Security

6@y epoieEd

File

—

g 4 777’_/
O &

‘J &(” |

security is the protection of files from

unauthorized access, modification, deletion, or

damage.

ey OO 6E gL Hedme, DMl
500, @ cB® 6w MM OBE My IO
5008.

The

main goal of file security is to ensure the

three core principles of information security
ey OGS e gogsn O56eS 6mOROT
PO B D YV o® usSm SOHOEB:

1.

Confidentiality / d®essendc

Only authorized users can access the file.
g0 s sOBEDBBO BT 6ENHROD 3ed®m
B eSs.

2.

Integrity / g@#50e00

Files cannot be altered without permission.
SOBOEES 60D 6MNE) DN WG 6IMNWLD

B®.

3.

Availability / @@ o ®8 @9

Authorized users can access files when needed.
gOms DO edesd o8 sdOBRDBS0 emx 60D
8568® Bk ®T0.

Contribution of the OS to File Security
@y poweEd e 0S 8 EEOG

1.

(¢]

(¢]

Access Control Management
5e5® D SOOI

Assigns file ownership
6mNE) BBV DO

Enforces read/write/execute permissions
BeOO/BD0/Hrrdm SHVe® - gdesd
RO OB

Implements Access Control Lists (ACLs)

8568® e @Bt (ACL) §ddm
OB

63

2. Authentication Enforcement
SONG® DRSO SOO

o Verifies user identity during login
8050 OO GOHBED FDOBNOG
E3DBIBHG WOB

o Supports  password and

authentication methods
Qose BB ©® BIGD PO BEH)
EME e

policies

3. Encryption Support
306D I

o File system encryption (e.g: BitLocker in

Windows, eCryptfs in Linux)
eMNE) BEADS E306IDDE

o Key management systems
BOT DSPMDOS SE0S

o Secure storage mechanisms
PODBD G (ISEN

4. Process Isolation
SO 6D} BO®

o Separates processes in memory
Oowed HIOB 6D OB

o Prevents one process from accessing
another  process's  files  without

permission
#OBOGEERS 60D OB SHrDPED 6MmIN
6D yedm 8O O HOBGE DB

5. File System Security
emy) &8 Pdesd

o File system structure
MY BES Dx®EG

o Secure deletion
POBBDD 9O BO®

o File locking mechanisms
6RO £368®m BB HORDGD (DD
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File Security Methods
6@y OB O

1. Access Control
5ebe 6

o Permissions (read, write, execute)
&80 (8088, 300, §madm BH®)

o User and group ownership
DB 56 DHENED BBINDDOCG

o Access Control Lists (ACLs)
8568® e @B (ACL)

2. Authentication
SDBISDG

o Passwords
®oog

o Multi-factor authentication
R-€3000eD E3DBIBIBC

3. Encryption
£3508IDDCE

o Encrypting files so they cannot be read

without a key
BROD 6MBBD BDo RS B &SOE
BENE) E30GWHDE OO

4. Backup & Recovery
£e5d 508 5w SNV

o Creating copies to prevent permanent loss

8860 BD® Orerd® oem  B0ss
St@ngnc SB®
5. Digital Signatures & Hashing
8803 gies t5® ®wi8o
o Ensuring file integrity
M) RTINS oS B

64

File Storage Management - Physical Disk

Management
MmN G DWSOINDOMEG - eSS 0
DSOMDOHC

File Control Block
M) HRD WH®

Information related to an open file is stored in

the file control block.
DDam @O® @ 6@MRDDO R 6MORNOT GEIN)
BED WG DE DS 5O,

It acts like a record or metadata container that

helps the OS manage files on storage devices.
DG ®REN E0®DR 66NN MHESBMWOFE BHOO
6®emE® EABGO cond D» DD M3

metadata @enE® 6@ H) DOGB.

A file control block contains,
MY 5HRD DWHED gho® D6,

Driver name
DS »®

File name
6ENHESD HO

File type/Extension
6mIER) DB®E

Current Block NO
6@ SNERW SR oD

File size in Bytes
6ENHES BB

Date and time of created or last updated
BMmAD LS WE 61 (NOTBNZ® DE EDEB o)
65@®

Usage of the File Control Block
MY HR® DWHOED HMHBDG

Locate Files
e®E) BLIC) ®THO

The FCB helps the operating system locate a

file's exact position on the disk.
2060 6mHdn BEDD BSNWE 683 @S0

FCB 6®6®@E® 380800 ¢ed 0.

Manage Access Control
5656 )6 DSODWOE HHO

The FCB stores permission information to

control who can read, write, or execute the file.
emnd BrDRD, ZDAO 61 oD DG

®WoEew DIOE GH® NEHE BBOD FCB epduiesn
BMORNOT ®RED DOE.
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Track File Information

@Y 60T Bbiiesns SO

The FCB maintains important details such as file
size and timestamps.

eENE) BN 59 IR B)E) D& Bec® 6mmOROT
FCB 883 es055016®» 38 @rel.

Support File Operations

@) 6®emr® acm cwics 5O

The FCB enables the operating system to
perform operations like opening, reading,
writing, and deleting files.

6N D BYO, B, 3OO &5 B crd®
B 6®emE® Be BOHOO 7S 6®emE® sESEO
®DEND @) 6ea3.

Maintenance of secondary storage
080 drned HSD

Secondary storage is the user's and system's
data, and A non-volatile storage medium for
programs.

208G POEHE 6f SOBRDEIe® &5 SES6HS
em 65 DO BemE) OB H®S 6MOD ®REN
N .

Maintaining a storage device properly helps
extend its lifespan, protect your data, and keep
performance stable.

®RE) NG B8 6@t HEDD BOO D e
MEG Ebts BDBD, Vel e Piwes) HHOO
€569 VG eDDE B3NDOD D) @eHBD ¢ esemd
@d.

Steps to maintain a storage device
®RVEN CeNo®EBE DB BOOO BrdO

1. Keep it physically safe

D5 69950 PORBHD DR W@
o Avoid physical damage

695D NS BESH) @S
o Control temperature

EBHBOG HEHG OO

2. Protect the data

e epdE) 0 @S®
o Always safely eject

&z® S0® PODBDD E00®EES 9 OO
o Keep backups

E530 DR SO

65

3. Maintain performance (HDD vs SSD)
BB DB S5O GOTEO

o Rundisk cleanup regularly.
disk cleanup &8esm) 8g SB®.

o Run disk defragmentation (only for HDD,

not SSD).
200 BREIRE®Ose SO®. (HDD esemn
5@ SSD g3ees ©2060).

4. Keep software healthy

®agmio® 6395 BSBHD D) @SB
o Update operating system

6®6mEd® 5E08® HOTMZH BO®
o Use antivirus

58-dBGe D) OO

5. Organize & clean regularly
BEesem) e50DBG 0O BdHEE 8B
o Delete unused files.
NDDEO 6D 6eNE) ) £rdd.
o Uninstall unused programs.
NDDEO 6D DelesDms) eSS
£55@.
o Organize files into folders.
6MITROD@D 6MmNE) t50BNIME SO,
o Remove duplicate files.
gRBOss 6mE 98 BOO.

Signs the Storage Is Failing
BAREN £500®mE et O VOO 5wy

o Slow performance
BB rrmdSOE

o Files are getting corrupted
ey 68)8 HO®ISRO

o Strange noises (HDD clicking/grinding)
eN®Is GRE, e

o Frequent crashes
B0 6 de, 908

o Disk errors
250 eci®

Secondary storage is used to store the

following data
080 Prwe mdo) wOH ERSeS SHe
cde epOGHE S

Popular programs
59 9®eCR®

Executable programs
Bosen »E ®id HReS®

Data for programming
DOV em) O e

Temporary data
OB e
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Process Management
oo @O

The function of an operating system is to create,
schedule, execute, and terminate processes while
efficiently allocating CPU time and other system
resources so that multiple programs can run

concurrently without conflict.
Swoe SHEngns SHO, DEEOHSO®D SO,
Bosi®m SO e gdessd SO Be o g0, Dy

D80 DO BTOR OB Hxxem &80 CPU
MEG 61 FERND BSOS 6o @BEe®D
eRHDB DOD 6@6HEE SEABGE WIVEED 8.

Program
Oz8)edm®

A set of instructions written in a programming
language and stored in secondary storage, which

tells the computer what tasks to perform.
SV®INDED DG G IDGEEE  BemS DO,
DORRDD ®HOBE BHL® @ 5 COSB ®RENGS
Bom® O g cesectl @D 68.

Process
HdBo
A program that is currently being executed by the
computer, along with its current state, CPU

registers, memory, and other required resources.
sOosme DB Oo@Hned BEIDOD OB
s08® Oesdmnme D® oo, DO gog DSOS
256500, CPU registers, @m0 65 SD®S E6HWD
638055 O® 3OS,

Note:
Process is not a program. A program may have

many processes.
DO 6RI6H I SDG ®w.
Bomnns 6E Dedmnss 6aed.

( Process 1

Process n

Process 2 { Process 3 L Process 4 L

L

-
Program

66

There are two main types of processes
e oo 8oz ecwd

1. Input/Output Bound Processes
PO® 8D ) Vel DD FEIo®
These are processes that spend more time
waiting for I/O operations (like reading from
or writing to a disk or network) than doing
actual computations.

600 Sr® &z GIMHG BOHB XD 1/0
c®emE® em & 8000 (0eBS e®3
HEGEES DD 665 BD® &) OB WIRGHS
® OB HEED 68.

Example: Copying a large file or loading a web

page.
e 6mMHOD B SHO 66 6O BOO
250806 BOB.

2. Processor Bound Processes
WD B o€ OB Fonmd

These are processes that spend most of their
time doing computations and require more

CPU processing time than 1/0.
c®® HEn® GHHG BB em) Ol WIREH

o D0» Hmo® O» &gnd /0 DD O&h
B8 CPU &5ce® e edes 6d.

Example: Complex calculations or video
rendering.
€308 ®HDG
BDern®d#n.

ISlel0)] ™3 [ ACle]

Other types of processes
Soo® DE 6Das gdEs

e User Processes
sHBeD oo
Processes that are initiated by the user to

perform user-related tasks.
B BBs podm ®O® EE t5® SOB@D
IBBEES BEH) BEIDOD DD HIHmD.

e System Processes
&8 Goo®
Processes that are initiated by the operating

system to perform system-related functions.
6®6mEd 086G BB IHBEES 90 SO
BEm) SEASG BB dB®m DO EE SHIG®.

e Foreground Processes
cBODB oo
Processes that run in the foreground and
interact directly with the user.
sOBEDE ©O® 6  SHbEE
Boed 98lerns HEH®m D HIHD.

OB,

e Background Processes
a8 Fono®d
Processes that run in the background without
direct user interaction.
sOBomEO D  6mess,
Sosi®m O E®.

580 G
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Why do we need process management?
&0 SED DeOOME gOms Djes &t

e To create and terminate processes when

required.
gOms FOENDERE HHDB BH@gnn VO &M
B HBO e

e To schedule processes efficiently so the CPU
is shared fairly.

CPU an@c e0th0#md ee)med@0 5w §mdld
DVERBOD MREOHSD®D SOBO

e To enable concurrent execution of multiple

programs.
R OEs0HS DwdO @ HBO el SO
[S&o)

e To allocate and manage CPU time and other
system resources effectively.

CPU e &® gouand oE08 ©dss
MVERBOD DEBDOG BOAO

e To prevent conflicts and ensure proper

synchronization between processes.
DB g0 ®dg Oigumddd ® S8
©0DG DHR O BOHBO

Components of a process
Senaem emOe

Process ID

\
\

 Executable code

\

\

A .
) Data needs for execution
)

4

> Execution context

The various resources and conditions required for
a process to execute properly are usually the
process requirements.

Soonns S8 et §rnem R0 gdws DD
ﬂ%@esaﬁ €58 GINRBEE ENBIWBGEHS FHCIHED SFOGBI)
ed.

These requirements can vary depending on the
nature of the process and the tasks it needs to
perform.

c®® gdmsm) Goowed DD t®w dn 9
BBOO gdms IHEES gnd 6dxel B HTw.

But, a process should have at least the following.
DS, oG GOR D®EHES WD BEHS &F
55 Ge.
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Process ID (PID)
Boow wiem® gotwm

The PID is a unique identifier assigned to each
process by the operating system.

PID ) 6®6@® 58080 B8 O D Hrmend
SO0 TS GBS DEIBTEHO.

Its purpose is to facilitate the easy allocation and
tracking of system resources such as memory, CPU

time, and I/O operations for processes.
OB gOB)HN DRESS FHIBW LSEH) SHEIGDS DD,

CPU on@e, ©&® I/0 e®@e®m@E® 8 cdd 685
6D BVHOO 5t QEREBD e5e3® e55esBOEB.

Executable Code
S50n g B DO

The program or binary file that contains the

instructions for the process to execute.
Bomoens HoxDdm OO sesm cosectl alo®
DDE0H® 665 EDBG 6@mND.

Data needs for execution
Socem 50 ey gdes o

For a process to execute properly, it needs various

types of data and resources.
Booeanns 58 e Brsdm S0 »8 dxd 5D
V®ed e 65w 8 gdms 8.

Below are the main data needs for process

execution.
oo HEen DO sem) 5w e Fd@msD)
SO ErN6eS.

Executable Code
B5Om DG O 6

Data Segment
e Eo®mC

Process Control Block (PCB)
oo ED DETEG

Input/Output resources
e/ 8

Execution context
Soc0n 50568 asickhnn

The execution context of a process is all the
important information that the operating system
needs to keep track of for a process to run

correctly.

Booencm Soem SHe® odchme 6H)
DB HOOED Hrin®n 88 e®) 6®e®n®
sE08n OB BdSen e G Bog Oie®s
emMOROT 68.

The OS saves this information if the process is
interrupted, so it can resume exactly where it left
off when it's ready to run again.

BEE®ED N grddesns 0OS 08 B8
OO OB Reds, DG dD FEHOm RO
£on® § 80 D6 a0 e B HHBO® Hd®
OB DG WG.
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Main Memory Virtual Memory / gods 86

&5 e

Memory management technique where the OS

primary volatile storage that provides a fast, uses part of the secondary storage (HDD/SSD)
directly accessible workspace for the CPU to as an extension of RAM, allowing execution of
execute programs and process data. programs larger than physical memory.

CPU esee 08005, 3axfd® gedm 8o ot RAM 8 8xors e@es 2586m ®dihed (HDD/SSD)
DRV B0 OB ®Bs DG 68 68. emOEE B OB, 605D OWEO O&D

BenE Olesd®mS Frms®w SBOOO 9f) eest.

Core Functions

O bocs: Advantages /&8
e Stores the operating system kernel for o Allows running large programs even with

system control.
o808 ©IEHE HeE) 60emE®  oddd
DHDEG GRE) OE.

limited RAM

88> RAM &0® B¢ B Difed®ne)
HosiEm BHOO 9f) EGE

e Holds running programs for execution o Improves multitasking
: R wBEES O Ensn OB
Stores active data such as variables and o .
o Better memory utilization by loading only
temporary results. needed parts
Gwddn &0 scw Gootm O gO®s 60 sBHMD 30HMG Bde®sS DED
R0 o) ©F. 6ENC, O SNBSS DD
e Allocates memory for multiple processes to o Provides process isolation and protection
support multitasking. BOB B)em@d &5t epodmd €566
R eem) et B® e By §dBed
BE®) BDEE 608 DOB. Disadvantages / g8
e Works with virtual memory to extend o  Slower performance because the disk is
usable memory. slower than RAM
D) D B L &R HBOO seH) s 256 RAM @0 88 ®55co® Deds
O BO® ) DOB. BB HrrmdSO
o Too much swapping causes thrashing
BDezdD O D@0t BO® 6OHOD e
Primary memory (RAM) )
— Virtual o Requires extra disk space for swap/page
< — memory file
(RAM)
swap/89 emmxd &e®) DO D0 @ik
DS 68
Secondary storage
(HDD7SSD) o Increases system overhead due to frequent

68

page transfers
Boo 89 @or BOB 65eds SES
el ORI ARANOIR

ictfromabc.com



Process Management:
Sooe® DeP®DOSNE:

In a multiprogramming environment, the
operating system manages multiple processes
by deciding which process gets the CPU, when,
and for how long.

8 BBV DEBOHEDE, 606HHEE EBK DES
OWHEDE  B®  FoIoHn, nB® 6D@edE

GBSO EGE BEE) QR ®SESE (3D
BO#G BHEOS Dy BEIEH DEBDOIE DOGB.

This decision-making function is called

process scheduling.
60 BOHM oS0 VGG e Hn® BHO
6 BIESRGS.

An Operating System does the following
activities for processor management:
E3WDEIDCE DEODDOSC ecE c®enr®
sEOBGE s 65CHS Hmond® B wOB:

e Tracking Processes
Soosn emdie®
The OS keeps track of all running processes
and their status.

OS 88 8red® Smddm D» S &®
Fned oxdn Sddegnn OGB.

e Processor Allocation
D0 S5cOOO
The OS assigns the CPU to processes based

on scheduling algorithms.

BEOBD® grdemmdo® O @ Send®d
6@emnE® oidBn DB oo Bem
WD 3DOH @RDE.

e Processor Deallocation
£DEDE 60X SOO
When a process finishes or is no longer
needed, the OS releases the CPU for other
processes.
Bons edess ) 80 6w’ mdedOs DS

cxd® 80, 6@emn® o8 BB e
B® BED) DB S OB,

69

Parent Process vs Child Process
&5 §oOBe vs gxn §cndos

Parent Process / g@h» §cd8m

A process that creates one or more new
processes during its execution using a system
call. The parent process controls or manages
the child processes and can collect their exit

status when they terminate.

B5E0S r@ROD HDDEHES FEHIDOD HDGBE 9D
5O Do 6m) BB SHOEE DO
HEOBEE. gthd FOB® axn HrdRB eNEMG
DOB 663 EODOMG OB 5t T edesess §
80 Foned B805e® 3Ons D OGB.

Child Process / g¢x §cdEc

A new process is created by a parent process. It
executes as a separate process with its own
memory space and process ID (PID), but it is
initially created based on the parent process.
The child can run independently, but it usually
reports its termination status back to the

parent.
5® §ORnE O8s SBEgncs DoO® @ 9D
BORBER. D DHOBEE® DD FODIBEE €58

8008 wen®so  (PID) &8 05H®
BORBGED 6@ HHsEm OB, ®8 O GBS
@ o0 e &ihe SoOBn O
BB, &gy HDBEO SNDHD HDHG DS
ool 2P, DB NEBBEES DS dens SBe®
DEBOG 5tH® HIOBEO e DOE.

Seven State Process Transition Diagram
80 9 §EIE® oINBE OFes 5OH®

The seven-state process transition diagram
provides a detailed view of the states a process
can occupy and the transitions between these

states.

DD HED HEIGD oINBE Ozes 650HHHD OGS
HOBE®O ® el DO 5 60O DO GO
BoENSS B8Re 6DSNDOD eV®MEH €565,

Process Transitions
So6® oSS

The operating system’s role is to manage the
execution of existing and newly created
processes by moving them between the two
states until they finish.

6®6mE® 5EBEE WIHE®IOE DSes DBD €5t
geBs SH@ns OB @ SnD &b O»
6D DO 6D GO 6MH (NS Fo) FuIewm
B0 @O HOBEA.
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Process State Transition Diagram (§cc® o830 6omSs Ozeses0®®)

Created (New)

Terminated

58 (D) Release DB DG
/ ®e) ®d® /
/ / &5 BB
STS ( Runnin i
Admit LTS Dispatch 6)3825)9 Malan\::/lmory
G 55O 5O 1/O wait (RAM)
1/0 @e5065r50d
. Timeout
Admit ME GO
e B0 Ready Blocked
aod )< TOBO e
1/0 completed
Activate |/O CS@QE@D o6
6o S5O
9 / / MTS Activate /
/ J Suspended JSuspended EO8B® DG
OB Secondary Memory

Swapped out FEA0O

Swapped out (VM)

1. New state
20 o5506

The process is being created.
Homn SHEEn 60T SO8.

This includes allocating the necessary
resources, such as memory, and setting up the

process control block (PCB).
O 9% gdms 6588 605 SO® & §uOB

e 289006 (PCB) e5td® 6®@00 araes 60.

2. Ready state
08 B0

In the ready state, a process is fully prepared to
execute but is waiting for the CPU to become

available.

£ DDEEE, HEIEDEHD B HHOO
8P EnerR® Hend® B ar® 2D e
QeR® 6 P 8D.

and Waiting P and Blocked
58®OHG DG « eted 58®OOHG DG
&5 & B» /O complete &% O8O B
1/0 e38e0%0 g

70

3. Running state
0D 506

The running state is where the actual execution

of a process occurs.
DD oOBBOE 6y 68 SEIOEDHGD oRE
Bem 8@ 8¢ D 3M®na.

Processes transition in and out of this state
based on CPU scheduling, I/O operations, and
other events.

CPU 8c® 858, 1/0 6®ex@®, 5% 605 Bedd
O 5cHBD 6P BBOE ED ©® 95 SO
HoI5® 3o@ence 68.

4. Blocked state
gOBO G OBOG

The process is paused and waiting for a
resource (such as 1/O completion or data

availability) before it can continue execution.
Hwomn ®0 20 g8 goo Do Fsdw OO

EmD® ®Oem® MBO 6630 38w (I/0 e38eHen
BBO 6] e @R @t8ed ®wrEId &) @IeD™
6om D@ &80.
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5. Terminated/Exit state
068 e OO

A process enters the Terminated state when it
has finished executing its task or when the
operating system or a user explicitly terminates
it.

BEo®ns D8 wben §oadm @O adess 8
B0 613 6@6e®Ed EBG 663 OB B3
B cERO® gdes w¢ D0 gdes B
DEBOGO erd® 68.

The Terminated state marks the end of a
process's execution within the operating

system.

SO DG DG OB 606mEE® BEOSG DS
BE0D0D [ SDe® gdenm &80meS
DOEB.

6. Suspended Blocked state
80D @c O8O DG OB

The process is waiting for a resource (like I/O
completion) and is temporarily removed from
main memory and stored in secondary storage
(disk) by the operating system.

Bom0n ©8smE (I/0 68tén SO &) e
Re 80» god 60emE® oidsn B8 dn

MODMBDD 5D BWens 9 O EOBHBD
®RENED (z00) ®REN DOR @IeR.

This happens to free up memory for other

processes.
606 BedR6s GO SEHD HEH) ODWEB
Bewel SO .

The process will not run until it is brought back
to main memory and the required resource

becomes available.

Homn ©dD 5t OB 6®HDS GO®S
6Bsm QR BB OB O» 6 DB FEIED
©27680.

7. Suspended Ready state
80D @C 61020 DG

The process is ready to execute but is
temporarily moved to secondary storage (disk)

by the operating system.

BE0D6 §E0m SV 3058 HPS 6@6mwE®
s5E08G B8s D MOMBPE £O8B® GRENDD
(2e0r) 6e® f) @ed.

This is done to free up main memory.
6®B D Bwn Bewed SO tsem Be 66d.
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Deadlock / g®&6em
Occurs when two or more processes are waiting
for each other indefinitely, and none of them

can proceed.

S5O ecod 68 B ®©HHE D)
6DxeDS MR BHdGE 6@BD e B3» 8O
&5t Tt BBOD 9EOGEO (B emmss B0 &g
68.

Why does it happen?
D6 BedDeS qutd 9

e Processes require exclusive access to

resources (mutual exclusion).
BB 855 e 6P6m8 56dmce Fd®s
D 8O (geanions Dwsd BOO).

e A process holds one resource while waiting
for another (hold and wait).
OB we DO 58 D) 83® gdd
D 583 Ced) DR ®F (6ed) D) @SB
& @ 800).

e Resources cannot be forcibly taken away
(no preemption).
58255 REBBIOGHES 9O WE 6IMNWTD SO
(850D eNE®EE BTD).

e A circular waiting condition exists (each
process waits for another in a cycle).
Bu® § 62560550 6NB6EEEE 5tdS® (D
D §OR Dynm DO Do ew) @
80).

When all these conditions happen at the same

time, a deadlock occurs.
6®® 8Bog oemBecH Do 8Bg § O,
FOBOMOEE e 685.

Effects of Deadlock
gOBO) D@ PEez®

e Processes involved become permanently

blocked.
B8RSR §wORs 385008 gOHG 8.

e System performance decreases.
6808 HmdsOn af) 68.

e Resources remain locked and unused.
6855 OBO O DGO EME®D S5O,

e The system may freeze or become
unresponsive.
&G HOBRD BHOO 6m) N0
ero®.

e Manual intervention or process
termination may be required to recover.
6O OBBOEO 555 BOHO esem) rend)
BB 6m) SO gdex SO Be @
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Process State Transitions
80 o550 BB

New to Ready
20 80 good

The process is loaded into main memory and

made available for scheduling.
oo gty B@ed 808 MEEBOHBEHD SO
BEE) @) 6N QTed.

