
 

The booting process of a computer 
mrs.Klh mK .ekaúfï ls%hdj,sh 
 
 

 
 
 
 
 
 
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. 
mß.Klh mK.ekaùfï l%shdj,sh hkq" Tn 
mß.Klh l%shd;aul lrk úg fufyhqï moaO;sh 
mQrKh lsÍu i|yd mß.Klh wkq.ukh lrk 
mshjr ud,djhs' tu.ska mß.Klh Ndú;hg 
iQodkï lsÍu i|yd wjYH oDvdx. iy uDÿldx. 
ilia lrkq ,nhs'  
 
Types of Booting 
mK.ekaùfï j¾. 
 

1. Cold Boot  
Starting the computer from a powered-off 
state. 
iïmQ¾Kfhkau l%shdúrys; lr we;s ;;a;ajhl isg 
mß.Klh mK.ekaùuhs' 

Example: Turning on your PC in the morning. 
WoEik ld,fha§ Tfí mß.Klh l%shd;aul lsÍu' 
 
2. Warm Boot  
Restarting the computer without turning off the 
power completely. 
úÿ,s iemhqu iïmQ¾Kfhkau úikaê fkdlr 
mß.Klh kej; mK.ekaùuhs' 
Example: Pressing Restart. 
Restart fnd;a;u tîu' 
 
RAM Drive / RAM Odjl 
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 Odjlhla hkq mß.Klhl RAM tflka 
fldgila oDV ;eáhla f,i Ndú;d lrk w;:H 
.nvd Wmdx.hls' 
 
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. 
th ;djld,sl f.dkq fyda ks;r m%fõY jk o;a; 

RAM ;=< .nvd lsÍfuka wdrïNl l%shdj,sh 
fõ.j;a lsÍug WmldÍ jk w;r th idïm%odhsl 
oDv ;eá .nvdjg jvd fnfyúka fõ.j;a fõ' 

There are several steps of booting process of 
a computer. 
mß.Klh mK .ekaúfï ls%hdj,sfha mshjr 
lsysmhla we;' 

 
• Power On  

n,h iemhSu 

 
When you press the power button, electricity 
starts flowing to the computer’s components, 
such as: 
Tn Power button tnQ úg" my; i|yka mß.Kl 
Wmdx. fj; úÿ,sh .,d hdu wdrïN fõ( 
 

o CPU / uOH ieliqï tallh 
o RAM / m%Odk u;lh 
o Hard drive or SSD / oDV ;eáh fyda SSD 
o Motherboard / uõ mqjrej 

 
The CPU becomes active and looks for 
instructions to start the system. 
fuys§ CPU tl il%Sh ù moaO;sh wdrïN lsÍu 
i|yd wjYH Wmfoia fiùu wdrïN lrhs' 
 

• BIOS / UEFI Starts  
 

The CPU loads a small program stored on the 
motherboard called BIOS (Basic Input Output 
System) or UEFI. 
uõ mqjrefõ .nvd lr we;s BIOS (Basic Input 
Output System) fyda UEFI kue;s l=vd jevigyk 

CPU u.ska mQrKh lrkq ,nhs' 

 
Purpose  
wruqK: 
 
o Initialize hardware 

oDvdx. wdrïN lsÍu 
o Prepare the system to load the operating 

system 
o fufyhqï moaO;sh mQrKh lsÍu i|yd 

moaO;sh iQodkï lsÍu 
 
It checks if essential devices are connected. 
fuys§ w;HjYH Wmdx. iïnkaO ù we;aoehs 
mÍlaId lrkq ,efí' 
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Firmware 
iaÓrdx. 

 
Firmware contains instructions on how a device 
should perform and how it should 
communicate with other devices. 
iaÓrdx.j, Wmdx.hla l%shd l< hq;= wdldrh iy 
th fjk;a Wmdx. iuÕ ikaksfõokh l< hq;= 
wdldrh ms<sn| Wmfoia wvx.= fõ' 
 

 

 
 
 
 
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.  
th idudkHfhka .nvd lrkq ,nkafka" Wmdx.h 
l%shdúrys; l<o tys wvx.= oE uelS fkdhk u;l 

j¾.hl h' WodyrK f,i ROM (Read-Only 
Memory) fyda *a,EIa u;lh (Flash memory) 
oelaúh yelsh' 

 
 
 
 
 
 
 
 
 
 
 
BIOS 
 

Types of firmware 
iaÓrdx. j¾. 
 

• Basic Input/Output System (BIOS) 
Found in computers, it initializes the hardware and 
loads the operating system. 
mß.Klj, olakg ,efnk" th oDvdx. wdrïN lr 
fufyhqï moaO;sh mQrKh lrhs' 

BIOS is a non-volatile Read only Memory (ROM). 
BIOS hkq kIH fkdjk lshùug muKla yels 

(ROM) u;lhla fõ' 
 

• Unified Extensible Firmware Interface 
(UEFI) 

A more modern replacement for BIOS, also used 
in computers. 
BIOS i|yd jvd;a kùk wdfoaYlhla" mß.Klj, o 
Ndú;d fõ' 

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) hkq 
fufyhqï moaO;shla iy fõÈld iaÓrdx. w;r 
uDÿldx. w;=reuqyqK;la ks¾jpkh lrk 
msßú;rhls' 
 
 
 
 
 
 
 
 
 
 
 
 

Comparison between UEFI and BIOS  

Feature BIOS  UEFI 

Release Date  
ksl=;a l< Èkh 

1981  2002 

User Interface 
mßYS,l w;=re 
uqyqK; 

Text based keyboard navigation 
fm< mokïj h;=re mqjrej iuÕ 
wkqp,kh fõ 

Graphical, support mouse and keyboard 
ujqia iy h;=re mqjrej iuÕ wkqp,kh fõ 

Operating Mode  
fufyhqï l%uh 

16-bit 
 

32-bit or 64-bit, can access more memory 
32-bit fyda 64-bit" jeä u;l m%udKhlg m%fõY 
úh yel  

Partition Support 
Partition iyh 

MBR (Master Boot Record), up to 2TB  
MBR (Master boot record), 2TB olajd 

GPT(GUID partition table), over 2TB 
GPT(GUID partition table), 2TB blaujd 

Security 
wdrlaIdj 

Basic, no inherent security feature 
uQ,sl" iajNdúl wdrlaIs; úfYaIdx. 
fkdue;  

Support secure boot, which prevents 
unauthorized OS  
Secure Boot iydh olajhs" wkqu; fkdl< 
fufyhqï moaO;s je<elaùu 
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CMOS Memory 
CMOS u;lh 
 
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. 
fuh Èkh iy fõ,dj" werUqï wkqms<sfj, iy 
oDvdx. úkHdih jeks moaO;s ieliqï .nvd lsÍug 
Ndú;d lrk ujq mqjrefõ l=vd u;l m%udKhls' 
 

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 u;lh ujq mqjrefõ we;s l=vd negßhlska 

^fndfyda úg CMOS negßh f,i ye¢kafõ& n, 
.ekafjk w;r" mß.Klh l%shd úrys; lr ;sìh§ 
mjd tys wka;¾.;h r|jd .ekSug bv i,ihs 
 

The BIOS chip contains the firmware code that 
controls the system startup and operation. 
BIOS Ñmfha moaO;sfha wdrïNh iy l%shdldß;ajh 
md,kh lrk iaÓrdx. fla;h wvx.= fõ' 
 
The CMOS memory stores the settings that the 
BIOS uses to configure the hardware and boot 
the operating system. 
CMOS u;lh oDVdx. úkHdi lsÍug iy 

fufyhqï moaO;sh wdrïN lsÍug BIOS Ndú;d 
lrk ieliqï .nvd lrhs' 
 
When you change settings in the BIOS setup 
utility, those changes are saved to the CMOS 
memory. 
Tn BIOS ieliqï Wmfhda.S;djfha settings fjkia 

lrk úg" tu fjkialï CMOS u;lhg iq/fla' 
 
 
 
 
 
 
 
 
 

Clearing CMOS 
CMOS uld oeñu 
 

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 ieliqï tajdfha uq,a ;;a;ajhg m;a lsÍu 

i|yd we;eï úg CMOS u;lh uld oeóu wjYH 

úh yelsh' fuh CMOS negßh bj;a lsÍfuka fyda 

uõ mqjrefõ we;s Jumper tlla Ndú;d lsÍfuka 
l< yelsh' 
 

• POST (Power-On Self-Test)  
BIOS performs a POST test to check if the 
hardware is working properly. 
oDvdx. ksis f,i l%shd lrkafka oehs mÍlaId lsÍu 

i|yd BIOS u.ska POST mÍlaIKhla isÿ lrhs' 
 

It checks: 
tu.ska my; i|yka oE mÍlaId lrkq ,efí: 
o RAM / m%Odk u;lh 
o Keyboard / h;=remqjrej 
o Processor / ilikh 
o Storage devices / .nvd Wmdx. 
o Display / ixo¾Ylh 

 
If a problem is found, the computer may 
produce beep sounds. 
hï fodaIhla wkdjrKh jqjfyd;a" mß.Klh 
u.ska îma y~j,a ksl=;a lrkq ,nhs' 

 
If everything is fine, the process continues. 
ish,a, ksjerÈj mj;skafka kï" mK.ekaùfï 
l%shdj,sh ;jÿrg;a bÈßhg isÿ fõ' 
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POST beep codes 
 

Beep Code Meaning 

. System booting normally / 
POST passed 
moaO;sh idudkH mßÈ wdrïN 
ùu $ POST iu;a ùu 

.- Memory (RAM) error 
u;l (RAM) fodaIhla 

.. Minor hardware error 
iq¿ oDvdx. fodaIhla 

--- Keyboard or motherboard error 
h;=re mqjrefõ fyda ujq 
mqjrefõ fodaIhla 

.-. RAM failure 
RAM wiu;a ùu 

.--- Video card/graphics error 
ùäfhda ldâmf;a$.%e*slaia 
fodaIhla 

.... System timer or motherboard 
problem 
moaO;s ghsurfha fyda ujq 
mqjrefõ .eg¿jla 

 
• Boot Device Selection  

mK.ekaùfï Wmdx.h f;dard .ekSu 
 

BIOS looks for a bootable device according to 
the boot order set in BIOS settings. 
BIOS ieliqï ;=< olajd we;s wkqms<sfj,g wkqj 

mK.ekaúh yels Wmdx.hla BIOS u.ska fidhkq 
,nhs' 

 
Common boot devices: 
fmdÿ mK.ekajqï Wmdx.: 
o Hard disk or SSD / oDV ;eáh fyda SSD 
o USB drive 
o CD/DVD 
o Network / cd,h 

 
It selects the device that contains the operating 
system. 
fuys§ fufyhqï moaO;sh wvx.= Wmdx.h f;dard 
.kq ,efí' 
 
 
 

• MBR/GPT loads 
The system reads the disk’s partition table to 
locate the information needed to start the 
operating system. 
fufyhqï moaO;sh wdrïN lsÍug wjYH f;dr;=re 
fidhd .ekSu i|yd moaO;sh ;eáfha fldgia j.=j 
lshjhs' 

 
Depending on the firmware and disk type, the 
system uses MBR (Master Boot Record) or GPT 
(GUID Partition Table). 
iaÓrdx. iy ;eá j¾.h u; mokïj" moaO;sh 
MBR (Master Boot Record) fyda GPT (GUID 
Partition Table) Ndú;d lrhs' 
 
MBR (Master Boot Record) 
Used mainly with BIOS-based systems. 
BIOS mdol moaO;s iuÕ m%Odk jYfhka Ndú;d 
fõ' 

 
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 ;eáfha m<uq wxYfhka MBR lshjk w;r" 
tys fldgia j.=j iy werUqï ldrlh wdrïN 
lsÍug WmldÍ jk l=vd werUqï jevigykla 
wvx.= fõ' 

 
GPT (GUID Partition Table) 
Used mainly with UEFI-based systems. 
UEFI mdol moaO;s iuÕ m%Odk jYfhka Ndú;d fõ' 
 

UEFI reads the GPT partition table and finds the 
EFI System Partition (ESP) that contains the boot 
loader. 
UEFI GPT fldgia j.=j lshjd werUqï ldrlh 

wvx.= EFI moaO;s fldgi (ESP) fidhd .kS' 

 
• Boot Loader Loads  

mK.ekajqï ldrlh mQrKh ùu 

The system finds and loads a program called 
the Boot Loader. 
moaO;sh úiska Boot Loader kue;s jevigyk 
fidhdf.k th mQrKh lrhs' 

 
Examples: 
Windows Boot Manager 
GRUB (Linux) 
 
The boot loader's job is to load the operating 
system into RAM. 
mK.ekajqï ldrlfha ld¾hh jkafka fufyhqï 
moaO;sh m%Odk u;lh fj; mQrKh lsÍuhs' 
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• Operating System Loads  
fufyhqï moaO;sh mQrKh ùu 
 

The boot loader loads the OS kernel and system 

files into RAM. 
mK.ekajqï ldrlh u.ska fufyhqï moaO;sfha 
l¾k,h iy moaO;s f.dkq RAM fj; mQrKh 
lrhs' 
 

The operating system then: 

bkamiq fufyhqï moaO;sh u.ska: 
 

o Initializes device drivers 
Wmdx. Odjl wdrïN lrhs' 

o Starts system services 
moaO;s fiajd wdrïN lrhs' 

o Prepares system resources 
moaO;s iïm;a iQodkï lrhs' 

 

• Login Screen Appears 
m%úIag ùfï ;srh o¾Ykh ùu  
 

Finally, the operating system displays the: 
wjidkfha§" fufyhqï moaO;sh u.ska my; oE 
o¾Ykh lrhs: 
 

o Desktop / jev;,h 

o Login screen / m%úIag ùfï ;srh 

 

Now the computer is ready for the user to work. 
oeka mß.Klh mßYS,lhdf.a jevlghq;= i|yd 
iQodkïj mj;shs'

Summarization  
idrdxY.; lsÍu 
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Introduction to Operating Systems 
fufyhqï moaO;s ye¢kaùu 

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.  
fufyhqï moaO;shla hkq mß.Klhl oDvdx. iy 
uDÿldx. iïm;a l<ukdlrKh lrk m%Odk 
uDÿldx.h jk w;r th Tng mß.Klh iuÕ 
wka;¾ l%shd lsÍug bv i,ihs'  

 
It acts as a bridge between the user and the 
computer hardware. 
th mßYS,lhd iy mß.Kl oDvdx. w;r md,ula 
f,i l%shd lrhs' 

 
Classification of software 
uDÿldx. j¾.SlrKh 

 
 
 
 
 
 
 
 
 
 
 
System Software 
moaO;s uDÿldx. 

Software that provides essential services for a 
computer to function properly. It helps manage 
hardware and supports the running of 
application software. 
mß.Klhla ksis f,i l%shd;aul ùug w;HjYH 
fiajdjka imhk uDÿldx. fõ' th oDvdx. 
l<ukdlrKh lsÍug iy fhÿï uDÿldx. 
l%shd;aul lsÍug iydh fõ' 
 

Application Software 
fhÿï uDÿldx. 

Application software is a type of software 
designed to perform specific tasks for users, 
such as word processing or web browsing.  
fhÿï uDÿldx. hkq joka ieliSu fyda fjí 
.fõIKh jeks mßYS,lhska i|yd ksYaÑ; 
ld¾hhka bgq lsÍu i|yd ks¾udKh lr we;s 
uDÿldx. j¾.hls' 
 

Utility Software 
Wmfhda.s;d uDÿldx. 

Designed to help manage, maintain, and 
optimize computer resources and performance. 
mß.Kl iïm;a iy l%shdldÍ;ajh l<ukdlrKh 
lsÍug" kv;a;= lsÍug iy m%Yia; lsÍug Wojq 
lsÍug ks¾udKh lr we;' 

Language Translators 
NdId mßj¾;l j¾. 

 
 
 
 
 
 
 
 
 
Machine language 
hka;% NdIdj 

The lowest-level programming language, made 
up of binary code (0s and 1s) that a computer's 
processor can directly understand and execute. 
mß.Kl ilikhlg iDcqju f;areï f.k 
l%shd;aul l< yels oaúuh fla;h ^0 iy 1& j,ska 
iukaú; my<u uÜgfï l%uf,aLk NdIdj fõ' 

 
Assembly Language 
Assembly NdIdj 

A low-level programming language that uses 
human-readable codes or symbols to represent 
machine-level instructions. 
hka;% uÜgfï Wmfoia ksrEmKh lsÍu i|yd 
ñksiqkag lshúh yels fla; fyda ixfla; Ndú;d 
lrk my< uÜgfï l%uf,aLk NdIdjls' 

 
An assembler translates assembly language 
code into machine language. 
Assembler tlla u.ska assembly NdId fla;h 
hka;% NdIdjg mßj¾;kh lrhs' 

 
1. Compilers 
iïmdolhka 
 
Translates the entire high-level code into 
machine code before execution. 
l%shd;aul lsÍug fmr iïmQ¾K by< uÜgfï 
fla;hu hka;% fla;hg mßj¾;kh lrhs' 
 

2. Interpreters 
w¾:úkHdi 

 
Translates high-level code into machine code 
line-by-line at runtime. 
l%shd;aul jk úg by< uÜgfï fla;h hka;% fla; 
fma<sfhka fma<shg mßj¾;kh lrhs' 
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Utility Software 
Wmfhda.s;d uDÿldx. 

 
A type of system software designed to help 
maintain, manage, and optimize the 
performance of a computer system.  
mß.Kl moaO;shl l%shdldß;ajh mj;ajd .ekSug" 
l<ukdlrKh lsÍug iy m%Yia; lsÍug WmldÍ 
jk moaO;s uDÿldx. j¾.hls' 

 
Key Features of Utility Software 
Wmfhda.s;d uDÿldx.j, m%Odk úfYaIdx. 
 

• Improves computer performance 
mß.Kl l%shdldß;ajh jeä ÈhqKq lrhs 
 

• Protects the system from threats  
moaO;sh ;¾ck j,ska wdrlaId lrhs 
 

• Manages files and storage 
f.dkq iy .nvd l<ukdlrKh lrhs 
 

• Helps diagnose and fix system problems 
moaO;s .eg¿ y÷kdf.k ksjerÈ lsÍug 
WmldÍ fõ 

 

Advantages of Utility Software 
Wmfhda.s;d uDÿldx.j, jdis 
 

1. Improves System Performance  
moaO;s ld¾h idOkh jeä ÈhqKq lrhs 
 

2. Enhances Security  
wdrlaIdj jeä ÈhqKq lrhs 
 

3. Saves Storage Space  
.nvd bv b;sß lrhs 
 

4. Helps in File Management  
f.dkq l<ukdlrKhg WmldÍ fõ 
 

5. Detects and Fixes Errors  
fodaI y÷kdf.k ksjerÈ lrhs 
 

6. Provides Data Backup and Recovery  
o;a; Wmia: lsÍu iy m%;sidOkh imhhs 
 

7. Supports System Maintenance  
moaO;s kv;a;=jg iyh olajhs 
 

8. Improves System Reliability  
moaO;s úYajikSh;ajh jeä ÈhqKq lrhs 

 

 

Types of Utility Software 
Wmfhda.s;d uDÿldx. j¾. 

 
1.  Antivirus Software 

m%;s-jhsri uDÿldx. 
 

Detects, prevents, and removes malicious 
software such as viruses, worms, and spyware 
from a computer system. 
mß.Kl moaO;shlska ffjria" worms iy 

spyware jeks wksIag uDÿldx. y÷kdf.k" 
j<lajhs iy bj;a lrhs' 
 

Functions / ld¾hhka 
 

• Scans files and programs 
f.dkq iy jevigyka mßf,dalkh lrhs 

• Removes infected files 
wdidÈ; f.dkq bj;a lrhs 

• Provides real-time protection 
;;H ld,Sk wdrlaIdj imhhs 

 

Examples 
o Avast Antivirus 
o Kaspersky 
o Norton Antivirus 
o Windows Defender 
 
2.  Disk Cleanup Software 

;eá msßisÿ lsÍfï uDÿldx. 
 

Remove unnecessary files such as temporary 
files, cache files, and system logs to free up 
storage space. 
;djld,sl f.dkq" yeô,s f.dkq iy moaO;s f,d.a 
jeks wkjYH f.dkq bj;a lr .nvd bv ksoyia 
lrhs' 

 
Benefits / m%;s,dN 
 

• Improves system speed 
moaO;s fõ.h jeä ÈhqKq lrhs 
 

• Creates additional storage space 
wu;r .nvd bvla ks¾udKh lrhs 

 

• Removes unnecessary data 
wkjYH o;a; bj;a lrhs 

 
Example: Windows Disk Cleanup 
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3.  Backup Software 
Wmia: uDÿldx. 