Ready to Running
Qood 80 hd®

The scheduler assigns CPU time to the process.
Scheduler §w®Br0 CPU e eOA8.

Running to Ready
D 80 goad

This usually happens when a higher-priority

process arrives or the time slice (quantum) expires.
6O eBWBEES B 9HE R SHOBEE
250880 BO 685 R 6O (FEHBOB) B 9D 8
BOc.

Running to Blocked
O 80 0806 g

The process requests /0 or must wait for an event
or resource.

8w 1/0 9B oroems Bedow e®)
0% e OME 806 Gme.

Blocked to Ready

080 g 80 g=d

The requested operation completes,
required resource becomes available.
9B BO® @t 6PemE® ©®nhen 0 663 OGS
685D @R @D HTE.

or the

Blocked to Suspended Blocked
080 pE 80 g80b® 080 Dé®» @

The blocked process is moved out of main
memory to free space while it is still waiting for an
event or I/O.

O8O ®O®» @ §mOBn Beddw e’ /0 esem
& 80» goond gthe Oowens SHewmed g9l
6O (B QIGRD.

Suspended Blocked to Blocked
F80D® @c gO86 d® @ 80 g8 wo® e

When a suspended blocked process is brought
back into main memory while it is still waiting for
the required event or I/O.

g0ms Bed® 6 1/0 oew @ 80» godnd
gB0O® e gOB0 DO® @ HEOBJGE Gt®
B0 HOD 66 D BO.
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Ready to Suspended Ready
0oO®d 80 giB0d® @ oO®®

When ready process is moved out of main
memory to secondary storage to free memory,

even though it is ready to run.

B 880 63650 BBe, t3098 HEOBE 3ihH®
Bomed 80 EO8Bm ®RENDD Kemed WK 6m®
o 80.

Suspended Ready to Ready
800 @ oed® 80 noud

Sufficient main memory becomes available,
allowing the process to be loaded back and

scheduled for execution.

5O ZH® BWE @R ®D B O gmo,
DOBS HIO[G HtdD 306 @O SO SO
BE®) SHo@wosnn BOOO 9f) t5t6ts.

Suspended Blocked to Suspended Ready
800D @c O8O i @c 80 80D® @c
S O]

Waiting event or I/O operation completes while

the process remains in secondary storage.
dBn cO8BD »ENed sO8® godmo,

603605 BeD® 663 1/0 6065nR® 6585080 68.

Running to Terminated
d» 80 e e

Process completes its execution or is ended by the

operating system due to an error.

850OBn 8 Joren SVO ©BbEn OB 0]
el 68neds 6®emEd® dBn BEs adeses
DOE.

The operating system acts as a dispatcher,
assigning processes to the CPU based on fairness,

priority, and interactivity.
c®emEd® ocBn D 6 S oD &m0,
ENNOHDOB, SPDMNOEG 656 SFERIDEEIINDDOG

B 3cn®® CPU 60 min® D63,
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Types of Scheduling
Bondsn O®

Long term / Job scheduling

Exn E® Bo®mOME

This will bring the processes in the new state to
the ready state.

20 DR OBD FIHD HED® HBOGEO
Sem» Dy RS 600K 68.

It is responsible for moving processes through
the job queue to the main memory.

e 65 DQe® 8O I DG 0D
BOBS 6®@E® em) D6 DOHD @me.

Mid term scheduling
B3 D Bee®DOSB

Swaps processes between the main memory

and secondary storage.
5 P &K COSBm GREND god FEI®
)00t WOE.

Short term / Low-level scheduling
e B® BrO®DOENG

Decides which process in the ready state should
get the CPU allocation next when it becomes
available.

CPU @@ o> u § 80, t00od o55ded &t
2DO® Fwimn Bemd Mt 60D GOSeRE

Comparison of schedulers
500mdm DE 650eBEMEB

%D BOSG OB

Long Term Scheduler

Short Term Scheduler

Medium Term Scheduler

Job Scheduler
DG BEO@IODEB

CPU Scheduler
CPU &n@mmodwme

Processes Swapping Scheduler
o 58906 BHe® SE@mdme

Selects processes from a pool and
loads them into the memory for

execution
BoDDEES SHEIE® eI Fen
Bosem SO e ODmed

Selects those processes which
are ready to execute for
dispatching

B B0 §oH»BD
&8 o eIemes DEN

Swaps out/Re-introduces the processes into
memory, and execution can be continued
oo Omecs @bt SOO/Hcdo
em» 0 Be 08, DRDs Hdm SO
EmO® OO (3) BTW

Ry POeRR® DB NEDG
OB

Ry PO BCOR @ &f)
EEME 3565

250800 OB O]
Controls the degree of | Provides lesser control over the | Controls the degree of multiprogramming
multiprogramming degree of multiprogramming 8 O BT ZEHH OB

Speed is less than short term
scheduler

Speed is the fastest among the
three

Speed is between (short and long term
schedulers)

69®E 6290 B BEODOWBO
Ot gf)e

600D BHOOWK 68

eD®mB gDO®E 68 (60 MBD & ER
DRD gDO)

Process Control Block (PCB)
Soe® e DE6

A Process Control Block is a data structure
maintained by the operating system that stores
all the information needed to manage and
control a process.

Bom®  ©E®  oH0e  on  SedBn®
DEPD®OLE HOBO 5 NEHc BOHOD Fd®BS
Bog 6omOn0: @R @O® 60emE® ©ddBe
BBS DO WOH) QD e DEHEE.
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The PCB is identified by an integer process ID
(PID).

PCB »eomoy @RS SmnD ®EX) 6rSe®
oS8 (PID).

By storing crucial information about each
process, the PCB enables the operating system
to oversee their execution, manage system

resources, and ensure efficient multitasking.
D O FOBn BBRe SOENS®m 6:mMOds

OREN SBe®5, PCB e®sxnn® ©cd&x0 Fon
S SO0 glniesnn BOOD, SE08 68
DEODDOENE SO0 8509 VBRSO
REVEEED 5HSm BOOO ®rSEd @R) 68.
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The process control block contains the

following.
Soe® e DEBted sHD &t ghlo@ 8.

Facilities for <=+ Pointer | Process state
rocess
i Process ID t==P» Unique ID
Program counter t==» Next program
that run

Registers

Memory Limits

t==p Log INFO about
process

Accounting
List of open file

The architecture of a PCB depends entirely on
the operating system and may contain different
information across various operating systems.

PCB dwow SWd80 ©8bénens® 60emen®
8B o 6) =D8» god BB ®emE®
s5E08 e DD 6mmOOT efo® B .

Process Identifier (PID)
oD weeese

A unique identification number assigned to

each process by the operating system.
6®6mE® sESG DB D O HEH®EO 5O
5o GBS DEDDTDEO FoEBE.

Process State
Soew o33s5506

The process state refers to the current status of
a process in its lifecycle within an operating

system.
Bon® o3BG 6H 60emE® SEOBGD DG
Bwcmm D8 8w Dy DS HBDOGEH.

Program Counter
O30S B

A pointer to the address of the next instruction

to be executed for a specific process.
BEDD SO SES) JEIDdm B G 8e6®
coeees Do BB®GO &ts eREm.

CPU Registers
CPU es86m06
In the running state, processes are stored in

various CPU registers for execution.
NO® DEEE, §un® HIDOm 8OO eem

Fen 8880 CPU 6068e300b0p ®@Rt) 20 &ow.

Memory Management Information
D HSEMWOSN 60RO

This includes information such as the page
table, memory limits, and segment table,
depending on the memory management used

by the operating system.

6®emn® o8 Do  @o®» o
DEOIWONG B e, 8 ODxdD, Dow
BENOS 5t 6O DR e emmONGT 6BEO
FED 6.
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This will be discussed in detail under Memory

Management.
6O Bz E@CENs (306¢8 Ee5toIed@ed)
eOeth) 62960,

CPU Scheduling Information
CPU 8c@m0gn eadnds
This contains data needed by the scheduler to

determine process priority, allocation, etc.
85OB 5@RDG, 60 OO enEn SOHG
BBOO BE®OTO gO®S e 608 gilo® 68.

Accounting Information
B8 edds

It keeps track of resources used by the process,
such as CPU time used, time limits, etc.

6®n CPU dm» 0o ©¢ 6, N B80S
NE®B S HEIHn BBS B woO® 585
BdDBHE DOB.

1/0 Status Information

1/0 255850 emGads

This includes information about I/O devices
allocated to the process (e.g., open files,
pending requests).

BOBHO 60 @6 agt® /0 coon Bgde

6O 6®B0 GrREd 68 (6., DDy 6mX),
6765 938®).

List of Open Files
5D e@mx @BESd

Contains details of the files currently opened by
the process, so the operating system can
manage reading, writing, and file access
properly.

Bomn OGS ernd B @0 &S 6my BEe
B¢ glom 68, DO 60emE® ©EABGO

Bxd®, [OO ©®w oy Geduwen BB 6@t
DEOMMOIG DG WTDC.

List of Open Devices

5Dy ceno® @B3d

Contains information about the input and
output devices being used by the process,
enabling the operating system to control device
usage efficiently.

Soomn OGS Do) DO® D &’ GEE®
E30® BERe mMOndt &to® d» &m0,
6®6mE® EABHBO Ee0® NTDE DIVCEDBOD
NEDB BOBO B8 6D.
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Context Switching
eebwn S50m

The mechanism by which the operating system
saves the execution state of the currently running
process and restores the previously saved state of
another process, allowing multiple processes to
share the CPU by efficiently switching execution

from one process to another.

o@»ed FumxEw O SuOBed Si®m
DBOGE OB O, OB OB 630
HODBD DG DOG 2D HEBEMs®e BHO
BABS, B3O god §usem 88 @bt OB DY

8508 CPU d» 6Rc)em» Hoss®d §ox®wm
BP0 @b BEED HEIOBHEES.

Advantages of Context Switching
edebmwn S50n 8 83

1. Enables multitasking by allowing several
processes to share the CPU.

9 8§08 CPU ©0® 60c6e» Srx®wm
PO @b B8 REutn SEdDDG &G
DOE.

2. Improves CPU utilization by reducing idle
time.

CPU 8 a8c onee a8 0,
DVERBONO Oed) OB

3. Increases system responsiveness in time-

sharing systems.
ME-6REB® eSO e B

DD

4. Allows priority-based execution of important

processes.
SR 5eHBD ems OB Hrs®m
BBOO 9f) e

5. Supports efficient resource sharing among
multiple programs.
DB god 685 DGR 6Re)®TER®O
36 8.

Disadvantages of Context Switching
edcbwn S50m 8 gtntd

1. Introduces overhead due to the saving and

restoring process states.
85O HBOG BOSEs ) O OLE
8550 Ben gHedwm wEG it O® Rds
RNOG rHed.

2. Frequent switching can decrease overall
system performance.
SO Bedo @NOdDB 08 wEENDDE &h)
DG BT,

3. Consumes additional memory for storing
process information (PCB).
DB emOds (PCB) g5¢w8m SHB0O e@md
O NDDED FOGS 68.

4. Increases the complexity of operating system
design.
6®6®E® sE086ed EB@gnc
DEODDOSNEG 3oHOS O,

5. Excessive switching may lead to reduced CPU

€3®

68®mn D8 wOG. efficiency.
gt ®HOd® Ben CPU odbnsie®m® i)
D
Processo Operating System Process1
B TSN 4 P - Process1
A v Idle
Save state in PCBo
l CPU
Idle
Load state in PCB1
__________________________ )
Processo
Idle
.......................... < Y e
l‘ A A
Save state in PCB1
CPU
l Idle
Load state in PCBo
v Process1
............... < T 2 Idle
\4
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How does context switching work?
eBcH® B350 §orssemw D® emIdn

For example, suppose there are two processes
PO and P1.

E®O#GE 6@t PO o) P1 e@es §min® 6cmd
508 3683 Bo@.

The P1 process is in progress. At that time, the
P2 process enters the main memory.
PO Boome Soodm 608 oO8. O

gOBEMNedE Pl Swmoms gthe Oomed
5Besnsd.

Then an interrupt is created, and the central

processing unit is informed about it.
B0 goRe®D s 6 F BERed Ox
e50es® Toows ernds @08 RE.

Then, the memory management information
and process status related to process PO is
stored in the PCB related to that process.

5630 PO 8oie®ncd g0 05 DEDHmOsN
emMOROT &) HEIHD DBDOG DO FEIHEO

go)e PCB e o) 08 @8.

Then the P1 process starts running.
gniesty P1 Sonome Seis@m 8@ arde®.

Then, after an interrupt related to PO is sent to
the central processing unit, the information
related to P1 is stored in the PCB related to that
process as before, and process P10 is executed
again.

gxiesey PO O e aodc@de@s @5 e5cme®
Fowo 60D 6(E §) o5ty 6830 B8 P1 O gede
6OROT DB om0 aeg PCB 8 adt) @0
PO Smcme edn Ses@m 6DE.

Interrupts
EoRDC®

An interrupt is a signal sent to the processor by
hardware or software to indicate that an event

needs immediate attention.

gdc Ve oy o BHOO Do
FONDED FOmSE D DD catho® 6m)
®agmio® BB 3w 6DD (DD 3oEIDE.

According to the syllabus
An interrupt is an event that alters the

sequence of execution of a process.
gdc Ve 6y BOIG® JFEdwm SO6e®
FnBEedE 6Ol WwoH BedOS.
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It temporarily stops the current process so the
operating system can handle an important task.
6®emE® otBE0 ) dees  @BbeEE
®eEOBB B D SOE D DSOS FHEIGHE
MOMBD OO,

Interrupts can happen for various reasons,

such as:
580 esiqs @ gmdt De® BB wilc, D8:

¢ Time Expir
R gdex) 5O
When a set time for a process is up.

BE0HnD Bem Bodn 68ed gdes §
80.

e OS Service Request
OS 585 et3t) 9dB®
When the operating system needs to

perform a specific operation.
6®emE® B0 BEdn 6PewE®w &g
BB gdms § 80.

e 1/0 Completion
1/0 8tz 8®
When input/output tasks like reading from

a disk are finished.
0SS BEOD® S
VEES gdes 8 80.

OB/ 5BeH®

¢ Hardware Failures
catho® ge®5O®
Power failure, device malfunction, parity
errors, etc.
Ren Bedidd, cenom gBn 58, @M@
eci® epses.

e Resource Unavailable
©8ss} o088 O
When a process requests a resource that is
currently unavailable, causing it to wait until

the resource becomes available.

HORBwD crd MBS &8s 93@)
80» 80, D8 &8st @R) ®D ®i D 6N
&8 8080 8¢, 8.

e Program Errors
O8es0mS ecies

Errors such as division by zero or invalid

memory access cause interrupts.
BOBEEE GREE 6®) FOR® OHW ed®mE
S el ) g DOB.

¢ Memory Access Violation
Bow 5ed® cEQIBD
When a process attempts to access a
memory location that is not permitted or
outside its allocated memory space,

triggering an interrupt.

DB we FOesd @S 63 DO 6D O
o8 O FOMBEES BOD B 3NHEO
8568®m BBD o @O B0, apdtde®s
g OEB.
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e System Calls

sE08 grOnd®

A program requests a service from the
operating system using a software
interrupt.

RlAN O] ®agmio® FOREOD

DDenS 6®emiE® ©EBerS 63D
9@ &80.

e User-Initiated Termination
sOBeme) B8s ¢desd SOHO
When the wuser requests to stop or
terminate a running program, an interrupt

to halt its execution.

O®DE O OBesD®mH DO 63
gdess BHOO OB 9@ B0» 80, dan
S8eem B w0 apdtde®n
BB DO,

¢ Input from Peripheral Devices
sheSe ceom OB gredm oD

Keyboard press, mouse movement, printer

signals, etc.
600 DDV, @B DE®®, BeHn B
€300 EpBE.

Interrupts happen asynchronously, meaning
they occur independently of the processor's
current  activity, and their timing s

unpredictable.

gdc De® gedfubod 8g 8, dnd® T
SR OO OB OB SNDHd
8Bedw god T 8D 68@d gmeindd 68.

1 User Program

2

———
Interrupt Service Routine

4

i+1
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Types of Interrupts:
got De® Ob®:

1. Hardware Interrupts

catho® s De®

Triggered by external hardware devices (e.g.,
keyboard input, mouse click, disk 1/0O
completion).

BG catho® EeNo® (Ee): BOTDOT EIEIDE,
B DEw 508, 0 /0 ©Bgben SVO) BB
g OEB..

2. Software Interrupts
®agno® gds De®

Triggered by programs (e.g., system calls, errors,

exceptions).
BeBesd®m (6e): 8B ardnd, ecis, Ds5elm)
OBS e OB,

Some Key points about interrupts
g0t De® BEACD gthr® Ot BBsES

Priority Levels:
&58Den O008:

Interrupts have different priority levels. Higher-
priority interrupts can interrupt lower-priority

ones.

g0t DB DD OB &Y BDOOB grm. 9BWE
5D oS gdc DB orf) PRV BB O
D0 DE WTDEB.

Maskable vs. Non-Maskable
POOH G WD 39 POOE DG EXIWTD

e Maskable Interrupts: Can be temporarily
ignored by the OS.

6®e®»E® oid8n O8s OB
GEEIQ) BWTOE BTLD.
e Non-Maskable Interrupts: Cannot be

ignored and must be handled immediately

(e.g., hardware failures).
G BTDOB MWD DO 68 Den®
®BODB G (E8): Catho® eedDd).
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Context Switching:
SBHWE HOBNGTD:

When an interrupt occurs, the operating system
saves the state of the currently running process
in its PCB, handles the interrupt, and may select

another process for execution.
FORE®D s 8§ B0, 6®emE® scBn 8

PCB o ct»0 Sois@m O §mdded oo
£OB® &m0, FgRORE® ®edtdd, ©® SO
OO 3Em) 6DHS HrHOBHBE 6O @D BIRE.

The CPU then restores the state of the selected
process, resulting in a context switch.

gxiesty CPU @@ eaihes §dded oasdn
58EBMBsHE OB, DB SBOEGE 6@ S
NGO e 68.

Latency:
&enecs:
The time taken to respond to an interrupt.

Lower latency means faster response.
g0t V@O BENG crddBD GHO® WIQG 68.
&8 5®en BN 68®OD IBOGER.

Interrupt handling
EoRC® wrEBdde

Interrupt handling is when the operating
system stops its current task to handle an
important event signaled by hardware or

software.

g0 De® ®BOD® By catlo® 615 Bago®
BB e300) WO® @ Doc®s BeDHBD ®rEODB®O
6@emE® ©idBn OB OIS GG DO
5088.

How It Works:
B0 §mn wO® PoR:

e Aninterrupt signal is sent to the CPU.
CPU ¢8> epdic DB 0 60y @red.
e The CPU pauses the current process and
saves its state.

CPU 9505 Smddn @) OB oo
5088.

e The OS runs an interrupt handler to
manage the event.
B0 we@omdsns HO® tecH) 60eHE®
68086 andc DB ®Edtdsenn BB
WOEB.

e Once done, the original process resumes

where it left off.
goc De® gdesw § o8, 38 Bonmn DG
20 DG DS DD PHOB® 68.

1/0 Operations and Interrupts:
1/0 e®eme® 3o qpds De®:

e 1/O devices are slower than the CPU, so the
CPU switches tasks during 1/0O operations
instead of waiting.

/0 eeno® CPU d0 &) ®5emm® e,

/0 6®@emu® godmnd CPU O @ 808
GDHRDO F©ImD BT DOGB.

e When I/O finishes, it sends an interrupt to
the CPU.

I/O egdesesd § 80, d® Hmomns d&xs CPU
6O gnds Dedn OAB.

e The CPU then resumes the original process,
keeping the system efficient.

gnesty CPU @38 Smo®n #dd eddn
OB SEQSB MBEDBOD D) @.

Process Creation
Soosn Shencs

Process creation in an operating system
involves several steps and considerations to
ensure that a new process is properly initialized

and ready for execution.
20 FEHED 5B 6@t pidm @O FHsEw
BB 83050 DD uwsm SV tcH) 6®emn®
&G Hirss SHENSn Budd BB 5
B Rid® graes 8.

¢ Process Initiation
Soreno pddn SO®

A new process is usually created by an
existing process called the parent process
through a system call (e.g., fork() in

Unix/Linux systems).
20 HEEHEE SHEENG oK @RS

6808 er@n®m ®o® (6e): Unix/Linux

s20880@ fork()) @8 Gwimsmn e@es
BEBOD OBD BEIEHED OBS.

The newly created process is called the
child process.

FeBs SvEEn @O ¢ Swicma child
Hwomn 6@ HTESES.

[Main process (or parent process)]

\ 4

[ parent process ] [ child process ]
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Process Identification
Sone® OGSO

The operating system assigns a unique

Process ID (PID) to the new process.
6®6mE® BEOSE HD HIEMDHEO s

Bom® ®en®sms (PID) es®6E.

This PID is used to identify and manage the
process within the system.

6®® PID 38080 e §woc®me e
OO0 59 DEOMDOBNE BOBO 80O
DOEB.

Process Control Block (PCB) Creation
Soe® e BRI SVH&HEnc

A new PCB (Process Control Block) for the
child process is created by the OS.

child Boome e 20 §oo® e
2ERE OS 888 SH@renn Doy QIeR.

Vital information about the process,
including its state, memory allocation,
program counter, and other details, is

stored in the PCB.
DB DG, Bowe 605 HBO, Dilesdms
@SN 658 GO VSO O HIEXDEH

88e dicms 6omdmds PCB 8 @) @06
&eeD.

Memory Allocation
Bowe 603 HHO

The OS allocates memory space for the new
process.

OS 98 §wio®me e B GG 685
OB,

This memory space holds the program
code, data, and a stack for the child

process.
cR® P GOMBGE G® HEIGHDEGE BEH)
DD GG, ETD €58 GIN®ED OED)
D) ®©.

Process State Initialization
Soew o350 piln SHO

The OS initializes the state of the child
process.

6®em@E® &80 child Smoned 06
POB® OB

Process Execution
Soeuno §sion SO

The child process starts executing
instructions from its program code.

Child 8memne 8 BHifdesdms GmDens
£B6et Hsdm SO® epddm OB,

Reasons for process creation
Soraw SHenénc scwn ey

1. New batch job
20 Ede) ecwe®nme

A batch job is a task submitted to the operating
system to run automatically without user

interaction.

DETENEO e 6 BOBED DO DD
60D 3DBoHED udOm BOD 6@eHmEd
s5ENBBO 9EHE WO @ VGEEE.

These jobs are usually executed in groups at

scheduled times.
6®® BEES DMBEES BB 6dOO
DHENGEE D®EES IO 68.

Examples

e Nightly system backups
e Large-scale data processing
e System updates and maintenance

Batch processing improves system efficiency by

handling repetitive tasks automatically.
DEENEO  ril® DD  gtdHm®
IBEES ®BODE®S SE0S IVEDBOMD 8

Bugn ©O8.

2. User starts a program
s08EDE Didelnnt ol SHeOZ

When a user opens an application, the
operating system creates a new process to
execute that program.

sOBEDECE 6P Ty wo® BO, 6@eHmEd
s5E086 DO DrtsD®n® HOm HBO tsem) HO
HEHED SH@IEE DOEB.

Examples might be launching a web browser,

text editor, or any other application.

CO®OE 6 60 goddndm, D
£30E5mODEED 693 DD 6K Enn SO® Be
BT,

The OS loads the program into memory, assigns
a PID, creates a PCB, and schedules it for

execution.

6®emE® ot8n BB Hildwdn® BmwnO
808, PID don D085, PCB dwed &B@enc
™06, 6 F§urewm DO BeH) RHOHSB®D
OB,
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3. OS creates a process to provide

services
0S 885 o6 sl e S§uoHonts
5@nsne o8

When an operating system (OS) creates a
process to provide a service, it does so to
facilitate various system functions or user tasks.
6@emE® ©EBGD 63D Tei® em
S5oORBws St@encs o O, BB &E08
SO 603 sOBED DVEEHS eEm) emesm®
&30 @B® e el &g WOB.

4. A Running program starts another

process
Sors5em 608 sD8» Drdelnntd OGS DO
Soeucns pitn SOHO.

When a running program starts another
process, it typically involves creating a child

process from a parent process.
DO® OleDma 60D FHIoHn®m OB

@O 80, DEO e®sens’ parent HroHrdesS
child Bmemns SHergns BOO e 60.

Process Termination
Soe® 65@E80n

Process termination is the end of a process's
lifecycle, where it releases resources and ceases
execution. Here, all the resources assigned to

execute the process are taken back.