 
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. 
oDvdx. wiu;aùu" moaO;s ì|jeàï fyda wyïfnka 
uldoeóu fya;=fjka o;a; ke;sùul§ tAjd 
m%;sia:dmkh l< yels jk mßÈ jeo.;a f.dkq iy 
o;a;j, msgm;a ks¾udKh lrhs' 

 
Examples 
o Acronis Backup 
o EaseUS Todo Backup 
o Windows Backup 
 
4.  File Compression Utilities 

f.dkq iïmSvk Wmfhda.s;d 

These tools reduce the size of files to save 
storage space and make it easier to transfer files 
over the internet. 
fuu fuj,ï uÕska .nvd bv b;sß lr .ekSu 
i|yd f.dkq m%udKh wvq lrk w;r wka;¾cd,h 
yryd f.dkq udre lsÍu myiq lrhs' 

 
There are two main types of file 
compression. 
f.dkq iïmSvkh m%Odk wdldr folls' 

 
i. Lossless compression 

 
 
 
 
 
Lossless compression reduces the size of a 
file without losing any data. 
Lossless iïmSvkh lsisÿ o;a;hla wysñ fkdù 
f.dkqjl úYd,;ajh wvq lrhs' 
 

ii. Lossy compression 
 
 
 
 
 
 
Lossy compression reduces the size of a file 
by removing some of the data. 
\Lossy iïmSvkh iuyr o;a; bj;a lsÍfuka 
f.dkqjl m%udKh wvq lrhs' 

Examples WinRAR, 7-Zip, WinZip 

 

5.  Screen Saver 
;sr iq/l=u 
 

 
 
 
 
 
 
 
 
 

 
A screensaver is a computer program that 
activates after a period of inactivity and fills the 
display screen with images or patterns. 
Screensaver hkq mß.Kl jevigykla jk w;r 
;srh hïlsis wl%sh ld,hlska miqj il%sh ù o¾Yk 
;srh rEm fyda rgd j,ska mqrjhs 
 

Functions / ld¾hhka 
 

• Prevents screen burn-in 
;srh ms,siaiSu (Burn-in) je<elaùu 
 

• Provides screen security (password 
protection) 
;srfha wdrlaIdj iemhSu ^uqrmohla u.ska& 
  

• Displays animations, images, or information 
during inactivity 
iÔùlrK fyda rEm m%o¾Ykh lsÍu 
 

• Helps protect privacy when the user is away 
mqoa.,sl;ajh wdrlaId lsÍu 
 

• Can reduce power usage by turning off the 
display 
;srh ksjd oeóu uÕska úÿ,s mßfNdackh wju 
lsÍu 
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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 fj; msgm;a lrk ,o o;a;" uQ,sl 
jYfhka fm<" f.dkq fyda rEm i|yd ;djld,sl 
.nvdjla f,i fiajh lrhs" mßYS,lhskag úúO 
fhÿï fyda ia:dk w;r wka;¾.;h myiqfjka udre 
lsÍug bv i,ihs' 
 
Functions / ld¾hhka 
 

• Copy and paste data 
msgm;a l< o;a; paste lsÍu 
 

• Cut and paste data 
o;a; Cut lr paste lsÍu 

 

• Temporarily store copied or cut items 
msgm;a l< fyda lemQ whs;u ;djld,slj 
.nvd lsÍu 
 

• Store different data types (text, images, 
files) 
úúO o;a; j¾. ^fm<" rEm" f.dkq& .nvd 
lsÍu 
 

• Access multiple copied items (clipboard 
history in modern systems) 
nyq msgm;a l< whs;u fj; m%fõY ùu ^kùk 
moaO;sj, la,smafndaâ b;sydihla we;& 

 
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.  
ld¾h l<ukdlre hkq mß.Klfha j;auka  ;;ajh 
iuÕ moaO;sfha l%shd;aul jk  l%shdj,s iy fhÿï 
ms<sn| f;dr;=re imhk  mß.Klhl 
jevigykls'  
 
Functions / ld¾hhka 

• Monitoring System Performance   
moaO;s ld¾h idOkh wëËKh lsÍu  
 

• Identifying and Addressing Issues   
.eg¿ y÷kd .ekSu iy tAjd úi§u  
 

• Managing Processes   
l%shdj,s l<ukdlrKh  
 

• Providing Historical Data   
ft;sydisl o;a; iemhSu   

 
 
 

 

Task Manager (Windows) 
 

 
 

Activity Monitor (macOS) 
 

 
 

 

Task Manager (Linux) 
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8.  Encryption software 
.=ma;fla;kh uDÿldx. 

Encryption is the process of converting plain 
readable data into an encrypted form that 
cannot be read by unauthorized parties, using 
specialized algorithms. 
.=ma;fla;kh hkq ir, lshúh yels o;a;" 
úfYaIs; jQ we,af.dß;u Ndú;fhka" wjir 
fkdue;s md¾Yajhkag lshúh fkdyels jk mßÈ 
ixfla;d;aul wdlD;shlg mßj¾;kh lsÍfï 
l%shdj,sh fõ' 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Encryption software uses algorithms to 
transform your plain text data (like documents, 
emails, photos) into ciphertext (unreadable 
gibberish). 
.=ma;fla;kh uDÿldx.h Tnf.a ir, fm< o;a; 
^f,aLk" Bfï,a" PdhdrEm jeks& fla;dxl fm< 
^lshúh fkdyels& njg mßj¾;kh lsÍug 
we,af.dß;u Ndú;d lrhs' 
 

To decrypt and access the original data, you 
need a decryption key, which acts like a 
password. 
uq,a o;a; úfla;kh lsÍug iy m%fõY ùug" Tng 
uqrmohla fuka l%shd lrk úfla;k h;=rla wjYH 
fõ' 
 

 

There are mainly 2 methods of encryption 
.=ma;fla;kh lsÍfï l%u 2la m%Odk jYfhka 
we; 
 

i. Symmetric Encryption 
Uses a single secret key for both encryption and 
decryption. 
.=ma;fla;kh iy úfla;kh hk folgu ;ks 
ryia h;=rla Ndú;d lrhs' 

 
 
ii. Asymmetric Encryption 
Uses a pair of mathematically linked keys, a 
public key and a private key. 
fuu j¾.h .‚;uh jYfhka iïnkaê; h;=re 
hq.,hla Ndú;d lrhs( fmdÿ h;=rla iy mqoa.,sl 
h;=rla' 

 
 
More details about this will be discussed in the 
Data Communication and Networking lesson. 
fï ms<snoj jeäÿr úia;r o;a; ikaksfõokh yd 
cd,lrKh mdvfï§ idlÉPd flfra' 
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Application Software 
fhÿï uDÿldx. 

Programs designed to help users perform 
specific tasks such as writing documents, 
performing calculations, editing images, 
browsing the internet, or communicating with 
others. 
f,aLk ,sùu" .Kkh lsÍï isÿ lsÍu" rEm 
ixialrKh lsÍu" wka;¾cd,h msßlaiSu fyda wka 
wh iuÕ ikaksfõokh lsÍu jeks ksYaÑ; 
ld¾hhka bgq lsÍug mßYS,lhskag Wmldr lsÍu 
i|yd ks¾udKh lr we;s jevigyka' 
 
Unlike system software, application software is 
directly used by the user to complete tasks. 
moaO;s uDÿldx. fuka fkdj" fhÿï uDÿldx. 
mßYS,lhd úiska ld¾hhka iïmQ¾K lsÍu i|yd 
iDcqju Ndú;d lrhs' 
 
Characteristics of Application Software 
fhÿï uDÿldx.j, ,laIK 
 

• Designed for end users 
wjidk mßYS,lhska i|yd ks¾udKh lr we; 
 

• Performs specific tasks or functions 
ksYaÑ; ld¾hhka bgq lrhs 
 

• Requires an operating system to run 
l%shd;aul ùug fufyhqï moaO;shla wjYH fõ 
 

• Usually has a graphical user interface (GUI) 
idudkHfhka Ñ;%l mßYS,l w;=reuqyqK;la 
(GUI)  we; 

 
Types of Application Software 
fhÿï uDÿldx. j¾. 

 
1. Word Processing Software 

jpk ieliqï uDÿldx. 

Word processors are used to create, edit, 
format, and print documents such as letters, 
reports, and assignments. 
wl=re" jd¾;d iy mejreï jeks f,aLk ks¾udKh 
lsÍu" ixialrKh lsÍu" wdlD;slrKh lsÍu iy 
uqøKh lsÍu i|yd jpk ilik Ndú;d lrhs' 
 
Features / úfYaIdx. 
• Text formatting 

fm< yev;, .ekaùu 
 

• Spell checking 
wlaIr úkHdih mÍlaId lsÍu 
 

• Inserting images and tables 
rEm iy j.= we;=<;a lsÍu 
 

• Document printing 
f,aLk uqøKh 

 
Examples: Microsoft Word, Google Docs, 
LibreOffice Writer 

2. Spreadsheet Software 
me;=reïm;a uDÿldx. 

Spreadsheet applications help users organize 
data, perform calculations, create charts, and 
analyze numerical information. 
me;=reïm;a fhÿï mßYS,lhskag o;a; ixúOdkh 
lsÍug" .Kkh lsÍï isÿ lsÍug" m%ia:dr ks¾udKh 
lsÍug iy ixLHd;aul f;dr;=re úYaf,aIKh 
lsÍug WmldÍ fõ' 

 
Features / úfYaIdx. 

o Mathematical formulas 
.‚;uh iQ;% 
 

o Data analysis 
o;a; úYaf,aIKh 
 

o Graphs and charts 
m%ia:dr 
 

o Budget and financial calculations 
whjeh iy uQ,H .Kkh lsÍï 

 
Examples: Microsoft Excel, Google Sheets, 
LibreOffice Calc 
 
3. Presentation Software 

iu¾mK uDÿldx. 

Presentation software is used to create slide 
shows that combine text, images, videos, and 
animations for presentations. 
bÈßm;a lsÍï i|yd fm<" rEm" ùäfhda iy 
iÔúlrK tAldnoaO lrk úksúol o¾Yk 
ks¾udKh lsÍug iu¾mK uDÿldx. Ndú;d lrhs' 

 
Examples: Microsoft PowerPoint, Google 
Slides, Prezi 
 
4. Graphics and Image Editing Software 

Graphics iy rEm ixialrK uDÿldx. 

These applications are used to create, design, 
and edit images, drawings, and visual graphics. 
fuu fhÿï rEm" Ñ;% iy oDYH .%e*slaia ks¾udKh 
lsÍug" ie,iqï lsÍug iy ixialrKh lsÍug 
Ndú;d lrhs' 
 

Examples: Adobe Photoshop, CorelDRAW, 
GIMP 
 

5. Web Browsers 
Web browsers allow users to access websites, 
search information, and communicate over the 
internet. 
fjí w;sßlaiq uÕska mßYS,lhskag fjí wvú fj; 
m%fõY ùug" f;dr;=re fiùug iy wka;¾cd,h 
yryd ikaksfõokh lsÍug bv i,ihs' 
 

Examples Google Chrome, Mozilla Firefox, 
Microsoft Edge, Safar 
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6. Multimedia Software 
nyqudOH uDÿldx. 
 

Multimedia applications allow users to play, 
edit, or create audio and video files. 
nyqudOH fhÿï uÕska mßYS,lhskag Y%jH iy oDYH 
f.dkq Odjkh lsÍug" ixialrKh lsÍug fyda 
ks¾udKh lsÍug bv ,nd foa' 
 

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

 
 

7. Computer Games 
mß.Kl l%Svd 
 

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. 
fïjd mßYS,lhskag mß.Kl fyda fjk;a 
Wmdx.j, wka;¾l%shdldÍ f,i l%Svd lsÍug bv 
i,ihs' fuu l%Svd j,g Ñ;%l" Yío iy mßYS,l 
md,k we;=<;a jk w;r tuÕska is;a weo.kakdiq¿ 
l%Svd w;aoelSï ks¾udKh fõ'  

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

Advantages of Application Software 
fhÿï uDÿldx.j, jdis 
 

• Helps users complete tasks efficiently 
mßYS,lhskag ld¾hhka ld¾hlaIuj iïmQ¾K 
lsÍug WmldÍ fõ 
 

• Improves productivity in work and 
education 
/lshdfõ iy wOHdmkfha M,odhs;dj jeä 
ÈhqKq lrhs 
 

• Enables communication and information 
sharing 
ikaksfõokh iy f;dr;=re fnod.ekSu il%Sh 
lrhs 
 

• Supports creativity and multimedia 
creation 
ks¾udKYS,S;ajh iy nyqudOH ks¾udKh i|yd 
iydh fõ 
 

• Simplifies complex calculations and 
processes 
ixlS¾K .Kkh lsÍï iy l%shdj,Ska ir, 
lrhs 
 

 
  

Liveware 
Ôjdx. 

Application 
Siftware 

fhÿï uDÿldx. 

System Software 
moaO;s uDÿldx. 

Hardware 
oDvdx. 
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Main Functions of an Operating System 
fufyhqï moaO;shl m%Odk ld¾hhka 

 
1.Providing Interfaces 
w;=reuqyqK;a iemhSu 

 
Provides a virtual machine that hides hardware 
details and offers an interface between 
applications and end users. 
oDvdx. úia;r iÕjñka fhÿï iy wjidk 
mßYS,lhska w;r w;=re uqyqK;la ,nd fok w:;H 
hka;%hla imhhs' 

 
It also offers user interfaces like GUI and CLI for 
easier interaction. 
tu.ska myiq wka;¾l%shd i|yd GUI iy CLI jeks 
mßYS,l w;=reuqyqK;a o ,nd fohs' 

 
2. Process Management 
l%shdhk l<ukdlrKh 
 

Handles the creation, execution, and 
termination of processes. 
l%shdhk ks¾udKh lsÍu" l%shd;aul lsÍu iy 
wjika lsÍu yiqrejkq ,nhs' 

 
Ensures programs run smoothly and share CPU 
time fairly. 
jevigyka ndOdjlska f;drj l%shd;aul fjñka 

CPU ld,h idOdrK f,i l%shdhk w;r fnod 
.kakd nj iy;sl lrhs' 

 

3. Resource Management 
iïm;a l<ukdlrKh 

 
Manages computing resources by keeping 
track of their usage and handling permissions 
to grant or revoke access as needed. 
wjYH mßÈ m%fõYh ,nd §u fyda wj,x.= lsÍu 
ioyd mß.Kl iïm;a Ndú;h ksÍlaIKh 
lsÍfuka iy tAjdg we;s wjir yeisrùfuka tu 
iïm;a l<ukdlrKh lrhs' 

 
4. Security and Protection 
wdrlaIdj iy wdrlaIKh 

 
Controls access to the system using 
authentication and permission settings, 
ensuring only authorized users and processes 
can access sensitive data or functions. 
i;Hdmkh iy wjir ieliqï Ndú;fhka 
moaO;shg we;s m%fõYh md,kh lrñka n,h,;a 
mßYS,lhskag iy l%shdhkhkag muKla ixfõ§ 
o;a; fyda ld¾hhka fj; m%fõY úh yels nj 
iy;sl lrhs' 

 
5. Executing Application Software 
fhÿï uDÿldx. l%shd;aul lsÍu 

 
Runs application programs, making sure they 
operate smoothly within the system 
environment. 
fhÿï jevigyka l%shd;aul lrhs" tAjd moaO;s 
mßirh ;=< ndOdjlska f;drj l%shd;aul jk nj 
iy;sl lrhs' 
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Evolution of Operating Systems 
fufyhqï moaO;sj, mßKduh 
 

At first, people used special-purpose 
computers. These computers had been 
specified for one task.  
m<uqj" ñksiqka úfYaI ld¾h mß.Kl iuÕ jev 
lsÍug mqreÿj isáhy' fuu mß.Kl tla ld¾hhla 
i|yd ksYaÑ;j olajd ;snq‚'  

 
So, they had pre-programmed instructions, and 
the program should not be changed. So, there 
wasn’t any need for an OS. 
tneúka" tAjdfha mQ¾j jevigyka.; Wmfoia ;snQ 
w;r" jevigyk fjkia lsÍug wjYH;djhla 
fkd;snq‚' tneúka" fufyhqï moaO;shla wjYH 
fkdùh' 

 
After inventing the general-purpose computers 
by John Von Neumann one computer is used to 
do multiple tasks at a time.  
fcdaka fjdka kshquka úiska fmdÿ ld¾h mß.Kl 
fidhd .ekSfuka miq" tljr ld¾hhka lsysmhla 
lsÍug tla mß.Klhla Ndú;d flre‚'  
 
To change the programs often, the need for an 
operating system arose. 
jevigyka ks;r fjkia lsÍu i|yd" fufyhqï 
moaO;shl wjYH;djh u;= úh' 

 
1. No operating system 

fufyhqï moaO;s fkdue;  

(Late 1940 - Mid 1950s) 
 
Refers to the earliest period of computing when 
computers did not have operating systems. 
mß.Klfha fufyhqï moaO;s fkd;snQ uq,au 
mß>kl ld, mßÉfþohhs' 

 

Input 
wdodk  

Switches (iaúp) 
Punch cards (isÿre m;a) 
 

Output 
m%;sodk 

Display Lights (úÿ,s n,an) 
Printers (uqøK hka;%) 
 

 
 
 
 
 
 
 
 
 
 

Key characteristics 
m%Odk ,laIK 
 

• The program is loaded manually (operator-
controlled).  
jevigyk w;ska mQrKh fõ ^l%shdlre úiska 
md,kh lrkq ,efí&'  

• A programmer often interacts directly with 
hardware.  
l%uf,aLlfhl= fndfyda úg oDvdx. iuÕ 
iDcqju wka;¾l%shd lrhs'  

• Very little automation: setup, run, and 
output are manual.  
b;d iq¿ iajhxl%ShlrKh( ieliqu" Odjkh 
iy m%;sodk w;ska isÿ flfra'  

• CPU often sits idle while humans mount 
tapes, load cards, etc. 
ñksiqka má iïnkaO lrk úg" ldâm;a mQrKh 

lrk úg" CPU tl fndfyda úg wl%shj mj;S' 

 
Memory Structure 
u;lfha jHqyh 

 
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. 
ish¨u m%Odk u;lh tljr ;ks jevigyklg 
,nd fokq ,efí' u;l wdrlaIdjla fkdue;" 
fldgia fkdue;" iy u;lfha .nvd lr we;s 
fufyhqï moaO;s fla;hla fkdue;'  

  
The program is usually loaded at a fixed 
memory address, which makes the system very 
inflexible.  
jevigyk idudkHfhka ia:djr u;l ,smskhlska 
mQ¾Kh lrkq ,efí" tAksid moaO;sh b;d kuHYS,S 
fkdfõ'  

 
 
 
 
 
 
 
  Display Lights 

Punch cards 
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Scheduling Type 
kshulrK lsÍfï l%ufõoh 

 
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. 
iajhxl%Sh kshulrKh lsÍula fkdue;' ld¾hh 
kshulrKh lsÍu ñksia l%shdlrefjl= úiska w;ska 
isÿ lrkq ,nk w;r" th hka;%hg mQ¾Kh lsÍfuka 
B<Õg l%shd;aul jk jevigyk ;SrKh lrhs' 

 
Single vs Multiuser 
;ks fyda nyq mßYS,l 

 
This system supports only single-tasking and 
single-user operation. The computer cannot 
run more than one program or support multiple 
users simultaneously  
fuu moaO;sh ;ks-ld¾h iy ;ks-mßYS,l 
l%shdldß;ajhg muKla iydh olajhs' mß.Klhg 
tljr jevigyka tllg jvd l%shd;aul lsÍug 
fyda nyq mßYS,lhskag tljr iydh úh fkdyel' 
 

NOTE : 
The main disadvantage of no operating system 
is processor sits idle when 
loading programs and doing I/O.  
fufyhqï moaO;shla fkdue;s wjia:dfjys we;s 
m%Odk wjdishla jkafka jevigykla mQrKh 
lsÍfï§ iy wdodk m%;sodk l%shdjlos ilikh 
w,i j mej;suhs' 
 

Advantages  
jdis 

• Simple conceptually (no OS overhead).  
ixl,amuh jYfhka ir,hs ^OS u.ska 
ndOdjla ke;&' 

• Full machine resources for a single 
program.  
;ks jevigykla i|yd iïmQ¾K hka;% 
iïm;a Ndú;d l< yels ùu' 

 

Disadvantages 
wjdis   

• Extremely low utilization (CPU idle a lot).  
w;sYhska wvq Ndú;h ^CPU fndfyda úg w,i 
ùu&'  

• Human error is common.  
udkj fodaI nyq,j olakg ,efí'  

• Poor turnaround time; very slow workflow.  
ÿ¾j, ld¾h mQ¾K ld,h¦ b;d ukao.dó jev 
m%jdyh'  

• No security/protection between 
users/programs.  
mßYS,lhska$jevigyka w;r wdrlaIdj 
fkdue;' 

 

Examples: 
WodyrK( 
 

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

 
• EDSAC (Electronic Delay Storage 

Automatic Calculator) - (1949) 
 
• UNIVAC I (Universal Automatic 

Computer I) - (1951) 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

  NOTE : 
OS was introduced to maximize processor 
utilization, automate the manual operations 
and reduce the idle time of the processor. 
ilikfha Wmfhda.S;dj jeä lr .ekSug, 
w;ahqre fufyhqï iajhxl%Sh lsÍug iy 
ilikfha wl%sh ld,h wvq lsÍugs y÷kajd § 
we;' 

 

EDSAC 

ENIAC 
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2. Simple Batch system 
ir, ldKav moaO;s 

(Mid 1950s - Late 1960s) 
 
Here, the OS reduces the processor's idle time 
during program loading.  
fuys§" fufyhqï moaO;sh jevigyk mQrKh 
lsÍfï§ ilikfha w,i ld,h wju lrhs' 
 

Input 
wdodk  

Magnetic Tapes pqïNl má 
Card Readers  ldâm;a lshjkh 

Output 
m%;sodk 

Magnetic Tapes pqïNl má 
Printer uqøK hka;% 

 
 
 
 
 

 
 

 
 
 
Key characteristics  
m%Odk ,laIK 

 
• Users submit jobs (often on cards) to an 

operator.  
mßYS,lhska ^fndfyda úg ldâm;a u;& 
l%shdlrefjl=g ld¾hh bÈßm;a lrhs'  
 

• The monitor:  
l%shdlrjkakd( 

o Loads the next job / B<Õ ld¾hh 

mQrKh lrhs ,  
o Starts it /th wdrïN lrhs,  
o When it finishes, loads the next job / th 

wjika jQ úg" B<Õ ld¾hh mQrKh lrhs  
 

• Typically uses JCL (Job Control Language) 
or control cards to describe job steps. 
idudkHfhka JCL (Job Control Language) fyda 
md,k ldâm;a Ndú;d lrñka ld¾hh mshjr 
úia;r lrhs' 

 
• Still no interaction while the job runs. 

ld¾hh l%shd;aul jk w;r;=r ;ju;a 
wka;¾l%shd isÿ fkdfõ' 

 
 
 
 
 
 

Memory Structure 
u;lfha jHqyh 

 
A small part of memory is reserved for the 
resident monitor, which controls job execution. 
u;lfha l=vd fldgila l%shdlrjkakd i|yd fjka 
lr we;s w;r th ld¾hh l%shd;aul lsÍu md,kh 
lrhs'  

 
The remaining memory is used by one user 
program at a time, meaning only one job can 
be in memory. 
b;sß u;lh jrlg tla mßYS,l jevigykla 
uÕska Ndú;d lrhs" tkï u;lfha tla ld¾hhla 
muKla ;sìh yelsh 

 
Scheduling Type 
kshulrK lsÍfï l%ufõoh 

 
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) Ndú;fhka 
ld¾hh kshulrKh lr we;' ld¾hhla l%shd;aul 
ùug mgka .;a miq" th ndOdjlska f;drj wjika 
jk f;la mj;sk w;r" kshulrKh mQ¾j.dó 
fkdjk njg m;a lrhs' 
 
Amount of Users 
mßYS,lhska .Kk 

 
Many users can submit jobs to the system, but 
only one user’s job is executed at any given 
time. 
fndfyda mßYS,lhskag moaO;shg ld¾hh bÈßm;a 
l< yels kuq;a" ´kEu fõ,djl tla 
mßYS,lfhl=f.a ld¾hh muKla l%shd;aul fõ' 