Boo® @386 6H Soncm &Dn Dyed
gOen®nd, K8 Do oo Gowdsm gmd
o SH8 OFDB. cOBE DO HFEIGHED
o 8OO seo sD0® @ BrO® &8ss
epesey e300 @SR Be eDE.

Reasons for process termination
Sore® 65EE8n acm) eun

1.

Normal termination
eNEI®B @SS B

The process completes its task successfully,
releases resources, and then shuts down
properly.
Soone D8 OBee BOmdD  &Bten
20O8B, 65855 Gy BB, o560 HE e@es GO
206 cda.

A resource requested is unavailable
9@ 80 858 exEDO

The required resource (memory, file, device,
network) is unavailable for a long time, and
the OS stops the process to prevent the

system problems.

05 658 (B, 6GNRD, EE310BE,
eHEEE O8) ER mEGE BEH) @RI ®D
6B B, SEOB ®OO DoGrdD® e

OS 800086 a0 mOG.

80

An execution error

Sor5ende® ecle

An execution error occurs when a process
encounters an unexpected issue during its
execution that prevents it from completing
its intended task.

HORBw® §unem BHBE gonesnsm
®0@ODO e &5 B0 Hrsem SBHe®
eeiB0rw a8 B® gud DOGBS Bk gesdm
VBB ©58bEn HDe®s DEOE.

A memory access violation

Bow 5ed® cERIBDB

When a process tries to touch memory it
doesn't own or tries to perform an action
it's not authorized for the hardware and the
OS step in immediately and terminate that
process.

B HOBGE OSSO BS S ODWEE
) BOBO cHien o 80 6] OO
&0 28 B BBOOD ¢Hen® oD BO
sD®ED cato® &5t 6®eMEd SERSBG De®
8O @8 DO PR dess wd c®B.
The primary mechanism here is Memory
Protection. Most modern operating
systems use a technique called Paging or
Segmentation to ensure that each process
lives in its own "sandbox."

608 4 B® IBYEG OPex O
PODBEG 6. 690 HEOBEDO DOSO®

6088 “sandbox” Do e o @wm O» O
2080 BB wem) 6eH] HTD 6®ewE®
808 BOwégns 6m) deadmnce O
DB 9O D) WOE.

An operating system or parent process
request

6Pemxn® ©oL8cw e®] parent §eOF
e

A parent process can explicitly terminate its
child process using system calls often due
to task completion, errors, or the need to
stop misbehaving children.

08 §uOBHmO &8 aren® o o
DOBS 5O gRSIOBoE aiPd ades e
W5, 66 BO 6063 wOX ERBGS eIE
VGG gdess B8 5, ecis On DO e
6] 08 6EH 8@ OB FNHEIOBD
BOTO® FDGBIMOG Hesics.
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6. Execution time limit exceeded

Sorsiem 580 @S mmeBnd gdes B8
If a process runs longer than the maximum
CPU time allowed by the operating system,

it exceeds the execution time limit.

68 BORBHD 6@emn® sESG ABS 9f)
@ & g8 0@ CPU meed &8 88
6@ H®m § e, DG §r®m
56® e BED 9 ;3.

The OS then automatically terminates the
process to prevent it from monopolizing

system resources.

B0, OB HORB® 5L 588 TmPDend
6@ D) BOO Dicrdd e 6®0emEd
8080 B8 D 3DEoRndd ades DO
Q@R

The parent process has been terminated
Parent 8080 gdesl 0 g

When a parent process terminates, it causes
all its child processes to stop their
execution.

B0 FORBHD gdesx § B0, DO anRido
Boe® anScdds Joem B oo
B0 O 6wy 8.

A process is typically terminated by the
operating system or its parent process
through a system when it finishes its task,
encounters a fatal error, or is manually
stopped by the user.

@DBES FOBHD O GG ey 8
B0, Rosme ejunm ®xp § TO e’
sOBEDE) B8BS Do S 9OON @R DO,
6®6mE® sEO8G 66) D& B8 FOBK BB
o808 ar@nd®n ®om) Do gdes DO
Q6.

User Intervention
sOBeD PrEnsite

If a user manually stops a running program
the process is terminated. The operating
system immediately stops its execution and
releases the allocated resources.

[SlelG Imclé) A Hors®w k)
DeBesDmet B &g B0 d® HDBG
O DO @eR. 60mE® EBG De®
DB FdSOE DO O, F e 695 O
B8R eBes Hewed Oa.
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10.

Hardware Failures

atho® ges®SO®

If a hardware problem happens like a disk
crash, RAM error, or power failure, the
process may be forced to stop.

220 deddds , RAM ecisns o 8@
oS00 OB catho® ®ORDD &S
RRCONN DB RDeHBNOGS
2080 BB ®So.

The operating system terminates it because
it can't continue safely or access required
hardware resources.

DO FOBEOD POSBD 9EBED O6®M
B0 6 gO®S cathlo® B SOB@MEG
BVOO em®td 5 6@emE® B0 BB
B gdes DOy eREB.

Exceptions

Os8ebm

A process can terminate when it triggers
an exception, such as a divide-by-zero,
invalid memory access, or illegal

instruction.

D5eeds 6RED, O30 MS B BBHGWO
gedm B® e 08 coect OB
OBt O &) 80 §rdBns s Bx
BTEC.

The OS detects the fault and stops the
process to prevent system instability.
sE086@E  gEMNDODDE  Diero®  tEm)
6@emnE® ©odB6G 600 ecivn BWEIMEH®D
FeE §ORB/G dDen® Hd WOGB.

ictfromabc.com



Zombie Process (Defunct Process)
aeSo 28 908 e H:OB®

A process that has completed its execution but

still has an entry in the process table.
Beom OO ©8bdn O g8 P OO
5OB Oned arpesd s DB nS.

Why Does It Happen?
Do B o3

When a child process terminates, it sends its exit
status to the parent process. If the parent does
not collect this exit status, the terminated child

remains in the system as a zombie.

gy BOOBrD #des § 80, dc 8 BODe®
DBBOG 5D FEDBHO DB, &the FOB®G
600 808560 DDOG FHOD 6MDOBGS 5,

g% OB EC gy BOOBGH sEBG DG GSG
2D 9O 6eME) HDOBHE 6@y SOS.

Effect of Zombie Process
e8o 28 908 e H:OBow REsE®

A zombie process has already completed
execution and does not use CPU or main
memory, but it occupies an entry in the process

table.

g6 288 908 emf) SOBnE crwOdD
Be0m SO e@ben o g8 gmd CPU 6]
B B DD 6MDOB, H@D Do OB
DREd FrEt BOOD 6m® ®©.

If many zombie processes accumulate, the
process table can become full, preventing new
processes from being created.
e 86 2D 9O 638 OB dom
PN, SO Oxd 8Y ) ®B oo, 9O
H5OZS SH@rgncs B8 DeOR.

82

Scheduling Policies
560mben 5858

A scheduling policy is the set of rules and
criteria used by a system's scheduler to decide
which process or task should be assigned to the
CPU at any given time

Doz® OSSO CPU o 0o od»
BOBHED 63 IVBEED DD DE (GRE (B3
Bo#n BOO esem sE8eE Bu®mdwen D&
N OB @D BE 6309 BVEMG 5.

¢ Non-preemptive
Once a process is allocated the CPU, it
keeps it until it voluntarily releases it. The
operating  system cannot forcefully
interrupt or pause the process to give the
CPU to another task.

cOBE B HuOProw BB OO CPU &
SEHDE @R O o, DO HodDBo
68eHEnena® b D»  dc  e®)
EDwc@ciens® CPU dn Secwel @od® 5dt,

B Ex0® CPU & cnpms 0D o) &8

Example algorithms

First-Come, First-Served (FCFS)
Shortest Job First (SJF)
Non-preemptive Priority Scheduling

¢ Preemptive Scheduling
Here, the operating system has the
authority to interrupt a currently running
process, pause its execution, and allocate

the CPU to a different process.
@RS, ctd OISO DTS OS®
S5OBE®O ) O DB HrwdDDG

DOMBD o B0, CPU > dxsS
B8OBHE®O gxame SO0 ®emE®
s5E0BBO DG &

Example algorithms

Round Robin Algorithm (RRA)
Shortest Remaining Time First (SRTF)
Preemptive Priority Scheduling
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Scheduling Criteria
Bnmdm BVEMGD

1. CPU Utilization / CPU %80

This represents the percentage of time the CPU
is actively working.

6®8S Hdzesgns DBess CPU dm §wandd Of)
OB DMEGE HE®BDEE.

The goal is to keep the CPU as busy as possible
(ideally 100%) to avoid wasting processing

power.
608 go@sn DXEN rPKd® REG &ses (H®

D) @B® wew CPU do o oo®
VERHED (el 6es 100 %E) D) @tSe.

2. Turnaround Time / @%0 &gbsn EG
The total time taken from the moment a
process arrives in the system until it is

completely finished.

HORBwe SEQBBO B8 e®remnen 80 DG
58 EerR® gdos D» oo Godm O
DEGE.

3. Waiting Time / 8¢ o@®

The total amount of time a process spends
waiting in the ready queue before it gets to use
the CPU.

CPU ®» o8 BDOO gD @red®d 62D
BORBGD ge)nd 633836 i B8I00 ®m oM
B EGE.

4. Response Time / 58806 m@®
The duration from when a process is first
submitted until the very first response or output

is produced.

B8ORmD RO B0 @Bded &
6®emes 80 8 a8 SNOB 63 IBCIWG
Q) 6D 6 BHDD NE BENOB.

5. Throughput / &0 g€
The number of processes that the CPU
completes within a specific unit of time

S50 e Towns ¢ CPU dm 88 esstbdwd
683080 @0 FOP oRBOE.

6. CPU idle / CPU 2@ 808
CPU waits without engaging in any productive
activities.

CPU 88¢ 98 S§mmnondm 80 6x0d D@
800.
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Scheduling algorithms
500méen gremB®

Programs which are used by operating systems
to determine the order in which processes

should be executed by the CPU.
SWEDGE OGBS oD HOIOD DE GO
FnBEede BOMn BB wem) 6®emeE® ©ddS
B8 B oD Oeflesdms 68.

Their primary purpose is to evaluate all waiting
processes in the "Ready Queue" and calculate
exactly which process is the most optimal to run

next.

Foned OB ad@sn D56 “©e)nd 636"
Bre® ety §wdds ared® t® Semd
BEr0m SO0 DINSO gee HIOBG @@
®OBOR G0 BOHOE.

The Short-Term Scheduler (STS) is the operating
system component that directly utilizes these
algorithms, applying their logic to make
immediate, split-second decisions on CPU

allocation
6®® grFeeNDeOHE ©P® D WO
6@emE® oe8  ©otdme el  @IRd®

Bo@mdme d» g0, CPU d» o) ®d®
BBRSDNGHES DB HOH @S® eem Do 6O
OB HHOO $odE.

Types of scheduling algorithms
500m6sn grdemd® B®

1. First Come First Serve (FCFS)
2. Shortest Job First (SJF)
e Non-Preemptive
e Preemptive
3. Priority Scheduling
e Non-Preemptive
e Preemptive
4. Round Robin Algorithm (RRA)

First, we must understand some key terms
e8P0, go fBm o H8B6E 650 v GG

Arrival time / s:8&5e® e5@®
The moment a process enters the ready queue
and is ready to be scheduled for CPU execution.

BEoonD end® 63300 arad® & CPU o
Beom SO0 em 5o BHOO ge)nd® O
GeIEHND.
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Burst duration / ®» oE®G
The duration a process needs to run on the
CPU.

CPU @ BSoonos S§oddem B0 gdes
DHQB@HDE.

Completion time / g9& § 65@®
Completion time is the point in time at which a
process finishes its execution and releases the

CPU.
HHns e SOO g O e
Be) O mEGE.

Time / ™@®
A specific moment or timestamp related to a

process.
H5ORBw™O e 6B S®dD 6@ 6M)
ME Gerodn edBS gemel emeh.

Ex: Arrival Time, Start Time, Completion Time.

Duration / @)@8@®
The total length of time a process uses the CPU
or stays in a state.

8ORmm CPU oo @08 @o6® 65 ©d
DG A€ 8B80» O MEEG gemel 6med

Ex: Burst Time (CPU duration), Waiting Time,
Turnaround Time.

Gantt chart

In the context of process scheduling in
operating systems, a Gantt chart is used to
illustrate the order and duration of process

execution over time.
6@emn® oldSDe Soo® Bo® Bde®
BREHWE DG, DRES HBO® FEG® FEIED
BLe® #xBEedE 5% DIRB®D Bchomnc BHOO
DR O B OB,

Processes: P1=5ms, P2=3 ms, P3=2ms (All arrive at time 0)

1. FCFS (First Come First Serve)
0 5 8 10

2. SJF (Shortest Job First)
0 2 5 10

3. Round Robin (RR) - Time Quantum = 2 ms

0 2 4 6 8 9 10
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1. First Come First Serve (FCFS)

The simplest scheduling algorithm where
processes are executed in the order they arrive

in the ready queue.

BOR® BEO®OL aGrdemdDHBE O® god DHE
Bon® Geond o5 630  ecBegn®
FnBEeORD FOzdw 68.

The process that arrives first gets executed first.
BB 35BN FHnHo BB SEdm 68.

It follows the FIFO (First-In, First-Out) principle.

6®x FIFO (3680 e5cBegn® gnd 5680 6300
&30RBB®) 3 PEIVOG FH®ODE WOE.

Once a process starts execution, it runs until

completion (Non-Preemptive).
BORGD e B godn B oty DG
&Bess D WO HEIDOD 68

After finishing, the CPU is given to the next
process in the queue.

D gdess §) o, 6e3386e® B0 Bem §dBHO
CPU & @) ecy) @uel.

This continues until all processes are executed.
Bre® S5Ol Bonem @0 &desd dn OT
6®0 En0® 8¢, 68.

Advantages / &8

e Fair (processes executed in arrival order)
ENOENE (e5cBED BB XD FHIGH
Ber@m 6d)

e No starvation
SOBNOD 6eMEID (O &g 6eeD

e Low scheduling overhead
Bo®DOHEO @b O DO afB (sE08EO
B8 ROW ®e)

e Easy to manage and understand
OO BOHOD o’ 6308 ®S®O
e

Disadvantages / &8

e Convoy effect (long job delays short jobs)
8® §min® 8 60 §nin® 5@ 68

e High average waiting time
30@95 && 8068 mEn Dtd
e Poor turnaround time

Turnaround time &8 VEEDBONOGS
603508

¢ Non-preemptive. Not suitable for time-
sharing systems
Non-preemptive @8 @ O®cs® &8
BEM) 8358 66D
e Not efficient for
processes

6D 6®) gSOVHId OB EeHd
VEDBO 6eI68

short or interactive
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2. Shortest Job First (SJF)

A scheduling algorithm that selects the process

with the shortest burst time to execute next.
860 Son SO 6wdd & HEIHEH
63N®BEN B®®OD rRemDDOGE.

It can be either preemptive or non-preemptive
s preemptive @®3 non-preemptive 8 ®e&c

¢ Non-Preemptive SJF
Once a process starts execution, it cannot be

interrupted.
DO DB oE §rn®m BBO 308 ® &g, DB
FOORME HOTHDB G,

The CPU completes the shortest job fully before
switching.
6O §OBn®O o BB 60, CPU dw

BBS ge)e 6@ wIHGE BBHINEHESO edeses
DOH EVE.

Advantages / &8

e Simple and easy to implement
03 e® 5Mesnd e5metd

e Low context switching
enctn B90Dmn B8 af)B

e Stable execution
BNDOD Frrs®wm 68

e Less CPU overhead
B O OO 3835 5@ i)

e Easy to understand and calculate
®HBG BO® ) 6550B@EO e5eeyd

Disadvantages / &8

e Llate arriving short jobs must wait
5630 D BN Foow &8 00 Beed

e Poor response time in dynamic systems
OB 5EB e e BT

e CPU decision cannot change once started
Beem B8 godmd CPU 8dgnn 6dmes
DG GO

¢ Not good for user-interactive systems
SDBOm-BVE D SEB BEH) GLIDS
668

e Less adaptive to real-time changes.
23 E 6O3D® DD gudbomc ai)d

Preemptive SJF

If a new process arrives with a shorter remaining
time, the CPU preempts (interrupts) the current

process.
g0 §rdm D HOBHO &) &f) 980

MEEE 5D D  HOBnD

sEBEO

e5eBEeEns, CPU o crnd s08» Soddn
DO DO O HHOBHO @dt 68.

Always

runs the process with the least

remaining time.
6®n wredD® SIdm e gO® oBd
RGN BB HFEHOBEH

The preemptive version of SJF called Shortest
Remaining Time First (SRTF)

SJF & preemptive g6 Shortest Remaining
Time First (SRTF) e@es ®c€s568.

Advantages / &8

Very fast response for short jobs

2N FEIG® SEH) 9WOS IHBNOG Qe
Good for interactive systems

FEOOBH MO &S e et

Better handling of mixed workloads
DDV 50DeE OB DEODIDOSICE
OB

More dynamic control

®8D BrdwoEN PBGE

Reduces the waiting of newly arrived short
processes

Es D) Boo® O D@D G &f)
OB

Disadvantages / &8

85

Too many context switches
&b 35D DEB

High overhead
D wO® GO0 e85 5@BNGE Ot 683

Complex to implement
Hosi@w BOO es50SHENB

Needs accurate remaining time tracking
Remaining time 88080 ®#n®c o 8
Long processes get interrupted many

times
8x §mn® Sood® de OB
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3. Priority Scheduling

¢ Non-Preemptive
The process with the highest priority runs first,
and once it starts, it continues until it finishes

without being interrupted.

D8)® RO &S HOB[G GBS H®wm dD»
g0, D GO D DOt DO BB 6MHTD
Bo@mosn ndnd

Advantages / &8

e Simple to implement
HosiEm BHOO 0B

e Lower context switching overhead
D0 Fed @t BB m3S d»
MEG D8 00D SO @O

e Stable execution
BNDO G SO

e Clear priority-based order
e5ccERD PR SeH® DOOD FRBEedE

Disadvantages / &8

e Llate-arriving high-priority processes must
wait
5RO 8 DedesD®S 5@e &
e5cBEBeENS 0 ) BO80 Beed

e Poor response time in dynamic systems
®B® sE0BDE 58O crde® NG
ctode 80

e Less flexible during execution
BE50m O amdnd OB D af) B®

e Not suitable for strict real-time

applications
ced) o5 NBD 66D e B 5@

e Possible unfair CPU allocation
epestnosn eEe CPU mi@e D886 o5
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e Preemptive

Highest priority process runs first, and a running
process can be interrupted if a higher-priority
process arrives.

DB)® RO &8 BEHOBH HHSE® D gm0,
BO 8y HERD B Do ecBHoem
Hosi@wm O® HdBos HODOE.

Advantages / &8

¢ Immediate execution of high-priority

processes
9HEG HYRMOGE 58D DresD®mS Oen®
s BB

e Suitable for real-time systems
DB DIBD SES SEE) 9N 6EIDS 68

e Better control over system performance
s5E086E HEIMDOBIG 6NES eNEMDG DS
(>4

e Fast handling of emergency tasks
®EE VGEES 9 68®EES WTEBOD®

e Flexible CPU allocation

2O5BD 6@t CPU mipe 60 806®
BTDED

Disadvantages / &8

e Starvation of low-priority processes

5RO erf) DefesDwem DD CPU m@c
GEEID (NO®

e Frequent context switching
B0 B0 esx3ch® 380mn 5O

e More complex to implement
Hosi@w BB DN eoSHen H®

e Priority management difficulties
B5EDMOGS DECBDOLNE BOEO epeswee)

. System(gerformance may fluctuate
s5E086E HEmMdBDG 6dmed BBO /3o
580 9d) 5@

e No built-in aging mechanism, so
starvation can occur if aging is not applied.

805 Aging p®edecs 6)H8tS »B,
Defesd®me E K @) 8080 &g Bk
0.

What is Starvation?
A situation where a process waits indefinitely in
the ready queue because higher-priority
processes continuously get the CPU. Aging is
the solution for that.

999G D OB D CPU @) @eSem
B, PIOBHD 3058 65368 E» Hr®GHD
6D K& 8BO» ODOGE. MEGS HO®
5RO 8 BBO & esem) BesedE.

What is Aging?
A technique where the priority of long-waited
processes in the system is gradually increased

by 1 for every 15 minutes.

sE086@ Epmidmd &8 8O0» oom O
5EYDMOG 2@ BBD 15 @O OGO 1 B
DO6ES ) D ITBHIGEE.
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4. Round Robin Algorithm (RRA)

Round Robin (RR) is a preemptive scheduling
algorithm where each process is given a fixed
time quantum.

&z® Process dawdd® 5cBn e B8

@ec» Preemptive Scheduling Algorithm
DB.

The Round Robin scheduling algorithm is
mainly designed for time-sharing systems

g dmews Time-sharing systems e
Eb@ngnc @06 &rd.

The CPU cycles through the ready queue, giving
each process an equal share of CPU time in
circular order.

CPU &2 Ready Queue dw ®0®) D10d @
OB ez® Process dwm0O® 5@ CPU o
Qee.

How does the Round Robin Algorithm
Work?
Round Robin gzdemmdo®ed §urimmbaidwn

All processes are added to the ready queue.
Bre® Dded®ns gond® 63300 Doy ®oON
Q6.

The CPU compares each process's burst time
with the time quantum.
CPU o 885 5 D Odesd®mes Burst Time

@ & et Time Quantum (88 g B@0)
BO® Be3EH EDEB.

If the burst time < the time quantum, the
process completes.

Bees0®ess Burst Time ® Time Quantum &m0
DE) of) e 6@ =8 DO OeOH®
&8 EN6HEe §r®m 68.

If burst time > time quantum, it runs only for
the time quantum.

BeBesOmess Burst Time & Time Quantum =0
D) ) B D Frrsew OPex @ & S

Time Quantum @G eBe®) SBLR.

When the time quantum expires, the system
checks if the process is finished.

@ & e e (Time Quantum) gdess § 80,
DO DedesDm® D el BB sdwe) OB,

If completed, it terminates; otherwise, it returns
to the ready queue.

DEs0D® GO B rsmn® O sEBH6ES
905 6. detd eSS 2B, D HODD 3D
653368 Den®nd Dmem 68.
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Advantages / &8

e Fair allocation of CPU (each process gets
an equal time slice)

CPU e0t00#n e6@es 605 DO (e32®
BOBHEDO® 581 IE 60D @IeR)

e Prevents starvation (every process gets a

chance to execute)
& 800 DeDB (6520 §rdDBrwmO®
Ber0m BHOO DN @ied)

e Good response time for interactive and

time-sharing systems
RV D 56 IR GREETEE® SE0B
BEX) GENE NG HEG SDO

e Preemptive scheduling (system remains

responsive)
2OENT Br@@OLE (B3EOSG
5BNNBOD 3O)

e Simple to implement using a circular

queue
BoO §) 653305 BDerS 50D
S BORO HTk

e Suitable for multitasking environments
Rt esdesdEs esem) 8eetd

Disadvantages / &8

e Performance depends on time quantum
size
OB DG IR BENSBOD ¢5®Ecn D
o) s5O8

o If too large — behaves like FCFS
9 dmE ®»® — FCFS 6®% ®e&3ed
o If too small —» too many context switches

QD) W) BB — e 300 B®IE
5®ENEE O OB

e High context switching overhead
QWG BBeH® Bde OO @) s 68

e Average waiting time can be high
QWG BBeH® Bds BOBO @) s 68

e Turnaround time may not be optimal
Turnaround time g®edo emBn TG

e Not suitable for real-time systems (without
priority handling)
D5 MBD SEOS SEH) 8eE 66D
(38 5TBODOSS 6NOD)

e Does not consider process priority (all

processes treated equally)
OB HPRMOB ee3emE (Bre®
BOBS 580 DA @IeR)
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What is a Time Quantum?
DR DHGD 6N O

The fixed amount of CPU time is given to each
process in one turn.

i Booonwd O HocwmE CPU d» ®dmm
SO0 R ec® 380 E &§@IFGE.

If a process does not finish within that time, it is
paused and moved to the end of the ready

queue, and the next process gets the CPU.
DO DIQG FIRCD HGHD desesS 6 M,
D 2O 38058 gOBSNOD ) Be® IO

CPU ®» o 6&.

¢ Too Short Time Quantum
g 60 e DB

A time quantum is considered too short when it
is so small that processes are interrupted very

frequently before doing meaningful work.
856339 BEED BB SHOO 6550 FOZS

B0 86 Hd0 eEd® »O®O time quantum
2D O 8O, D6 9o 60 MR So@dDS 6QE
HRDE) QI6R.

Positive Aspect / dans@m st8E
Each process gets CPU quickly, better for
interactive systems.

D O HOBEO 9w@ss CPU anen 83 68,
600 FRVEEIMD SEOS BEm) 9B 63®s 68.

88

Negative Aspect / eaem5@m S8
Too many switches waste CPU time and reduce
overall performance.

euchn 5506 ¢l 88 e CPU s e3s
D® g sE056eA @D §rmdDOG i)ed.

¢ Too Long Time Quantum

o En E DO
A time quantum is considered too long when it
is large enough that most processes finish in
one CPU burst without being preempted.
66} PHOBE ad@® o exnd  CPU

DOnBS 58 HBBO 2O® time quantum e
D 80, DB @ o@D @) ER D 6QE RN
Q@oel.

Positive Aspect / dans@m st8E
CPU efficiency increases because switching
between processes happens less often.

CPU ob0e®@omnd i) 68 Soddxs aod
NGB 83D O BGEND gf) He.

Negative Aspect / eaems5@m S8
The system behaves like FCFS, so
short/interactive processes must wait too long.

808 FCFS p@eden 6®8 §wi) @68, 63 663
FBVEED FOBHO ) D@ D@
8080 &8¢ 60
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Calculations from the schedulers / 868660 @#mmnc SHS.

Consider the following four processes with their respective arrival times, burst durations and priorities

for all the calculations.
Bre® ofmne SOB e e otd@dHied® 65@ds, S§Endm O EB®DS 5 R B® S5

FOB DO @) DRBD.

Process Arrival Time (ms) Burst Duration (ms) Priority
P1 0 5 3
p2 1 3 1
P3 8 4
P4 4 4 2

To calculate the turnaround duration of a process, we have to subtract the time at which that process

arrived which is the arrival time from the time at which that process was completed which is the
completion time.

Soomem turnaround duration dm ®#nme BOO em), DB GEIEHEK BEISED & e & DIReRS
D»® completion time dews’ DB e 5@ EG D@ arrival time D af) ©E GRG. .

Turnaround duration = Completion time - Arrival time

To calculate the waiting duration of a process, we have to subtract the burst duration which is the
duration that a particular process runs on the CPU from the turnaround duration.

HeOBem waiting duration dm ®©#m96 858 eem), (68 BEIEHEES MG B BT O
EB®D d» burst duration = turnaround duration dewms &f) G GRG.

Waiting duration

1. First-come, first-serve (FCFS)

Turnaround duration - Burst duration

First, we have to draw the Gantt chart
BEEEDSS, R N &G G

Calculate the average turnaround duration and waiting duration.
&)@ turnaround duration e &% waiting duration dm ©gHG DOS®.

FCFS works by executing processes in the order they arrive, where the process that arrives first
gets the CPU first and runs until it finishes.

FCFS 8 206 §mdd c5cBetn® 588600 Smsiomn 50608, D88 e tdetn®d FuOB®
&e80 CPU e@rea® dn gdes D e §osewm 5.
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P1 arrives at time 0 and starts execution immediately. It runs for 5 units of time.
P1, on@ 0 & e5c8%n D@ §msi@wm BOO epd®® mOB. 6 e Jww 5 o Sdets Hdmnk 68.

P2 arrives at time 1, but it has to wait until P1 finishes. P2 starts execution at time 5 and runs for 3
units of time.

P2, on@ 1 88 e5c@es), @ DO P1 gdesesd O e i@ 8300 8¢ 68. P2 §:s®n SB@ e 5
BE OB® O® Fo HE Tow 3 Btletd D HIOm 8.

P3 arrives at time 2, but it has to wait until P2 finishes. P3 starts execution at time 8 and runs for 8
units of time.

P3, a@ 2 88 68@d0 &5cB6el, @ DO P2 ¢desss D& e GlE& BO80 8¢ 68. P3, ane 8 &8
Hosi@m BOO® pod®® mO® g R Jmw 8 Stdetl Do Fudwm 68.

P4 arrives at time 4, but it has to wait until P3 finishes. P4 starts execution at time 16 and runs for
4 units of time.

P4, @ 4 88 868, ®@x DnO P3 gdess Do e e 8080 8¢ 68. P4, e 16 88 §r®m
BB® epo®m DO® FO HE Tow 4 Btdets DG HHOm 5.

Now, we can calculate the turnaround and waiting durations of each process as follows.
&, o0 D A Gesmed turnaround e waiting durations s®o SOE HEBEG WE BTD.

Completion time 0 & 8 16 20

P1 P2 P3 P4

Process | Arrival Time Completion Burst Duration Turnaround Waiting
1D (ms) Time (ms) Duration Duration
P1 0 5 5 5-0=5 5-5=0
P2 1 8 3 8—1=7 7-3=4
P3 2 16 8 16-2=14 14-8=6
P4 4 20 4 20-4=16 16-4=12

Average turnaround duration (ATD):

ATD=(5+7+14+16)/ 4
ATD = 10.5

AWD=0+4+6+12)/4
AWD = 5.5

Average waiting duration (AWD):
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2. Shortest Job First (SJF)
¢ Non-Preemptive

In Non-Preemptive SJF, once a process starts executing, it runs to completion without being
interrupted.

Non-Preemptive SJF 88, §mcocn §c1550m 500 s08 o oy, dc D8 emdd gdenne
e 8D 8.

Note:

Here, it is assumed that the arrival time of each process is the same.
cOBE DD DD F®ed 5cBFHe® 68@D 58D RO EeswBBMG 6w6dS.

Calculate the average waiting duration of these four processes.
608 Hun® HHEOS @5 waiting duration dm ®EwG OSD.

Gantt chart:

P2 P4 P1 P3

P2 is selected first because it has the shortest burst duration of 3ms. It completes execution at 3ms.

P2 @B355® emithma @RSes dxd 3ms m 6md® burst duration 8 @d8. d 3ms & FrOw SO
8030 gn DO,

P4 is selected next with a burst duration of 4ms. It starts at 3ms and completes at 7ms.

P4 Be®0d 4 ms m burst duration dox5 60® 63 ®& @eR. 6 3Ms & poéd® B® god 7ms &
&0 68.

P1 is selected next with a burst duration of 5ms. It starts at 7ms and completes at 12ms.

P1 Bg®0 eit®ma @Rses 5ms @ burst duration dme @@, i 7ms & epd®m d® god 12ms &
&0 68.

P3 is selected last with the longest burst duration of 8ms. It starts at 12ms and completes at 20ms.
P3 gdessd &G0 emihman @Rxess 8ms m Ebesm® burst duration dm @@, i 12ms & epddm d®
g0 20ms & gdess 8.

Let's assume that each process arrived at Oms.
20 §oo® 0ms & st8dhed i 8o8).

Process | Arrival Time Completion Burst Duration Turnaround Waiting
ID (ms) Time (ms) Duration Duration
Pl 0 12 5 12-0=12 12-5=7
P2 0 3 3 3-0=3 3-3=0
P3 0 20 8 20-0=20 20-8=12
P4 0 7 4 7-0=7 7-4=3

Average Turnaround Duration: (3 + 7 + 12 + 20) /4 = 10.5ms

Average Waiting Duration: (0 + 3 + 7 + 12) /4 = 5.5ms
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If you wonder what happens if the arrival times of those processes were different, it is the same

answer that we get because this is Non-Preemptive SJF algorithm.
DO FHIHEREE 5cBEBe® 65@DS 6DMe3 DS WD Beeder® AR wPse) WOSeS B, 6®

Non-Preemptive SJF az@emmndo®ns @8 &0 @iedses Dm® 88nda.

In Non-Preemptive SJF, even if a shorter process arrives when a longer process is already on the
CPU, the longer process will be executed to its completion without being interrupted by that
shorter process.

Non-Preemptive SJF &@8, 8n 8mn®ns ¢td®s CPU @ &8 80 60 S§nmne ecdeice, d®
60 HEIHBHE OB DNDBS 60D EW SHIGH®H DS DENINEG i) HHHdm 68.

¢ Preemptive SJF

In Preempive SJF, if a new process arrives with a shorter burst duration than the remaining
duration of the currently running process, the current process is preempted and the new
process is scheduled.

Preempive SJF, 88, cz0 §c50m O ooned @80 & g8 burst duration =0 O 60

burst duration % 68D 20 G St@MEemNs, DO Gre®e D @Dl o 2O
Sonone Boeoy .

Calculate the average waiting duration of these four processes.
608 Hum® HHEOS @5 waiting duration Hm ®E®G OSD.

Gantt chart:

P1 P2 P1 P4 P3

Time O:
e P17 arrives and starts executing.
P1 e5c®%n §wrsi@m 880 508 @8,

e Remaining burst duration for P1 is 5ms.
P1 ese®) @85 burst duration ®» 5ms 8.

Time 1:
e P2 arrives with a burst duration of 3ms and starts to execute.
P2, 3ms @ burst duration &5 6558 e5c®% 59 SO BBO 508 BS.

e P17 (remaining duration is 4ms) is preempted because P2 has less burst duration.
P2 8 P1© &&n af) burst duration ®m e @cdess, P1 (950 mHeB®d 4ms 68.) Sisdm 5@
2D @ P2 §wsi@wm mAa.
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Time 2:
e P3 arrives with a burst duration of 8ms.
P3, 8ms @ burst duration & 6580 e5cBes3.

e P2 continues executing because its remaining burst duration (2ms) is shorter than the burst
durations of P1 (4ms) and P3 (8ms).
P2 & @80® ac® burst duration (2ms) ®m, P1 & burst duration (4ms) e P3 & burst duration
(8ms) d0 BN &f) Reds P2 #ted §rsdwm 68.

e Remaining burst duration for P2 is 2ms.
P2 ese®) @85 burst duration ®» 2ms 8.

Time 3:

e P2 continues executing because its remaining burst duration (1ms) is still the shortest among
the remaining durations of P1 (3ms) and P3 (8ms).
P1ese® P3 8 958 mneB®ds (B88e0@e 3ms &® 8ms) &odsd P28 8% burst duration &=
(1Ms) 2B REN® g®mn G Dcds P2 EwD® §uxsem 8.

e Remaining burst duration for P2 is Tms.
P2 ese®) @5 burst duration ®» 1ms 8.

Time 4:
e P2 finishes execution.
P2 §csiom 8O gdesed 6D3.

e P4 arrives with a burst duration of 4ms.
P4, 4ms @ burst duration o 5858 escBess.

e The scheduler selects the next process to run based on the shortest remaining burst duration.

@O OBS 6d® @80 burst duration dm @ B8 DG BHO tewm) Be®
Hwmn 63 ®.

e P71 starts executing because it has the shortest burst duration (3ms) among P3 (8ms), and P4
(4ms).
P3 (8ms) ez P4 (4ms) godes 6m3® burst duration dm (3ms) gesiesd P1 O &e 6 §osi®m
B0 0 ®8.

e Remaining burst duration for P1 is 3ms.
P1 eser @5 burst duration ®» 3ms &.

Time 8:
e P1 finishes execution.
P1 §msiem B0 edesss mOa.

e The scheduler selects the next process to run based on the shortest remaining burst duration.

H@mdmes OBS 6d® @8 burst duration dm @ 5B HdHe SBO tem) Be®
Hwmn 63 ®©.

e P4 starts execution because it has the shortest remaining burst duration (4ms) compared to
P3 (8ms).
P3 (6ms) O 6850 6md® @8% burst duration & (3ms) P2 O &8 &en D6 §rmdm BO@
DO POB® A,

e Remaining burst duration for P4 is 4ms.
P4 ese®) @5 burst duration ®» 4ms 8.
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Time 12:
e P4 finishes execution.
P4 8§c5i0m S0 edess DO,

e P3is the only remaining process, so it starts executing.
98D 4t D® Fwicmws P3 68, DD D Hrrx®wm PO 055 @8,

e Remaining burst duration for P3 is 8ms.
P3 ese® 95 burst duration ®» 8ms 8.

Time 20:
e P3 finishes execution.
P3 Scsiem SO® edess wo.

According to the above explanation, we can now calculate the turnaround and waiting duration of
each process.

QW) e5THTER OO aNnd, O cred M D Hrur®ed turnaround es® waiting duration ®gn®e
BT,

P1

P2

P1

P4

P3

Process | Arrival Time Completion Burst Duration Turnaround Waiting
1D (ms) Time (ms) Duration Duration
P1 0 8 5 8§-0=38 8§-5=3
P2 1 4 3 4—-1=3 3-3=0
P3 2 20 8 20-2=18 18-8=10
P4 4 12 4 12-4=8 8§—4=4

Average Turnaround Duration (ATD): (8 + 3 + 18 + 8) /4 = 9.25ms

Average Waiting Duration: (3 + 0 + 10 + 4) /4 = 4.25ms

94

ictfromabc.com




3. Priority Scheduling
¢ Non-Preemptive

Calculate the average waiting duration.
&)@ waiting duration & ®#096 @oSD.

Gantt chart:

P1 P2 P4 P3

P1 starts first because it is the only process available at time 0.
P1 @Bx® epd®m Des s 0 d S0 sD8» D@ Frin®mn Dn O DedS.

P2 arrives at time 1 but doesn't start immediately because P1 is already running (non-preemptive).
Once P1 finishes, P2 starts executing due to its highest priority (1).
P2, anexn 1 & 80 &cBesn®m 2D P1 ccndds Brndm OB D8 &t DO adeided dd®®

@268 (non-preemptive). P1 gded § o563, P2 8 9me® 5800006 1 8 Do §oisiew 880 &0
@8.

P4 has a higher priority than P3 and starts executing after P2 finishes.
P4 %0 P3 O &) 9®¢ &@RDGEED &8 amd P2 edesed § ety D6 §rdd®m 880 508 @f.

Finally, P3 with the lowest priority starts last and completes at time 20.
e D®ERS, #h)® BRMOG & P3 gdes DD end®m & mEc 20 B B0 e8tén 68.

Process Arrival Completion Dllf;l;tsit)n Turnaround Waiting Priority
ID Time (ms) Time (ms) Duration Duration
Pl 0 5 5 5-0=5 5-5=0 3
P2 1 8 3 8—1=7 7-3=4 1
P3 2 20 8 20-2=18 18-8=10 4
P4 4 12 4 12-4=8 8§—4=4 2

Average Waiting Duration: (0 + 4 + 10 + 4) /4 = 4.5ms

Average Turnaround Duration: (5 + 7 + 18 + 8) /4 = 9.5ms
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e Preemptive

Calculate the average waiting duration.
&)@ waiting duration & ®#096 @OSD.

Gantt chart:
0 1 4 8 12 20

P1 P2 P4 P1 P3

P1 starts executing because it is the only process available at time 0.
P1 8c5@m 880 08 @556 e 0 H» 80 5OH8» dm® uicmn i D ds.

P2 arrives at time 1 with a higher priority (1), preempting P1.

P2 8 3@omdn® (1) 6820 EE 102 gdeMNedE e5c@esnsies Pl e5mesmens erdms e)od
©e538®0 OBS.

P2 continues execution until it finishes at time 4.
P2 onE® 4 & gdess D5 6m Srsdm S8 EndD® mOe®® G.

Then comes P4 with the priority 2 at time 4 and starts executing.
@B3eEy IRG 4 D B8O $@RMO®G 2 O P4 e5c@8n §ridd®m 580 508 @8.

P1 resumes execution after P4 finishes and continues until it completes at time 12.

P4 edeses §) eseg P1 §cndi@m BO® 0edm epd@m o®m gmd O e 12 & dx gdes D oot
Sosem 68.

Finally, P3 starts executing after P1 finishes and continues until completion at time 20.

&Oe® Dwene, P3 dex § oty P1 §@iad@m 800 03 @) amd e 20 & D6 edes Do
6D Hrem 68.

Waiting Duration = Turnaround duration - Total number of time units process executed

Process Arrival Completion Dlllgrl'lartsi:)n Turnaround Waiting Priority
ID Time (ms) Time (ms) Duration Duration
Pl 0 12 5 12-0=12 12-5=7 3
P2 1 4 3 4—-1=3 3-3=0 1
P3 2 20 8 20-2=18 18—-8=10 4
P4 4 8 4 8—4=4 4-4=0 2

Average Waiting Duration: (7 + 0 + 10 + 0) / 4 = 4.25ms

Average Turnaround Duration: (12 + 3 + 18 + 4) /4 = 9.25ms
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4. Round Robin Algorithm

( N\

Consider the set of 4 processes that are given in the table, arriving at time 0, with the burst
durations given in milliseconds and the time quantum taken as 4 milliseconds for RR scheduling.
BB 5530 OB @ & &S burst durations e® RR 8x® S0 sem) 88 030 45 6@ @) @C
time quantum % ©0®, & 48 Dxed 8 ™E®G 0 & 5r@e®N®m SEIG® 4 @D REB.

Calculate the average waiting and turnaround durations of these 4 processes.
6®® Hum® 48 en®ews waiting e® turnaround durations ®go®c DOS®.

This is how the ready queue
looks like at the beginning

w @ DD D
P4 P3 P2 P1

Gantt chart:

0 4 7 11 15 16 20

P1 P2 P3 P4 P1 P3

In this Round Robin scheduling example with a time quantum of 4ms, four processes P1, P2, P3 and
P4 all arrive at time 0.

6®® VOB 6B KO SVe® cerwdsed time quantum dm 4ms @ O, P1, P2, P3 & P4 §wmico®
®0 R 0 & s5t8es.

P1 starts execution from time 0 to 4ms and is preempted with Tms remaining.
P1, Oms 80 4ms 38y e thd®e D gmd 1Tms 980D SDGE e5wtsmess 99 68.

Next, P2 runs from time 4 to 7ms.
Be®O, P2, 4ms 80 7ms 58 hd®e AB.

Then, P3 runs from time 7 to 11 ms and is preempted with 4ms remaining.
@55e5¢59, P3, 7ms 80 11ms ey hdms O® gmd 4ms 9500 BDGE t5mesmens 9ds 68.

Next, P4 runs from time 11 to 15ms.
Be®O, P4, 11ms 80 15ms 58 d®e AB.

P1 resumes and completes its remaining 1ms from time 15 to 16ms.
P1 oc®o eo®® w0 8 958 Tms @ @i@c 15ms 80 16ms e5) e@abgn Do,

Finally, P3 resumes and completes its remaining 4ms from time 16 to 20ms.
e D®ens, P3 2tdm epd®m @06 8 @80 4ms @ e 16ms 80 20ms ) e8ehen woa.

To calculate the turnaround and waiting durations, we can use the previous two formulas.
Turnaround e waiting durations ®#mc SBO ee®), g0 6230 &3 65w WD) DG BTE.
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Process | Arrival time Completion Burst Duration | Turnaround Time | Waiting Time
ID (ms) Time (ms) (ms) (ms) (ms)
Pl 0 16 5 16-0=16 16-5=11
P2 7 3 7-0=7 7-3=4
P3 0 20 8 20-0=20 20-8=12
P4 0 15 4 15-0=15 15-4=11

Average Turnaround Duration: (16 + 7 + 20 + 15) /4 = 14.5ms

Average Waiting Duration: (11 +4 + 12 + 11) /4 = 9.5ms

To sum up, the best scheduler here to process
these processes is Preemptive SJF (Shortest

Job First).
g DBEnS, 60O FuOBS e Bem)

DS gee® Bodmogns Preemptive SJF
(Shortest Job First) 8.

It is the best fit here because, for the given
processes, it gives the lowest average waiting

time and average turnaround time.

D cOBE £ee3® @oe® DSes, & a8 §rOBS
eeH), DG OO 8IDS GOIE QG €58 E3BIDB
DB B IERG @R) 6D RTDS.

Choosing Preemptive SJF instead of Preemptive
Priority because the Preemptive Priority gets
the same averages in this example, but SJF
reaches that performance using burst length
alone, without depending on manually
assigned priorities.

6®® cowdguecd Preemptive Priority m®
DS FOG @ ®B® DS Preemptive
Priority e®x5®0 Preemptive SJF ex3® ®SE.
2D DM &S PR @ 6 eED, Hd®
EG 58 B OB SIF DB s e
20 e 68.

In this workload, the short jobs naturally benefit
first, which is exactly why the averages improve.
®® BGE GMens, 60  IBGES
SONTO® ©cED ol B, DO B
e@5es i) Enen 68.
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Why is it best here?
e®tnD 6®r DL oLy otd?

e Shorter processes (P2, P4) are executed
earlier, which reduces overall waiting time.

60 OB (P2, P4) 88 Suin@m o0
QR® oo, DABS @3 @ MEEG &f)
6d.

e Handles newly arriving shorter jobs
efficiently by preempting the current

process.
DO BB ¢Hdecs SHrddm OO
OB »O 60 VGBS IHEEBOD
OO,

Advantages / &8
e High efficiency - Produces the best

average waiting and turnaround times.
9BEG VERBOD - 6NE® eIBHIBS &EE
€569 VG eHEN DIRGS BesedE.

e Faster completion of short jobs - Short

processes finish quickly.
60 MHBEES 68mens HO DO - eI
5OR 9e5s dess 68.

e Good responsiveness - Newly arrived

shorter jobs can immediately run.
6INE, B0 crdd - FRBS et 6w
IIBEBES O® HEIOw B ®es.

Disadvantages / &8
e lLong processes may suffer - Longer jobs

(like P3) may wait longer.
En HOBS wem eem) @ ®» Do

DB - E® mERS (P3 88) O i
R@ 806 TCE.

e Needs burst time estimates - The
scheduler must know or estimate CPU
burst times.

HOn R gu®H» HVO® gdes 8 -
Boe@mdwme CPU hd» ec c» 806
@G 6m) FN®I® DG GNE.

e Harder to implement
Bem BO® epesmecd
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Device Management
ES0® DESOWIWDOFCG

The function of an operating system (OS) is to
control, coordinate, and manage all hardware
input and output devices connected to the
computer.

6®emn® oS (0S) @ben Oxes
sD®MDEO BBSD WO grd BOE® cato®
PO® B HEO® ENo®  NEDE 80O,
BBRSDDOSGE BOHO 5 DSOMDOSNIE HOOB.

The OS ensures devices work correctly, allocates
them to programs, and handles communication
between software and hardware.

OS GBS ceno®m KOO8 §wm) @oO® D S
OB, T Oeesdms DD 60 OB, ©&®
®acmio® &  cafo® g  HBSedeHEG
OO,

What device management does
E50® DESODMWDOMBG BB wosies’ ndide

e Controls input devices (keyboard, mouse,
scanner)
PEID E80® ENEDEB OB (dt &5D0D,
BB, BSwrndn)

e Controls output devices (monitor, printer,
speakers)
580 Ee300® eNEHE OB (6@,
Been BBYG, SBV)

e Allocates devices to programs when
needed

gOms 80 Olesdmws DD Eeo® 6D
OB

e Handles device errors and interrupts
ENo® BeI 5w D) ®egdcdE

How an OS manages input and output

devices
c®emnE® s2086E POD 65® SSBO® CLIo®
DSOMWOFB DOD IO

Input/Output (I/0O) management is the process
by which an operating system controls,
coordinates, and communicates with hardware
devices to receive input and send output.

2 /580® (I/0) 2@t 6N 6®eHn®
o8B  caflo® CNo®  NEDEG S0,
BRBVDOSCE SO 5w TFO) 6O®m RSB

550 OB Pe® R @BOD ©® SGBHG
OO0 &g md® §HEIOBEGEA.

The OS acts as a middle layer between
applications and hardware devices.

6®6mE® EBG 6ked 5t catlo® EeNo® o
®e, 3O0GE 6@ HE) WOB.
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Applications do not communicate directly with
hardware. Instead, they send requests to the

OS, which handles the device interaction.
6ke® catho® ©O® 6Pl  eRSedeHEG
OB, F 6dxd0, T8 £e0® GSDLEED
300D 6@ 606HED EABHBO 98B KOR.

Main components used by the OS for 1/0
management

1/0 c®mnmOsne cH) 6@ema® sid8n 88
NS O® I 300D

The OS manages devices using two important

components
6®6mE® 5EBG Die®s 300D e D
DOBS Ee0® WESBDOG OB

1. Device Controllers (Hardware)
E&No® D (Eato®)

2. Device Drivers (Software)
EeNo® O (Bagmo®)

Device controllers /ceo® s)@m
A hardware component that acts as an interface
between a computer system and a specific

hardware device.

sD®ED SEDBEE 652 BHOD CatNo® Ee)0BEED
goo gdc Guenms 6 S @OD Cato®
£300DMEE.

It manages the electronic communication
between the device and the CPU.

5 o w5 CPU g0 9eeded&m 6@es
BBEDeHG DESOIOSEG OB,

Functions / a)ba6s

e Controls device operations
Geo® 6B0eHED HE®G OB

e Receives commands from the OS
OS 08 Bthe eR) ®8
e Transfers data between the device and

memory
EN0BEB €52 BB g e &bt OB
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Device drivers
ESN0® O™

A utility software program that allows the
operating system to communicate with

hardware devices.