 
Single vs Multiuser 
;ks fyda nyq mßYS,l 

 
The system is single-tasking. Although multiple 
users submit jobs, the system does not support 
interactive multiuser operation. 
;ks ld¾hh moaO;shls' nyq mßYS,lhska ld¾hh 
bÈßm;a l<o" moaO;sh wka;¾l%shdldÍ nyq 
mßYS,l l%shdldß;ajhg iydh fkdolajhs' 

 
 
 
 
 
 
 

Magnetic Tape 
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Advantages  
jdis 

• Automation: less operator intervention 
than “no OS.”  
iajhxl%ShlrKh( —OS tlla fkdue;s˜ g jvd 
wvq l%shdlre ueÈy;aùula we; 

• Better throughput than manual serial 
processing.  
w;ska isÿjk wkql%ñl ieliqï j,g jvd 
fyd| m%;sodkhla ,eîu'  

• More consistent job execution.  
jvd;a ia:djr f,i ld¾hh l%shd;aul lsÍu'  
 

Disadvantages 
wjdis 

• Long turnaround time (you submit and 
wait).  
È.= l%shdhk ld,h ^bÈßm;a lr n,d isàug 
isÿ ùu&'  

• CPU is idle during I/O (while the job reads 
tape/cards or prints).  
I/O w;r;=r CPU wl%shhs ^ld¾hh 
fÜma$ldâm;a fyda uqøK lshjk w;r;=r&' 

• Debugging is painful (each change 
requires resubmission). 
jerÈ ksjerÈ lsÍu wmyiq fõ ^iEu fjkia 
lsÍulgu kej; bÈßm;a lsÍula wjYH fõ&' 

 
 
NOTE : 
The main disadvantage in simple batch system 
is processor sits idle when doing I/O.  
ir, ldKav moaO;skays we;s m%Odk wjdishla 
jkafka wdodk m%;sodk l%shdjlos ilikh w,ij 
mej;suhs' 
 

 
Examples: 
IBM 7094, FORTRAN Monitor System (FMS) 

3. Multi-Programmed Batch System 
nyql%uf,aÅ; ldKav moaO;s 

(1960s – 1970s) 
 
Introduced in the third generation to minimize 
the processor idle time during I/O.  
wdodk m%;sodk l%shdjlos ilikfha w,i ld,h 
wju lsÍu i|yd 3 jk mrïmrdfõos y÷kajd fok 
,§' 
 

It is considered as Central theme of modern OS. 
th kùk fufyhqï moaO;sfha flakaøSh f;audj 
f,i ie,fla' 
 

Here, the process switches when a process 
block. 
fuys§" l%shdj,shla wjysr jQ úg tu l%shdj,sh udre 

fõ' (ex- I/O) 
 

Input 
wdodk  

Magnetic Tapes (pqïNl má) 
Card Readers (ldâm;a lshjkh) 
Punch cards (isÿre m;a) 

Output 
m%;sodk 

Magnetic Tapes (pqïNl má) 
Line printer (fma<s uqøK hka;%) 

 
Key characteristics 
m%Odk ,laIK 

 
Several jobs are resident in memory 
simultaneously. 
tljr ld¾hh lsysmhla u;lfha mj;S' 

 
OS manages / OS l<ukdlrKh lrhs(  
o Memory allocation / u;l fjka lsÍu 
o Protection / wdrlaIdj 
o CPU scheduling among ready jobs 

iQodkïj mj;sk ld¾hh w;r CPU 
kshulrKh lsÍu 

 
Often introduces spooling (Simultaneous 
Peripheral Operations On-Line):  
fndfyda úg spooling y÷kajd fohs( 

Uses disk as a buffer for slow I/O, like printing 
and card reading.  
uqøKh iy ldâm;a lshùu jeks ukao.dó I/O 
i|yd n*rhla f,i ;eáh Ndú;d lrhs' 

 
Still mostly non-interactive (batch), but 
internally concurrent. 
;ju;a fndfyda ÿrg wka;¾l%shdldÍ fkdjk 
^ldKavh&" kuq;a wNHka;rj iu.dó fõ' 
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Memory Structure 
u;lfha jHqyh 
 

Memory is divided into multiple partitions so 

that several jobs can be stored in memory at the 

same time.  
u;lh nyq fldgia j,g fnod we;s w;r tuÕska 
tljr ld¾hh lsysmhla u;lfha .nvd l< 
yelsh'  
 

These partitions can be fixed or variable in size, 

and memory protection is required to prevent 

jobs from interfering with each other. 
fuu fldgia ia:djr fyda m%udKfhka úp,H úh 
yels w;r" ld¾hh tlsfkl ueÈy;a ùu je<elaùu 
i|yd u;l wdrlaIdj wjYH fõ' 
 

Scheduling Type 
kshulrK lsÍfï l%ufõoh 
 

There are two levels of scheduling: job 

scheduling decides which jobs enter memory, 

and CPU scheduling decides which job runs 

next.  
kshulrKh lsÍfï uÜgï folla ;sfí( ld¾hh 
kshulrKh lsÍu u;lhg we;=¿ jkafka l=uk 
ld¾hho hkak ;SrKh lrhs" iy CPU 
kshulrKh lsÍu B<Õg l%shd;aul jkafka l=uk 
ld¾hho hkak ;SrKh lrhs'  
 

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

another job. 

tla ld¾hhla I/O i|yd /£ isák úg" CPU fjk;a 
ld¾hhlg udre fõ' 
 
Amount of Users 
mßYS,lhska .Kk 
 

Many users can submit jobs, and multiple jobs 

from different users can be kept in memory 

simultaneously, although users are still not 

interactive. 
fndfyda mßYS,lhskag ld¾hh bÈßm;a l< yels 
w;r" úúO mßYS,lhskaf.ka nyq ld¾hhka tljr 
u;lfha ;nd .; yelsh" kuq;a mßYS,lhska 
;ju;a wka;¾l%shdldÍ fkdfõ' 
 

 

 

 

Single vs Multiuser 
;ks fyda nyq mßYS,l 
 

This system supports multitasking through 

multiprogramming, but it is not fully multiuser 

in an interactive sense.  
fuu moaO;sh nyqld¾hlrKh yryd nyqld¾h 
i|yd iyh olajhs" kuq;a th wka;¾l%shdldÍ 
w¾:hlska iïmQ¾Kfhkau nyq mßYS,l fkdfõ'  
 
Advantages  
jdis 
• High CPU utilization (CPU rarely idles 

waiting for I/O).  

by< CPU Ndú;h ^I/O i|yd /£ isàfuka 
CPU l,d;=rlska w,i fõ&' 

• Higher throughput than a simple batch.  
ir, ldKavhlg jvd by< m%;sodkhla 
,eîu'  

• Better overall system efficiency.  
iuia; moaO;s ld¾hlaIu;dj jvd fyd|h' 

 

Disadvantages  
wjdis 
• Much more complex OS / jvd;a ixlS¾K 

OS Ndú;h:  

Memory management, protection, 

scheduling, and deadlock concerns. 
u;l l<ukdlrKh" wdrlaIdj" 
kshulrKh lsÍu iy wjysr;d .eg¿'  

• Debugging and performance tuning are 

harder.  
ksfodialrKh iy ld¾h idOk iqir lsÍu 
ÿIalr h' 

• Still poor for interactive work (users still 

“submit and wait”).  
wka;¾l%shdldÍ jev i|yd ;ju;a ÿ¾j,hs 
^mßYS,lhska ;ju;a —bÈßm;a lr n,d isà—&' 

 

Examples: 

 

IBM System/360 - mid-1960s 

CDC 6600 - late 1960s 

Burroughs B5500 - mid-1960s 
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Memory Evolution in Operating Systems 
fufyhqï moaO;sj, u;l mßKduh 
 

 

 

 

 

 

 

 

 

 

 

4. Time-sharing system 
ld, úNck moaO;s 
(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. 
m%;spdr ld,h wju lsÍu iy l%shdj,s l%shd;aul 
lsÍfï§ mßYS,l wka;¾l%shd Wmßu lsÍu i|yd 
fufyhqï moaO;sj, ÈhqKqjla f,i 1960 
ld,jljdkqj, ld, úNck moaO;s yÿkajd fok 
,os. 
 

Here, a process switches even if a process is 

running fine (preemptive via timer interrupt). 
fuys§" l%shdj,shla fyd¢ka l%shd;aul jqjo 
l%shdj,sh udre fjhs ^ld,h wjika ùu ksid& ' 
 

Input 
wdodk  

Mouse (uqislh) 

Keyboard(h;=re mqjrej) 

 

Output 
m%;sodk 

Magnetic Tapes 

(pqïNl má) 

Line printer  

(fma<s uqøK hka;%) 
 

 
 

 
 
 
 
 
 
 
 
 

 

 

 

Enables to share the processor time among 

multiple programs 
nyq l%uf,aLhka  w;r ilikfhaa ld,h fnod 
.ekSug yelshdj ,ndfoa. 

 
Rapidly switching among programs, credits 

illusion of concurrent execution of multiple 

programs. 
jevigyka w;r Ys>%fhka udreùu u.ska wLKavj  
nyq l%uf,aLhka l%shd;aul jk njla fmkajhs. 
 

OS switches processor from one program to 

another after a certain time quantum (context 

switching) 
ilikh úiska tla jevigyklska ;j;a 
jevigyklg ksYaÑ; fõ,djlg miq udre lrhs 
^ikao¾N iaúph& 
 

Key characteristics m%Odk ,laIK 

Interactive: users type commands and get 

quick responses. 
wka;¾l%shdldÍ ùu( mßYS,lhska úOdk ghsma lr 
blauka m%;spdr ,nd .kS' 
 
Multi-user: many logged-in sessions 

simultaneously. 
nyq-mßYS,l( tljr fndfyda f,d.a jQ ieis 
mej;Su' 
 
Stronger requirements for / Yla;su;a wjYH;d(  
o Fast context switching / fõ.j;a ikao¾Nh 

udre lsÍug  
o Memory protection / u;l wdrlaIdjg  

o File systems and access control / f.dkq 
moaO;s iy m%fõY md,kh 

 
Typically built on (and extends) 

multiprogramming ideas. 
idudkHfhka nyq l%uf,aLk woyia u; f.dvk.d 
we; ^iy È.= lrhs&' 
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Memory Structure 
u;lfha jHqyh 
 

Time-sharing systems use advanced memory 

techniques such as swapping, paging, or 

segmentation.  
ld, úNck moaO;s yqjudre lsÍu" msgq lsÍu fyda 
LKavkh lsÍu jeks Wiia u;l Ys,amSh l%u Ndú;d 
lrhs'  
 

Virtual memory is often used, and strong 

memory protection ensures the safe execution 

of multiple users’ processes. 
w;:H u;lh fndfyda úg Ndú;d jk w;r" 
Yla;su;a u;l wdrlaIdj nyq mßYS,lhskaf.a 
l%shdj,Ska wdrlaIs;j l%shd;aul lsÍu iy;sl lrhs' 
 
Scheduling Type 
kshulrK lsÍfï l%ufõoh 
 

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. 
kshulrKh lsÍu mQ¾j.dó jk w;r idudkHfhka 
rjqkaâ frdìka u; mokï fõ' iEu l%shdj,shlgu 
l=vd ld, fldgila ,nd § we;s w;r" blauka 
m%;spdr ,nd §u i|yd CPU l%shdj,Ska w;r 
fõ.fhka udre fõ' 
 

Amount of Users 
mßYS,lhska .Kk 
 

Many users can access the system 

simultaneously via terminals. The system 

supports dozens or even hundreds of 

simultaneous users, depending on hardware 

capacity. 
fndfyda mßYS,lhskag m¾hka; yryd tljr 
moaO;sh Ndú;d l< yelsh' oDvdx. Odß;dj u; 
mokïj" moaO;sh ÿisï .kkla fyda ish .Kkla 
tljr mßYS,lhskag iyh olajhs' 
 

Single vs Multiuser 
;ks fyda nyq mßYS,l 
Time-sharing systems are fully multitasking and 

multiuser. Multiple users interact with the 

system simultaneously, each feeling as if they 

have their own computer.  
ld, fnod.ekSfï moaO;s iïmQ¾Kfhkau nyqld¾h 
iy nyq mßYS,l fõ' nyq mßYS,lhska tljr 
moaO;sh iuÕ wka;¾ l%shd lrhs" tla tla whg 
;ukaf.au mß.Klhla we;s nj oefka'  
 

 

 

Advantages  
jdis 
 
• Fast response time for users.  

mßYS,lhska i|yd fõ.j;a m%;spdr ld,hla 
;sîu' 
 

• Efficient sharing of expensive hardware 

resources.  
ñ, wêl oDvdx. iïm;a ld¾hlaIuj fnod 
.ekSu' 
 

• Great for program development, editing, 

and experimentation.  
jevigyka ixj¾Okh" ixialrKh iy 
w;ayod ne,Sï i|yd úYsIaghs'  

 

Disadvantages  
wjdis 
• Higher OS overhead (context switching, 

scheduling, protection).  

OS l%shdj,s i|yd ndOd we;s ùu ^ikao¾Nh 
udre lsÍu" ld,igyka.; lsÍu" wdrlaIdj&'  
 

• Security becomes critical (many users on 

one system).  
wdrlaIdj ;SrKd;aul fõ ^tla moaO;shl 
fndfyda mßYS,lhska&'  
 

• Performance can degrade under heavy 

load (too any users/processes).  
wêl ld¾hhka rdYshla hgf;a ld¾h idOkh 
msßySug ,la úh yelsh ^fndfyda 
mßYS,lhska$l%shdj,s&'  
 

• More complex to design and manage. 
ie,iqï lsÍu iy l<ukdlrKh lsÍu jvd;a 
ixlS¾Khs' 
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Multitasking 
nyq ld¾hh 
 

Ability of a computer to execute multiple tasks 
or processes concurrently, seemingly at the 
same time is known as multi-tasking. 
mß.Klhlg tljr nyqúO ld¾hhka fyda 
l%shdj,s iu.dój l%shd;aul lsÍfï yelshdj nyq 
ld¾h f,i ye¢kafõ' 

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. 
ld¾hhka tljr l%shd;aul jk nj fmfkkakg 
;snqK;a" fndfyda wjia:dj,§" fufyhqï moaO;sh 
fõ.fhka ld¾hhka w;r udre jk w;r" iudka;r 
l%shd;aul lsÍu ms,sn| ujdmEula we;s lrhs' 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There are two main types of multitasking. 
nyq ld¾h m%Odk j¾. folla ;sfí 
 

1. Process-based Multitasking 
l%shdj,s u; mokï jQ nyq ld¾h  

 
This involves running multiple independent 
programs (processes) concurrently. Each 
process has its own memory space and 
resources. 
fuhg iu.dój nyq iajdëk jevigyka ^l%shdj,s& 
l%shd;aul lsÍu we;=<;a fõ' iEu l%shdj,shlgu 
;ukaf.au u;l wjldYhla iy iïm;a we;' 

 
The operating system switches between these 
processes, allocating CPU time for each one. 
fufyhqï moaO;sh fuu l%shdj,Ska w;r udre jk 
w;r" tla tla l%shdj,sh ioyd ilik ld, fjka 
lrhs 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Thread-based Multitasking 
Thread u; mokï jQ nyq ld¾h 

 
This involves running multiple threads within a    
single process. 
fuhg tla l%shdj,shla ;=< threads lsysmhla 
Odjkh lsÍu we;=<;a fõ' 

 
Threads share the same memory space and 
resources of the process, making 
communication and synchronization easier. 
threads tlu u;l wjldYh iy l%shdj,sfha 
iïm;a fnod .eksu" ikaksfõokh iy 
iuuqyq¾;lrKh myiq lrhs 
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Examples of Multitasking 
nyq ld¾h i|yd WodyrK 

 
Running multiple applications simultaneously  
(e.g., web browser, word processor, music 
player). 
tljr fhÿï lsysmhla Odjkh lsÍu  

^Wod :- fjí w;srslaiqj" joka ieliqu" ix.S; 
Odjlh&' 
 

Server handling multiple client requests 
concurrently. 
fiajdodhlhd nyq fiajdodhl b,a,Sï iu.dój 
yiqrejhs' 

Background processes (e.g., antivirus scans, 
system updates) running while the user 
interacts with other applications. 
mßYS,lhd fjk;a fhÿï iuÕ wka;¾l%shd lrk 
w;r;=r miqìï l%shdj,s ^Wod( m%;s-jhsri 
iqmrslaIK" moaO;s hdj;ald,Sk úï& l%shd;aul fõ' 

 
 
 
 
 
 
 
 

 
Comparison between stages of evolution of the computer 
mß.Klfha mßKdufha wjëka w;r ixikaokh 
 
 

 

  

Feature No OS Simple Batch 
System 

Multi-
programmed 
Batch System 

Time-Sharing System 

User Interaction 
mßYS,l wka;¾l%shd 

Direct 
(Manual) 
iDcq ^w;ahqre& 

None 
lsisjla ke; 

Limited 
iSud iys;hs 

High 
wêlhs 

Job Execution 
l%shdjka l%shd;aul 
lsÍu 

Manual, single 
program 
w;ahqre" ;ks 
jevigyk 

Sequential, 
single program 
wkql%ñl" ;ks 
jevigyk 

Concurrent, 
multiple programs 
iu.dó" nyq 
jevigyka 

Concurrent, multiple 
users 
iu.dó" nyq mßYS,lhka 

CPU Utilization 
ilikfha Ndú;h 

 

Low (idle 
during I/O) 
wvqhs' ^wdodk 
m%;sodk 
w;r;=r w,i 
ùu& 

Low (idle during 
I/O) 
wvqhs' ^wdodk 
m%;sodk w;r;=r 
w,i ùu& 

Higher (overlaps I/O 
and CPU) 
b;d by<hs' ^wdodk 
m%;sodk iy ilikh 
iumd; ùu& 

High (rapid switching) 
by<hs' 
^fõ.j;a udreùu 

Memory 
Management 
u;l l<ukdlrKh 

None 
lsisjla ke; 

 

Simple 
ir,hs 

 

Complex  
ixlS¾Khs 

 

More complex 
jvd;a ixlS¾Khs 

 

Complexity 
ixlS¾K;ajh 

Low 
wvqhs  

Low 
wvqhs  

Medium 
uOHia:hs 

High 
wêlhs 

Response Time 
m%;spdr ld,h 

Manual (slow) 
w;ahqre 
^ukao.dó& 

Delayed (batch 
processing) 
m%udo fõ ^ldKav 
ieliSu& 

Improved 
jeä ÈhqKq lr we; 

Quick (interactive) 
blauka ^wka;¾l%shdldÍ& 
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Classification of Operating Systems 
fufy hqï moaO;s j¾.SlrKh 

 
Based on number of users 
mßYS,l ixLHdj u; mokïj 

 
1. Single User 
tAl mßYS,l 
 

Single-user operating systems are designed to 
support one user at a time. 
tAl mßYS,l fufyhqï moaO;s ks¾udKh lr 
we;af;a jrlg tla mßYS,lfhl=g iyh oelaùu 
i|ydh' 
 

Provide an environment where a single user can 
run applications, manage files, and interact with 
the computer hardware effectively. 
fuu moaO;s ;ks mßYS,lfhl=g fhÿï Odjkh 
lsÍug" f.dkq l<ukdlrKh lsÍug iy mß.Kl 
oDVdx. iuÕ M,odhS f,i wka;¾l%shd lsÍug yels 
mßirhla imhhs' 

2. Multi User 
nyq mßYS,l 
 

Multi-user operating systems are designed to 
manage and support multiple users 
simultaneously.  
nyq mßYS,l fufyhqï moaO;s ie,iqï lr we;af;a 
tljr nyq mßYS,lhska tljr l<ukdlrKh 
lsÍug iy iy Tjqkag iyh ùugh' 

 
These systems allow several users to interact 
with the computer, often at the same time, by 
efficiently sharing resources and managing user 
activities.  
fuu moaO;s uÕska mßYS,lhska lsysm fofkl=g 
mß.Klh iuÕ wka;¾ l%shd lsÍug bv i,ihs" 
fndfyda úg tlu wjia:dfõ§u" iïm;a 
ld¾hlaIuj fnod.ekSu iy mßYS,l l%shdldrlï 
l<ukdlrKh lsÍu' 

 
 
 
 
 

Comparison 
ixikaokh 
 

 
 

 
 

Feature 
úfYaIdx.h 

Single-User Operating Systems 
tAl mßYS,l fufyhqï moaO;s 
 

Multi-User Operating Systems 
nyq mßYS,l fufyhqï moaO;s 

Resource 
Allocation 
iïm;a fjka lsÍu 

Resources are dedicated to one user 
iïm;a ;ks mßYS,lfhl=g lem lr we;' 

Resources are shared among users 
iïm;a nyq mßYS,lhka w;r fnod .kS' 
 

User Interface 
mßYS,l 
w;=reuqyqK; 

Mainly a graphical user interface (GUI). 
m%Odk f,i Ñ;%l mßYS,l 
w;=reuqyqK;ls' 

Provides GUI and command-line 
interfaces. 
GUI iy úOdk f¾Ld w;=reuqyqK;a iemhhs 
 

Security and 
Permissions 
wdrlaIdj iy wjir 

Basic security for a single user. 
uQ,sl wdrlaIdj ;ks mßYS,lfhl=ghs' 

Strong security and access control  
Yla;su;a wdrlaIdj iy m%fõY md,k 
hdka;%Khka' 
 

Process and Task 
Management 
l%shdj,sh iy ld¾h 
l<ukdlrKh 

Manages processes for one user. 
;ks mßYS,lfhl= i|yd l%shdj,Ska 
l<ukdlrKh lrhs' 

Manages processes for multiple users 
nyq mßYS,lhska i|yd nyq l%shdj,s 
l<ukdlrKh lrhs' 
 

System Complexity 
moaO;sfha 
ixlS¾K;ajh 

Simple and easy to use and manage. 
ir, iy Ndú;d lsÍug iy 
l<ukdlrKh lsÍug myiqh' 

More complex due to multiple users, 
processes, and security measures. 
nyq mßYS,lhka" l%shdj,Ska iy wdrlaIl 
mshjrhka l<ukdlrKh lsrSu ksid 
ixlS¾K fõ' 
 