6®emE® ©EABHBO calo® Eo®  BO®
susedemn OO @B HEH® CBeEIEm
Bagtmo® DEOHDE.

Drivers translate general OS instructions into
device-specific commands.

D eN@®®s OS eosectl EeNod-86dn Sthe
RBOO sHOVWEG WOEB.

Without drivers, the OS cannot understand how
to use a device.

DD 605D, OS ©0 Ee30®is BN WO®
PINOB 6DOTE B GINWTD.

Use of drive letters
O® gmds B

Drive letters are alphabetical labels used by

operating  systems (especially Microsoft
Windows) to identify storage devices and
partitions.

DD it 0 60emEd ©dd8 (BeB®erns
®BewetN0 DBet)e]) DS GREN EeNo® €3
Bo® BWEH) GEO EH) DM O™ GINE
6QRE 68.

Each storage device or partition is assigned a
letter followed by a colon.

&52® OREN EeNo®EmO® 663 6m0DO® HmodD
DO &S g0 5830 S L.

Ex - C:

This allows the operating system and users to
locate and access storage devices easily.

6006 606mE® SEOSEO 5w SOBED®BS0 GREN
EN0® e30E36DS 63 ®THBO &5t yednr DB
9B e5@ea.

Why are drive letters used?
O gds 8o wosies’ quid?

e Identify different storage devices.
OO0 ®REN C0® BDED) @eSHBO.

e Access files stored in different locations.
500 SNHudE GRE) @O g ey DD
5edm 0.

e Organize multiple storage devices

connected to the computer.
s0®MDBEO BERRSRD @O g R ®IED
Ge300® 308600 BHBO.

100

Common drive letters
eeg b gude

e TheC: drive / C: ®®x

The C: drive is usually the primary storage drive
where the operating system is installed.

C: ome oH@osecs 60emE® ddBe
BN O e 50T ®RE) OB 68.

e Additional drives (D:,E:,F:)
g®6 dw (D:,E:,F:)

Other drive letters are assigned to:
FEIWD DD it 5O Ereny:

e Additional Hard Disk Partitions
OO cad) O 6O

e (CD/DVD Drives
CD/DVD »ow

e USB Flash Drives
USB d@zd thdw

e External Hard Drives
BG cad) 0

e WhyA: and B: were reserved
A: 5 B: 608 w0 guies goi?

In early computers during the 1970s and
1980s, storage was mainly floppy disks.
Computers often had two floppy disk
drives.

1970 & 1980 w#émsde 3 osdosmmde,
®REND g5t D®Ens S D Bes.
s0@eDDE ee®m] D »HOs D O
cemn BRL.

How does the operating system assign drive

letters?
6®emnE® L8 hdw rdt sDOSeS emetic?

When a device connects:
EN0B®ED B Do BO:

1. The OS detects the device
6@6mEB BSEOSG CeN0®B HED) O

2. The OS checks available letters
6®6mE® BEOSG OS5 amds b
DOEB.

3. The OS assigns the next free drive letter

6®6mE® sEO8G Se®m Bemed dm gud
068
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Advantages of drive letters
O guds O 8

¢ Easy to identify storage devices
®RVED E0® BHED) ®TBOD SHEE
Drive letters make it simple to recognize

different storage devices.
DO emds 880 GRED Eeo® HED) @O
0@ DO8.

¢ Simple file navigation
80 6@ 3cHEDE
Drive letters make file paths easy to

understand and use.
DD emds 6ENE AH® 65508 ®WBBO €3
N0 BBOO eseey OB,

Ex —
C:\Users\Student\Documents
D:\Movies

E:\Photos

e Supports multiple storage devices
R ®DEN CeN0® BT TBWE SO

Drive letters allow the operating system to

manage many devices at the same time.
DD gmdc OBS 6®emEd sEASEO DG
RG] £e0® WEBMWOMBG BOHOO @)
€3@es63.

Disadvantages of drive letters
O guds O gond

¢ Limited number of letters
88 gudt 650280

Drive letters are limited to 26 letters (A-2).
This can become restrictive when many
devices or partitions are used.

O b gmdc (A-Z) O 8®) 68.6)6H3
ENo® 6®) e ®Hdm @O O 6®c
B@d B ®se.

Ex-Servers with many storage devices may

run out of letters.
66 ®REN EeNo® BB 6e3NeIEBS0
o ey B B,

e Drive letters may change
O gt edxed Br wiSe

When removable devices like USB drives
are connected, the drive letter may change.

USB dm 88 908 ¢ o Eeo®
BBRSR O &g B0, dwm emd 6dmed B
BT,
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Evolution of device drivers

ESN0® W O sHENHBG

Device drivers have evolved as computer
technology has improved. Earlier computers
required manual driver installation, while
modern systems support automatic detection
and installation.

sD®ED DTBHIE EGEn BB 5B® ¢e00® Hdw
BB B grm. 6850 SO®END BED) BB
DD B8 D SMsnc BHOO gdes §
god 2n o808 B3DCoSEd ®HEMETRO ®
E3NBWC EBEM) E3HE WO,

e Drivers installed using floppy disks
203 0 HEDEEH BNSDE DO @S
A

In early computers (1980s-1990s), device
drivers were provided on floppy disks.

e odosmde (1980-1990) ®&nxdE,
Eeo® D B3 D@ @) 6CcH .

Users had to insert the floppy disk and
manually install the driver before the device

could work.

EN0®EB H) BOHOO 6650 OBRDBBO OB
2206 ge® DO Mdm &S e3Mesme SHAO
8¢, 8.

Used in - Early printers, Sound cards,

Network cards
D OB @S - BB Qe Y, ®Re
RS, ENHE S

Disadvantages / &8

e Floppy disks had very limited storage.
25 DOOQ 9 BBD G®REN
ODMOEE BR)ERH.

e Drivers could easily be lost or
damaged.

DD 590 a0 BB M3 & B
BTG,
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Drivers installed using CDs/DVDs

CD/DVD =08merns BMe®nc ®o® @&
A

As devices became more advanced,
manufacturers began providing drivers on
CDs or DVDs.

CeNo® DENS Er®n § 80, Bdesremis CD
%3 DVD ®m 0w 505800 508 @,

These disks could store larger driver

software and installation programs.
o®® »HODRD OB DD ®ago® 5.
e3Mesen OeflesD®esS ®RE) D& BT,

Use in - Printer driver CDs, Graphics card
driver CDs, Scanner installation CDs

03 Oxed - Gecon oy Mdm CD,
©e B hdw CD, Szt eSdesen CD

Disadvantages / ¢©8

e Drivers on CDs may become outdated
quickly.
CD ®» hdm 9w@5ss @ 502 BK ®owm.

e Some modern computers no longer
have CD drives.

200 D VMO OO0 CD
[RIVECENCIEoN

Drivers downloaded from the internet
gSobHEERS Nud g DD

Later, manufacturers started providing

drivers on their official websites.
5630, B8enemBs APPe® He 6O Db
D 37588 epOB® DE®.

Users could download the latest driver

versions.
SHBDBIBO DD DD GRE DO DG
BT

Use in - NVIDIA graphics drivers, HP printer
drivers, Intel network drivers

)0 @0xed - NVIDIA guds dwm, HP
Been sy dm Intel eHe HdD

Advantages /8

e Latest updates
DODO OBNZH BOB®

e Bug fixes
eeie 508 SB®

e Better device performance
BE) e, ¢e0® FHIdBOD

Plug and play drivers (modern systems)
Plug and Play &0 (28» &s£08)

Modern operating systems like Windows,
Linux, and macOS support Plug and Play
(PnP) technology.

Windows, Linux &® macOS &8 »d»

e®e»r® odd8& Plug and Play (PnP)
DWBEBO MG .

Plug and Play automatically:
Plug and Play €3®oSw@d:

o Detects a newly connected device
QS HPRDBID CLN0®ED HED) OB

o Finds the correct driver
B8 hdwme 63 &S

o Installs it automatically
D e3DEoFED BMesns OB

Use in - USB mouse, USB keyboard, USB
flash drive, External hard drive
)0 @Oxed - USB @8wen, USB

ORGP0, USB dezd hdwmn, @80 cad
o406

Advantages / ©8

e No manual installation required
RS BSMNSHEG FO®S 66

e Faster device setup
6O®OS Ee0® e35ea®

e Easy for users
SOBEDBSO 5®eycs
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Spooling (Simultaneous Peripheral
Operations On-Line / &@&8 &bzl
c®eunr® VD)

An operating system technique in which 1/0
data from multiple processes is queued in
secondary storage (disk) so that a peripheral
device can process the jobs sequentially while
the CPU continues executing other processes.

R BHOB B8 @edm I/0 ey EO86Bm
®RINED (50x) 6igBmD DO & 6@PemEd

6808 mmssnes, O30 CPU geonns S§riddes
B0 0B gdnd SVESD  EEN®EDO
VEES FnEBmd 5 WeEG.

Without spooling, the CPU must wait until the
peripheral device finishes the current job, which
reduces overall system efficiency.

spooling em»®S ®»® , sBEED Ee0BG DBOS

WEG gD @om e CPU &@ 80c agm
gm0, D6 08D 508 MVEDBOMD &f) wOH.

Advantages / &8

e Improves CPU utilization by allowing the
CPU to continue other tasks without
waiting for slow devices.

BB Ceo® em) D@ 60 CPU 0
FEIWD IVEES DO®mD (OO 98 E6ds

CPU 08>0 858 8xgn woa.

e Enables multiple processes/users to share a

single peripheral device efficiently.

R HuOP/cHBeDBS0 of Sboso
ENoB®ED VEDB®D  eRe)  @iS®0
®DEND @) 6.

e Organizes I/O jobs in a queue for sequential

processing, improving device
management.
B wroe® oem 6s330m |I/0

VEES  eodN®e OB DOBS  EeNo®
DEO®OBNG ) Egn wOB.
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Disadvantages / &8

e Requires additional disk space to store
spool files.

spool exx ®REN SO0 @O D0 @B
OGS 68.

e Introduces extra overhead for managing
the spool queue.

spool ex=iR® wE@wdsn SO® eEH)
OO Bl bBES HEsD) 6.

e Failure of the spool system or disk can delay
or interrupt all queued jobs.

spool =E8ed e®] =06l g 5@
663388 @O e BrE® BEES @ SHOO
©®3 D) BHBO 65y B ®Tw.

Example — Printer Spooling
COBOEG - Besn 6xsy Spool BB®

1. Multiple programs send print jobs.
Ry OesDws Be@n wIHGEEHS GOB.

2. The operating system stores each job in a

spool file on disk.
6@emE® &EBG ©z® DHOEEE® D06

spool eenxdm GREN DOB.

3. A print spooler manages the job queue.
®c#o spooler &S I3 DEB®DOBE
WOEB.

4. The printer takes jobs from the queue and
prints them sequentially.

Begn BBHG 6e53Beds GiRm erem T
FR0TBd o OB,

The user can continue using the computer while

printing occurs.
Beonc BedD om0 SOBEEO SOGSIDE
O BBHO E®OB OG®® (3D BTWD.
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Other Uses of Spooling
Spool 8%e® edns} OGS

e  Printing systems

B 508

e Batch I/O processing
2HENES 1/0 eseB®
e Network job queues

eHE ASG) 6338

e Media rendering queues
@05 Dern® 65330

e Background report generation
6808 O EenNe®E

Components / €060
Component Role
00D ®Bd
Sends data to the spool
CPU system

spool s208E0 coi»
08

Spooler

Manages the job queue
A 6e538®
DEOMDOING OB

Disk (secondary

storage)
206 (2086w
®REND)

Stores spooled data
638 D e ®RED
WO

Peripheral device
SHEBD €e300®E

Processes data slowly
eve 6eds e5estd
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Buffering

Buffering is the temporary storage of data in a
memory area called a buffer while it is being
transferred between two devices or processes

that operate at different speeds.

RodE ey BD0 65mHEEE HE®D DD EeNo®
eI 61 §HOB e god e @bt O®
OO DMOGE 6QE HTESED® BDW HEEHHM
MODMBD B> ®RE) OO

It helps ensure smooth and efficient data
transfer by holding data until the receiving

component is ready to process it.

@TeRD® 300G DB eSO HeIH® O 6w
e e D 6BHedS GO0 ) @VEDB®
e HOGER S SO0 de cesmd 68.

NOTE:
Spooling vs Buffering

Feature Spooling Buffering
Storage Main
used : memory
O DS Disk /2D &5 PG
®REN (RAM)
Data size
e Large / 8&@ Small / &»
&5®@éncs
Handle
Manage slow
devices speed
ggggse BemB Ee00® malsmatch
DERMDOLVE eU®
OB EBTRBO
0B
Printer job Keyboard
Example %gg;emﬁ@ input buffer
CeBOEN B 638 (Gle)eldeldleld
eI VMO
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Memory Management
oD DEO®IDO Towan

Memory management refers to the process of
managing computer memory, particularly the
allocation and deallocation of memory for
running processes and programs.

o DEOIDMOME ©EH SO ODWE
OO  BHe® uOBs O o
Bewsens D® 06l &8 OB ©®
B 0®S E®) B 60 HH® 5w 6Re)
®DO Qe HIESDB BTG,

An Operating System does the following
activities for memory management

0D DEOMDOMEB BEH) 6@enn® L8N
oo §ond 8g o8

e Keeps tracks of primary memory, i.e,
what part of it are in use by whom, what
part are not in use.
HNOBD BB BBRE 5058 D) ®©F), DG,
D8 ®®» O DD DOSER DD
Boomne B8se, ®® 6@ NI
em6De BB BOHS D) ®.

e In multiprogramming, the OS decides

which process will get memory when and
how much.
8 POIDHEEE, WO® HHOBH NO®
D@8 6mdd B OGS @D
®BBBE, (323 6®6mEd SENBK BE3S BOHG
OB

e When a process or program requires
memory, the memory manager allocates a
portion of the available memory to it.
BoOBrmO 653 redH®DO B

gdms § B0, o DCOIWOME DB
508 Ben®s 6O DGO 605 DAOB.

e When a process or program no longer
needs the allocated memory, the memory
manager deallocates or frees that memory,
making it available for other processes.
BOBrwmO 6% Orfdsdn®mO 608 G
OWE DOOOS OmSs DD O, Oow
OO BB DO O 6DDD
B[S 5em) @R @ Bl SHE DS M)
Semes woOB.
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Main Memory (RAM)
gth» @ (RAM)
Programs cannot execute from

secondary storage (disk).
Dede0ns EOBBD ¢done (00) me 80
€308 HHOm DG 6IWTD.

directly

The operating system must first load them into
RAM, where memory is temporarily allocated
for running processes, while unused space
remains available for other programs.

6®emE® &EBG BB uodens T RAM
OB 60D oG BB G D0, OB BEHTOD
D BIOBS ©e® Owe DHOMMPDE 6D
6% EREB. DedSE HDDED 6B 9B @I
xS DrflesOns’ Bem) @S0D 5D8.

Main memory (RAM) stores instructions and
data while programs are executing.

g® e (RAM) @68 Odesd®nsl Ser®m
D godénd T0 aeg coect t65m e ®RE)
20 ®x EREB.

It allows fast read/write access compared with
secondary storage, enabling the CPU to quickly
access active program code, variables, and
intermediate results during processing.

cO8Bm  edo»xd  (Secondary  storage)
065580 608 cdm Bnded o BDe® 68®mK
o ong @, owomnd (CPU) 8o
DeBesOnS 6w, BDEBGBS €5 3rDE6B8 QIeDM
FDOBE 5BOQ 9 9SS @R WSO 6®EHS
o) &5EEND eseEeEs.

RAM is volatile, meaning its contents disappear
when power is turned off.

RAM 5 o®s Qoo O g0, 6®8 gemes
OBes Be® wnr® dusd § 80 8 o) B
oS e B ow VOB,
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Virtual memory
gOs W

Virtual memory allows a computer to run
programs even if their total size is larger than
the available RAM. The system uses secondary
storage to support this.

g05 OWE OBS SODLNWDED Gt NI
®E0 &) Bome Diledns O HrIdm

SO0 98 @) 6clB. 6dxrD w®we O® e
sE08G BE3s 08B ®RE) D) DOH ERS.

Virtual memory provides each process with a
large logical address space, making it appear as
if the system has more memory than it actually

does.

08 B BB D D HIOB®G 5&H) B®IE
MHBD BB® FOIBED @) 6 g0, DA
580863 ©rRdSE sO5® OGO &N Od)
ODWED 4t DD ce3DEB.

When a program runs, only the pages that are
currently needed are loaded into RAM.
BBeDna HuidOm O»n 8O, d® gde3ede
gosd®s O 89 @5 RAM Dm0 830005 D6
QeR.

Pages that are not currently needed remain in

secondary storage until they are required.
et®0 gdms 63D» 80, F&) gdms DD 6D
98B ®RENED ded) DR ®S.

Virtual memory improves memory utilization,
multitasking ability, and overall system
performance.

go0s Oowe OBx o ®DDG, DHIVG
®DE) 6% BB @8 HImdSOG Did)

8ign 08,
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Memory Locations and Addresses
O S o B®

Memory is organized into many small storage
locations, each capable of storing a small unit of
data (such as a byte).

PG WE) ®RE) SN NOBGBDO 6RE) E5oBIMEB
20 g8 goo, DO ©z® SNHHEDO® D DD
Fowns (RBOGH Ot8) GREN BB S O,

Each location is identified by a unique numeric

address.
2@ BNDEDO gDDB § BoRNTOD BBWEES
DED) BDTGS.

The address identifies where the data is stored,

not what the data contains.
oD@ gho®w 68 63D, £ ORE) O g
SNn DO BBDG BBS HEH) O @DEB.

The CPU uses these addresses to access memory
locations when reading data from memory or
writing results to memory.

oo Brded®s 6] 8O owed BHedE DO

B B8N 60 »ednm B0 ewenn (CPU) 885
c®® BB» DD DOH @DEB.

Addressable memory
P exIRBrDOSNES

Addressable memory refers to the total amount of
memory that a computer's architecture can

address or access.
B 6EIPEDDOSNEG (38 SOGIMDED SHBSGDO
3560® 86 il O @m 3®I1BEE.

It determines the maximum size of the memory
space that can be managed by the CPU and the
operating system.

®i CPU &5t 6®6mE® 580806 BB me®emosnc

DG Bt B OB ¢esd® HdOG BoOHG
™OEB.

Byte addressable memory
B0 e oD

Byte addressable memory is a type of memory
architecture where each individual byte in
memory has a unique address.

RBO 6D O 6N Oowed &8 Ed
RBOEDO® goos BBHGE 8 o SHdD
DO®EE.

Hence, we can determine the maximum memory
capacity in bytes by writing the bus width as a
power of two.

DB}, RS sEE 6cewd RDEBD 6QE BDE®S
Cd® Omm dmD RBO OB 6ISOIMIBE, BE5e
BB DE BTGB
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Address | Maximum Addressable

Bits Memory

1-bit 2" = 2 bytes

2-bits 2% = 4 bytes

3-bits 2% = 8 bytes

8-bits 28 = 256 bytes

10-bits | 2'° bytes = 1 KB

15-bits | 2" bytes = 2° x 2'° =32 x 1 KB
= 32 KB

20-bits | 2°° bytes = 1 MB

24-bits | 2** bytes = 2* x 2*° =16 x 1 MB
=16 MB

30-bits | 2°° bytes = 1 GB

36-bits | 2%® bytes = 2° x 2°° = 64 x 1 GB
= 64 GB

CPU

0 ) address
1 J pool

00 01

CPU

00 10 N

01 | address

10 | pool
1

000 001 010 OM

CPU

11 110 101 100

000
001
010
on
100
101
110
111

RAM

address
pool

2 memory address length = maximum accessible memory in bytes
2 Bow 8820w CoBO B0 = 68 S ®d csdO B FB» B OB 5%

NOTE:
Serial Transmission
gnad®o Bedesnn

Transmitter (TX) Receiver (RX)
D, D, D, D, D, D, D, D,
1 0 1 1 1

0 0 (1]
D, ; > D,

Data is transmitted one bit at a time through a

single communication line.
28 655560 HOEE HO®) OO DO D
ReBS e BeieENc 68.

Requires fewer wires and simpler hardware

connections.
&) O 52 0@ catho® BBDBD) d®s 68.
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Suitable for long-distance communication.
E® &0 65556deme Bem) ey 68.

Less signal interference and timing issues

compared to parallel transmission.
@50 eBe58ENn0 65580 &) o) DIEN
OO et IR ®OD.

Commonly used in USB, SATA, and network
communication.

USB, SATA &% eHe esssedemed @ued ®)Do)
68.

Usually slower than parallel transmission for

short distances.
6D &b He®  eN®HBenS
8065860060 &) Bcem® 68.

EOHBDO
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Parallel Transmission
S0 dedesnn

Transmitter (TX) Receiver (RX)
D, 1 5> D,
D, 1 > D,
D, 0 > D,
D, 1 > D,
D, 0 5> D,
D, 0 > D;
D 1 > D;
D, 0 > D,

Data is transmitted multiple bits simultaneously
through multiple lines.
e Ry 63 ®»O®
©8e3®Encn 68.

DO DO BBeswws

Each bit of a byte is sent through a separate

wire at the same time.
R0 Do 520 DO DDE OO 6DHO BEOBD
®OE) BOE) QTeR.

Provides faster data transfer short

distances.
60 b ®O®) DO e BDBIOTDD e3e6E.

over

Requires more wires and more complex

hardware.
O® DY 59 DENS e30VEN cato® OB 6.

Can suffer from signal interference and
synchronization problems (skew) over long

distances.
8®x €0 ®O® o) W) BOB 5w BFHRHD
BB ®0O g8 BB ®uw.

Used in internal computer communication such

as memory buses and old printer ports.
O B 5w 5o Besn By OGS D
5O 5D®END BHBEDeH6E D) 6D.
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System Bus
5808 e

The system bus is the communication pathway
connecting CPU, memory, and 1/O devices.

08 R ¥Ox» xy CPU, @®c 63 1/0 ¢e550®
DB OB 35BS BMV®EE.

It consists of three main buses / ®c gt @3
DOBDS O 65:

1. Data bus e ®escs
Address bus 88®» ®ec
Control bus e@e» ®ec

wn

o
%
o8

=
.

Data Bus
e D6

The data bus transfers actual data between the
CPU, memory, and I/O devices.

CPU, @™ 5% 1/0 cesi0® god o5 e @0t
DOEB.

It is bidirectional, meaning data can travel both
to and from the CPU.

D E8exE 68, DB ed CPU 6d» e g3
800 ©0S ¢ ®SG.

The width of the data bus (8, 16, 32, 64 bits)
determines how many bits can be transferred at

once.
e Reed see (/Y 8, 16, 32, 64) dwdd
BoW OOt DG HTDE, BBD HOSEB OB,

A wider data bus increases data transfer speed.
503 e Resen e Bd@0: 68®mE Dl DAOGB.
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Address Bus
B8» R

The address bus carries memory addresses
from the CPU to memory or I/O devices.

B8» Ress CPU 80 @mme 63 /0 ¢e0® 60D
O BB» &le®m .

It is unidirectional, meaning signals travel only
from the CPU outward.

B T Eexnm® 68, D8 eowe) CPU 80 8000
508 ®OS WOEB.

The number of address lines determines the

maximum addressable memory.
B8®» el ®E® c5d® PISHIG DG O
O SOsG DOGB.

Each address line represents one bit in the

memory address.
z® BB» 63O O BBwed D DO dwe
Bewnlsmn ®OA.

Used by the CPU to identify the exact memory
location for read or write operations.

BDe® 6t B3De® 6®6mi® sem) SEDD ODw
BN0e v ©®S®0 CPU 88 8o @oa.

Control Bus
B)@® VBB

The control bus carries control signals that

coordinate system operations.
23E® P56 &S 606HEE BRSWONG O
830D &30 Sle®D 6.

It manages communication between CPU,
memory, and I/0 devices.

ds CPU, ooos &® /O cs0oe o0
356DeHB DEODOLNE OB,

Control signals include Read, Write, Interrupt,

Clock, and Reset signals.
BNE® HoEDERD SBEO®, OB, ) BH,
DD & 6B B8O o) FrREs 68.

Ensures that data transfer happens at the

correct time and in the correct direction.
e 5DGD BOOE 6DOD ®m BOOE
EmD0 Bed®» D 58w mOE.

Helps synchronize all hardware components in
the system.

BEB6eE Bre® catho® 00dm AL
BOOO cesmmd 68

The number of wires or address buses is known

as the Bus Width.
Koo 6] BB»® DS ©omn DB BeR 6L
BES6D.

The bus width determines the maximum
memory capacity that the CPU can read at one
time.

3 e 8% CPU &m0 d3Ddme Snde e
o0 O DD BB DOE.

RAk

address bus

%

Bus width = address maximum length

R BEE = 6D Bnm BB £ede E®»
L

NOTE:

The maximum length of a memory address is
equal to the Bus width. Which means, memory
addresses with a length of greater than bus

width cannot exist.

oD BBu6D b Em Resed e @1 68.
DB, A3 seED D) Od) Exr 58 B BB®
OB 6MWTD.

Memory addresses may have a length shorter
than the bus width when high-capacity memory

is not available.
9HE MNODOEBS @ B 6MOS 80 Bow
B8®DE E® R 3D D) 60 Bk ®rw.

-
2Bus width = maximum accessible memory

-

20850 = 368w B HD OO B &5@ENE PBO BT
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Units of Memory Data Storage
e OBe® Tow

Memory capacity is measured in bytes and
multiples of bytes. These units describe the
amount of data that can be stored in memory
or storage devices.

o DD B8N ERBES DBO (Byte) &®
RBODE @O OKE. Bomed ®5 ®RE)
EN0MOR DSBS DG WD e EIIGE 6B
Fow 06 dod ewed.

|:| -

4 bits ( 22) - 1 Nibee

8 bits (23) - 1Byte

1024 bytes (2'°) - 1 KiloByte (KB)
1024 KB - 1MegaByte (MB)
1024 MB - 1GigaByte (GB)
1024 GB - 1 TeraByte (TB)

In computer architecture, memory sizes are
expressed using powers of 2 because digital
systems operate using binary addressing.
sdmsn SHEgn BSeeds, BBOQJ o8 EDdG
BBo®OIE OB SoPom O DS O
5@% 5I® DO ERBES 28 DEGS 6REBS.

Logical Idea of a Running Program
Soden d» O:dedn®m bSm Bodsn

A running program views memory as its own
continuous sequence of addresses, starting
from address O up to a maximum limit.
S5 D® DresD®H®E BDWE BN BB®
0 80 cosdd® B8 D) BBecym OSO®
e &) et B8® anwdns 6.

This view is called the logical (or virtual) address
space.

6®® crm® DMHBD (683 ¢Os) BB FODIBED
6R HESGD.

The logical address space is typically divided
into regions used during program execution:
DeleD®HN HEIDOD O goORd NS O
2 BBsEDO 6080 MHBD [B® FOD®EG
6RE) &gr:

1 Bit — smallest unit of data

110

e Code (Text Segment) — stores the program
instructions.
B — 608 DiRednes E6ct ®RE)
OR ERE.

e Data/Global Segment- stores global and
static variables.

e /6@IBE @SB — 608 6B ©®
B205m OGS @R woOH EREB.

e Heap - wused for dynamic memory

allocation during execution (e.g, when
memory is requested while the program
runs).
RN H OO Fer0m D® FORO
(Ee®d8nns 6@t Ditdesdmes Hdmen Dy B0
e Do § 30) 68D ®nD OSBHD
E®) 6006 ®I8) 68.

e Stack — stores function calls, parameters,
return addresses, and local variables.
e®8 function calls, parameters, return

addresses,es® local variables ®&) Do)
@Ra.

From the program'’s perspective, it appears to
have full and private access to this memory
space, even though many programs may be
running at the same time.

DesD®®D cadlemIens DD DE, DO
O3 D 0HE MOBGD FOD DTS
&5tdBGe, 600 ®DDm FOMHE 60D DHOSO®
eDEDED § 51 69IEHRD $Ed®ED &S DO
B0 8 ;.

In reality, the operating system manages
memory and maps the logical address space to
physical memory using the Memory
Management Unit (MMU).

BOMWOeE &, 6PemE® ©SEOBCIsS O
DEPMDOBE WOD 0, P DSOS
T 08 O3S 600 MHBm BB» FOmIBEG
695D DG 60D BBRSE) OB

Virtual address spaces are isolated from each
other, meaning one process cannot access the
memory of another process directly.

g5 3B® #DDmES BB HewE) 685,
D58 O FIOBrmO DO §xiDBnm BDWEO
£5a500 b B 6MWT.

Each process has its own virtual address space.
28 HI6D6EDO0 & 5em® 60558 amds S8
SFODIBEED T,
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Need for Memory Management
oD DEPDDOMEE FOBSDIOG

Modern computer systems run multiple processes

simultaneously.
2T® sDoMD SEO8 DO FIOB BSescs
So®m DOE.

Therefore, memory must be properly allocated,

protected, and managed among these processes.
DB}, 6@® OB gd Owen HB OE DS
858, i BOO® 5 DEOMWOME BOO
FBOVEEEHO DG GRE.

Memory must be used efficiently so that more

programs can run without wasting memory space.
8 D 0®S 350D HHDOw BOBO ®e& O
D8, O EODIGE e 6MGE) @M
IHERBOD B NDD) DG GRE.

Contiguous Allocation and Its Problems
e Benecsmne o» O8 @08

In simple memory management systems, a
process occupies one continuous block of
memory. This approach is called contiguous

allocation.

80Q BD DEOMWOLN SEOBDEE, D HIOBHES
Wl D FDHE) 6O @) 68. 6®® O®
©GRe Bemnesens 6@ BiERGD.

However, it causes several problems over time:
6wet 60D, WG BO® 608 ®IOE &
O 65:

e External fragmentation occurs, where free
memory becomes scattered into many small
blocks. Finding a large continuous free block
becomes difficult, even when the total free

memory is sufficient.

00y Secwed Do ZEIENG 5EHEDS §Be,
BeE SRH%E O 6O 6% @S®
sty 68. DB PG B, 68; 6PSE Hewed
O @A) 6O MBEDO B8 »a.

e Memory compaction may be required to
combine scattered free spaces, but this

process is time-consuming.

B8BY s Bewed 9B @Enns Toddd) BO®
BE®) O BoEmOsG gdws Bn ®us
2, 600 HOBo eH) Ol IERGHE O
8.

To overcome these limitations, paging was
introduced, which allows processes to be stored in
non-contiguous memory locations.

600 BEOS OBHOD) ®BHO ©Hew) BIWOLIE
DEB) 6 EE. DOBS OB 4RI DD
B SNHBOE ®@RD) BB 9f) @R 6&.
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Introduction to Paging
80wOénn BBe, eSO

Paging is a memory management technique used
in operating systems to eliminate the need for
contiguous allocation of physical memory and to

improve memory utilization.

BODOHNEG (3N 619985 BDWEH ELD 605 SHe®
SFOGHIDG @D BHBO €59 B 36 BN Ol
Brgn SHB0 6®emE® 08O ©HD) @oOD B
DEODIDOL) DB .

e Logical memory is divided into fixed-size

blocks called pages.
VB> O, B ety ®iERedm NOO
&5@#n6c 60 O 6Re) &r.

e Physical memory is divided into fixed-size

blocks called frames.
698D O®E, O 6@t ®ESEDD SNOO
®#ned et OO 6RE) &to.

e Pages of a process are placed into available

frames in main memory for execution.
8§odBew g 80, §oem SO eeHm
g Powed g8 ERIOD ®HIS NHE DRSO
e DOX QTed.

e Since page size equals frame size, pages can

fit exactly into frames.
800 ©egnc 6’ NGO &@gnn 8
RS, 8B dBO® NHE ED ®oEes.

e The operating system maintains a page table

to map pages to their corresponding frames.
89 ow TNO gxdees O &od ©BRDSG
205 ®BO0 6®emr® ©EdSn BBx 89
RO OBNE®D 3 ERDB.

Paging removes the requirement for contiguous
memory allocation and helps reduce external

fragmentation.

8lon S0 OGS D Bwe 608 SH6®
a#OEEDOB @08 OB gmd NBO REIDG OO
SO0 ce3emd 68.

Through paging, operating systems can also
implement virtual memory, allowing computers to
use secondary storage (such as a hard disk)
together with RAM to run programs that require

more memory than physically available
BOwogns ®0®), 606mE® osE0S8OD amdB
OWEe SO DG ®rS6. DOGBS ©HISDO

508 RAM domded &) 8 @omes Goms
BeResDms d®n S8 wew RAM 6s0m £8856w

®RENO(Hard disk z5) )8 SO0 esd@#mEd
@b 3.
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Pages

89

A page is a fixed-size block of logical (virtual)
memory used in the paging memory

management technique.

Boon BHe® o DEODMWOLN D8NS
O Dy, SMDO ®gnelS DD ()
Om 60D ‘8OO 6@t ®iERED.

e The logical address space of a program is
divided into equal-sized pages.

Des0m® VD BB® dmImE 81D
5@gned 89 DD ) &TD.

e Each page contains a portion of the

program, such as instructions or data.

2z® BOOn® Drded®nes coect 6] oo
RIESECNO I RaAORCIIN

e Typical page sizes are powers of two, for
example 4 KB, 8 KB, or 16 KB.
£@®BEESE B8ODD G 66 DG
6 508. ceHmden:4 KB, 8 KB, 6116 KB

e Pages are mapped to frames in physical

memory during execution.
Dledn® Fosew O»n O 8 89,

698D @owed(RAM) &8 g (Frames)
60D 8RB 6wed.

Virtual memory
gOs POWEB

Page number

89 epos
000
Byte 0
001 Byte 1
010
011 \\\\ Byte 4094
: Byte 4095
100
101
110
11 <4— 4KB each page
<+»

Page number bits = 3

Offset / Displacement
6mO® | BEEes®n

111111111110
111111111111

NOTE:
The last page of a program may not be

completely filled, which can cause internal

fragmentation.

Oeedmam gdenn 80D oduhenenn® 8Y
BB WD g0, DOBS FHBRDO DEVDHG
o8 B B,

Example

If a program size is 10 KB and the page size is 4
KB:

CO®OHMBE Drtlesd®nm &®@enc 10 KB d& eod
800 5@ 4 KB 8:

Page(89®) | Size Used(®Bo) ¢ 5@%00)

Page 0 4 KB

Page 1 4 KB

Page 2 2 KB (partially filled/ a®b® ®®mece
8% epey)

Here the third page is not fully used, which
results in internal fragmentation.
oBbgnecs® B @O S DS
B0 DHIDG &S 68.

2 offsetbits = nage size in bytes
2 o250 39 = BOHe e5@80E RBD OB

3=2*=8

000000000000
000000000001

No. of pages = 2 page number bits
SQ ®&D= 2 89 gowed dQ @en®

22 = 4KB

Total virtual memory size = no.of pages x page size
05 Bwed O &5@®e = 8 @& X 8ODm 5@

112

8x4=32KB
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01.

02.

03.

04.

05.

06.

07.

A computer system has virtual memory that is divided into 4096 pages. If one page is 4 MB of

size, what is the total capacity of this virtual memory?
@D 080D FDds ODWHED &8 g O 80 4096 DO 6RS) &rD. D B8O HBIG 4

MB 8, 6®® 505 ®5med e8tbgn DD 6mes@gnc?

Virtual memory capacity = Size of a page x number of pages
=4 MB x 4096 = 22 x 210 x 270 Bytes x 212
= 222 x 212 Bytes = 24 x 230 Bytes
= 2% x Giga Bytes = 16 GB

A virtual memory consisting of 1024 pages has a size of 4 GB. What is the size of a single page?
89 1024 B85 50550 s @ 38#006 4 GB 68. o8 800wm 3818006 6wes®8nc?

Size of one page = Virtual memory capacity / number of pages
=4 GB /1024 =22x 2% 210 x 210 Bytes / 2™°
=22 x 210 x 210 x 210 Bytes / 210 = 22 x 220 Bytes
= 2% x Mega Bytes
=4 MB

A 2GB virtual memory has been divided into 512 KB size-pages. How many pages is this virtual
memory divided into?
2GB 2015 ®owom 512 KB g@éned 80 D0 ele) &rm. 6®® gm0s ®mme 80 Snmd 6®e)
Bedc?
Number of pages = Virtual memory capacity / Size of one page

=2GB/512KB =2"x2"0x 2" x 20 Bytes / 2° x 2'° Bytes

=27 x 210 x 210 x 210 Bytas / 29 x 210 Bytes

=21 x210x 210 /29 = 21 210y 21

— 22 X 210 — 212

= 4096

A system uses pages of size 8 KB. How many bits are required for the offset?
6808wnm 8 KB ¢5@#ned 80 08 OB, 60td 5e®) D0 Bnm #dms 6de?

2 offsetbits = pnage size in bytes

= 8 KB = 8 x 2% Bytes

= 23 x 2'9Bytes = 2'® Bytes
13 bits

A virtual memory system uses 12 offset bits. What is the page size?
05 ODm SEABEE 6m0ed DY 12 5 )T OB, 80 &5®@enc Q®e?

2 offsetbits = nage size in bytes
= 2"2 Bytes
= 22 x 2'° Bytes
=4 KB
A virtual memory contains 4096 pages. How many bits are needed for the page number?
05 Ooeem 80 4096 & glo® 68. 8] gome ©Ee®) ) Do gdws 6De?

No. of pages = 2 page number bits

= 4096 = 22

= 12 bits
A system uses 10 bits for the page number. How many pages are there?
20BGD 89 gome e 9 10 & 03 o8, 80 Bus Hede?

No. of pages = 2 Page number bits
— 210
= 1024 pages

~
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Logical (Virtual) Address
B (gd5) BB

Whenever a program accesses memory, the
CPU produces a logical address.

e D®HS Owed  gedrm @ O®  E®
#OMDw®, CPU 88 obsn B38»em
SesedE.

It cannot access physical memory without

translation.
DEO SHOVDDERS GMOD WIS BHWEO
568® Bi 6IBTD.

The Memory Management Unit (MMU) uses the
page table maintained by the operating system
to perform this translation.

cR® o Ve B BBO scHw o
@208 FTowe (MMU) 6®em@® &80
B8 9B O @R 80 O®D HDe) wOE.

The page number is mapped to a frame number
while the offset remains unchanged to form the
final physical address.

gD 698D BB®G 5z8® em) DeSDSDE
66030 D8 gmd 8Q o NE SomO
R 0zesgNe O &go.
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Parts of a virtual memory address

g5 oo B8xcm 6O

There are two main parts in a virtual memory
address

05 O BB®G 5 6O e &L

[ Page Number

Offset / Displacement ]

Page number / 89 oo

A page number is the part of a virtual memory
address used to identify a specific page in
virtual memory.

g20s Dooe R gd 560 80D ®EH

@SB 91T WOD OB O BB®6E 620
809 a0 6@ ®ESED.

Offset / Displacement
65060 / Be3desencs

The offset specifies the address of a particular
byte within a page. The size (number of bits) of
the offset depends on the page size. If the page
size is 2"bytes, the offset requires nbits.

6®0O® BBE 80D DG S BGD® VBOGD
byte B88»c cwdB. e20ted BmEDOG (DO
@) So6gnn DX B8Oed BNEDOE BDG.
800m Jmesdde 2" B0 8, emded tsem DO
n 5@HGE OGS 68

Since page size equals frame size, when a page
is loaded into a frame, the offset part remains
unchanged, meaning the same offset address is

used to locate the exact byte within the frame.
800 Bonesde DBO o®ncd @ 98,
6m0® Bem) gdmws D0 wénne & gxd BO#He
68.
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What is a Frame?
OO 3y DOC?

In paging, physical memory is divided into small
blocks called frames to store pages from
different processes.

BOwodmese, 880 §idlsems 80 o) SO
BE®) IS WG, O 6@ ®HESOD® wWED
N0 OO 6Re) &D.

NOTE:
Each frame is the same size as a page so that a

page can fit exactly into a frame.
258 NHPODO BODD @GO 68D DD VDS
80D 068D G1@Owd ®reBn ®IHE.

Physical memory
698 B

Frame number

DY o>
00 .
/x’ Byte 0
01 Byte 1
10
1 Byte 4094
L4 Byte 4095
<+
Page number bits = 2
4KB each page
No. of frames = 2 frame number bits
s _ & B0 ®sn 2 = 22 = 4
)@ @D = 2 ©8 gowe Q ®#D
2 offsetbits = frame size in bytes 0
26000080 = SEEm e B0 oS | 2 = 4 KB
( 1\
Total physical memory size = no.of frames x frame size Ax4 =16 KB
695D Ol @O 5@ENn = NOE ®m X MDD §@®IFG xa=
- J
( 1\
Frame size = total physical memory size / no.of frames
O8O BB = IS DD O @ / OE ®E®
- J
( 1\
No.of frames = total physical memory size / frame size
@O HBIG = 6ISD Owed GO 5@En / OE ®Em®
- J
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Offset / Displacement
6®0Od / BESes®n

000000000000
000000000001

111111111110
111111111111
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01.

02.

03.

04.

05.

If a computer’s physical memory has 8,192 frames, each with a size of 4KB, what is the total memory
capacity?

DEEDED 6195 B D Dem® 38n 4KB D2 N 8,192: S6d 58, e58tén @mw b
6ISOLNC?

Physical memory capacity = Size of one frame x number of frames
=4 KB x 8192 = 22 x 2'° Bytes x 2"
= 2"2 x 23 Bytes = 2° x 2% Bytes
= 2° x Mega Bytes
=32 MB

Consider a computer with an 8GB of memory that is divided into 65536 frames. Calculate the size of
one frame.

@ 65536 DO L) &S 8GB PwrE 38D BV®ENWEHED HED) DEB®. DD MDD HEIFEHB G®LIHGD
DOBD.

Size of one frame = Physical memory capacity / number of frames
= 8 GB /65536 = 23 x 23 Bytes / 2'°
= 23 x 230 Bytes / 2" x 2% x 23
= 210 x 210 Bytes / 23 = 27 x Kilo Bytes
= 128 KB

The size of a frame in a 4 GB physical memory is 256 KB. How many frames are there in this physical
memory?
4 GB 698w ®nwnm ODD Benesddn 256 KB 68. 6®® e09&m ®mwed (g Sos Sede?

Number of frames = Physical memory capacity / Size of one frame
=4 GB /256 KB = 22 x 23° Bytes / 28 x 2'° Bytes
=22x2%0/28=22x210x 22

24y 210 = 214

16,384

What happens to the number of frames when the size of a frame is halved?
O8O @G eSS af) e B0 N ®enHD AT Beede?

Original frame size = 4 KB
If halved — 2 KB
Physical memory = 32 MB

Number of frames = Physical memory / Frame size
=32 MB /2 KB
= 16384 frames

Conclusion: When the frame size is halved, the number of frames is doubled.
B80000: G 5@¥e ¢SS af) og 80, f o ecusn ed.

What happens to the number of frames when the size of a frame is doubled?
OOD @G 6ERE G DO O ®ENDD WOD Beede?

Original frame size = 4 KB
If doubled — 8 KB
Physical memory = 32 MB

Number of frames = Physical memory / Frame size
=32 MB /8 KB
= 4096 frames

Conclusion: When the frame size is doubled, the number of frames is halved.
B600n0: MO 586 ecasn g 5O, A ase OB af) ed.
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Physical memory size = 32 MB
= 2% x 2%° bytes
= 2°° bytes

Bus width = 25 bits

\_

06. Calculate the total number of bits (bus width) used for a physical address
695D BB®GEE BE®) T @O B DY @HH® (RDES SEE) ®HIWEB WOB®.

Physical Address
IS BB®»G

Represents the real memory location where

data is stored in physical memory.
695D O 5D ®REN WO &S 5tz ODw
BN®e Berisonn DOGB.

The memory hardware uses the physical

address to read or write data in RAM.
®2® catho® I ODWEnS® e BHDBD 63
BO®O, 95D BBHG HBD) WOB.

The logical address generated by the CPU is
translated into a physical address during the
memory access process.

Oom 5edm §wdBedE CPU d®es &ome b
@ ONVBD BBo IED [Bo DO
sHOVDHBEG 68.

The frame number identifies the frame in RAM,
while the offset specifies the exact position

within that frame.

NE o BBS i Owen® NHED ®EH)
@B g0, DEMBHE DO D nE BHOD
N 6358 6.

The final physical address points to the exact
location in main memory where the required

data resides.
e 698D BB®E OGBS e Bwed
FO®S B 5O5® BB SN®EG 65550 6.
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Parts of a physical memory address
65D O BB 6™

There are two main parts in a physical memory

address
68D O BBHED D 6O 6 D

[ Frame Number Offset / Displacement ]

Frame number / %8 gomx

A frame number is the part of a virtual memory
address used to identify a specific page in
physical memory.

89 gome 6N 608D DB DG TS BEOD
800 weH &S0 ©e®) DD OB OB
O B8®»6eE 6mDet.

Offset / Displacement
65060 /B3

The offset specifies the address of a particular
byte within a page.

e®Od BB B8OOI DG GtS BHD® RBOGD
BB®6 eOa.

The size (number of bits) of the offset depends
on the frame size

6®0c6d DEEDOG (DO D) Bosnn eSS
@68 BmEDDG BDG.

If the frame size is 2"bytes, the offset requires
nbits.

68D BEESDG DBO s@¥nens »B, & esemd
a#dms 6m0:68 D0 wenm ¢ F gnd SOsc 6d.
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Relationship between Pages and Frames
890 5 9P gd PDSDDOG

NOTE 1

The size of a frame and a page should always
be represented as a power of 2. Additionally,
the number of pages and the number of frames
are also powers of 2, because Memory sizes
(virtual and physical) are powers of 2, and

page/frame sizes are powers of 2.
OO 3 BODD @B 6BS® B9 3w O
&30R20 & e5c@B0® 28 DK 6@ BOESHIEG DS

GG, O O SOHMEE (WS> O/

695D OD®) 28 Densd D» dDS. 89/
5@B6S 28 DeES O dDS.

NOTE 2

The number of pages depends on virtual
memory size, and the number of frames
depends on physical memory size. The number
of pages and the number of frames is not

necessarily equal.

80 650580 g5 Owed 5®Nn B Send®
B® gmd, 9 oD 6»S Bower RAM
@5 B 5cHd® 60. DRDR BY 30RO €5
O 305D FHOMBEHESRO 58I BB (D BT,

NOTE 3
The size of a page must be equal to the size of
a frame to ensure proper placement in physical

memory. If not, it causes internal fragmentation.
9S> Oowed BB 6 D HSD OO
ousm SO0 sem 80D &®¥un HPdm
@0 @ BB @RG.Detl MBS »H®, DG
FOBRDO DEIBWDOSIBO 655y 68.

Relationship Between Page and Frame
890 &6 0D 0 BBRDSNG

e Page size = Frame size
89 5@806 - O 5@gnes

e A pageis loaded into a frame.
8O0E HPODO 30ENB OB QTeR.

e The page table keeps track of which page is

stored in which frame.
20 80D ®» H@dw G B &rictd 89
DRD A& BBeSssnn DOGB.

NOTE 4

A process reserves either many pages or a
single page. Therefore, depending on the case,
the process receives either many frames or a

single frame.

8ORmS 80 ®#nendn 66 o8 800n 60
WOB. DD, #DEND gnd, HMHOBHLO 6RI6MH3
g 63 D5 NP SOBE.

Ve

Bes BDo @B

:220/27:21OX23
=213
= 8192

01. A computer has a virtual memory of 1GB. The size of a frame is given as 128KB. How many
pages could there be in the virtual memory?
sV®HED 0D Ao 1GB 68. M@dwm Bmesion 128KB e@es ee) &um. aods @mwmed 809

Number of pages = Virtual memory capacity / Size of a page
=1GB /128 KB = 23°Bytes / 27 x 2'% Bytes

~N

02. There are 1024 pages in a computer's virtual memory. The size of a frame in the physical
memory of this computer is 2 MB. If the capacity of the virtual memory is twice than that of the

physical memory, how many frames are there in the physical memory?
sV®meD gods Bwed 80 10241 . 600 OGN 6IBD ODwed & @O

BeEEOG 2 MB 68. 505 ®5med Hdmd eSS ®mmend D) 6c@EGE BB, 695D O
NP Bon Bede?

Virtual memory capacity = Size of a page x number of pages
=2 MB x 1024
=2GB

Number of frames = 1 GB /2 MB
1024 MB /2 MB
512
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s N
03. Consider a physical memory with 2'* frames where the size of each frame is 4KB.

e O S 5@%cs 4KB @5 D 9E 2™ i 58D e®9S5 B B DRSE®.

Number of frames = 2% = 16384

Calculate the total number of bits used for a physical address.
68D BBDEE BE®) DD DO O DY ®HI® ®ENWEH WO,

We already know that the number of bits used for frame number is 14.
B ot LEX) NI WOD DY ®END 14 DD &8 erwddS eHE).

2number of offset bits = The sjze of a frame
= 4 KB = 22 x 210 Bytes
= 2'2 Bytes = 22 Bytes
=12

Therefore, total of 14 + 12 = 26 bits are used for a single physical address.
DD, D 61995 BBHEE €D GO D 14 + 12 = 26 & 925 6D.

Get the physical address corresponding to the 31st byte in the 5th frame.
5 B 8O e ¢S 31 O RBOGO gl 698D BBHG @RI BB®.