Examples 
WodyrK 

MS-DOS 
Windows 95/98/ME 
Windows 10/11 
macOS 
 

UNIX and UNIX-like systems  
Windows Server 
IBM z/OS 
Solaris 
FreeBSD 
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Based on number of tasks 
ld¾h m%udKh u; mokïj 
 

1. Single Tasking 
tAl ld¾hh 
 

A single-tasking operating system is designed 
to manage and execute one program or task at 
a time.  
tAl ld¾h fufyhqï moaO;shla ie,iqï lr we;af;a 
jrlg tla jevigykla fyda l%shdhkhla 
l<ukdlrKh lsÍug iy l%shd;aul lsÍugh' 
 

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. 
fuu j¾.fha fufyhqï moaO;s úiska CPU ld,h" 
u;lh" iy wdodk$m%;sodk Wmdx. jeks ish¿u 
iïm;a" th iïmQ¾K jk f;la ;ks Odjk 
fhÿulg lem lrhs' 

2. Multi Tasking 
nyq ld¾hh 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Multitasking operating systems are designed to 
manage and execute multiple tasks or 
processes simultaneously.  
nyq ld¾h fufyhqï moaO;s ie,iqï lr we;af;a 
tljr nyqúO ld¾hhka fyda l%shdj,s 
l<ukdlrKh lsÍug iy l%shd;aul lsÍugh' 
 

This capability allows users to run several 
applications at the same time, significantly 
enhancing productivity and system efficiency. 
fuu yelshdj mßYS,lhskag tljr fhÿï 
lsysmhla Odjkh lsÍug bv i,ihs" M,odhs;dj 
iy moaO;s ld¾hlaIu;dj ie,lsh hq;= f,i jeä 
lrhs' 

 
Comparison 
ixikaokh 
 

Feature 
úfYaIdx.h 

Single Tasking OS 
tAl ld¾hh fufyhqï moaO;s 

Multi-Tasking OS 
nyq ld¾hh fufyhqï moaO;s 

Resource Allocation 
iïm;a fjka lsÍu 

Simple, less complex 
ir," wvq ixlS¾K 

Complex, efficient management 
ixlS¾K" ld¾hlaIu l<ukdlrKh 

System Overhead 
moaO;s fmdÿ ld¾h nj 

Low 
wvq 

High 
by< 

CPU Utilization 
CPU Ndú;h 

Inefficient 
wld¾hlaIuhs 

Efficient 
ld¾hlaIuhs 

User Productivity 
mßYS,l M,odhs;dj 

Limited 
iSud iys;hs 

High 
by<hs 

System Complexity 
moaO;sfha ixlS¾K;ajh 

Simple 
ir, 

Complex 
ixlS¾K 

Example 
WodyrK 

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

Windows, macOS, Linux 
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1. Single-user Single-tasking  
tAl mßYS,l tAl ld¾h   

 

A single user-single tasking operating system is 

designed to allow one user to perform one task 

at a time. 
tAl mßYS,l tAl ld¾h fufyhqï moaO;shla 
ks¾udKh lr we;af;a tla mßYS,lfhl=g jrlg 
tla ld¾hhla lsÍug bv ie,fik mßÈh' 
 

These systems are foundational in the history of 

computing and are characterized by their 

simplicity and efficiency for specific, limited-use 

scenarios. 
fuu moaO;s mß.Kl b;sydifha moku jk w;r 
úfYaIs;" iSñ; Ndú; wjia:d i|yd tAjdfha ir, 
nj iy ld¾hlaIu;dj u.ska ix,laIs; fõ' 
 
 
 
 
 
 
 
 
2.   Single-user Multi-tasking  

tAl mßYS,l nyq ld¾h   
 
A single-user multi-tasking operating system is 

designed to allow a single user to perform 

multiple tasks simultaneously. 
tAl mßYS,l nyq ld¾h fufyhqï moaO;shla 
ks¾udKh lr we;af;a tla mßYS,lfhl=g tljr 
ld¾hhka lsysmhla lsÍug bv ie,fik mßÈ h' 
 

These systems enable users to run several 

applications at the same time, improving 

productivity and the overall user experience. 
fuu moaO;s uÕska M,odhs;dj iy iuia; mßYS,l 
w;aoelSu jeä ÈhqKq lrñka tljr fhÿï lsysmhla 
Odjkh lsÍug mßYS,lhskag yelshdj ,efí' 
 
 
 
 
 

 

 

 

 

3. Multi-user Multi-tasking  
nyq mßYS,l nyq ld¾h   

 

Multi-user multi-tasking operating systems 

support multiple users concurrently while 

allowing each user to run multiple tasks 

simultaneously. 
nyq mßYS,l nyq ld¾h fufyhqï moaO;s tla tla 
mßYS,lhdg tljr nyqúO ld¾hhka l%shd;aul 
lsÍug bv i,ik w;ru tljr nyq mßYS,lhskag 
o iyh fõ' 
 
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. 
nyq-mßYS,l ;ks-ld¾hh fufyhqï moaO;shla 
mej;sh fkdyel" ukao nyq mßYS,lhska l%shdldÍ 
jk úg" moaO;shg tljr ld¾hhka lsysmhla 
yeisrúh hq;= w;r" tA i|yd nyq ld¾hh moaO;shla 
wjYH fõ' 

 

25
ictfromabc.com



 

Based on processing model 
ieliqï wdlD;sh u; mokïj 

 
Multithreading Operating System 
nyq wkql%shdhk fufyhqï moaO;s 
 

A thread is the smallest unit of processing that 
can be scheduled by an operating system. 
wkql%shdhk hkq fufyhqï moaO;shla uÕska kshu 
l< yels l=vdu ieliqï tAllhhs' 
 

Threads share the same memory and system 
resources but execute independently with their 
own execution states. 
wkql%shdhk tlu u;lh iy moaO;s iïm;a fnod 
.kS" kuq;a tAjdfhau l%shd;aul lsÍfï ;;ajhka 
iuÕ iajdëkj l%shd;aul fõ' 

 
The OS scheduler manages these threads to 
improve CPU utilization and enable concurrent 
or parallel execution. CPU Ndú;h jeäÈhqKq 
lsÍug iy iu.dó fyda iudka;r l%shd;aul lsÍu 

il%Sh lsÍug OS kshudj,s fuu wkql%shdhk 
l<ukdlrKh lrhs' 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This approach enhances system performance, 
responsiveness, and efficiency, especially in 
applications that handle multiple tasks at the 
same time. 
fuu m%fõYh úfYaIfhka tljr ld¾hhka 
lsysmhla yiqrejk fhÿïj, moaO;s l%shdldß;ajh" 
m%;spdrd;aul nj iy ld¾hlaIu;dj jeä ÈhqKq 
lrhs'

Single threading Operating System 
tal wkql%shdhk fufyhqï moaO;s 
 

This allows only one thread per process, so 
tasks execute sequentially with no internal 
concurrency. 
tAl wkql%shdhk fufyhqï moaO;shla tla 
wkql%shdhkhlg muKla bv fok neúka" wNHka;r 
iu.dó iïnkaO;djhlska f;drj ld¾hhka 
wkql%ñlj l%shd;aul fõ' 

 
This simplifies system design but limits 
performance and CPU utilization. 
fuh moaO;s ie,iqu ir, lrhs" kuq;a ld¾h 

idOkh iy CPU Ndú;h iSud lrhs' 
 

Examples include early operating systems like 
MS-DOS and CP/M, as well as some real-time 
and embedded operating systems. 
WodyrK f,i MS-DOS iy CP/M jeks uq,a 
fufyhqï moaO;s fukau iuyr ;;H ld,Sk iy 
ldjeoa¥ fufyhqï moaO;s we;=<;a fõ' 
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Comparison 
ixikaokh 
 

Feature 
úfYaIdx.h 

Multi-threading Operating 
Systems 
nyq wkql%shdhk fufyhqï moaO;s 
 

Single-threading Operating Systems 
tAl wkql%shdhk fufyhqï moaO;s 

Concurrency and 
Parallelism 
iu.dó;ajh iy 
iudka;rlrKh 

Supports concurrency and 
parallelism 
iu.dó;ajh iy iudka;rlrKh 
i|yd iyh olajhs' 

Runs only one task at a time within a 
process 
l%shdj,shla ;=< jrlg tla ld¾hhla 
l%shd;aul lrhs' 

Resource Sharing 
iïm;a fnod.ekSu 

Threads share memory and other 
resources 
wkql%shdhk u;lh iy wfkl=;a 
iïm;a fnodyod .kS 
 

Each process runs independently with 
its own allocated resources. 
iEu l%shdj,shlau ;ukaf.au fjka l< 
iïm;a iuÕ iajdëkj l%shd;aul fõ' 

Performance 
ld¾h idOkh 

Uses multiple CPU cores efficiently 
and keeps the CPU busy  
nyq CPU uOHhka Ndú;d lrk w;r 

I/O fufyhqï j,§ CPU ld¾hnyq,j 
;nd .ksshs 
 

CPU may remain idle during I/O 
operations. 
I/O fufyhqï j,§ CPU wl%shj mej;sh 
yels h 

Responsiveness 
m%;spdr 

Enhances application 
responsiveness by allowing 
background tasks to run 
concurrently with user interactions. 
mßYS,l wka;¾l%shd iuÕ iu.dój 
miqìï ld¾hhka l%shd;aul lsÍug bv 
§fuka fhÿï m%;spdrh jeä ÈhqKq 
lrhs' 
 

Can become unresponsive during long-
running tasks. 
È.=ld,Sk ld¾hhka w;r;=r fhÿï m%;spdr 
fkdolajhs' 

Examples Windows 
Linux 
macOS 
Android 
iOS 

MS-DOS 
CP/M 
simple embedded OS 
early Palm OS 
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Based on timing requirements 
ld, kshuhka u; mokïj 

 
Real-Time Operating Systems (RTOS) 
;;H ld, fufyhqï moaO;s 
 

A Real-Time Operating System (RTOS) is 
designed to serve real-time applications that 
process data as it comes in, typically without 
buffer delays.  
;;H ld,Sk fufyhqï moaO;shla (RTOS) ks¾udKh 

lr we;af;a idudkHfhka buffer m%udohlska f;drj 
o;a; meñfKk úg ilik ;;H ld,Sk fhÿïj,g 
fiajh lsÍugh' 
 
 
 

Examples of RTOS include VxWorks, FreeRTOS, 
QNX, RTEMS, µC/OS-II, µC/OS-III, and ThreadX, 
each serving diverse applications from 
automotive and medical devices to industrial 
automation and aerospace systems. 
RTOS i|yd WodyrK f,i VxWorks, FreeRTOS, 
QNX, RTEMS, µC/OS-II, µC/OS-III, iy ThreadX 
we;=<;a fõ' 
 
  
 
 

 

 
 
 
 
 
 
 
 
 
 
Key Characteristics of Real-Time Operating 
Systems 
;;H ld, fufyhqï moaO;sj, m%Odk ,laIK 
 

• Deterministic Timing 
ks¾Kdhl ld, ks¾Kh 

Ensures that tasks are completed within 
known, fixed time constraints. 
ia:djr ld, iSudjka ;=< ld¾hhka iïmQ¾K 
lrk nj iy;sl lrhs' 

 

• Priority-Based Scheduling 
m%uqL;d mokï jQ Wmf,aLk.; lsÍu 

Uses a priority-based scheduling algorithm 
where higher-priority tasks preempt lower-
priority ones. 
m%uqL;d mokï jQ ld,igyka we,af.dß;uhla 
Ndú; lrhs" tys§ by< m%uqL;d ld¾hhka wvq 
m%uqL;d mQ¾jdfmaËd lrhs' 

 

• Minimal Interrupt Latency 
wju ndOd ld,h 

RTOS are designed to handle interrupts 
with minimal dela 
RTOS ks¾udKh lr we;af;a ndOd lsÍï wju 
m%udohlska yeisrùugh 

 
 
• Reliability and Stability 

úYajikSh;ajh iy ia:djr;ajh 

Designed to be highly reliable and stable, 
with features to recover from hardware or 
software faults. 
oDVdx. fyda uDÿldx. fodaI j,ska m%lD;su;a 
ùug úfYaIdx. iys;j" b;d úYajdiodhl iy 
ia:djr f,i ks¾udKh lr we;' 
 

• Real-Time Clock 
;;H ld,Sk >áldj 

Incorporates a real-time clock to manage 
and track task deadlines accurately, 
ensuring tasks are completed within the 
required time frame. 
kshñ; ld, iSudj ;=< ld¾hhka iïmQ¾K jk 
nj iy;sl lrñka" ld¾h ld,iSudjka 
ksjerÈj l<ukdlrKh lsÍug iy 
ksÍlaIKh lsÍug ;;H ld,Sk Trf,daiqjla 
we;=<;a fõ' 
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Types of Real-Time Operating Systems 
;;H ld,Sk fufyhqï moaO;s j¾. 

 
Hard Real-Time Systems 
Missing a deadline can lead to catastrophic 
failures. 
kshñ; ld, iSudjla u. yeÍu jHikldÍ 
wid¾:l;ajhg fya;= úh yel' 

 
 
 
 
 
 
 
 
 
 
Examples include medical systems, automotive 
airbag systems, and industrial control systems. 
WodyrK f,i ffjoH moaO;s" jdyk jdhq nE.a 
moaO;s iy ld¾ñl md,k moaO;s we;=<;a fõ' 

 
 
Soft Real-Time Systems 
Deadlines are important but not critical. 
kshñ; ld,iSudjka jeo.;a kuq;a ;SrKd;aul 
fkdfõ'  
 

Missing a deadline results in degraded 
performance but not total system failure.  
kshñ; ld, iSudjla u. yeÍfuka ld¾h idOkh 
msßySug fya;= jk kuq;a iïmQ¾K moaO;sfha 
wid¾:l;ajh fkdfõ' 

 
Examples include multimedia systems and 
telecommunications. 
WodyrK f,i nyqudOH moaO;s iy úÿ,s ixfoaY 
we;=<;a fõ' 
 
 

 
 
 
 
 
 
 
 
 

Use Cases for Real-Time Operating Systems 
;;H ld,Sk fufyhqï moaO;s Ndú; wjia:d 

 
• Automotive Systems 

jdyk moaO;s 

Engine control units, airbag systems, and 
advanced driver-assistance systems 
(ADAS). 
tkaðka md,k tAll" jdhq nE.a moaO;s iy Wiia 

ßhÿre iydh moaO;s ADAS' 

 
• Medical Devices 

ffjoH WmlrK 
Pacemakers, infusion pumps, and MRI 
machines. 
fmaiafïl¾" bka*shqIka fmdïm iy MRI hka;%' 

 
• Industrial Automation 

ld¾ñl iajhxl%ShlrKh 

Robotics, assembly line control, and 
process automation systems. 
frdfnda ;dlaIKh" tl,ia f¾Ld md,kh iy 
l%shdj,s iajhxl%ShlrK moaO;s' 

 

• Aerospace and Defense 
wNHjldYh iy wdrlaIl 

Avionics systems, unmanned aerial vehicles 
(UAVs), and missile guidance systems. 
.=jka hdkd moaO;s" ñksiqka rys; .=jka jdyk 

UAVs iy ñihs, ud¾f.damfoaY moaO;s' 
 

• Nuclear reactor control systems 
kHIaál m%;sl%shdldrl md,k moaO;s 

Monitor and control reactor operations in 
real time to ensure safety. 
wdrlaIdj iy;sl lsÍu i|yd m%;sl%shdldrl 
fufyhqï ;;H ld,Skj ksÍlaIKh lsÍu iy 
md,kh lsÍu' 
 

• Satellite and space probe control 
systems 
pkaøsld iy wNHjldY mÍlaIK md,k moaO;s 

Manage navigation and system functions 
with strict timing requirements. 
oeä ld, wjYH;d iys;j ixpd,kh iy 
moaO;s l%shdldrlï l<ukdlrKh lsÍu' 
 

• Elevator control systems 
fidamdk md,k moaO;s 

Control elevator movement and safety 
responses in real time. 
fidamdk p,kh iy wdrlaIl m%;spdr ;;H 
ld,Skj md,kh lsÍu' 
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Time-Sharing Operating Systems 
ld, úNck fufyhqï moaO;s 
 

In time-sharing systems, the processor’s time is 
shared among multiple users or applications by 
rapidly switching between them. 
ld,h úNck moaO;s j,§" nyq mßYS,lhska fyda 
fhÿï w;r fõ.fhka udre ùfuka ilikfha 
ld,h fnod .kq ,efí' 

 
This allows multiple tasks to run as if they are 
happening at the same time. 
fuu.ska ld¾hhka lsysmhla tljr l%shd;aul 
jkakdla fuka ye. ùug bv i,ihs' 
 

Key Characteristics of Time-Sharing 
Operating Systems 
ld, úNck fufyhqï moaO;sj, m%Odk ,laIK 

 
• Quick Response 

blauka m%;spdrh 
 

Each user or program gets frequent access to 
the CPU, so the system responds quickly to user 
inputs, making it suitable for interactive use. 
iEu mßYS,lfhl=gu fyda jevigyklgu CPU 
fj; ks;r m%fõYh ,efnk neúka" moaO;sh 
mßYS,l fhojqï j,g blaukska m%;spdr olajk 
w;r" th wka;¾l%shdldÍ Ndú;h i|yd iqÿiq fõ' 

 
• Reduced CPU Idle Time 

CPU ys w,i ld,h wvq lsÍu 
 

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. 
ld¾hhka w;r ksrka;rfhka udre ùfuka CPU 
ld¾hnyq,j ;nd .kS' tla ld¾hhla /§ isákafka 

kï ^Wod( wdodkh i|yd&" CPU úiska jydu ;j;a 
ld¾hhla l%shd;aul lrñka w,i ld,h wju lrhs' 

 
• Multiprogramming 

nyq jevigykalrKh 

 
Multiple programs are loaded into memory 
simultaneously, and the CPU switches between 
them to keep all processes progressing. 
nyq jevigyka tljr u;lhg mQrKh lrkq ,nk 
w;r" ish¨u l%shdj,Ska l%shd;aul fjñka mj;ajd 

.ekSug CPU tAjd w;r udre fõ' 
 

• Resource Allocation 
iïm;a fjka lsÍu 

 

System resources, such as CPU time, memory, 
and I/O devices, are shared fairly among users, 
preventing any single user from monopolizing 
the system. 
CPU ld,h" u;lh iy I$O Wmdx. jeks moaO;s 
iïm;a" mßYS,lhka w;r idOdrK f,i fnod 
.ksñka lsisÿ mßYS,lfhl= moaO;sh wêl 
Ndú;fhka j,lajhs' 

 
Resources are dynamically allocated and 
deallocated as needed, depending on the 
current load and user demands. 
j;auka Ndrh iy mßYS,l b,a,Sï u; mokïj 
iïm;a .;slj fjka lr wjYH mßÈ fnod yßkq 
,efí' 
 

• CPU Scheduling 
CPU kshulrKh lsÍu 
 

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 ld,h l=vd ld, fldgia j,g fnod we;s w;r 
tla tla l%shdj,shg wkql%ñlj mjrd we;' tuÕska 
ish¨u mßYS,lhskag ieliqï ld,fhka idOdrK 
fldgila iy iqug moaO;s l%shdldß;ajhla ,efnk 
nj iy;sl flfra' 
 
 
 
 

30
ictfromabc.com



 

Comparison of Real-Time and Time-Sharing Operating Systems 
;;H ld,Sk fufyhqï moaO;s iy ld, úNck fufyhqï moaO;s ixikaokh 
 
 

Feature 
úfYaIdx.h 

Real-Time Operating Systems 
(RTOS) 
;;H ld,Sk fufyhqï moaO;s 
 

Time-Sharing Operating Systems 
(TSOS) 
ld, úNck fufyhqï moaO;s 

Timing 
Constraints 
ld, iSudjka 

 Tasks must be completed within 
defined time limits (hard deadlines). 
ksYaÑ; ld, iSudjka ^oeä ld, 
iSudjka& ;=< ld¾hhka iïmQ¾K l< 
hq;=h' 

No strict deadlines; focuses on fair CPU 
sharing 
oeä ld,iSudjka fkdue;; CPU ld,h 
idOdrK f,i fjka lsÍu flfrys wjOdkh 
fhduq lrhs' 

Task Scheduling 
ld¾hh 
Wmf,aLk.; 
lsÍu 

Priority-based Scheduling: High-
priority tasks run immediately. 
m%uqL;d mdol Wmf,aLk.; lsÍu( 
by< m%uqL;d ld¾hhka laI‚lj ls%hd 
lrhs' 

Round-Robin Scheduling uses time slices. 
rjqkaâ frdìka kshu lsÍu ld, ldKav 
Ndú;d lrhs' 
 

User Interaction 
mßYS,l 
wka;¾l%shd 

Typically, minimal user interaction 
idudkHfhka wju mßYS,l 
wka;¾l%shd 

High user interaction with multiple users. 
nyq mßYS,lhkaa uÕska by< uÜgfï 
mßYS,l wka;¾l%shd isÿ lrhs 
 

Response Time 
m%;spdr ld,h 

Response times are predictable and 
guaranteed. 
m%;spdr ld,h mqfrdal:kh l< yels 
w;r ksYaÑ; iSudjka ;=< m%;spdr 
,efnhs' 

 Aims for minimal response time but 
without guaranteed limits. 
wju m%;spdr ld,h i|yd b,lal lrk 
kuq;a iy;sl l< iSudjka fkdue;' 

Examples VxWorks, FreeRTOS, QNX, RTEMS, 
µC/OS-II, ThreadX 

UNIX, Multics, IBM OS/360, VMS, 
Windows NT 

  
User Interfaces 
mßYS,l w;=reuqyqK;a 

 
A User Interface (UI) is the part of a computer 
or device that enables users to interact with 
software and hardware.  
mßYS,l w;=reuqyqK;la (UI) hkq mß.Klhl 
fyda Wmdx.hl fldgila jk w;r th 
mßYS,lhskag uDÿldx. iy oDvdx. iuÕ wka;¾ 
l%shd lsÍug yelshdj ,nd fohs' 
 

A good UI makes interaction smooth, efficient, 
and user-friendly, improving the overall user 
experience 
fyd| UI tlla wka;¾l%shdj iqug" ld¾hlaIu iy 
mßYS,l-ys;ldó lrhs" iuia; mßYS,l w;aoelSu 
jeäÈhqKq lrhs' 

 
 
 
 
 
 
 
 

1. Command Line Interface 
úOdk fma<s w;=reuqyqK;a 
 

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.  
úOdk fma<s w;=reuqyqK;la (CLI) hkq fm< u; 
mokï jQ mßYS,l w;=reuqyqK;la jk w;r tys§ 
mßYS,lhska g¾ñk,hlg fyda úOdk iQplhlg 
úOdk ghsma lsÍfuka moaO;sh iuÕ wka;¾ l%shd 
lrhs' 
 

It was the primary method of interacting with 
early computers and is still widely used today 
th uq,a ld,fha mß.Kl iuÕ wka;¾ l%shd lsÍfï 
uQ,Slu l%uh jQ w;r wog;aa nyq,j Ndú;d lrhs' 
 

Powerful and efficient, allowing users to 
automate tasks, manage files, and control 
system settings using command interpreters 
like Bash, PowerShell, or Zsh. 
n,j;a yd ld¾hlaIu jk w;r" mßYS,lhskag 

Bash, PowerShell fyda Zsh jeks úOdk mßj¾;l 
Ndú;fhka ld¾hhka iajhxl%Sh lsÍug" f.dkq 
l<ukdlrKh lsÍug iy moaO;s ieliqï md,kh 
lsÍug bv i,ihs' 
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Examples 
 
• Unix/Linux Shells (e.g., Bash, Zsh) 

 
 
 
 
 
 
 

 
 
 
• Windows Command Prompt 
 
 
 
 
 
 
 
 
 
• PowerShell 

 
 
 
 
 
 
 
 
 
• Terminal on macOS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Graphical User Interface 
Ñ;%l mßYS,l w;=reuqyqK; 
 

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. 
Ñ;%l mßYS,l w;=reuqyqK;la(GUI) hkq mßYS,l-
ys;ldó w;=reuqyqK;la jk w;r tuÕska ljq¿" 
whslk" fnd;a;ï iy fukq jeks oDYH wx. 
Ndú;fhka bf,lafg%dksl Wmdx. iuÕ wka;¾ l%shd 
lsÍug mßYS,lhskag bv i,ihs' 

 
Unlike command-line interfaces, GUIs use 
graphics and a pointing device (like a mouse) to 
make navigation easier. 
úOdk fma<s w;=reuqyqK;a fuka fkdj" GUI 
ixpd,kh myiq lsÍu i|yd Ñ;%l iy oelajqï 

Wmdx.hla(uQislhla jeks) Ndú;d lrhs' 
 

Operating systems like Windows, macOS, and 
many software applications use GUIs to 
improve usability and accessibility. 
Windows, macOS jeks fufyhqï moaO;s iy 
fndfyda uDÿldx. fhÿï Ndú;h iy m%fõYH;dj 

jeä ÈhqKq lsÍu i|yd GUI Ndú;d lrhs' 

 
User interfaces run with windows, icons, menus 
and pointers (WIMP). 
mßYS,l w;=reuqyqK;a ljq¿" whslk" fukq iy 
o¾Ylhka iuÕ l%shd;aul fõ' 
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Examples 
 
• Linux GUI 
 
 
 
 
 
 
 
 
 
 
 
• Windows GUI 
 
 
 
 
 
 
 
 

• MacOS GUI 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Graphical User Interfaces (GUIs) VS Command Line Interfaces (CLIs) 
Ñ;%l mßYS,l w;=reuqyqK;a iy úOdk fma<s w;=reuqyqK;a w;r fjki  
 

Aspect GUI CLI 

User Interaction 
mßYS,l 
wka;¾l%shd 

Interaction through graphical elements 
like windows, icons, buttons. 
ljq¿" whslk" fnd;a;ï jeks Ñ;%l 
uQ,øjH yryd wka;¾l%shd lsÍu'  

Interaction through text commands. 
fm< úOdk yryd wka;¾l%shd' 

Usability 
Ndú;fha myiqj 

User-friendly, easier for beginners 
mßYS,l-ys;ldó" wdrïNlhska i|yd 
myiqh. 

Requires knowledge of commands, more 
complex. 
jvd;a ixlS¾K" úOdk ms<sn| oekqula wjYH 
fõ' 

Learning Curve 
bf.kqï jl%h 

Easier to learn/ bf.kSug myiqhs Steeper learning / ;shqKq bf.kSula wjYHhs. 

Speed 
fõ.h  

Slower for experienced users due to 
navigation through menus and dialogs. 
fukq iy ixjdo yryd ixpd,kh 
fya;=fjka m<mqreÿ mßYS,lhska i|yd 
ukao.dó fõ' 

Faster for experienced users who can 
execute commands quickly. 
úOdk blaukska l%shd;aul l< yels m<mqreÿ 
mßYS,lhska i|yd fõ.j;a fõ' 

Resource Usage 
iïm;a Ndú;h 

Consumes more memory and 
processing power. 
jeä u;lhla iy ieliqï n,hla 
mßfNdackh lrhs. 

Lightweight, uses fewer resources. 
ieye,a¨ fõ" wju iïm;a m%udKhla Ndú;d 
lrhs' 

Error Handling 
fodaI yeisrùu
  
 

Often gives visual cues or messages. 
fndfyda úg oDYH bÕs fyda m‚úv ,nd 
fohs. 

Errors may be harder to interpret for 
beginners. 
wdrïNlhska i|yd fodaI w¾: ksrEmKh lsÍu 
wmyiq úh yelsh'. 

33
ictfromabc.com



 

3. Voice User Interface (VUI) 
y~ mßYS,l w;=reuqyqK; 
 

A Voice Command Interface allows users to 
interact with a system using spoken language 
instead of typing or clicking.  
y~ mßYS,l w;=reuqyqK;la uÕska mßYS,lhskag 
ghsma lsÍu fyda la,sla lsÍu fjkqjg l:k NdIdj 
Ndú;fhka moaO;shla iuÕ wka;¾ l%shd lsÍug bv 
i,ihs' 

 
VUI convert speech into commands using 
speech recognition, enabling hands-free and 
natural language interaction while providing 
real-time responses. 
VUI l:k y÷kd.ekSu Ndú;fhka l:kh úOdk 
njg mßj¾;kh lrhs" ;;H ld,Sk m%;spdr imhk 
w;ru w;a-ksoyia iy iajdNdúl NdId wka;¾l%shd 
il%Sh lrhs' 

 
They enhance accessibility for all users, support 
multiple languages, and are often integrated 
with AI assistants such as Siri and Alexa to 
control devices like smartphones, smart homes, 
and cars. 
tAjd ish¨u mßYS,lhska i|yd m%fõYH;dj jeä 
ÈhqKq lrhs" nyq NdId i|yd iyh olajhs" iy 
iaud¾Üf*daka" iaud¾Ü ksjdi iy fudag¾ r: jeks 

Wmdx. md,kh lsÍu i|yd Siri iy Alexa jeks AI 
iydhlhska iuÕ fndfyda úg tAldnoaO fõ' 

 
Examples: 
 
• Siri (Apple) 
• Google Assistant 
• Amazon Alexa 
• Cortana (Microsoft) 
 
VCIs enhance convenience but may face issues 
with accents, background noise, or complex 
commands. 
VCI myiqj jeä ÈhqKq lrhs" kuq;a WÉpdrK" 
miqìï Yíoh fyda ixlS¾K úOdk iuÕ .eg¿ 
j,g uqyqK Èh yelsh' 

 
 
 
 
 
 
 
 
 
 

4. Virtual Reality Interfaces 
w;:H h:d¾; w;=reuqyqK;a 
 

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.  
w;:H h:d¾: w;=reuqyqK;la hkq mß.Klfhka 
ckkh lrk ,o wkqlrKhla jk w;r th 

mßYS,lhskag VR fyâfiÜ" w;ajeiqï fyda p,k 
ixfõol jeks úfYaI WmlrK Ndú;fhka ;%sudK 
mßirhla iuÕ wka;¾ l%shd lsÍug bv i,ihs' 
 

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. 
th ienE f,dalh wkqlrKh lsÍfuka fyda 
iïmQ¾Kfhkau w;:H wjldYhka ks¾udKh 
lsÍfuka w;aoelSula ,nd fohs" tuÕska 
mßYS,lhskag tu mßirfha fN!;slj isák njla 
oefka' 

 
Key Features 
m%Odk ,laIK 

 
• Immersive 3D environments 

úúOdldr 3D mßirhka 
 

• Real-time interaction 
;;H ld,Sk wka;¾l%shd 

 

• Requires VR hardware 
VR oDvdx. wjYH fõ  

(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) 
• Medical simulations 
 
VR interfaces are widely used in entertainment, 
education, healthcare, and military training. 
VR w;=reuqyqK;a úfkdaodiajdoh" wOHdmkh" 
fi!LH fiajd iy yuqod mqyqKqj i|yd nyq,j 
Ndú;d fõ'
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5. Gesture-Based Interface (GBI) 
wNskh u; mokï jQ w;=re uqyqK; ^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.  
wNsk mdol w;=reuqyqK;la uÕska mßYS,lhskag 
;srhla fyda fN!;sl md,lhla iam¾Y fkdlr YÍr 
p,khka" idudkHfhka w;a fyda weÕs,s wNskhka 
Ndú;fhka mß.Kl fyda Wmdx. iuÕ wka;¾ l%shd 
lsÍug bv i,ihs' 

 
It uses sensors, cameras, or wearable devices to 
detect and interpret gestures. 
th wNskhka y÷kdf.k w¾: ksrEmKh lsÍug 
ixfõol" leurd fyda me<¢h yels Wmdx. Ndú;d 
lrhs' 

 

Key Features  
m%Odk úfYaIdx. 
 
• Touchless interaction 

iam¾Y rys; wka;¾l%shd 
 

• Natural and intuitive control 
iajNdúl iy nqoaêuh md,kh 

 

• Often uses motion-sensing technology  
fndfyda úg p,k ixfõol ;dlaIKh Ndú;d 

lrhs (e.g., cameras, infrared sensors) 
 
Examples 
 
• Microsoft Kinect (for Xbox and PC) 
• Touchless gesture controls in smartphones 
• Smart TVs with gesture navigation 
• Virtual reality hand tracking (e.g., Oculus 

Quest) 
• Automotive gesture controls (e.g., BMW 

gesture control)  

35
ictfromabc.com



 

File Management 
f.dkq l<ukdlrKh 
 

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. 
o;a; hkq wuq lreKq" rEm" ixfla; fyda ixLHd" 
fm<" rEm fyda Yío jeks f;dr;=re h' o;a; 
ilik ;=re tAjdgu w¾:hla fkd;sìh yelsh' 

 
A file is a named collection of related 
information, usually a sequence of bytes, that is 
stored on a computer or other electronic 
device. 
f.dkqjla hkq mß.Klhl fyda fjk;a 
bf,lafg%dksl Wmdx.hl .nvd lr we;s 
idudkHfhka nhsÜ wkqms<sfj,la jk tlsfklg 
iïnkaO f;dr;=re tl;=jls' 

 
In simple terms, data is the content, and a file 
is the container that stores that content. 
ir,j lsjfyd;a" o;a; hkq wka;¾.;h jk w;r 
f.dkqjla hkq tu wka;¾.;h .nvd lrk 
nyd¨uhs' 
 

File 
f.dkqj 

 
It serves as a fundamental unit of storage, 
allowing data to be saved, retrieved, and 
organized efficiently. 
th .nvd lsÍfï uQ,sl tAllhla f,i fiajh lrhs" 
o;a; iq/lSug" ,nd .ekSug iy ld¾hlaIuj 
ixúOdkh lsÍug bv i,ihs' 

 
Files can contain a variety of information types, 
such as text, images, audio, or executable code.  
f.dkq j, fm<" rEm" Y%jH fyda l%shd;aul l< yels 
fla; jeks úúO f;dr;=re j¾. wvx.= úh yelsh'  
 

Files are managed by the operating system 
using a file system that keeps track of their 
locations and properties.  
f.dkq j, ia:dk iy Wm,laIK ksÍlaIKh lrk 
f.dkq moaO;shla yryd fufyhqï moaO;sh uÕska 
tajd l<ukdlrKh lrkq ,efí' 

 

 
 
 
 
 
 
 
 
 
File Structure 
f.dkq jHqyh 

 
A file structure is a format understood by the 
OS of a computer. 
f.dkq jHqyhla hkq fufyhqï moaO;shlg f;areï 
.; yels wdlD;shls' 
 

A file has a specifically defined structure 
according to its file type. 
f.dkqjlg tys m%rEmh wkqj w¾: oelajQ ksYaÑ; 
jHQyhla we;' 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

A file structure of an image 

A sound wave converting to digital form 
to store 
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File Name Components  
f.dkq kdufhys ixrpl 

 
      
 
 
 
 
 
 
 
 
 
1. File Name (Primary name) 

f.dkq kduh 
 
Used to uniquely identify and distinguish a file 
from others. 
f.dkqjla wkkH f,i y÷kd .ekSug iy wfkla 
tAjdhska fjkalr y÷kd .ekSug Ndú;d lrhs' 

 
When multiple files are saved in the same 
directory, each file must have a unique name to 
avoid confusion and accidental overwriting. 
tlu kdudj,shl f.dkq lsysmhla iqrlsk úg" 

jHdl+,;ajh iy overwrite ùu j<lajd .ekSug 
iEu f.dkqjlgu wkkH kula ;sìh hq;=h' 

 
If two files have the same name and extension, 
saving the second file will overwrite the first 
one, potentially causing loss of important data. 
f.dkq follg tlu ku iy È.=jla ;sfí kï" 

fojk f.dkqj iq/lSfuka m<uq f.dkqj overwrite 
jk w;r" th jeo.;a o;a; ke;sùug fya;= úh 
yel' 
 
2. File Extension 

f.dkq È.=j 
 
Used to indicate the file type and determine 
which application can open it. 
f.dkq j¾.h oelaùug iy th újD; l< yelafla 
l=uk fhÿugo hkak ;SrKh lsÍug Ndú;d lrhs' 
 
It indicates the file type and informs the 
operating system and users which application 
should be used to open the file. 
th f.dkq j¾.h fmkakqï lrk w;r f.dkqj 
újD; lsÍug Ndú;d l< hq;= fhÿu fufyhqï 
moaO;shg iy mßYS,lhskag okajhs' 
 
 

Text files .txt 
.doc/.docx 
.odt 
.rtf 
.pdf 

Spreadsheet Files 
me;=reïm;a 
f.dkq 
 

.xls/.xlsx 

.ods 

.csv 

Presentation Files 
bÈßm;a lsÍfï f.dkq .ppt/.pptx 

.odp 

Image Files 
rEm f.dkq 

.jpg/.jpeg 

.png 

.gif 

.bmp 

Audio Files 
Y%jH f.dkq .mp3 

.wav 

Video Files 
ùäfhda f.dkq .mp4 

.avi 

.mkv 

.wmv 

Compressed and Archive 
Files 
iïmSä; iy ixrlaIs; f.dkq 

.zip 

.rar 

.tar 

.gz 

Executable Files 
l%shd;aul l< yels f.dkq 

.exe 

.app 

.bat 

.sh 

Web Files 
fjí f.dkq 

.html/.htm 

.css 

.js 

.php 

Programming Files 
l%uf,aLk f.dkq .py 

.java 

.cpp 
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Showing extensions of the known file types 
 
1. First, go to the control panel and search 

for “file extension”. 
 
 
 
 
 
 
 
 
 
 
 
2. Then click the “Show or hide file 

extensions” below “File Explorer Options.” 
 
 
 
 
 
 
 
 
 
 
 
3. In the “File Explorer Options” window, put 

a tick on the “Hide extensions for known 
file types”. 

 
 
 
 
 
 
 
 
 
 

A file can be viewed in two ways: 
f.dkqjla wdldr follska oelsh yelsh( 

 
1. Logical View (Programmer's View) 
;d¾lsl oelau ^l%uf,aLlhdf.a oelau& 

 
This is the way a file appears to users or 
programs, seen as an organized sequence of 
data (such as records, pixels, or bytes). 
fuh f.dkqjla mßYS,lhskag fyda jevigyka j,g 
Èiajk wdldrhhs" th ixúOdkd;aul o;a; 
wkqms<sfj,la f,i oelsh yelsh ^jd¾;d" mslai, 
fyda nhsÜ jeks&' 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
2. Physical View (Operating System's View) 
fN!;sl oelau ^fufyhqï moaO;sfha oelau& 

 
This is how the file is actually stored on the hard 
drive or storage device. (such as 0,1 / north, 
south / crest, trough) 
f.dkqj we;a; jYfhkau oDV ;eáfha fyda .nvd 

Wmdx.fha .nvd lr we;s wdldrh fuhhs (0"1 $ 
W;=r" ol=K $ YS¾Ih" ksïk jeks)' 
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Logical view vs physical view 
;d¾lsl oelau vs fN!;sl oelau 
 

Aspect Logical View 
;d¾lsl oelau 
 

Physical View  
fN!;sl oelau 

Representation 
ksrEmKh 

Represents data in a meaningful 
format (e.g., text, tables). 
w¾:j;a wdlD;shlska o;a; 
ksrEmKh lrhs ^Wod( fm<" j.=& 

 

Represents data as binary content 
stored on the disk. 
;eáfha .nvd lr we;s oaúuh 
wka;¾.;h f,i o;a; ksrEmKh lrhs' 
 

Purpose 
wruqK 

Provides a conceptual 
representation of data.  
o;a; j, ixl,amSh ksrEmKhla 
imhhs' 

Describes the actual storage structure 
of data on the disk. 
;eáfha o;a;j, i;H .nvd jHqyh 
úia;r lrhs' 

 
Accessibility 
m%fõYH;dj 

Represents data in a user-friendly 
format for manipulation. 
yeisrùu i|yd mßYS,l-ys;ldó 
wdlD;shlska o;a; ksfhdackh lrhs' 

Represents data at the lowest level for 
storage management..nvd 
l<ukdlrKh i|yd my<u uÜgfï 
o;a; ksfhdackh lrhs' 

 

Management 
l<ukdlrKh 

Focuses on data structure and 
organization for usability.o;a; 
jHqyh iy Wmfhda.S;dj i|yd 
ixúOdkh flfrys wjOdkh fhduq 
lrhs' 

Focuses on disk-level details for 
efficient storage 
management.ld¾hlaIu .nvd 
l<ukdlrKh i|yd ;eá uÜgfï 
úia;r flfrys wjOdkh fhduq lrhs' 
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File Attributes 
f.dkq .=Kdx. 

 
File attributes are properties associated with 
files that provide information about their 
characteristics, permissions, and status within a 
file system 
f.dkq Wm,laIK hkq f.dkq moaO;shla ;=< tAjdfha 
,laIK" wjir iy ;;a;ajh ms<sn| f;dr;=re 
imhk f.dkq iuÕ iïnkaê; .=Kdx. fõ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Owner 
ysñlre 

The owner of the file is the individual who 
created or owns it. 
f.dkqfõ ysñlre th ks¾udKh l< fyda whs;s 
mqoa.,hd fõ' 
 

They typically have special privileges, such as 
the ability to modify permissions or delete the 
file. 
Tjqkag idudkHfhka wjir fjkia lsÍfï 
yelshdj fyda f.dkqj uld oeóu jeks úfYaI 
jrm%ido we; 
 

2. Location(s) on Secondary Storage oaú;Shsl 
wdphkfha msysàu 
Indicates the physical or logical location(s) 
where the file is stored on secondary storage 
devices (Ex. hard disk drive, solid-state drive). 
oaú;shsl .nvd Wmdx.j, ^Wod( oDV ;eá 
Odjlh" >k-;;a;aj Odjlh& f.dkqj .nvd lr 
we;s fN!;sl fyda ;d¾lsl ia:dkh^h& olajhs 
 

3. Access Permissions 
m%fõY wjir 

Access permissions specify who is permitted 
to read, write, or delete data in the file. 
m%fõY wjirhka uÕska f.dkqfõ o;a; lshùug" 
,sùug fyda uld oeóug wjir we;af;a ldgo 
hkak i|yka lrhs' 
 

4. Time and Date of Creation, Modification, 
Last Access 
ks¾udKh l< fõ,dj iy Èkh" fjkia lsÍu" 
wjika m%fõYh 

These timestamps provide information about 
the history and usage of the file. 
f.dkqfõ b;sydih iy Ndú;h ms<sn| f;dr;=re 
imhhs' 
 

They help track changes made to the file's 
content and monitor file activity. 
tAjd f.dkqfõ wka;¾.;hg lrk ,o fjkialï 
yUd hdug iy f.dkq l%shdldrlï ksÍlaIKh 
lsÍug Wojq lrhs' 
 

5. File Size 
f.dkq úYd,;ajh 

File size reflects the amount of storage space 
the file occupies on the disk. 
f.dkq m%udKh uÕska f.dkqj ;eáfha we;s .nvd 
bv m%udKh ms<sìUq lrhs' 
 

6. Size on Disk 
;eáfha m%udKh 
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. 
f.dkqjla ;eáfha w;am;a lrf.k isák .nvd 
bv m%udKh fmkajhs" th ;eá bv fjka lr we;s 
wdldrh ksid f.dkq m%udKhg jvd úYd, úh 
yelsh' 
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How data is physically stored on disk 
;eáfha o;a; fN!;slj .nvd lr we;s wdldrh 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Platters 
;eá 
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 hkq oDV ;eá Odjlhla ;=< we;s rjqï 
f,day ;eá jk w;r tys§ o;a; fN!;slj .nvd 
lr we;' o;a; lshjk úg fyda ,shk w;r;=r tAjd 
wêl fõ.fhka N%uKh fõ' 
 

Data is stored in the form of tiny magnetized 
spots 
l=vd pqïNl ,m wdldrfhka o;a; .nvd lr we;' 
 
Some hard disks have several platters' 
we;eï oDv ;eá j, ;eá lsysmhla mj;S' 

 
Tracks 
m: 
Tracks are circular paths drawn on the surface 
of a platter. Data is recorded along these 
circular paths. 
m: hkq ;eáhl u;=msg w¢k ,o rjqï ud¾. fõ' 
o;a; fuu rjqï ud¾. Tiafia igyka fõ' 
 
There are several tracks on one platter. 
tla ;eáhla u; m: lsysmhla mj;S' 
 

Modern hard disks can have thousands of 
tracks on a single platter 
kùk oDV ;eáj, ;ks ;eáhl m: oyia .Kkla 
;sìh yelsh 

 

Sectors 
leá;s 
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). 
wxY hkq Odjk m:hl l=vd fldgia fõ' tAjd 
;eáhl we;s l=vdu fN!;sl .nvd tAll jk w;r 
ia:djr m%udKfha fldgia j,ska o;a; .nvd lrhs 