According to the previous illustration 000000000000
of a frame, we can get an idea about TR
the question by understating this e
diagram.
6230 2309080 WE DD crdd® 4Nd,
e®® Ozes 8509 60T ®WSe®eS eesO
BBHG BBRE He®ess QR O HTEE. 0000000000001 }_l_) 000000011111
Since the frame number has 14 bits, Frggag niumakber 0 QR
it can be written as 00000000000101.
N eod DY 140 &t RedS Do
00000000000101 eEes BBO® ®Tw.

111111111111

Offset

The offset part has 12 bits. Therefore, the 315 byte can be written as 000000011111. Hence, the
physical address corresponding to the 315t byte in the 5™ frame should be
00000000000101000000011111.

&#REP® 60D DY 125 &rm. DD 31 D EBOG 000000011111 6@ BOG ®rSn. DD, 5 O®
BB 31 B RBOEO gydzes 6:9Sm BB 00000000000101000000011111 B .
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04. A computer has a 12-bit width address bus. In other words, the bus width of the computer is

12.
sdommem D 12 5cE B8 RenD &, 60HE DD OPS BDemI, sdmsmwed RS sge 12
8.

I . I

| 12 bits |

[ Frame Number Offset ]

If there are 16 frames in this physical memory, how many different addresses can one frame have?
600 68D BD®eE K 165 Bed »B, Hd NHPDO DTer®O DS BB BrS SV ®TH?

First, we have to calculate the number of bits reserved for the frame number.
BEED, OE) ot 3EX) 60 WO &S D BV @IDEG WS HE.

2bits for the frame number — number of frames
=16=2*
=4

Now, we can find the number of bits used for the offset.
€, g0 REBMG BE®) D WOD @ DY I GEIEI®D BTHE.

Number of bits for the offset = Bust width — Number of bits for the frame number
=12-4
=8

8 bits can have 28 different combinations.
9 80 DBeD®O 6DNE3 3060335 28% BIJ® ®w.

Therefore, one frame can have 28 = 256 different addresses, meaning the size of a frame is 256

Bytes.
DB, DS D DB ednel BB®» 28 = 256 o5 BDs ®w, DB MO Beessds RBO 256
8.

E Th | 00000000

Frame number

11111111

| 8 bits |
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( 7\
05. A physical memory with 8KB size-frames is divided into 16384 frames. This computer has a 30-

bit virtual address space.

8KB g@gned ¢ e85 6998 B 01§ 163840 6@ &rD. 6®® sB®mEEO 8] 30
O JBB® EDWDIBEE oD,

How many pages are there in the virtual memory?
a5 Owed 8] B Bede?

The size of a page is also 8KB since the sizes of frames and pages are the same.
@ e B O 5®#nn6 5@ B 80Dm g@gnce 8KB 8.

2numberof bits for the offset — size of a page
= 8KB = 273
=13

The number of bits used for the page number =30 -13 =17
89 o BEm) 9D OB @ DY ®EHD

The number of pages in the virtual memory = 2'" = 131,072
08 Owed ¢S 80 ®H®

Calculate the capacity of the virtual memory
05 Ol DD ®EDG DOSD

Method 1:

Virtual memory Capacity — Zthe maximum length of a virtual address
Virtual memory capacity = 230 Bytes

Virtual memory capacity = 1 GB

Method 2:

Virtual memory capacity = size of one page x number of pages
Virtual memory capacity = 8KB x 27

Virtual memory capacity = 2"* Bytes x 2'7

Virtual memory capacity = 23° Bytes

Virtual memory capacity = 1 GB
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4 A
06. A computer has a physical memory of X GB.
s5®#we0O X GB » 6998m ®owmes &em.

This computer has an equal number of bits reserved for both the frame number and offset. If the

above physical memory has been divided into 16384 frames, what is X?
c®® 5D®EINWEE D@ ot 658 FXEBWEG B 6cO® 58I DY 50D 6O WO EID. YWD GIDD

@B O 163840 6R2) grdm® X ¢y d®c?

Zbits for the frame number — Number of frames
= 16384 =2™"
=14

are also 14.

Since both the frame number and offset have an equal number of bits reserved for them, offset bits

O ot 329 FRERBHEB BB EEWO® 381 DY 30RDBOD 60 WO &S VdS, #xEd®®» ¥ ¢ 14 8.

[ Frame Number Offset

J

14 bits

‘—14 bits

28.

X = Zbus width

X = 2% Bytes

X = 210x 210% 28 Bytes
X =210%x 28 KB

X =28 MB

X =256 MB

g

So, a physical address of this computer contains a total of 14 + 14 = 28 bits i.e. the bus width is

DD, 6OB 3D®INDEES 6995 BBDGD BO DY 14 + 14 = 28 & glo® 60 , DHO RS e 288.

Paging / 8Q®0#0c

Paging is a memory management method in
operating systems that eliminates the need for
contiguous allocation of physical memory and

allows the efficient use of physical memory.
BO@ogn 6E 6ISD ODwen® e Bwesmnedd
gOGEMNOG 9O WO ©Y mIBD OB
WEDBOD B SV 9f) ©EEw 606HEd
6880 B DEODOHM POGS.

Paging enables a computer to use more memory
than physically available RAM by using both RAM
(main memory) and Secondary storage (hard
disk/SSD)

BOwognn @G RAM (5the ®om0) &5t 086D
®RD (ead) c0n/SSD ) 5 6em® HDD) HBHE®S

SO®IDEDO 695D @ ® i RAM OO
D) Od) PWED BN SBOOD BeHBEID @B .

122

Paging divides logical memory (Virtual
memory) into pages and physical memory into
frames

BOwo#ncs obBm Bwe (Logical memory) 89
(Pages) eEtw, ®98m» Ommc (Physical
memory) 8 (Frames) e@es ey @RE.

Pages are loaded into any free frames (not

necessarily contiguous).

cOBE 80 BDnz® SHewed NHPPODO e DS
oeSDn ) do c® o) gnBdEedlds SO
SFOBOGS 660D).

Simply in paging, the page number is replaced
with the corresponding frame number using

the page table. The offset remains unchanged.
©86ED S0, 80 Drd ©HDmens 80 o
gm0z 01§ o BB® BBBEMBDE 68. EDOTD
660030 3O,
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This is done through the concept of Virtual
Memory, where:

6®0n 05 mme (Virtual Memory) o
®O®) 8g D g0 DB BB EDBH 6®6e3x%:

e Only required pages are kept in RAM.
gdms 80 0% RAM dewé o) &8,

e Other pages remain on disk.
g 89 cad m06d (Disk) ssO8.

e Pages are brought into RAM when needed
(demand paging).
g0ms 8 80 8 89 RAM &m0 eox» dx
Q@Ted

Paging was introduced to:
BOwO#MG HEBE) 6cx) @R6S:

e Eliminate external fragmentation.
DO DEIO®EB 9D BHAO.

e Support virtual memory.
g05 OO 516 HBO.

e Allow programs to be larger than physical
RAM.
Def)es0nS 69985 Omwnd D) deie SO
CARSCH

Advantages / &8

e Eliminates external fragmentation
DO RSB 9D OO

e Enables virtual memory (can run programs
larger than physical RAM)
#O5 OO 595 5B

e Allows non-contiguous memory allocation
FNBBeO[S 610 B OO

e Supports memory protection and isolation
O PHODBHG 58 HEWE) DO

e Allows sharing of common code (e.g.,
shared libraries)
6e3E, e BO&OD (¢e): shared libraries)

Disadvantages / ¢t»n8

e Internal fragmentation
SBDHO DEIDMH
e Page table consumes memory
89 Oxd O8% e dewismne SO
e Page faults slow down execution (disk

access is slow)
80 ecies B FOw He® edme afd®
(€a®d 2006 sOBEHG BH® e B®)

e Thrashing can occur if memory is
insufficient
BDE DS 668 »® Thrashing &
B &

123

Problems Without Paging
B0mO#ne 6088 80 80 ®z0g

If paging is not used, the system faces several

memory management issues:
BODOENB DMBBHG D) 60D B5EAS O
B30 @TOE TG BT:

1. External Fragmentation
B DD

Memory must be allocated in contiguous
blocks. Over time, free memory becomes

scattered into small, unusable gaps.

PowE RN 60 Be Gm @O,
g0 gt O WE) B3 9B “®HnnS
56@3SHEO B 6B 68.

2. Limited Program Size
88 Ordesd®ns @8N

A process must fit entirely in physical RAM.
Programs larger than available RAM
cannot run, and there is no support for
virtual memory.

DO HEem D »B® e
&8b#ecs® RAM dn nE B¥c @mo.

RAM 20 88) 8@ DidesO®mesS iHdHG D
GENDTD.

3. Reduced Multiprogramming

8)-Ofelns St B0e® ©weSwd
(< 9C)

Entire processes must remain in memory,
so fewer processes can run simultaneously.
©8bgn ORE0HS® BDmeE Oed) BB @D
B, DOO ODG DG B OB DHS
@D &f) 8.

4. Complex Memory Allocation
BoSbgn B OBHOO
The OS must search for large contiguous
free blocks, making allocation inefficient.
0 OesD®H®D eHm deE GRS Bow
em0e (Contiguous block) e ®t&®
OS 20 eesewey @0.

5. Weak Memory Protection
ebDE Bom PoBSBE
Without structured address mapping, it is
harder to isolate processes, increasing the
risk of memory corruption.
BOZS o B 605 BOOW 6B &)
e Dwasde® 65 6dmsy DifednsO@O
) Be® gdern® Ofc.

ictfromabc.com



FLLLLLLLL
OLLLLLLLL

010000000
100000000

000000000

OERCONE
uswade|dsiq

alows /19510

an v =

se)lAg 9607 = g X salkg 21§

LG a1ig

016G 8ihg

Z alihg

| ®1Ag

0 8)Ag

Beo / sawel4
sailg zis

A

€d

0d

bd

v@ee @t

LV
9 | 0L
G |10l
¥ | 001
€ |10
¢ | 010
L | 100

0 | 000
ON 4

Aiowa N Alewiid

DOR CR LN REE NQEE QL @PVR G0 PICFOYR DR
“193ndwod 8y} ul Alowaw [enUIA 3|qe|leAR By} ||B SUMO 31 SHUIY3 Y

QR @OO@EE @RA YQOR EPIRECQ ELCGRXRONER @26
‘92eds ssalppe [enuIA UMO sy sey welboud yoe3

‘@R
@QbE Og 86 oree
QOTUERONER @22
‘9|ge} abed umo
sy sey welsboud yoe3

v
10} L
oLL | 0O
100 10
0L0 | 00

ON'd4|ON d
oney b

ELLLLLLL
OLLLLLLLL

0L00000O0O
100000000

000000000

OEREPFRE
uswade|dsiq
Glowe /19s)0

M é=

so)Ag 802 = v X salkg 21§

LLG 8ihg

0LS 8)Ag

/— NAH_

Sg / sebeyd
se)Ag Z1§

)

bd

0dq

oEeE aab

€|

¢ |0l

L |10

000

ON d

AIOWBN [BNLIA

124

ictfromabc.com



Why Offset Does Not Change?
620068 g 6dmnt] exmdsies’ epi3?

In paging systems, the size of a page and a

frame are equal.
BOw0O#6EE, B8ODm NG 638 HBDD HEING
DBen™O @1 68.

When a page is loaded into a frame, the

position of each byte remains the same.
80O HPODO 3o e T0, OB a4 O D
RB06d B8O 660H3D 5O.

During address translation, the page number
changes to a frame number, but the offset stays

the same.
BB® s0OVIBEEE BY gowwn O gowns VDO
o5 8De, 60 6D0e] 6a0d DeEe® D.

Keeping the offset unchanged makes hardware

address translation simpler.
D060 OB 6MEDNBD D) ®BO OB
eato® @006 BB® SO BDHEG DENS 0@ 65.

Offset / Displacement
60050 / BEDDx

Indicates the exact position of data inside a

page.
80D DG DR BEdo BKO® cwdd.

Represents the displacement, or distance, from
the start of the page to the exact location of the

required data.
8068 ;oBmed 80 gO®s cHDDQ SO
BN0e D) BeEdswn 683 g0 BOzsENG DOGB.

The offset value depends directly on the size of
the page.
(If page size = 1024 Bytes, offsets range from 0

-1023)
Be3nesmnend gme 8068 5@nn 0 RSO
o) 508,

(B0Dm @ = 1024 Bytes 8, 8edsmne 0
- 1023 g0 306D S5O8.)

In memory mapping, only the page number is
replaced with a frame number, the offset is
preserved.

Oow gNOEsmOMMEEE B8O agowd ©®S O)E)

g oBBMeHme 68. DESMeswe 6DHed
DBeS 2.

Larger pages have larger possible offsets and
smaller pages have smaller ranges.

Bene 80 DD Dme BSdsn ¢ th 89 dO
BN BSOINEH & 5TOBB BT,
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Page Table
89 OxO

A page table is a data structure maintained by
the operating system to map virtual pages to
physical frames.

80 O 6y gods 80,6008 N ©O®

8RB0 map SO ee®) 6PemE® B8 n B&SS
BODNE®D 37 DD D DFWES

e Each process has its own page table.
0z® S§OBoO® medelwm 8 89 ORd
.

e Each entry in the page table corresponds to
a page number.
80 Oxed o8 ©z® g SO 89
om0 xdEes 68.

e The page number is used to index the page
table.

80 Oxed chmmen 6@t 80 &ome S
DOB.

A page table entry (PTE) typically contains
80 O® gres 800D en@Hwsecs’ ghlow &F:

Frame number
6§ o

Stores the address (or number) of the physical
memory frame where the page is located so the
system can map the virtual page to the correct
location in main memory.

80D B8 45 6995 O HHBed BBH® 653
gomn 608 ORE) 8. DOBS &SEOBBO OB

80D g ®mel SO0 SM®Ed RS
OO0 s 6D.
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Present / Absent bit
g | v DQD

The present/Absent bit in a page table indicates
whether the corresponding page is currently

loaded in physical memory or not.
80 Oxdwm &S g/ Ho DD e BOD ctxd
695D Omed See »rde 33w N WOE.

ber Frame numbet Present bit

Protection bits/ epdiesn B9
(read /e Sx8®, write / 88®, execute /
coees §odn 858)

Specify the allowed operations on the page
such as reading data, writing data, or executing
instructions, ensuring memory protection and

access control.

e B0d0, 800 e’ coectl §rndm BHO
8 BOD @ 8e, 0 0D FOBS 6@renecsd
0B B 6m6d. DOBR BN OSSO 5
360® NEBG S 6w6d.

Dirty bit

Becomes set when a page is modified in
memory, indicating that the updated data must
be written back to disk before the page is

replaced.

Bowed 48 BOON 60t g 80 «®® DD
o806 60. DO BOD Owens 9ds SBOAO 0,
GOSDIBH DG e DD BOE0 BOG G DO
@B ®dR.
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If it is set to 1, it means the page is resident in
RAM and contains valid data that can be used

by the CPU to access that page.
Do 1 6@ we) grnd, DB gemwel DsSes

800 RAM & gdgns 8 at® god D8 80O

6dm 580 CPU B85 u08m) ¢ % d@o®
e glo® Do RDOEB.

If it is set to O, it means the page is not currently

loaded in RAM.
D 0 6t e gnd, DBS gemed D556s

80D 20 RAM & 250800 8 62008 DOE.

Reference bit / 6§ QO

Set when the page is accessed (read or written),
helping the operating system track recently
used pages for page replacement algorithms
like LRU or Clock.

80020 pede § J0 (8:d® &) BO®) e®n
o806 8. LRU e’ Clock 88 89 u8e3des®

oD 5eH) BzenwwE Do) e 80 ®»E®)
@O0 606 6®6HEd® SEABBO ce5md 8.

The page table enables virtual-to-physical
address translation and ensures memory
protection.

80 Oxd 85 g5 BBHGES 6B BB®GBS
RO sHAVBI®B BOHBD 6B ODWEE HOESEID
08 BB ¢ 9b) .
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What is a Page Fault?
80 eciens’ X ndde?

A Page Fault occurs when a program tries to
access a page that is not currently in the main

memory (RAM).
DD B3 560 Bmed ctnd 68
e 800m0 gedm 880 cenm @i 80 89
el ®O®S.

In paging systems, the page table contains a
present/absent bit:
Paging 2050, 89 RIGY) &
0868 /6m05td8e® DD OGBS o Bee
BTEE, (35 EOB:

1 — Page is in RAM
1 — 898 RAM g 08.

0 — Page is not in RAM

0 — 8909 RAM g 63508.
If the CPU requests a page and the present
bit = 0, the operating system generates a page
fault interrupt.
®s® e37e® Fwwen 8D 9@ 8B0» B8O 8
&5t0856® DD 0 s O & 5 8,

6®emE® 086 BB 80 ecis gndidedn
BHHE DO EREB.

How to Control / Reduce Page Faults
80 ecle snemc 800 / g8 58O

Page faults cannot be completely removed, but

they can be reduced by
80 ecis 89 HenS® 9O wE 6mme e,
55D HO OGS T OB WO®D WG

Increasing RAM size

RAM %emnd 868 SB®

More pages can stay in memory.

B8 80 @ RAM o 8iem ®7m

Use efficient page replacement algorithms.
ace® 80 u8s8Mhs» grdemdo® ©)8man
FIFO, LRU, Optimal

Locality of Reference
868med SNBESOG
Programs should access
locations.

Dees0ms BBs dSBenmd &l ®nm SMH®
6D 3edm d®O 35rErtsd®.

nearby memory

Working Set Model
Soed 280@ pHwmasc
Keep frequently used pages in RAM.

B0 8o d» 89 6208008 RAM dawme RE
D) ®OTHO.
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Demand Paging

In demand paging, pages are not loaded into
RAM until the program actually needs them.
This avoids loading unnecessary pages.

Demand paging @®edg, :Qe0n®nd t5t@ds®

adms O e 89 RAM Dm0 006 61660,
60 BBS gxdes 8] goenn 88 deOa.

If the CPU tries to access a page that is not
currently in RAM, a page fault occurs.

€0 RAM de& 688 80Dm0 3ede 580
CPU ®m e mgesnss, 89 6ciann ®06S.

When a page fault occurs, the operating system
loads the required page from secondary
storage (disk) into RAM.

89 ecivns a8 8 80, 6®en@® ¢80 D8
gOms 80D O8B® ®RENed 80 RAM dm 6dm
230806 ®OEH ERE.

After the page is loaded into RAM, the program
continues execution from the point where it
stopped.

800 RAM 90 006 g o583, DesO®n® HO
8 S»ed 80 ®dD HIi®m B pd®® WOE.

Demand paging reduces RAM usage because
only the necessary pages are loaded.

Demand paging ®8% RAM e8¢ &f) osess
eos065® 80 @8 OSNG OD JDS.

Memory Mapping
o gxnoézsnn

Process of translating a virtual (logical) address
generated by a program into the corresponding
physical address in main memory.

Dees0man OB GSHHG ®O® @ goOB

(D) BBHEE 5D B exndzes IS
BB®EO s3BDVHHG BB® HIDOBEHE.

During translation, the page number part of the
logical address is replaced by the frame number
obtained from the page table.

BHOVDRG OO &, NVED BB 89 o

e 8 Oxeds @es Of gowms B8
8330396 68.

The offset portion of the address is kept the
same because it specifies the exact location of
data within the page.

BB dEMem 6O DeEes® HRH @IeR.
O Beoe 6 Do BedE e sO8» SEdo
BNDEB EROD BenedS.
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The Memory Management Unit (MMU)
performs the translation, while the operating
system maintains the required page tables.

oo DePomdsn FTowes (MMU) ods
sPOVD®E 8B OB g0, 60emEd® SEBG
gO®s 80 Ox DR DOB.

Mapping guarantees that each process
accesses the correct location in physical

memory according to its virtual address space.
gNOzIME OGS ©z® FDBHH® DB EeIE
g5 BB® #DImnd grd %95 Bnmedd
SO ESM®0 5edm O DD & 6wed.

Mathematical Method for Address
Translation

38> obbonn BcH) EHNHOG YOG

Page Number / 89 goox

Page number = logical address / page size
89 o = MMVBD BB»6 / 8OO

NOTE:
A logical address is given as bytes in a
process’s virtual memory. Because it is byte

addressable.

BoDBrm g5 Dwed VB BBDGE
B0 et @R & arm. Be Do DBO 6mB®D
BDED DedDS.

The CPU stores it in binary, but often writes it
in decimal or hexadecimal for convenience.

CPU & €800 epmmdens @) ok, &8ss
eRe®3 B0 B 5®E3d Bem) BB 61 S8
e®OG HO6HS k.

They all represent the same byte location.
Fon Brde® do® RBO 8w Hewriesmn
DOB.

Memory layout / ®owm 8dest@e®:

Page Address Range
89 B8 ata
Page 0 0-255

Page 1 256-511

Page 2 512-767

Page 3 768-1023

Offset / 6®6t®

Offset = logical address mod page size
e®OD = MHED BB®e® Mmod 80dDwm

mod (modulus)

The remainder after division.
READE 9B O® ®m.

Frame Number / %8 goa
The frame number is obtained from the page

table using the page number.
809 gowe D OB, 80 DRd BB 01§
ot @R ®YH @RE.

Physical address / 698> 88sc

Physical address

= frame number x frame size + offset
695D BBDB

= 0@ o X O @B + 60D

Example Calculation

Given:
Logical address = 1000*" bytes
Page size = 256 bytes

Step 1 - Page number
1000 / 256 = 3.90625

Take the integer part:
Page number=3

Step 2 - Offset
1000 mod 256 = 232

So address 1000 is located at:
Page 3, Offset 232

That means the 232" byte, which is inside the
third page, is equivalent to the 1000"" byte in

the address space (whole memory).
DB eemel Hxes DD BOD G S

232 O B0, BB» oOmmed (838t#n
®we) 1000 d» DBOGO @y O DOHB.
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Memory Management Unit (MMU)
oD DEO®IDO Towan

A memory management unit (MMU) is a
hardware component responsible for handling
memory access requests and managing the
system's memory resources.

O DE@wos Towns (MMU) oy dom
3606 BRB® ®iBOdBD t®w ©idSed B
6858 DEPM®OIMEO OOHBD G  Cao®
£3500DWEE.

Functions of the Memory Management Unit
(MMU)
®ow DE®Os Towed (MMU) s

¢ Address translation
B8 sb8boe
The MMU translates virtual addresses
generated by the CPU into physical
addresses in main memory.
CPU o 088 &ooc 208 eR® o085
BBrS s owed s ®ISD

BB®r 90 MMU dn 888 sddbmoe
DOEB.

¢ Memory protection
oD poSemne
The MMU prevents processes from
accessing memory areas that are not
allocated to them.
BB e 608 O 60 O
56€®ORD yedm 88 MMU 88 dewdxn
@REB.

e Virtual memory support
058 DD MR
The MMU supports memory management
techniques such as paging and
segmentation.

MMU & 88 B0mo#nc 655 et i
O DSOS PODE HE®) WG
endaB.

e Access control
856eb® NEHa
The MMU ensures that each process
accesses only its assigned memory space.

D O §©ORBHmO gedw B ®uewm &
e 605 @O &4 O FOD®EO SOH

5 MMU d» 08 o8 OB.
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e Relocation
2O Snon SHO

The MMU allows programs to run in
different memory locations  without

modifying their addresses.
DeRes0msOe BBHGS OB 6amd, T
Oowed D0 BNHHDE Fudm SBHOO

MMU @8 e@esdd.

NOTE:
Translation Lookaside Buffer (TLB)

The Translation Lookaside Buffer (TLB) is a small
and very fast memory cache used to store

frequently accessed page table information.
B0 5ede d» 89 05 emmMOndt ®RE) BHOO
DD ®O® WE) ©® 9B 650D DD
0DDEE.

The TLB stores recently used page table entries,
so the CPU can quickly find the required frame
number.

TLB @& ®@zovw& 03 wO» @ 80 O®

e OB GREN O @S Redd, CPU dm0
gO®B OB Fotdd ) YPDOBS GENIE) B WTD.

Because the page table information is already
in the TLB, address translation becomes much
faster.

80 9xed 6mOnds cr0®s TLB dwm o D5
B, B38» sHDOV®G 9 65®OS 68.

If the required page table entry is found in the
TLB, it is called a TLB hit.
gOms DO® 80 Ox graes 505 TLB d» o

8D »§ e, dx ‘TLB 80" o e@es
Didaacal

By reducing the number of page table lookups,
TLBs significantly improve memory access
speed and system performance.