^idudkHfhka nhsÜ 512 fyda 4 KB&' 

 
Blocks 
ldKav 
Blocks are logical storage units used by the 
operating system to read and write data. A 
block may consist of one or more sectors. 
ldKav hkq fufyhqï moaO;sh úiska o;a; lshùug 
iy ,sùug Ndú;d lrk ;d¾lsl .nvd tAll fõ' 
íf,dla tllg wxY tlla fyda lsysmhla wvx.= úh 
yelsh' 

 
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 hkq f.dkq moaO;sh úiska f.dkqjla .nvd 
lsÍu i|yd Ndú;d lrk íf,dla tlla fyda jeä 

.Kkl lKavdhï fõ' f.dkqjlg Clusters wkqj 
bv fjka lrkq ,efí'  
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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.  
ldKavhla hkq oDV ;eáhlska f;dr;=re .nvd 
lsÍug iy lshùug Ndú;d lrk ia:djr m%udKfha 
o;a; tAllhls'  
 

The computer does not read or write single 
letters or bytes. It always works using blocks. 
mß.Klh ;ks wl=re fyda nhsÜ lshùu fyda ,sùu 
fkdlrhs' th ieuúgu íf,dla Ndú;fhka l%shd 
lrhs' 
 

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.  
mßYS,lhd ;eáh wdlD;slrKh lrk úg ldKav 
idokq ,efí' iEu f.dkq moaO;shlu fmrksñ 
ldKavfhys m%udKhla we;' kuq;a" ldKavhl 
m%udKh iqir l< yelsh' 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Block size in a hard disk is usually a power of 2. 
When files with casual sizes are stored, they 
must occupy whole blocks.  
oDV ;eáhl ldKavhl m%udKh idudkHfhka 2 ys 
n,hla fõ' fjkia m%udK iys; f.dkq .nvd lrk 
úg" tAjd iïmQ¾K ldKavhla Ndú;d l< hq;=h'  
 

If a file size is not an exact multiple of the block 
size, the last block allocated to that file will not 
be filled. 
f.dkqfõ m%udKh ldKavfhys m%udKfha ksYaÑ; 
.=Kdldrhla fkdfõ kï" tu f.dkqjg fjka lr 
we;s wjidk ldKavh iïmQ¾Kfhka Ndú;d l< 
fkdyelsh'  
 

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. 
tu ldKavh ;=< we;s Ndú;hg fkd.;a bfvys 
;j;a f.dkqjla .nvd lsÍug Ndú;d l< fkdyel" 
ukao ldKavhla tljr tla f.dkqjlg muKla 
fjka l< yelsh' 

This unused space within allocated blocks leads 
to wastage of disk space, which is known as 
internal fragmentation. 
fjka lrk ,o ldKavhla ;=< we;s fuu Ndú;hg 
fkd.;a bv ;eá wjldYh kdia;s ùug fya;= jk 
w;r th wNHka;r LKavŒlrKh f,i ye¢kafõ' 
 

Internal fragmentation 
wNHka;r LKavŒlrKh 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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. 
íf,dla tflys m%udKh 4 KB jk w;r f.dkqfõ 

m%udKh 8'66 KB fõ¦ f.dkqjg íf,dla 3la 12 KB 

wjYH fõ' 8'66 KB muKla Ndú;d jk w;r" 
;=kajk íf,dla tl ;=< b;sßj we;s bv wmf;a hhs'  
 
This unused space cannot be used by another 
file, so it results in internal fragmentation. 
fuu Ndú;hg fkd.;a bv fjk;a f.dkqjlg 
Ndú;d l< fkdyel" tneúka th wNHka;r 
LKavŒlrKhg fya;= fõ' 

 
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. 
ir,j lsjfyd;a" wNHka;r LKavŒlrKh hkq 
fjka lrk ,o íf,dla tlla ;=< tys .nvd lr 
we;s o;a; j,g jvd úYd, jQ úg tys isÿjk ;eá 
wjldYh kdia;s ùuhs'  

HDD 
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Path Name 
f.dkq ud¾. kduh 

 
A file pathname is the complete address or path 
that specifies the location of a file or directory 
in a file system. 
f.dkq ud¾. kduhla hkq f.dkq moaO;shl 
f.dkqjl fyda kdudj,shl msysàu ksYaÑ;j olajk 
iïmQ¾K ,smskh fyda ud¾.hhs' 

 
It includes all directories (folders) leading to the 
file, starting from the root directory. 
thg uQ, kdudj,sfhka wdrïN ù f.dkqjg uÕ 
fmkajk ish¨u kdudj,s ^f*da,avr& we;=<;a fõ' 
 

1. Absolute Path name 
ksrfmalaI ud¾. kduh 
 

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. 
uQ, kdudj,sfhka wdrïN ù iïmQ¾K kdudj,s 
ud¾.h fmkajhs' th uQ, kdudj,sfhka wdrïN fõ 

^Unix jeks moaO;sj, $ fyda úkafvdaia ys C: jeks& 
iy wjYH f.dkqj fyda kdudj,sh olajd ish¨u 
f*da,avr we;=<;a fõ' 
 

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

C:\Users\user\Documents\report.txt 
(Windows) 
 
2. Relative Path name 

idfmalaI ud¾. kduh 
 

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. 
j;auka l%shdldÍ kdudj,shg idfmalaIj f.dkqjl 
fyda kdudj,shl msysàu fmkajhs' th uQ, 
kdudj,sfhka wdrïN fkdjk w;r idudkHfhka 
ksrfmalaI ud¾.hlg jvd flá fõ' 
 

Example 
/Documents/report.txt  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
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 ys" xyz.jpg abc.html f*da,avrfhau ;sfí 
ksid" th ir,j xyz.jpg f,i ye¢kaúh yel' 
fuh idfmalaI ud¾. kduhls' 

 
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 f*da,avrh ;=< .nvd lr 

we;s ksid pqr.html ys cheems'jpg Ndú;d 
lrkafka kï" th \images\cheems.jpg f,i 
ye¢kaúh yel' fuho idfmalaI ud¾. kduhls' 

 
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 f,i 

cheems.jpg  ys iïmQ¾K ia:dkh o ,nd §ug 
yel' th ksrfmalaI ud¾. kduhla f,i ye¢kafõ' 
 
 

What is a root directory? 
uQ, kdudj,shla hkq l=ulao@ 

 
The root directory is the topmost directory in a 
file system. 
uQ, kdudj,sh hkq f.dkq moaO;shl by<u 
kdudj,shhs' 

 
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. 
th wfkl=;a ish¨u f.dkq iy f*da,avr fn§ hk 
wdrïNl ia:dkhhs' moaO;sfha iEu f.dkqjla iy 
kdudj,shlau iDcqj fyda jl%j uQ, kdudj,sh ;=< 
msysgd we;' 
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File Directory (folder) 
f.dkq kdudj,sh 

 
A file directory is a virtual container within a file 
system that holds files and other directories. 
f.dkq kdudj,shla hkq f.dkq iy wfkl=;a kdudj,s 
r|jd ;nd .kakd f.dkq moaO;shla ;=< we;s w;:H 
nyd¨uls' 

 
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. 
f*da,avrhla hkq Ñ;%l w;=reuqyqK;a j, nyq,j 
Ndú;d jk mßYS,l-ys;ldó fhÿuls' kdudj,shla 
hkq fufyhqï moaO;s iy úOdk fma<s 
w;=reuqyqK;a jk ;dlaI‚l fhÿuls' 

 
It serves as a way to organize and manage files 
on a computer or storage device. 
th mß.Klhl fyda .nvd Wmdx.hl f.dkq 
ixúOdkh lsÍug iy l<ukdlrKh lsÍug we;s 
l%uhla f,i fiajh lrhs' 

 

Directories can contain any number of files and 
subdirectories, allowing for hierarchical 
organization. 
kdudj,s ;=, OQrdj,s ixúOdkhg bv i,iñka 
´kEu f.dkq ixLHdjla iy Wm ny¨ï ixLHdjla 
wvx.= úh yel'  

 
Each file and directory within the same directory 
have a unique name that distinguishes it from 
others. 
tlu kdudj,sh ;=< we;s iEu f.dkqjlgu iy 
kdudj,shlgu wfkla tAjdhska fjkalr y÷kd.; 
yels wkkH kula we;' 
 

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. 
f.dkq kdudj,shla hkq ;d¾lsl jHqyhla iy 
ixl,amhls' th mßYS,lhskag oelsh fkdyel' 

tfiau" th HDD ;=< iE§ug l=vd bvla ,nd .kS' 
  
There are some attributes in the directories as 
well. Those attributes are the same as the file 
attributes. 
kdudj,sj,o .=Kdx. wvx.= fõ' tu .=Kdx. 
f.dkq .=Kdx.j,g iudk fõ' 

 
 
 
 

File Directory types 
f.dkq kdudj,s j¾. 
 
1. Single-Level Directory Structure 

;ks uÜgfï kdudj,s jHqyh 
In a single-level directory structure, all files are 
stored in a single directory, and there are no 
subdirectories. 
;ks uÜgfï kdudj,s jHqyhla ;=<" ish¨u f.dkq 
;ks ny¨ul .nvd lr we;s w;r Wm ny¨ï 
fkdue;' 
 

Every file in the system is contained within the 
same directory. 
moaO;sfha we;s iEu f.dkqjlau tlu kdudj,sh 
;=< wvx.= fõ' 
 

 
 
 
 
 
 
Each file must have a unique name within that 
directory. iEu f.dkqjlau tu kdudj,sh ;=< 
wkkH kula ;sìh hq;=h' 

 
Simplest form of file organization, suitable for 
small systems or those with limited file 
management requirements. 
f.dkq ixúOdkfha ir,u wdldrh" l=vd moaO;s 
i|yd fyda iSñ; f.dkq l<ukdlrK wjYH;d 
iys; tAjd i|yd iqÿiq fõ' 
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2. Second-Level Directory Structure 
fojk uÜgfï kdudj,s jHqyh 

 
In a second-level directory structure, there are 
multiple directories at the top level, each 
capable of containing files and additional 
directories. 
fojk uÜgfï kdudj,s jHqyhla ;=<" by< 
uÜgfï nyq kdudj,s we;" tA iEu tllau f.dkq 
iy w;sfral kdudj,s wvx.= lsÍug yelshdj we;' 

 
Introduces a level of organization by allowing 
for the creation of subdirectories within the 
top-level directories. 
by< uÜgfï kdudj,s ;=< Wm ny¨ï ks¾udKh 
lsÍug bv §fuka ixúOdk uÜgula y÷kajd fohs'

Files are organized within these subdirectories, 
providing a more structured approach to file 
management. f.dkq l<ukdlrKh i|yd jvd;a 
jHqyd;aul m%fõYhla imhk fuu Wm ny¨ï ;=< 
f.dkq ixúOdkh lr we;' 

 
Each file must still have a unique name within 
its respective directory. iEu f.dkqjlau tys 
wod< kdudj,sh ;=< ;ju;a wkkH kula ;sìh 
hq;=h' 

 

 
 
 
 

 
 
 
 
 
 
 
3. Hierarchical Directory Structure 

OQrdj,s kdudj,s jHqyh 
 
A hierarchical directory structure consists of 
multiple levels of directories arranged in a 
tree-like fashion. 
OQrdj,s kdudj,s jHqyhla .ila jeks wdldrfhka 
ilia lr we;s nyq uÜgfï kdudj,s j,ska 
iukaú; fõ' 

 
Provides a flexible and scalable approach to 
organizing files and directories. 
f.dkq iy kdudj,s ixúOdkh lsÍu i|yd 
kuHYS,S iy mßudKh l< yels m%fõYhla 
imhhs' 

 

 
 
 
 
 
 
 
 
 
 
 
 
Allows for the creation of nested directories, 
enabling deeper levels of organization. 
ixúOdkfha .eUqre uÜgï il%Sh lrñka leo,s 
kdudj,s ks¾udKh lsÍug bv i,ihs' 

 
Users can navigate through the directory 
structure by moving up or down levels within 
the hierarchy. 
OQrdj,sh ;=< uÜgï by<g fyda my<g .uka 
lsÍfuka mßYS,lhkag kdudj,s jHqyh yryd 
ießieÍug yelsh' 

 
Offers efficient file management for large 
systems with diverse storage needs. úúO .nvd 
wjYH;d iys; úYd, moaO;s i|yd ld¾hlaIu 
f.dkq l<ukdlrKhla msßkuhs' 
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Disk Allocation Methods 
f.dkq úNck l%u 
 

Disk allocation methods are how an operating 
system assigns and manages space for files on 
a disk. 
f.dkq úNck l%u hkq fufyhqï moaO;shla ;eáhl 
f.dkq i|yd bv mjrd l<ukdlrKh lrk 
wdldrhhs' 

 
There are 3 main methods. 
fuys m%Odk l%ufõo 3la we;' 
 
1. Contiguous Allocation 

hdno úNdckh 
 
2. Linked Allocation 

ineÈ úNdckh 
 
3. Indexed Allocation 

iqÑ úNdckh 

 
1. Contiguous Allocation 
hdno úNdckh 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A file is stored in one continuous block of 
memory locations. This technique needs to 
keep track of unused disk space. 
f.dkqjla hdno u;l ldKav lsysmhl ms<sfj,ag 
;ekam;a lrhs' fuu ;dlaIKh Ndú;h ioyd 
Ndú; fkdù we;s ;eá wjldYh ksÍlaIKh lsÍug 
wjYH fõ' 

 
Accessing this file is called sequential access. 
fuu f.dkqjg m%fõYùu wkql%ñl m%fõYh f,i 
yÿkajhs' 
 

Advantages  
jdis  

 
• Very fast access (direct access). 

fõ.j;a m%fõYh ^Rcq m%fõYh& 

• Simple to implement. 
l%shd;aul lsÍu ir,hs' 

• No overhead. 
wu;r bv Ndú;hla ke;' 
(This refers to the extra memory used to store 
pointers rather than actual file data.) 
^ñka woyia lrkqfha i;H f.dkq o;a; fjkqjg 
o¾Yl .nvd lsÍu i|yd Ndú;d lrk wu;r u;l 
wjldYh fõ& 

 

• The movements of the hard disk are low. 
oDV ;eáfha p,khka wvqhs' 

• File size is equal to the storage size of the 
file. 
f.dkq m%udKh f.dkqj .nvd lsÍug jeh jQ 
m%udKhg iudk fõ' 
 

Disadvantages 
wjdis 
 
• External fragmentation occurs. 

ndysr LKavkSlrKh we;s fõ' 

• Increasing the file size is difficult. 
f.dkq m%udKh jeä lsÍu ÿIalr h' 

 
 
External fragmentation 
ndysr LKavkSlrKh  
 

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. 
iuia: ysi wjldYh m%udKj;a jqj;a tAjd tl<Õ 
tlÈ.g fkdmej;Su ksid .nvd lr.; yels úh 
hq;= f.dkqjla mjd .nvd lr.; fkdyels ùuhs' 
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2. Linked Allocation 
ineÈ úNdckh 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Assume that the block size is 4 KB. 
íf,dla tll m%udKh 4 KB hehs Wml,amkh 

lrkak') 
 
A file is stored as a linked list of blocks scattered 
across the disk. 
f.dkqjla tlsfkl yd ine¢ kuq;a o;a; .nvd 
Wmdx.h mqrd úisreKq ldKav j,ska iukaú; fõ' 

 
In each block 
iEu ldKavhlu:  
o Data / o;a; 
o A pointer to the next block / B<Õ ldKavhg 

o¾Ylhla 

 
Blocks can be anywhere on the disk or adjacent.  
o;a; .nvd Wmdx.fha ´kEu ;ekl úisÍ mej;sh 
yels w;ru tl<Õ jqjo ;sìh yelsh' 

 
Used in FAT (File Allocation Table) systems  
(FAT chaining). 
FAT (File Allocation Table)  ys Ndú;d fõ' 

Advantages 
jdis 
 
• No external fragmentation occurs. 

ndysr LKavkSlrKhla isÿfkdfõ' 
 

• File size can be easily adjusted. 
f.dkqfõ m%udKh myiqfjka j¾Okh lr .; 
yel' 
 

• Efficient use of disk space. 
.nvd bvlv Wmßufhka Ndú;d fõ'  

 
Disadvantages 
wjdis 
 
• Slow access (sequential only). 

ukao.dó m%fõYh ^wkql%ñl mu‚& 
 

• Pointer storage overhead. 
o¾Yl i|yd jeämqr bvlv jeh fõ' 
 

• Risk of data loss if a pointer is corrupted. 
o¾Ylhl .eg¨ we;súg o;a; fidhd .ekSug 
fkdyels ùfï wjOdkula mj;shs' 
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3. Indexed Allocation 
iqÑ úNdckh 

 
All block addresses of a file are stored in a 
separate index block.   
f.dkqfõ iEu ldKavhlu ,smskh fjku iQpl 
ldKavhl .nvd lrkq ,nhs' 

 
Each file has an index block. The index block 
contains addresses of all data blocks. Data 
blocks can be anywhere on the disk 
iEu f.dkqjlgu iQpl ldKavhla we;' ish¨u 
o;a; íf,dla j, ,smsk iQpl ldKavfhys wvx.= 
fõ' o;a; íf,dla ;eáfha ´kEu ;ekl ;sìh yel 
 

Used in UNIX/Linux file systems. 
UNIX/Linux f.dkq moaO;sj, Ndú;d fõ' 
 

Advantages 
jdis 
 
• No external fragmentation occurs. 

ndysr LKavkSlrKhla isÿfkdfõ' 
 

• Direct access and also can do random 
access. 
iDcq m%fõYh iy wyUq m%fõYh o l< yelsh' 

 
• Files can grow dynamically. 

f.dkqjlg ksoyfia j¾Okh úh yelsh' 
 

• No corruption occurs as all the indexes are 
mentioned in the index block. 
ish¨u o¾Yl iQpl ldKavhys i|yka lr 
we;s neúka lsisÿ fodaYhla isÿ fkdfõ' 
 

• No overhead. 
wu;r bv Ndú;hla ke;' 

 
Disadvantages 
wjdis 
 
• Extra space needed for index block. 

iQpl ldKavh i|yd jeämqr bvlv jeh ùu' 
 

• Index block size limits file size. 
iQpl ldKavfha m%udKh uÕska f.dkqfõ 
m%udKh iSud ùu' 
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Comparison 
ixikaokh 

 

 
 
 
  

Feature 
úfYaIdx.h 

Contiguous Allocation 
hdno úNdckh 

Linked Allocation 
ineÈ úNdckh 
 

Indexed Allocation 
iqÑ úNdckh 

Storage Method 
.nvd lsÍfï l%uh 

File stored in continuous 
blocks 
wLKavj ldKav j, .nvd 
lr we; 

Blocks linked using 
pointers 
o¾Yl Ndú;fhka 
ldKav iïnkaO lr 
we; 

The index block stores 
the addresses of all file 
blocks 
o¾Yl ldKavfha ish¨u 
f.dkq ldKav j, ,smsk 
.nvd flfra 
 

Access speed 
m%fõY fõ.h 

Very fast 
b;d fõ.j;a 

Slow  
ukao.dó 

Fast  
fõ.j;a 

Directory Entry  
kdudj,s we;=<;a 
lsÍu 

File name + Starting 
block + length(optional) 
f.dkqfõ ku ¬ wdrïNl 
ldKavh ¬ È. ^úl,am& 

File name + Starting 
block + Size  
f.dkqfõ ku ¬ 
wdrïNl ldKavh ¬ 
m%udKh 
 

File name + Index block  
f.dkqfõ ku ¬ o¾Yl 
ldKavh  

Block Placement 
ldKav ia:dk.; 
lsÍu 
 

Adjacent blocks 
hdno ldKav 

Anywhere on disk 
;eáfha ´kEu ;ekl 

Anywhere on disk 
;eáfha ´kEu ;ekl 

Fragmentation 
LKavkh 
 

External  
ndysr 

No 
ke; 

No 
ke; 

File Growth 
f.dkq j¾Okh 
 

Difficult 
ÿIalr 

Easy 
myiq 

Easy 
myiq 

Overhead 
wu;r bv Ndú;h 

No pointer overhead 
wu;r bv Ndú;hla ke; 

Pointer stored in 
each block 
tla tla ldKav j, 
.nvd lr we;s o¾Yl 
 

One index block required 
tla o¾Yl íf,dla tlla 
wjYHhs 

Reliability 
úYajikSh;ajh 

High 
by<  

Pointer corruption 
risk 
o¾Ylfha fodaY we;s 
ùfï wjodku 
 

Safer than linked 
ine¢ úNdckhg jvd 
wdrlaIs;hs 

Implementation 
Complexity 
l%shd;aul lsÍfï 
ixlS¾K;dj 
 

Simple 
ir, 

Moderate 
uOHia: 

More complex 
jvd;a ixlS¾K 

Best Used When 
Ndú;hg iqÿiq 
wjia:dj 

File size is fixed 
f.dkqfõ úYd,;ajh 
ia:djr úg 

Files grow 
frequently 
f.dkq ks;r j¾Okh 
jk úg 

Large files needing 
random access 
wyUq m%fõYh wjYH úYd, 
f.dkq i|yd 
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File Systems 
f.dkq moaO;s 

 
A file system is a method that an OS uses to 
control how data is stored and retrieved on a 
storage device. 
fufyhqï moaO;shl § f.dkq .nvd lsÍu yd tAjd 
kej; ,nd .ekSu i|yd Ndú;d lrk jHqyhla 
f.dkq moaO;shls' 

 
File systems store metadata such as file name, 
size, type, permissions, creation date, and 
modification date. 
f.dkq moaO;s f.dkq kduh" m%udKh" j¾.h" wjir" 
ks¾udKh l< Èkh iy fjkia lsÍfï Èkh jeks 
mdr-o;a; .nvd lrhs' 

 
They decide how disk space is assigned to files 
(e.g: contiguous, linked, or indexed allocation). 
Tjqka f.dkq i|yd ;eá bv mjrk wdldrh ;SrKh 
lrhs ^Wod( hdno" ine¢ fyda iqÑ úNdckh&' 

 
Advanced file systems support file permissions, 
encryption, and access control lists (ACLs). 
Wiia f.dkq moaO;s f.dkq wjir" fla;kh iy 

m%fõY md,k ,ehsia;= ^ACL& i|yd iyh olajhs' 

 
Modern file systems are designed to improve 
speed, reliability, and efficient storage usage. 
kùk f.dkq moaO;s ks¾udKh lr we;af;a fõ.h" 
úYajikSh;ajh iy ld¾hlaIu .nvd Ndú;h jeä 
ÈhqKq lsÍu i|yd h' 

 
Each file system has limits on maximum file size, 
partition size, and number of files. 
iEu f.dkq moaO;shlgu Wmßu f.dkq m%udKh" 
mx.= j, m%udKh iy f.dkq .Kk ms<sn| iSudjka 
we;' 
 

ex-  
FAT (File Allocation Table) 
NTFS (New Technology File System) 
HFS+ (Hierarchical File System Plus) 
APFS (Apple File System) 
exFAT 
 

1. FAT (File Allocation Table) 
f.dkq úNdck j.=j 
 

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 ks¾udKh lr we;af;a MS-DOS i|yd f.dkq 
.nvd lsÍu l<ukdlrKh lsÍu i|yd jk w;r 
tuÕska ;eáhl f.dkq .nvd lr we;s ia:dk 
ksÍlaIKh lrhs'  
 

The FAT table and root directory are placed in fixed 
locations so the system can locate boot files 
during startup.  
FAT j.=j iy uQ, kdudj,sh ia:djr ia:dkj, ;nd 
we;s w;r tuÕska moaO;shg wdrïNfha§ wdrïNl 
f.dkq fidhd .; yelsh'  
 

To prevent data loss, two copies of the FAT are 
kept, allowing one to serve as a backup if the other 
is damaged. 
o;a; ke;sùu je<elaùu i|yd" FAT ys msgm;a folla 
;nd we;s w;r" tlla wfklg ydks jqjfyd;a 
Wmia:hla f,i fiajh lsÍug bv i,ihs' 
 
Mainly, FAT is universally compatible. 
m%Odk jYfhka" FAT úYaùh jYfhka wkql+, fõ' 
 

Because of its simplicity and long history, FAT is 
supported by almost all operating systems and 
many devices.  
tys ir, nj iy È.= b;sydih ksid" FAT ish¨u 
fufyhqï moaO;s iy fndfyda Wmdx. u.ska iyh 
olajhs'  
 

Additionally, many storage devices are 
preformatted with FAT when manufactured. 
w;sfralj" fndfyda .nvd Wmdx. ksIamdokh lrk úg 

FAT iuÕ fmr wdlD;slrKh lr we;' 
 

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. 
äðg,a leurd" uqøK hka;%" iaud¾Ü àù" l%Svd 
fldkafida, iy fudag¾ r: f;dr;=re ridiajdoh 

moaO;s jeks Wmdx. idudkHfhka FAT Ndú;d lrkafka 
th ieye,a¨ iy l%shd;aul lsÍug myiq neúks' 

 
 
 
 
 
 

 
 
 
 
 
 

 

FAT 
categories 
FAT m%fNao 
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FAT Chaining Questions (MCQ) 
 
 

 

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. 
;eáhl íf,dla fldgil úYd,;ajh 8KB fõ' ksYaÑ; fõ,djl tys f.dkq úNdck j.=fõ (FAT) fldgila 

my; oelafõ' fmkajd we;s fldgfia fitgirl-bins.md5 f.dkqfõ fldgia o olajhs' 
 
 

Notes: 
 
I. The last block of a file is indicated by -1. 
f.dkqjl wjidk fldgi -1 u.ska oelafõ' 
 

II. The directory entry of a file contains the block number of the first 
block of the file. 
f.dkqjl kdudj,s f;dr;=r f.dkqfõ m<uq fldgfia ldKav wxlh wvx.= 
fõ' 

 
 
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 f.dkqj i|yd kdudj,s f;dr;=r (directory entry) iy fitgirl-bins.md5 f.dkqj 
i|yd fjka lr we;s ;eá bv ms<sfj,ska ,nd fokafka my; i|yka ljrla o@ 
 
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. 
;eáfha íf,dla fldgil m%udKh 8KB fõ" tkï iEu íf,dla fldgil tlgu 8KB o;a; .nvd l< yel' 

f.dkq úNdck j.=j (FAT) u.ska f.dkqjla i|yd úúO íf,dla fldgia iïnkaO jk wdldrh fmkajhs' tla 

tla fma<sfha wxlh f.dkqfõ B<. fldgig wkqrEm fõ' w.h -1 kï" th f.dkqfõ wjidk fldgi nj 
fmkakqï lrhs' 
 

According to Note II, the directory entry for the file is the first block number, which is 150.  
Note II g wkqj" f.dkqj i|yd kdudj,s f;dr;=r m<uq jdrK wxlfha ioyka jk w;r th 150 fõ' 
 

This means that fitgirl-bins.md5 uses three blocks (150, 151, 152). 
fuhska woyia lrkafka fitgirl-bins.md5 íf,dla fldgia ;=kla (150, 151, 152) Ndú;d lrk njhs' 
 

FAT  

150 151  

151 152 

152 -1 

153 154 

154 155 

155 156 
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• Each block is 8KB.  
iEu íf,dla fldgilau 8KB fõ' 
 
 

• Since the file uses 3 blocks, the total disk space used by the file is 
8KB×3 = 24KB. 
f.dkqj íf,dla fldgia 3la Ndú;d lrk neúka" f.dkqj Ndú;d lrk 

iïmQ¾K ;eáfha bv m%udKh 8KB×3 = 24KB fõ' 
 

 
 
The directory entry is block 150. The total disk space allocated is 24KB. 
kdudj,s f;dr;=r i|yka jkafka 150 fõ' f.dkqfõ uq¿ úYd,;ajh jkafka 24KB fõ' 
 
Thus, the correct answer is option 2) 150, 24KB. 
tuksid, ksjerÈ ms<s;=r úl,am 2) 150, 24KB fõ' 
 

 
 
 

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. 
;eáhl íf,dla fldgil úYd,;ajh 8KB fõ' ksYaÑ; fõ,djl tys f.dkq úNdck j.=fõ (FAT) fldgila 

my; oelafõ' fmkajd we;s fldgfia report.txt f.dkqfõ fldgia o olajhs' 
 
Notes: 
 
i. The last block of a file is indicated by -1. 
f.dkqjl wjidk fldgi -1 u.ska oelafõ' 
 
ii. The directory entry of a file contains the block number of the first 
block of the file. 
f.dkqjl kdudj,s f;dr;=r f.dkqfõ m<uq fldgfia ldKav wxlh wvx.= 
fõ' 

 
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 f.dkqj i|yd kdudj,s f;dr;=r(directory entry) iy report.txt f.dkqj i|yd fjka lr 
we;s ;eá bv ms<sfj,ska ,nd fokafka my; i|yka ljrla o@ 
 

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

FAT  

310 311  

311 315 

312 -1 

313 314 

314 316 

315 -1 
 

FAT 

150 151 STEP 3 

151 152 STEP 2 

152 -1 STEP 1 

153 154  

154 155  

155 156  
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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. 
m<uqj" 312 block tflys we;s -1 report.txt f.dkqjg fkdj" fjk;a f.dkqjlg iïnkaO nj Wml,amkh 
lruq" ukao wmg tys wdrïNl fldgi fidhd.; fkdyels neúks' 
 

Identifying the Directory Entry 
kdudj,s m%fõYh y÷kd .ekSu 
 
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. 
igyk 2 g wkqj kudj,s m%fõYh hkq f.dkqfõ m<uq fldgfia jdrK wxlhhs' j.=fjka" report.txt ys 

m<uq fldgi 310 fõ' 
 
 
Finding the Number of Blocks Used 
Ndú;d lrk ,o íf,dla .Kk fidhd .ekSu 
 
• Block 310 → block 311. 
• Block 311 → block 315. 
• Block 315 is the last block of the file (-1).  

íf,dla 315 hkq f.dkqfõ wjidk fldgihs (-1)' 
 
Thus, the file uses the following blocks. 
fï wkqj" f.dkqj my; fldgia Ndú;d lrhs' 
 

310 → 311 → 315 
 

Calculating the Total Disk Space 
iïmQ¾K ;eá wjldYh .Kkh lsÍu 
 
• Each block is 8KB. 

iEu íf,dla fldgilau 8KB fõ' 
 

• Since the file uses 3 blocks, the total disk space used by the file is 8KB×3 = 24KB. 
f.dkqj íf,dla fldgia 3la Ndú;d lrk neúka" f.dkqj Ndú;d lrk iïmQ¾K ;eáfha bv   m%udKh  
8KB×3 = 24KB fõ' 

 
 
The directory entry is block 310.   
kdudj,s f;dr;=r i|yka jkafka 310 fõ' 
 

The total disk space allocated is 24KB. 
f.dkqfõ uq¿ úYd,;ajh jkafka 24KB fõ' 
 
Thus, the correct answer is option 2) 310, 24KB. 
tuksid, ksjerÈ ms<s;=r úl,am 5) 310, 24KB fõ' 
 
 
 

FAT 

310 311  STEP 3 

311 315 STEP 2 

312 -1  

313 314  

314 316  

315 -1 STEP 1 
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NTFS (New Technology File System) 
kj ;dlaIK f.dkq moaO;sh 
 

Developed by Microsoft, NTFS was first 
introduced in 1993 with Windows NT 3.1. 
uhsfl%dfid*aÜ úiska jeä ÈhqKq lrk ,o NTFS 

m%:ufhka 1993 § Windows NT 3.1 iuÕska y÷kajd 
fok ,§' 
 
 
 
 
 
 

NTFS is an improved version of FAT. 
NTFS hkq FAT ys jeäÈhqKq l< wkqjdohls' 
 

These improvements include, 
fuu jeäÈhqKq lsÍug my; foaj,a wvx.= fõ' 

 
• NTFS can automatically recover from certain 

disk errors, supports Unicode, and handles 
larger hard drives more efficiently. 
NTFS yg we;eï ;eá fodaI j,ska iajhxl%Shj 
h:d ;;a;ajhg m;a úh yels w;r" hqksfldaâ 
i|yd iyh olajhs iy úYd, oDV ;eá jvd;a 
ld¾hlaIuj yiqrejhs' 
 

• Provides stronger security through file 
permissions and encryption. 
f.dkq wjir iy fla;kh yryd Yla;su;a 
wdrlaIdjla imhhs' 
 

• It is mainly used in Windows environments 
where advanced security, large storage 
support, and reliable data protection are 
required. 
th m%Odk jYfhka Ndú;d lrkqfha Wiia 
wdrlaIdj" úYd, .nvd iydh iy úYajdiodhl 

o;a; wdrlaIdj wjYH jk Windows mßirj, 
h' 
 

• NTFS was designed to replace FAT due to 
FAT’s limitations in file size and performance 
on disks. 
FAT ys ;eáj, f.dkq m%udKh iy l%shdldß;ajfha  

iSudjka fya;=fjka FAT m%;sia:dmkh lsÍug NTFS 
ks¾udKh lr we;' 

 

• NTFS supports built-in file and folder 
compression to save disk space. 
;eá bv b;sß lr .ekSu i|yd NTFS ;=<u 
ks¾udKh lrk ,o f.dkq iy f*da,avr iïmSvk 
l%ufõohla we;' 
 

• NTFS supports very large file and partition 
sizes (much larger than FAT32’s 4 GB file limit). 
NTFS b;d úYd, f.dkq iy mx.= m%udKhka 

i|yd iyh olajhs ̂ FAT32 ys 4 GB f.dkq iSudjg 
jvd fndfyda úYd,h&' 

• NTFS uses a special structure called the 
Master File Table to store information about 
all files and directories. 
ish¨u f.dkq iy kdudj,s ms<sn| f;dr;=re 

.nvd lsÍu i|yd NTFS Master File Table kñka 
úfYaI jHqyhla Ndú;d lrhs' 
 

• NTFS keeps backup copies of critical file 
system data structures to improve fault 
tolerance. 
fodaI u.yrjd .ekSug NTFS wjOdkula iys; 
f.dkq moaO;s o;a; jHqyhkaf.a Wmia: msgm;a 
;nd .kshs' 
 

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 i|yd 2001 § y÷kajd ÿka fuh" ld¾hlaIu 

.nvd lsÍu i|yd B*-tree jHqyhla Ndú;d lrk 
c¾k,a f.dkq moaO;shls" úfYaIfhka l=vd f.dkq" 

Windows ys NTFS fuka fkdj Master File Table MFT 
jHqyhla Ndú;d lrhs' 

 
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 fufyhqï moaO;s i|yd 2017 § ksl=;a lrk ,o 
fuh" msgm;a lsÍu u; ,sùu" iakemafIdÜ iy 

fla;kh jeks úfYaIdx. iys; SSD i|yd 

m%Yia;slrKh lr we;s w;r" Windows ys NTFS 
wkql+,;dj iy jHjidh uÜgfï úfYaIdx. flfrys 
jeä wjOdkhla fhduq lrhs' 

 
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 i|yd 1998 § y÷kajd ÿka fuh" f.dkq 

l<ukdlrKh i|yd B-tree jHqyhka Ndú;d lrk 

w;r mer‚ Mac moaO;s i|yd ks¾udKh lr we;s 

w;r" NTFS jvd;a f.dvkÕk ,o wdrlaIdj iy Wiia 
f.dkq moaO;s yelshdjka imhhs' 
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Disk fragmentation 
;eá LkavkSlrKh 
 
 
 
 
 
 
 
 
 
 
 
Disk fragmentation occurs when a file is stored 
in non-contiguous blocks on a disk.  
;eáhl f.dkqjla wLKav fkdjk ldKav j, .nvd 
lr we;s úg ;eá LKavkSlrKh isÿ fõ'  
 

Instead of being saved in one continuous 
sequence of storage locations, parts of the file 
are scattered across different areas of the disk. 
tla wLKav wkqms<sfj,l iq/lSu fjkqjg" 
f.dkqfõ fldgia ;eáfha úúO m%foaY yryd úisÍ 
we;' 
 

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. 
kj f.dkqjla wLKav ksoyia wjldYhlg 
.e<mSug fkdyels ;rï úYd, kï" fufyhqï 
moaO;sh th l=vd fldgia j,g fnod bv we;s 
´kEu ;ekl .nvd lrhs' f.dkq fldgia úisÍu 
LKavkSlrKh f,i ye¢kafõ' 
 

Also, contiguous allocation can lead to 
fragmentation over time. When files are 
deleted, gaps are created.  
tfiau" hdno úNdckh ld,h;a iuÕ 
LKavkSlrKh i|yd fya;= úh yel' f.dkq uld 
oeuQ úg" ysveia ks¾udKh fõ'  
 

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. 
kj f.dkq tu ysveiaj,g mßmQ¾K f,i 
fkd.e,fma' moaO;sh ,nd .; yels wjldYhkag 
.e,fmk mßÈ úYd, f.dkq fnohs' tys m%;sM,hla 
f,i" f.dkq hdno fkdjk ldKav j, iqrlshs' 
 

In other allocation methods, fragmentation 
does not happen as they save the files in 
scattered places. 
wfkl=;a úNdck l%u j,§" f.dkq úisÍ we;s 
ia:dkj, iqrlsk neúka" LKavkSlrKh isÿ 
fkdfõ' 

Drawbacks of Disk Fragmentation 
;eá LKavkh lsÍfï wjdis 

 
1. Slower Performance 

ukao.dó ld¾h idOkh 

The disk read/write head must move to 
different locations to access scattered file parts. 
These increases seek time. Overall system 
performance becomes slower. 
úisreKq f.dkq fldgia fj; m%fõY ùu i|yd ;eá 
lshùfï$,sùfï YS¾Ih úúO ia:dk fj; .uka l< 
hq;=h' fuhg ld,h jeäfhka .; fjhs' iuia; 
moaO;s l%shdldß;ajh ukao.dó fõ' 

 
2. Longer File Access Time 

È.= f.dkq m%fõY ld,h 

Opening, saving, or modifying files takes more 
time. Large files are especially affected. 
f.dkq újD; lsÍu" iq/lSu fyda fjkia lsÍu i|yd 
jeä ld,hla .;fõ' úYd, f.dkq i|yd 
úfYaIfhka n,mdhs' 

 
3. Inefficient Use of Space 

wjldYh wld¾hlaIu f,i Ndú;d lsÍu 

Free space becomes broken into small pieces. It 
becomes harder to store large files without 
fragmentation. 
ksoyia wjldYh l=vd len,sj,g leã hhs' 
LKavkSlrKfhka f;drj úYd, f.dkq .nvd lsÍu 
ÿIalr fõ' 

 
4. Need for Defragmentation 

úLKavkSlrK h i|yd wjYH;djh we;s ùu 

The system may require periodic 
defragmentation. Defragmentation rearranges 
files into contiguous blocks. This process 
consumes time and system resources. 
moaO;shg jßka jr úLKavkSlrK h wjYH úh 
yelsh' úLKavkSlrK h f.dkq hdno fldgia j,g 
kej; ilia lrhs' fuu l%shdj,sh ld,h iy 
moaO;s iïm;a Ndú;d lrhs' 
 

5. Increased Backup and Scanning Time 
Wmia: iy ialEka lsÍfï ld,h jeä ùu 

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. 
f.dkq fldgia jYfhka we;s úg" tAjd úisreKq 
ia:dk lsysmhl .nvd flfra' Wmia: uDÿldx. iy 
m%;s-jhsri jevigyka ;ks f.dkqjla lshùug 
;eáfha úúO fldgia fj; m%fõY úh hq;=h' fuh 
Wmia:" ffjria ialEka iy ;eá mÍlaId lsÍfï 
fufyhqï i|yd wjYH ld,h jeä lrhs' 
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Disk Defragmentation 
;eá úLKavkSlrKh 
 

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. 
.nvd Odjlhl o;a; m%;sixúOdkh lsÍfï 
l%shdj,sh jk w;r tuÕska tlu f.dkqfõ ;eáh 
mqrd úisÍ we;s fldgia hdno ldKav j, iqrlshs'  

 
 
 
 
 
 
 
 
 
 
Defragmentation does, 
;eá úLKavkSlrKh uÕska isÿ lrkq ,nkafka" 
 

• Rearranges fragmented data 
LKavkh jQ o;a; kej; ilia lsÍu 

• Places related file pieces together 
wod< f.dkq fldgia tlg ;eîu 

• Organizes free space more efficiently 
ksoyia bv jvd;a ld¾hlaIuj ixúOdkh 
lsßu 

• Reduce external fragmentation 
ndysr LKavkSlrKh wvq lrhs 

 
Defragmentation can, 
;eá úLKavkSlrKh uÕska l< yelafla" 
 

• Improve file access speed 
f.dkq m%fõY fõ.h jeä ÈhqKq lsÍu 

• Make programs load faster 
jevigyka fõ.fhka mQrKh lsÍug 
ie,eiaùu 

• Improve overall system performance 
iuia; moaO;s l%shdldß;ajh jeä ÈhqKq lsÍu 

 
 

Disk compaction  
;eá ixhqla;lrKh  
 

The process of rearranging files (or blocks) so 
that scattered free spaces are merged into one 
large continuous free space. 
úisreKq ksoyia wjldYhka tla úYd, wLKav 
ksoyia wjldYhlg tAldnoaO jk mßÈ f.dkq ^fyda 
ldKav& kej; ilia lsÍfï l%shdj,sh fõ' 

 
Defragmentation may consolidate free space as 
a side effect, but compaction does not 
necessarily defragment files. 
w;=re m%;sM,hla f,i úLKavkSlrKh ksoyia 
wjldYh tAldnoaO l< yels kuq;a ixhqla;lrKh 
lsÍu uÕska wksjd¾hfhkau f.dkq úLKavkSlrKh 
fkdlrhs' 

 
Advantages  
jdis 

1. Eliminates external fragmentation  
ndysr LKavkh bj;a lrhs 
 

2. Improves disk access performance (HDDs) 
;eá m%fõY ld¾h idOkh jeä ÈhqKq lrhs   

 
Disadvantages  
wjdis  

1. Very time-consuming  
ld,h .; fjhs 
 

2. System slowdown  
moaO;s ukao.dó ùu  
 

3. Risk of data loss  
o;a; ke;sùfï wjodku 
 

4. Not suitable for live systems  
iÔù moaO;s i|yd iqÿiq fkdùu 
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Comparison 
ixikaokh 

 

 
 

Feature 
úfYaIdx.h 

Disk Defragmentation 
;eá úLKavkSlrKh 

Disk compaction  
;eá ixhqla;lrKh  
 

Main Goal 
m%Odk wruqK  

Arrange fragmented file blocks into 
contiguous order 
LKavkh lrk ,o f.dkq fldgia 
tlsfklg hdno wkqms<sfj,g ieliSu  

 

Remove free-space gaps  
ysia wjldY bj;a lsÍu 

Focus 
wjOdkh  

File blocks 
f.dkq fldgia  

Free space 
ksoyia bv  

 
Used In 
Ndú;d lrkq 
,nkafka  

Mainly Hard Disk Drives (HDDs) 
m%Odk jYfhka oDV ;eá Odjl (HDD) 

Memory management, databases, 
storage systems 
u;l l<ukdlrKh" o;a; iuqodhka" 
.nvd moaO;s  

 
Data Movement 
o;a; p,kh  

Rearranges file fragments to be stored 
together 
f.dkq fldgia tlg .nvd lsÍu i|yd 
kej; ilia lrhs  

 

Moves data blocks to remove empty 
spaces 
ysia wjldYhka bj;a lsÍug o;a; 
fldgia f.k hhs  

Performance 
Impact 
ld¾h idOk 
n,mEu  

 

Directly improves read/write speed 
(HDD) 
lshùfï$,sùfï fõ.h iDcqju jeä 

ÈhqKq lrhs (HDD)  
 

Improves efficiency, may indirectly 
improve performance 
ld¾hlaIu;dj jeä ÈhqKq lrhs" jl%j 
ld¾h idOkh jeäÈhqKq l< yelsh  

Creates 
Contiguous Files 
hdno f.dkq 
ks¾udKh lrhs  

 

Yes (main objective) 
Tõ ^m%Odk wruqK&  

Not necessarily 
wksjd¾hfhkau fkdfõ  

Free Space 
Handling 
ksoyia bv 
yeisrùu  

 

May consolidate free space as a side 
effect 
w;=re m%;sM,hla f,i ksoyia bv 
tAldnoaO l< yelsh  

 

Creates a large contiguous free space 
(main objective) 
tlsfklg hdno úYd, ksoyia bvla 
ks¾udKh lrhs ^m%Odk wruqK& 
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Disk Partitioning 
;eá mx.= lsÍu 

 
Dividing the same physical storage device into 
several logical parts for ease of handling. 
tlu fN!;sl .nvd Wmdx.h yeisrùfï myiqj 
i|yd ;d¾lsl fldgia lsysmhlg fn§u' 
 