80 Oxd &b DG g O Gn &f) BO®
®B3, TLB @5 @owm ¢568® 68m© 5t 580863
05D §EmdBOG 5eBn (o 6@ Ol Enen
WOEB.

ictfromabc.com



Examples:

-

Q - Suppose a computer's CPU has a logical address space of 14 bits. 4 bits are used for the page
number and the other 10 bits are used for the displacement. The computer uses 13 bits to identify
a frame in the physical memory.

sd@#mmem CPU 20 39 14 onbSm B8® gdmmns & 8o8). 80 o e5em) D 4 o 8o
2O 20 genn DY 10 Be3ds00 3&®) $HDD) 60. 615D BDwec MPDN WL BTBBO DD
9 13 0B OB,

1. How many bits are used for the frame number?
N o BEH) DY 6IBEND T 65e?

Page

14 bits

S —

|
|
[ Page Number Offset

4 bits 10 bits |

As we learned earlier, we know that the number of bits used for the offset in a page and the

number of bits used for offset in frame are identical.
&es RS 9em ®F B8, BODD Be3desmn eEw) NI @O® B ®EN® 5% @D BeSdsmn
Cm) 0D OB DY ®EHH B VD &8 cBE).

Therefore, if the frame has 13 bits for both the page number and offset, 10 bits from it should

be reserved for the offset part.
DD, DD B0 ot 329 BDeSMNBsHEB B3 6O® DY 13 He® »®, DB DY 1065
Be3nes® w0 e 60X DG GG.

Frame

13 bits

| |
I I
[ Frame Number Offset ]

| 3 bits 10 bit57|

Hence, the number of bits used for the frame number should be 13-10 = 3.
DD, ) ot t3EE) NI WOD DY ®#® 13-10 = 3 B RG.
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Ve

e The frame number is in binary.

58 o EBO EEdens e & arD. Page number Frame number Present bit
0 010 1
e Virtual addresses of page 0 are from 0 ) - w
to 1023 while the virtual addresses of
page 1 are from 1024 to 2047 and so 2 001 0
on. 3 100 1
0 8068 gmnds {B» 0 0 1023 cven
D® gmd 1 80ed aods @8 1024 &0 4 o0 B
2047 60t N8 DBEHS 60. 5 11 1
e The present bit reflects the validity of ° ot !
each row in the page table. 7 101 1

2. Consider a program of 1 KB running in this CPU. If the program wants to access the virtual

address 01011011101001, to what physical address that logical address would be mapped?
(A part of the page table is given below)
6®® CPU d» ¢ §0d®m 0 1 KB 8rfesd®n®s 5w Qes®. Didesd®x»0 01011011101001

o® 05 BB®EO Hedm DD gdms B, DB VDD BBBG FHdENG DD OB WIS
BB®»®OC? (B0 d®ned 6w 5me cred)

g/ D00 80 dred S O
63860 Dro® DG BERE OB.

First, we have to divide the given logical address into two parts as page number and offset.
OB cres DS @ & oS VB BBHG BQ o &5t Te3DNWEB 6@ 62O 6L 6REMD
500.

01011011101001

7T

Page number Offset

The page number 0101 in binary translates to 5 in decimal.
200 6t ats 89 eom 0101 ) c®® 5 68.

When looking at the page table, we can see that the frame number corresponding to page 5
is 111, which is 7 in decimal.

80 Oxd ects Ve B0, 5 D BODO exdEes D OE gown 1112 O g0 i cm® 6@ 7 D
RO g0 62363,

Also, the present bit is 1 which means that the page 5 is now in the frame number 7 in the
physical memory.

Detl®, g /B DD 1 D md DBS gewed Dxjess 5 D BOD €t 61995 ODwed OHE) o
7 8 g5 RO8.

Therefore, we can replace the page number of the given logical address with the frame
number 7 and it will become the corresponding physical address.

DD, 450 @R & &S VB BB®eE B ot N o 7 BO® GELENBHG WG B
g0 D8O D6 gedE 695D BB®G RO 5550y .

Physical address Note that the displacement of both the page
and frame are identical. It has not changed
during the translation.

1111011101001 80D & OO 0» 6cewmB® BDe3d®n 81
RO EDE®. SHOVBWE FHORO DB 6Ol &
DT,
Frame number Offset
131
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Assume that there was a request for the virtual address 01000000001011. In order to fulfill the
request, the operating system changed the present/absent bit of page 7 from 1 to 0. Now,
what will be the 13-bit physical address that corresponds to the

virtual address 010000000010117?

0100000000101 Q= BBWG 3&®) 9FBEW &S D cowFBHG WOS®. 9RR® @)

BBO® e®), 60enir® sERB0 DB 7 O B g /Xt DD D 1 80 0 e 6dned DeS.
e, ¢ds BBme O» 01000000001011 O gydzssne D DY 138 @ 698D JBHG O
eDDe?

If we look at the page table, we can see that the page
4 is not loaded to the physical memory and the reason
for that is because its present/absent bit is 0.

80 Oxd ects Diedems, 4 D BOD 6995w @O
230%00 & 688 RO sd 636H® 0 DGO LD
D D& g/ mo YD 0 DAE.

0100000000101

Page number (4 in decimal)

Therefore, the page 4 should be loaded to the physical memory. To do that, we need an

empty frame.
DD, 4 O BOD 695D OEO OMEG GG, D6 B BO® sem), eesd 85 DHPDD OGS
68.

We have been told that the operating system changed the present/absent bit of page 7 from

1to 0.
6®@6%E® EE® 7 D BOED &g/ o DOD 1 80 0 c550) 6D e DD &30 5B &rD.

It means that page 7 was previously in frame 101, (according to the page table) and now
page 7 has been moved back to virtual memory and frame 101, has been freed by the
operating system in order to fulfill the request. Therefore, frame 1012 (510) is now empty and
another page can be loaded into it.

DBS ecwel OFex 7 On 80D B0 630 1012 MI86D 5Q OB (B D@dO &xd) 5 6®e®nd®
5280 D8 ety 9Bd® 9f BO® ew) 7 O 80D ®tdHs gdms ®wnd @bt @O 1012 O
68D Bewed 0 S ROB. DD, 1012 D OB (510) €t &3 D gmd Do SO DD BYOD
2508005 DO B BTD.

Now we have an empty frame and the page 4 can be loaded into that frame.
co &30 B3 0PN e e 4 D BYD DB IO L3OLNEB DG BT,

After page 4 is loaded into frame 5, the page table should also be updated to include that

information.
4 D 80D 5 O @D EO o0 BBe®S 5830, DB OO FRES WOBR 80 Odnd &
DEIZTD DG GRCE.

Rags fumber [} Fiae bumber Fregent it Therefore, the 13-bit physical address that
0 010 1 corresponds to the virtual address
] 110 ] 01000000001011 should be
. v . 1010000001011.

B3, 01000000001011 ©»  edon
3 100 1 B8O gydzes » DY-1388 G 698D
4 -866- 101 - 1 B8 1010000001011 Bk @oes.
5 111 1
6 011 1
7 101 + 0
132
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4. What are the most-likely reasons for a page fault to occur?
Page fault ®m 8e0@0 e@iem’ 00 @b &S 6w 6®IWENS?
Having the requested page swapped out to virtual memory to free up physical memory for
other pages.
#eOND B BEH) 605 BB Hewed BHBO 9@ BOD s BDWHBO @bt WO HI.
Never having the page loaded into physical memory, which might happen if it's being accessed
for the first time.
800 BE800Dn 6995 BDWEO HOSEG DO 62BD®, BYDO 568 OO 5ed® Djex »® &g Bn
B,
J
05. A computer that uses 32-bit virtual address space has frames of 2MB. There are total of 512
frames in this computer. When the application speed.exe is being executed, a part of the page
table looks as follows.
32-bit 05 B3B» gd@IBGEE D) DO® sd®HMDED 2MB @16 K . 608 SOHGEDENE
8 512 & . speed.exe 6 665D HEEOD O 80, 80 Oxed 6O smm B8 Ee3ed.
Page number Frame number Present/Absent bit
0 000001110 1
1 000000001 1
2 000000101 1
3 000001000 1
4 000100000 1
5 000000000 0
6 000000011 1
7 000000111 1
Notes:
The frame number is given in binary.
NG o EDOG 6RES @R & .
The present/absent bit indicates whether a page is valid and can be used by the CPU. If itis 1, it is
valid, if it is 0, it is not valid and a page fault occurs.
ego /oo DD OGS B8OOI Drome 5t CPU 883 9H8m) g oS 65w e, 6 1 98 Dk Dgo®
68, & 0 ®8, DB DEo® 6xDD o 8B el arsed.
1. Calculate the total RAM capacity of this computer.
6008 sd®m#med ke RAM hdmd ®&Hn mOS®.
We can use the following formula to calculate the RAM capacity.
RAM @ndend ®@n®me SO0 emo 6006 8O D HT.
Total size of the physical memory = Number of frames x Size of one frame
698D Owed e5Bben @G = NOHE @B X D NEDD @ILNE
Therefore, the total RAM capacity = 512 x 2MB = 1024 MB = 1 GB
DD, 5BegHgn RAM demd
- /
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( N\
2. Calculate the number of bits used for the page number.
80 o ©E®) D) DO® DY @B ®HWEG DOB®D.

Size of a page = Size of a page
Size of a page = 2 MB

2numberofoffset bits — Size of a page
Znumberofoffset bits — 2 MB

Qnumber of offset bits — 21y 220 Bytes
2number of offset bits _ 221

Number of offset bits = 21

The length of a virtual address = Page number bits + offset bits
Page number bits = The length of a virtual address — offset bits
Page number bits = 32 — 21

Page number bits = 11

3. Imagine that the CPU wants to access the virtual address (00000000110
000010110100010001010. What physical address would this virtual address be mapped to?

CPU %0 00000000110 000010110100010001010 & 05 BB®HO ¢56dm BBO adms QD Bmeim.
6®® g5 BBH®G GHOESHME D56 BN IS BBDBWOE?

In the previous section, we calculated that the number of bits used for the page number is 11.
Therefore, the first 11 bits of this virtual address should be the page number and the rest 21

bits should be the offset.
650 6m0GESE cpes B3 B0 o e D OB EE DY ®E® 11 & DD ®HDHEB DOD EE.
DO Be) 608 O BB @A Y 11 8] o Bk @ god 950 D] 21 Beddsme Bk Gme.

Page number — 00000000110 - 61¢
8Q ot

If we look at the page table, we can see that the present/absent bit of page 6 is 1, which means
that this page is valid.

&g 80 D@ ects Duedemnss, 6 d» 80ed ago/own DD 1 O® D &) 66563, DBS gemed
D5jes) 600 BOD Dok ROB.

Frame 000000011 which is 3 in decimal, is the corresponding frame number of page 6.
Therefore, we can replace the page number part by this 9-bit length frame number to form the

physical address.
e®® e 3 O MBS 000000011 ;&) B ot 6 O gydzes M) o, DS, 6995 JBBHEG
€5z8® e epesO B0 o 60 600 DY IS E® NOE o IBESMNDE DE BTEBE.

Note that the offset part remains intact.
BeSesen 60 6260030 3OB® RO 0HS WOBB®.

The physical address — 000000011 000010110100010001010
695 BB®es - 000000011 000010110100010001010
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06. Imagine the CPU wants to access the virtual address Ox4F5DE. If the frame number that
corresponds to the page number 0x4F, is 0x35, what is the physical address that maps to Ox4F5DE?
CPU ®0 0x4F5DE o gdons @850 60 5edn D0 #des @8 Bmsd®. 87 gow O 0x4F O exndzes
D N o 0x35 8, 0x4F5DE 6®» gmodzes D 609Sm [Bo¢ @dme?

Hint: Ox is the prefix of a hexadecimal number
9@ni: Ox %) 88 c®® 305D ¢e3eV®EE

1) 0x354F5DE 2) 0x355DE 3) Ox4F355DE
4) Ox5DE 5) None of the above

Answer: 2)

Let's consider the virtual address given in hexadecimal notation.
38 c®OG FomDHERS & &8 45 BBHG BED DRE.

Ox4F5DE

Ox — prefix
4F5DE - virtual address in hexadecimal ez @800 88 c®®n emO6reSS
0100 11110101 1101 1110 — virtual address in binary egmos @8®c 0BG grd6EsS

It is given that the page number of this virtual address is Ox4F.
6®® 05 BB»eE B8] o O0x4F @D @) & guo.

Therefore, the first 8 bits of the address is used for the page number and the rest of the bits are

used for the offset.
DB, BB»eB AF D 8 BQ o 3E®) DD WOD O @8 DY BeSdBMek 5E®) D) 68.

It is also given that the frame number that corresponds to this page is 0x35. So, it simply means
that the page Ox4F maps to frame 0x35.

6®® BODO endzes D NE o 0x35 RO ¢ ER) & &, DD, OB 30D gemed woness 0x4F
6 89D 0x35 s OO gydees D DDE.

To obtain the physical address for the given virtual address, we can replace the page number by the

frame number while preserving the offset part intact.
@ & ats gdos BBHG BeHE) DD 61D BBMEG @RI GtH® e, e 8B o O oeneS
BBBNBDE G BB, & gd® Be3desmn 6w 65IeDNESD DD @D ®Lw.

Therefore, the physical address that corresponds to the virtual address 0x4F5DE should be as
follows.
OO, Ox4F5DE 6o gdms BB®60 gxmdzes D8 6995 BB®6 50D 08 Bk me.

0x355DE
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Practice Question
4 N\
Q - Consider a 64 KB program running on a computer that has physical memory of 64 KB.
The size of a page on this computer is 8 KB. A randomly chosen part of the page table is given below.
64 KB 6995 @omnn &t sdmsnmeam Hdmn O 64 KB Bidesd®n®n 6w Dem®. 6®® sdménmecd
800 Smesdn 8 KB 68. 80 d®xed ¢®mE) 6@t 630®mE 60 e e Ge.

e The frame number is in binary. Page number Frame number Present bit
G ot EDBG eMIOEEHES @) & .

0 111 1

e Virtual addresses of page 0 are from 0 to . 101 .
1023 while the virtual addresses of page
1 are from 1024 to 2047 and so on. - 010 1
0 806D gmnds 88» 0 80O 1023 e d» 3 110 1
g0 1 80ed o205 @8 1024 80 2047
W BMNE B®EEKS 68. 4 000 0
e The present bit reflects the validity of 5 001 1
each row in the page table.
& /e YD B0 Oxed O O 6386 6 011 1
DEo® DG BEDE) wOaB. v 000 0

1. How many bits are used for the frame number and offset?
N o 5 DSNesD e DY BHE ND) WoOSESE?

2. Calculate the number of frames in physical memory.
695D OWeE §ts NE BENBD ®ENDE WOSD.

3. If there are 32 pages in virtual memory, calculate the size of it.
g8 Bomed 8] 32 5 568 58, 8 DEIEDODB ®ENDEG DOSH.

4.  Write down the number of bits used for both logical and physical addresses respectively.
DD 59 6995 BB® EH) 9HDD) ®OD BY ®EN® BBedBS Bred®.

5. Assume that the program running on the computer requests the virtual address
000000101111000101. Considering the page table, what physical address does this virtual address
map to?
oM e O ed®md B8« 000000101111000101 ¢ gdos B8»x 9@ &80» D
EmBBHE DOBD. B D@D 5o DiBedE, 6®® ¢dms BBHEG gxzessnct O 695D BBHG QB

6. If the program requests the virtual address 001000000000000000, will a page fault occur? Write
down the reasons for your answer.

BeBesOme BE3eS 0010000000000000000 G s BBHG 9C@) BIwems D Beede? Vel BBROO
6D B eDs®.

7. The program requests the virtual address 001111011100110101. Due to the unavailability of empty
frames in physical memory, the operating system changed the present/absent bit of page 6 from 1
to 0 in order to fulfill the request. Then, the requested page was copied back to that freed frame.
What will be the corresponding physical address for 001111011100110101?

OO @S 001111011100110101 i goos 886 @@ 80. 698D Bnwed &t Mg 6m®cS
80 655560, 9RO 90 SHB® tsem) 6@emE® sSE8G B3 6 D B arm/mm DD 1 80 0 edh

cdned wedn. 550, 9@ 80 8OO d® Bemed MDD 8Os @O @E. 001111011100110101 e
gxozEes DD 698D BBHG OBE?

8. Draw how the new page table looks after the changes made in the previous part.

Also, explain how the operating system handled that page fault.
62350 em0eE 8e O @ 60Nt BB OB o5ty 2 8 D@D sOB® emIOE &re e ®.
Ded®3®, gm> page fault D 6@enE® BB BB HNEHDG DE PWIORE, STHTER WOBD.
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Calculating the size of a page table
80 dndn» SmesDe ®mac BB

Page Table Size = Page Table Entry (PTE) Count x Size of One Page Table Entry
80 Oxed 3@18nc = PTE ®#0» x PTE DD @800

Page Table Entry (PTE)

A small record inside a page table used by an

operating system to manage virtual memory.
O3 O®E DEODDWmONE OB  Hecm
6@ 3EBGS DB O DO® 8] ORDN
DS &S E) OVMOE.

It tells the computer how a virtual memory page

maps to physical memory.
D5 sDeMmnd dos o B8O 605D
B0 B86BnD O OB K.

Page Table Entry Count

Indicates how many virtual memory pages are

mapped or can be mapped to physical memory.
IS OO BEEB®D ©E S 65
BBEB®D D 0 g5 O 80 ®ED OB,

Each entry in the count represents one page of
virtual memory that the operating system can

manage.

® BBe® 0@ et SO PemE®
E0BBO DEODWONEG WG Bt FDOS ODWES
B BOOE Hewlsmns woOB.

s

PTE Count = Number of pages

PTE ®%m» = 80 ®%H®
L

Page Table Entry Size

Indicates how many bytes are required to store
one entry in the page table, including
information such as the physical frame address
and control bits

695 NOE) BB®®B 5 NED DY Bt 6MOROT
grOd, 8 dxed X araes SO0 oRE)
S50 @ RBD 5@Enn gd®s &l
emdB.

PTE Size = Frame number bits + Other bits
PTE 8mnez3dn = 9@ o DG + genms D9

f.no bits other hits

A
A4
A
\4

no. of PTEs

A
\4

page table entry

-

Virtual Address Space: 4 GB (2% bytes)
Page Size: 4 KB (2'2 bytes)

Q - Calculate the total size of the page table.
80 Oxed ©81ben DmESOB ®EMEG DOSH.

Number of Virtual Pages (N):
g5 80 @gn® (N):

N = Virtual address space / page size
= 2% bytes / 2"? bytes = 2?° pages

Size of each PTE is 4 bytes
80 dxed 93 ¥} edged SmmEendn ABO 48.

= 4 MB

Size of Each PTE: 4 bytes (32 bits, assuming typical 32-bit PTE)

Number of PTEs in the page table = Number of virtual pages = 2%° PTEs
Total page table size = Number of PTEs x Size of each PTE
= 220 x 4 bytes = (2%° x 4) / 2°° MB
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Operating System Kernel
e®enr® o508 DHHEGB

The core part of an operating system that
directly interacts with the computer hardware
and manages system resources

s5D®ED cato® GO® DR BBRVSL OB

B5E08 ©Bsd DE@PM®OHBE DOD 6BOeHHD
8E0BED GHaD® 6O 6®:.

Main Functions of the Kernel
VHEED D DIBEES

¢ Process Management
SR e®oOENRH
Controls the creation, scheduling,
termination of processes.

5OB SV@gns BHO, EEDHS®D SO
&® s SO BB OB.

e Memory Management
Po®d DEB®DDOLNEB
Allocates & deallocates
programs.

DeleDns ©BeH) OHme 608 SO® 6w
2D @R @GSO g WOE.

memory to

¢ Device Management
ESNo® DGRDIDOLNEB
Communicates with hardware devices
through device drivers.

EBo® DD ®O®) Eatho® Ee3No® BR-®
BBBeDeHH WOB.

¢ File Management
BHEIE DEBDOSNEB
Manages files and storage devices.
GMIA) €5 GREN Ce3N0® SOOI OE.

e System Call Handling
808 grOn® wiBdde
Provides an interface
programs and hardware.

s0B@m Ds0®e 5w catho® &d edT
Fgnon 6t ) DOB.

between user

Types of Kernels
DG OV®

e Monolithic Kernel

All OS services run in kernel space (Ex: Linux)
BrE® 6065HEE S50 663D DWHHEF FODIBED

260 §wmew 8. (¢&): Linux)

¢ Microkernel
Only essential services run in the kernel; others

run in user space.
FO50BSE 6t3NDs s HISdm O» oo
BB OB FOMIBEd FHTOD 8.

e Hybrid Kernel

Combination of monolithic and microkernel
features. (Example: Windows)

Monolithic &® Microkernel ¢» &¥® 6cemS®
QBB:MOQ DodS. (cermden: Windows)

Operating System Brands
e Microsoft Operating Systems

o Mobile - Windows Phone (2010)
Live Tiles touch interface with Microsoft
service integration.

Live Tiles &8> esbom gndc@néns
®BeEetnNd 6638) FwIRDERDDE.

Ex: Nokia Lumia 520, Lumia 950.

o Desktop - Windows (1985)

User-friendly graphical user interface (GUI).
©0DE0 ety DD sOEBED eRdt@HeD
Ex: Windows 7, Windows 10, Windows 11.

o Server - Windows Server (1993)
Network and enterprise server

management.
EHE % OBDENE GE3DIEIHE DEODIDOSEG
Ex: Windows Server 2016, Windows Server

2019, Windows Server 2022.
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Google Operating System

o Mobile - Android (2008)
Open-source platform with
ecosystem.

B> Qoy D™D ®» e App
58086,

Ex: Samsung Galaxy series, Xiaomi Redmi,
Google Pixel.

large app

o Chrome OS - (2011)
Cloud-based lightweight operating system.

Cloud ®@» osco® 8 oy ®enn®
BEBG.

Ex: Acer Chromebook, HP Chromebook,
Lenovo Chromebook.

Apple Operating Systems

o Mobile -iOS / iPadOS (2007)

Secure and optimized Apple ecosystem.
POBBD 58 J®EED G Gresd SEDEG.
Ex: iPhone 15 (i0S), iPad Pro (iPadQS).

o Desktop — macOS (2001)
Stable  Unix-based operating
optimized for Apple hardware.

053 Catlo® e P®ESD e, SMOG Unix
B send §) 60emEd® S E.
Ex: macOS Ventura, macOS Sonoma.

system

Linux Community Operating Systems

o Desktop — Ubuntu / Fedora / Linux
Mint (1990s)
Free and open-source

system.

6NTC QRI®D W, 0D BHE 6D WG
e T §I® SEOSG.

Ex: Ubuntu 22.04, Fedora, Linux Mint.

customizable

o Server — RHEL / CentOS / Ubuntu
Server (1990s)

High stability and security for servers.
eE3NEIHED BE®) OB 9ug BNDOBOG 5%
POWSD.

Ex: Red Hat Enterprise Linux,
Stream, Ubuntu Server.

CentOS
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BlackBerry Operating System

o Mobile - BlackBerry OS (1999)
Strong enterprise security with push email

support.
G50 Oxdenn 0068 Mow®D 6w

Push Email eseoegen®.
Ex: BlackBerry Bold, BlackBerry Curve.

Symbian Operating System

o Mobile - Symbian (1998)
An efficient operating system for low-
resource devices.

&8 6858 8D ¢0® BE®) D WIVEHSBO
6@e®nnd® g8 0.

Ex: Nokia N95, Nokia 6600.

ictfromabc.com



Contents

Booting Process of a computer
Introduction to Operating Systems
Language translators
Utility software
Application software
Main functions of an operating system
Evolution of Operating Systems
No operating system
Simple batch system
Multi — programmed batch system
Time-sharing system
Multitasking
Classifications of Operating Systems
Based on number of users
Based on number of tasks
Based on processing model
Based on timing requirements
User Interfaces
File Management
File name components
File attributes
How data is physically stored on disk
Path name
File directory
Disk allocation methods
File systems
Disk defragmentation and compaction
Disk partitioning
Disk formatting
Backups
File security
File storage management

Maintenance of secondary storage

11
13

14
16
17
19
21

23
24
26
28

37
40
41
43
44
46
50
55
58
59
60
63
64
65

14

23

31
36

ictfromabc.com



Process Management 66

Components of a process 67
Main memory & virtual memory 68
Process management 69
Process state transition diagram 70
Types of scheduling 73
Process control block 73
Context switching 75
Interrupts 76
Process creation 78
Process termination 80
Scheduling policies 82
Scheduling algorithms 83
Calculations from the schedulers 89
Device Management 929
Device drivers & drive letters 100
Spooling 103
Memory Management 105
Addressable memory 106
System bus 108
Units of memory data storage 110
Introduction to paging 111
Pages 112
Logical (virtual) address 114
What is a frame? 115
Physical address 117
Relationship between pages & frames 118
Paging 122
Page table 125
Page fault 127
Mathematical method for address translation 128
Memory management unit (MMU) 129
Calculating the size of a page table 137
Operating system kernel 138
Operating system brands 138

ictfromabc.com