Each partition is given a separate drive letter. 
iEu mx.=jlgu fjku Odjl wl=rla ,nd § we;' 

 
What is a drive letter? 
Odjl wl=rla hkq l=ulao@ 

A single alphabetical letter assigned by the 
Windows operating system to identify a storage 
device or partition. 
.nvd Wmdx.hla fyda fldgila y÷kd .ekSu i|yd 
úkafvdaia fufyhqï moaO;sh úiska mjrk ,o ;ks 
wl=rls' 

 
Partitioning can be done on hard disk drives 
(HDDs), solid-state drives (SSDs), and other 
storage devices. 
oDV ;eá Odjlhka (HDDs), solid-state drives& 
^SSDs& iy wfkl=;a .nvd Wmdx. u; mx.= lsÍu 
isÿ l< yel' 

 
Purpose of disk partitioning 
;eá mx.= lsÍfï wruqK 

 
1. Improve Data Management 

o;a; l<ukdlrKh jeä ÈhqKq lsÍu 

Easier backup, formatting, and 
maintenance of specific sections. 
ksYaÑ; fldgiaj, myiq Wmia: ieliSu" 
wdlD;slrKh iy kv;a;=j' 

 
2. Enhance Security 

wdrlaIdj jeä ÈhqKq lsÍu 

If one partition is corrupted or infected, 
others may remain unaffected. 
tla fldgil .eg¿ we;s ù we;s úg" wfkla 
mx.= j,g tu .eg¿ we;s fkdù ;sîu' 

 
3. Optimize Performance 

ld¾h idOkh m%Yia; lsÍu  

Some systems perform better when system 
and user data are separated. 
iuyr moaO;s" moaO;s iy mßYS,l o;a; fjka 
l< úg fyd¢ka l%shd lrhs' 

 
 
 
 
 

4. Organize Data 
o;a; ixúOdkh lsÍu 

Separate system files, applications, and 
personal files. 
moaO;s f.dkq" fhÿï iy mqoa.,sl f.dkq fjka 
lsÍu' 

 
 
 
 
 
 
 
 
 
 
Advantages 
jdis 

 
1. Easier Backup & Recovery 

myiq Wmia: ieliSu iy m%;sidOkh 

Format the system partition without 
deleting personal files. 
mqoa.,sl f.dkq uld oeóulska f;drj moaO;s 
mx.=j wdlD;slrKh lsÍu' 

 

2. Multiple Operating Systems 
nyq fufyhqï moaO;s ia:dmkh 

Run Windows and Linux on the same 
computer. 
tlu mß.Klfha Windows iy Linux 
Odjkh lsÍu' 

 
3. Improved Security 

jeäÈhqKq l< wdrlaIdj 

A virus or corruption in one partition may 
not affect others. 
tla mx.=jl ffjrihla fyda fodaIhla we;s 
úg" th wfkla tAjdg n,mdkafka ke;' 

 
4. File system Flexibility 

f.dkq moaO;s kuHYS,SNdjh 

Different partitions can use different file 
systems. 
úúO mx.= úúO f.dkq moaO;s Ndú;d l< 
yelsh'  

e.g: NTFS, FAT32, EXT4 
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Disadvantages 
wjdis 

 
1. Space Management Problems 

 wjldY l<ukdlrK .eg¿ 

If one partition becomes full, you cannot 
use the free space from another partition 
unless you resize it. 
tla mx.=jla msÍ .sh úg" twys m%udKh fjkia 
fkdl<fyd;a Bg ;j;a fldgilska ksoyia bv 
,nd l< fkdyel' 

 
2. More Complex Setup 

jvd;a ixlS¾K ieliqu 

Partitioning requires planning and technical 
knowledge. 
mx.= lsÍug" ie,iqï lsÍfï iy ;dlaI‚l 
oekqu wjYH ùu' 

 
3. Risk of Data Loss 

o;a; ke;sùfï wjodku 

Incorrect partitioning can delete existing 
data. 
jerÈ f,i mx.= lsÍu uÕska mj;sk o;a; bj;a 
úh yelsh' 

 
4. Limited Flexibility (After Setup) 

iSñ; kuHYS,SNdjh  

Changing partition sizes later can be 
difficult. 
ieliSfuka miqj fldgia m%udKhka fjkia 
lsÍu ÿIalr úh yelsh' 

 
5. Slight Performance Overhead  

iq¿ ld¾h idOkfha fodaI we;s ùu 

Improper partition alignment can reduce 
SSD performance. 
kqiqÿiq fldgia fm<.eiau SSD ld¾h idOkh 
wvq l< yelsh' 

 
 

Disk Formatting 
;eá wdlD;slrKh 

 
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.  
wdlD;slrKh hkq o;a; .nvd lsÍu i|yd oDV 

;eá Odjlh ̂ HDD&" solid-state drive ̂ SSD&" USB 
iefk<s Odjlh fyda u;l ldâm; jeks .nvd 
Wmdx.hla ilia lsÍfï l%shdj,shhs'  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It involves initializing the storage medium and 
creating a file system that the operating system 
can use to organize and store data. 
thg .nvd udOHh wdrïN lsÍu iy fufyhqï 
moaO;shg o;a; ixúOdkh lsÍug iy .nvd 
lsÍug Ndú;d l< yels f.dkq moaO;shla ks¾udKh 
lsÍu we;=<;a fõ' 
 

Purpose of Disk Formatting 
;eá wdlD;SlrKh lsÍfï wruqKq 
 

• Prepare a new disk for use 
Ndú;h i|yd kj ;eáhla iQodkï lsÍu 
 

• Remove viruses or corrupted data 
ffjria fyda fodaI iys; o;a; bj;a lsÍu 
 

• Change file system type 
f.dkq moaO;s j¾.h fjkia lsÍu 
 

• Fix disk errors 
;eá fodaI ksjerÈ lsÍu 
 

• Improve performance in some cases 
iuyr wjia:dj, ld¾h idOkh jeä ÈhqKq 
lsÍu 
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Side Effects 
w;=re m%;sM, 
 

• Data loss (if not backed up) 
o;a; ke;sùu ^Wmia: lr fkdue;s kï& 

• Improper formatting can damage 
partitions 
kqiqÿiq wdlD;SlrKh lsÍï mx.= j,g ydks 
l< yelsh 

• Frequent formatting may reduce SSD 
lifespan slightly 
ks;r wdlD;SlrKh lsÍu SSD wdhq  ld,h 
;rula wvq l< yelsh 

 

]Drive Wipe Software 
 
Drive wipe software permanently deletes all 
data on a storage device by overwriting it 
multiple times, making recovery nearly 
impossible. 
Drive wipe uDÿldx.h uÕska .nvd Wmdx.hl 
we;s ish¨u o;a; kej; kej; ,sùfuka iaÓrju 
uld ouhs" tuÕska o;a; kej; m%;sidOkh l< 
fkdyels fõ' 
 
Unlike formatting, wiping destroys data 
completely. 
wdlD;slrKh fuka fkdj" wiping uÕska o;a; 
iïmQ¾Kfhkau bj;a lrhs' 

 
Purpose 
wruqK 
 

• Securely dispose of old computers 
mer‚ mß.Kl wdrlaIs;j neyer lsÍu 
 

• Protect sensitive information (personal, 
financial, corporate data) 
ixfõ§ f;dr;=re wdrlaId lsÍu ^mqoa.,sl" 
uQ,H" wdh;ksl o;a;& 
 

• Meet data security compliance standards 
o;a; wdrlaIK wkql+,;d m%ñ;Ska imqrd,Su 
 

• Prevent data recovery by unauthorized 
people 
wkjir mqoa.,hska úiska o;a; m%;sidOkh 
je<elaùu 

 

Examples 
• DBAN (Darik’s Boot and Nuke) 
• CCleaner Drive Wiper 
• Eraser 
• KillDisk 
• BitRaser 

 

Backups 
Wmia: 

 
A backup is a copy of data stored separately 
from the original location to protect against 
data loss. 
o;a; ke;sùfuka wdrlaId ùu i|yd uq,a ia:dkfhka 
fjk fjku .nvd lr we;s o;a;j, msgm;la 
Wmia:hla fõ' 

 
 
 
 
 
 
 
 
 
 
 
Advantages 
jdis 

• Protection from hardware failure 
oDvdx. j, fodaI we;s ùfuka o;a; wdrlaId 
ùu 
 

• Recovery from accidental deletion 
wyïfnka o;a; uldoeófuka m%;sidOkh lsÍu 
 

• Protection against ransomware 
ransomware j,ska wdrlaId ùu 
 

• Business continuity 
jHdmdr wLKav;dj 
 

• Disaster recovery 
wdmod m%;sidOkh 

 
Disadvantages 
Wjdis 
 

• Storage cost 
.nvd msßjeh 
 

• Maintenance and management required 
kv;a;= lsÍu iy l<ukdlrKh wjYH ùu 
 

• Backup can fail if not monitored 
wëlaIKh fkdl<fyd;a Wmia:h wid¾:l 
úh yelsh 
 

• Security risk if backup is not encrypted 
Wmia:h ixfla;kh lr fkdue;s kï 
wdrlaIl wjodkula ;sîu 
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How Large Companies Use Backups 
úYd, iud.ï Wmia: Ndú;d lrk wdldrh 

 
• Distributed Data Centers 

fnod yßk ,o o;a; uOHia:dk 

Data is copied across multiple global data 
centers. 
f.da,Sh o;a; uOHia:dk lsysmhl o;a; msgm;a 
lrhs' 

 

• Redundancy 
w;sßla;h 

Data is stored in multiple servers 
(replication). 
o;a; nyq fiajdodhlhkays .nvd lr we; 
^wkqrElrKh&' 

 
• Incremental Backups 

j¾Ol Wmia: 

Only changed data is backed up to save 
space. 
bv b;sß lsÍu i|yd fjkia l< o;a; muKla 
Wmia: lrkq ,nhs' 

 
• Automated Backup Systems 

iajhxl%Sh Wmia: moaO;s 

Regularly scheduled backups without 
manual intervention. 
w;ska ueÈy;a ùulska f;drj ks;sm;d 
ld,igyka.; l< Wmia:' 

 
• Disaster Recovery Plans 

wdmod m%;sidOk ie,iqï 

If one data center fails, another takes over 
immediately. This ensures high availability 
and minimal downtime. 
tla o;a; uOHia:dkhla wl%Sh jqjfyd;a" ;j;a 
tlla jydu l%shd;aul fjhs' fuh by< ,nd 
.ekSfï yelshdj iy wju wl%Sh ld,h iy;sl 
lrhs' 

Examples of Backup Software 
Wmia: uDÿldx. i|yd WodyrK 

 
Personal Use 
mqoa.,sl Ndú;h 
 

• Windows Backup and Restore 
• Mac Time Machine 
• Acronis True Image 
• EaseUS Todo Backup 
• Cobian Backup 
 
 
 
 
 
Cloud Backup Solutions 
j,dl=¿ Wmia: úi÷ï 
 

• Google Drive Backup 
• OneDrive 
• Dropbox 
• Backblaze 
• Carbonite 
 
 
 
 
Enterprise / Business Solutions 
jHjidh $ jHdmdr úi÷ï 
 

• Veeam Backup & Replication 
• Veritas NetBackup 
• Commvault 
• IBM Spectrum Protect 
• Acronis Cyber Protect 
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Data Recovery 
o;a; m%;sidOkh 

 
Data recovery is the process of retrieving lost, 
deleted, corrupted, or inaccessible data from 
storage devices. 
o;a; m%;sidOkh hkq .nvd Wmdx.j,ska ke;sjQ" 
uld oeuQ" fodaI iys; fyda m%fõY úh fkdyels 
o;a; ,nd .ekSfï l%shdj,shhs' 

 
Need of Data Recovery 
o;a; m%;sidOkfha wjYH;djh 

• Accidental deletion 
jer§fuka o;a; uldoeóu 
 

• System crash 
moaO;s ì|jeàu 
 

• Virus or ransomware attack 
ffjria fyda  ransomware m%ydr 
 

• Hard drive failure 
oDV ;eá wl%Sh ùu 
 

• Corrupted files 
fodaI iys; f.dkq ;sîu 

 
Advantages  
Jdis 
 

1. Protection Against Data Loss 
o;a; ke;sùug tfrysj wdrlaIdj ,nd§u 

Prevents permanent loss from hardware 
failure, accidental deletion, or corruption. 
oDvdx. wl%Sh ùu" jer§fuka o;a; uldoeóu 
fyda fodaI uÕska isÿjk iaÓr w,dN j<lajhs' 

 
2. Protection from Cyber Attacks 

ihsn¾ m%ydr j,ska wdrlaIdj ,eîu 

Helps recover data after ransomware or 
malware attacks. 
ransomware fyda wksIag uDÿldx. m%ydrj,ska 
miq o;a; kej; ,nd .ekSug WmldÍ fõ' 

 

3. Version Control 
wkqjdo md,kh 

Allows restoring older versions of files. 
f.dkq j, mer‚ wkqjdo m%;sidOkhg bv 
fohs' 

 
4. Business Continuity 

jHdmdr wLKav;dj 

Minimizes downtime and financial loss. 
wl%Sh ld,h iy uQ,H w,dNh wju lrhs' 

 
 
 
 

Disadvantages  
wjdis 

1. Cost 
msßjeh 

Storage devices, cloud subscriptions, and 
maintenance can be expensive. 
.nvd Wmdx." j,dl=¿ odhl;ajhka iy 
kv;a;=j ñ, wêl úh yelsh' 

 
2. Time Consumption 

ld,h .;ùu 

Large backups may take hours or days. 
úYd, Wmia: i|yd meh .Kkla fyda Èk 
.Kkla .; úh yel' 

 
3. Storage Space Required 

wjYH .nvd bv 

Requires extra storage systems or cloud 
space. 
wu;r .nvd moaO;s fyda j,dl=¿ bvla wjYH 
fõ' 

 
4. Security Risk 

wdrlaIl wjodku 

If not encrypted, backup data can be stolen. 
ixfla;kh lr fkdue;s kï" Wmia: o;a; 
fidrlï l< yel' 

 
5. Management Complexity 

l<ukdlrK ixlS¾K;dj 

Requires monitoring, updating, and testing. 
wëlaIKh" hdj;ald,Sk lsÍu iy mÍlaId 
lsÍu wjYH fõ' 

 
6. Possible Backup Failure 

Wmia: wl%sh ùu 

If not checked regularly, backups may be 
corrupted or incomplete. 
ks;sm;d mÍlaId fkdl<fyd;a" Wmia: j, 
fodaI we;sùu fyda wiïmQ¾K f,i o;a; .nvd 
úh yelsh' 

 
Examples of Recovery Software 
m%;sidOkh uDÿldx. i|yd WodyrK 

 
• 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 
f.dkq wdrlaIdj 
 
 
 
 
 
 
 
File security is the protection of files from 
unauthorized access, modification, deletion, or 
damage. 
f.dkq wdrlaIdj hkq wkjir m%fõYh" fjkia 
lsÍu" uld oeóu fyda ydks j,ska f.dkq wdrlaId 
lsÍuhs' 

 
The main goal of file security is to ensure the 
three core principles of information security 
f.dkq wdrlaIdfõ m%Odk wruqK jkafka f;dr;=re 
wdrlaId lsÍfï uQ,sl uQ,O¾u ;=k iy;sl lsÍuhs( 

 
1. Confidentiality / ryiHNdjh 
Only authorized users can access the file. 
wjir we;s mßYS,lhskag muKla f.dkqjg m%fõY 
úh yelsh' 

 
2. Integrity / wLKav;dj 
Files cannot be altered without permission. 
wjirhlska f;drj f.dkq fjkia l< fkdyels 
ùu' 

 
3. Availability / ,nd .; yels nj 
Authorized users can access files when needed. 
wjYH úg§ wjir we;s mßYS,lhskag f.dkq fj; 
m%fõY úh yelsh' 

 
Contribution of the OS to File Security 
f.dkq wdrlaIdj i|yd OS ys odhl;ajh 

 
1. Access Control Management 

m%fõY md,k l<ukdlrKh 
 

o Assigns file ownership 
f.dkq ysñldß;ajh mjrhs 
 

o Enforces read/write/execute permissions 
lshùu$,sùu$l%shd;aul lsÍfï wjir 
n,d;aul lrhs 
 

o Implements Access Control Lists (ACLs) 
m%fõY md,k ,ehsia;= (ACL) l%shd;aul 
lrhs 
 
 
 
 

 

2. Authentication Enforcement 
i;Hdmk n,d;aul lsÍu 
 

o Verifies user identity during login 
msúiqu w;r;=r mßYS,l wkkH;djh 
i;Hdmkh lrhs 
 

o Supports password policies and 
authentication methods 
uqrmo m%;sm;a;s iy i;Hdmk l%u i|yd 
iyh olajhs 

 
3. Encryption Support 

ixfla;k iydh 

o File system encryption (e.g: BitLocker in 
Windows, eCryptfs in Linux) 
f.dkq moaO;s ixfla;kh 
 

o Key management systems 
h;=re l<ukdlrK moaO;s 
 

o Secure storage mechanisms 
wdrlaIs; .nvd hdka;%K 

 
4. Process Isolation 

l%shdj,s fjka lsÍu 
 

o Separates processes in memory 
u;lfha l%shdj,s fjka lrhs 
 

o Prevents one process from accessing 
another process's files without 
permission 
wjirhlska f;drj ;j;a l%shdj,shl f.dkq 
fj; m%fõY ùu tla l%shdj,shla j<lajhs 

 
5. File System Security 

f.dkq moaO;s wdrlaIdj 
 

o File system structure 
f.dkq moaO;s jHqyh 
 

o Secure deletion 
wdrlaIs;j bj;a lsÍu 
 

o File locking mechanisms 
f.dkqjg m%fõY ùu keje;aùfï hdka;%K 
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File Security Methods 
f.dkq wdrlaIl l%u 

 
1. Access Control 

m%fõY md,kh 
 

o Permissions (read, write, execute) 
wjir ^lshùu" ,sùu" l%shd;aul lsÍu& 
 

o User and group ownership 
mßYS,l iy lKavdhï ysñldß;ajh 
 

o Access Control Lists (ACLs) 
m%fõY md,k ,ehsia;= ^ACL) 

 
2. Authentication 

i;Hdmkh 
 

o Passwords 
Uqrmo 
 

o Multi-factor authentication 
nyq-idOl i;Hdmkh 

 
3. Encryption 

ixfla;kh 
 

o Encrypting files so they cannot be read 
without a key 
h;=rla fkdue;sj lshúh fkdyels jk mßÈ 
f.dkq ixfla;kh lsÍu 

 
4. Backup & Recovery 

Wmia: lsÍu iy m%;sidOkh 
 

o Creating copies to prevent permanent loss 
iaÓr ke;sùu je<elaùu i|yd msgm;a 
ks¾udKh lsÍu 

 
5. Digital Signatures & Hashing 

äðg,a w;aika iy yeIsx 
 

o Ensuring file integrity 
f.dkq wLKav;dj iy;sl lsÍu 

 
 

File Storage Management – Physical Disk 
Management 
f.dkq .nvd l<uKdlrKh - fN!;sl ;eá 
l<ukdlrKh 
 
File Control Block 
f.dkq md,k lKavh 
 

Information related to an open file is stored in 
the file control block.  
újD; lrk ,o f.dkqjlg wod, f;dr;=re f.dkq 
md,k lKavh ;=, ;ekam;aj mj;S'  
 
It acts like a record or metadata container that 
helps the OS manage files on storage devices. 
th .nvd Wmdx.j, f.dkq l<ukdlrKh lsÍug 
fufyhqï moaO;shg Wmldr jk jd¾;djla fyda 

metadata nyd¨ula f,i l%shd lrhs' 
 
A file control block contains, 
f.dkq md,k lKavhl wvx.= jkafka" 
 

Driver name 
Odjlfha ku 
 

File name  
f.dkqfõ ku 
 

File type/Extension 
f.dkq j¾.h 
 

Current Block NO 
f.dkq md,l ldKav wxlh 
 

File size in Bytes 
f.dkqfõ Odß;djh 
 

Date and time of created or last updated 
f.dkqj ilia l< fyda hdj;ald,Sk l, Èkh yd 
fõ,dj 

 
 
Usage of the File Control Block 
f.dkq md,k lKavhl Ndú;h 

 
Locate Files 
f.dkq fidhd .ekSu 
The FCB helps the operating system locate a 
file's exact position on the disk. 
;eáfha f.dkqjl ksYaÑ; ia:dkh fidhd .ekSug 
FCB fufyhqï moaO;shg Woõ lrhs' 
 
Manage Access Control 
m%fõY md,kh l<ukdlrKh lsÍu 
The FCB stores permission information to 
control who can read, write, or execute the file. 
f.dkqj lshùug" ,sùug fyda l%shd;aul l< 
yelafla ldgo hkak md,kh lsÍug FCB wdrlaIK 
f;dr;=re .nvd lrhs' 
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Track File Information 
f.dkq f;dr;=re ksÍlaIKh lsÍu 
The FCB maintains important details such as file 
size and timestamps. 
f.dkq m%udKh iy ld, uqød jeks jeo.;a f;dr;=re 
FCB úiska mj;ajdf.k hkq ,efí' 
 

Support File Operations 
f.dkq fufyhqï i|yd iydh ùu 

The FCB enables the operating system to 
perform operations like opening, reading, 
writing, and deleting files. 
f.dkq újD; lsÍu" lshùu" ,sùu iy uld oeóu 
jeks fufyhqï isÿ lsÍug FCB fufyhqï moaO;shg 
yelshdj ,nd fohs' 
 

 
 
 
Maintenance of secondary storage 
oaú;Sh wdphkfha kv;a;=j 
 

Secondary storage is the user's and system's 
data, and A non-volatile storage medium for 
programs. 
oaú;Sh wdphkh hkq mßYS,lhdf.a iy moaO;s fha 
o;a; iy l%uf,aL ioyd jk kYH fkdjk .nvd 
udOHls' 
 
Maintaining a storage device properly helps 
extend its lifespan, protect your data, and keep 
performance stable. 
.nvd Wmdx.hla ksis f,i kv;a;= lsÍu tys wdhq 
ld,h §¾> lsÍug" Tfí o;a; wdrlaId lsÍug 
iy ld¾h idOkh ia:djrj ;nd .ekSug WmldÍ 
fõ' 
 
 
 
Steps to maintain a storage device 
.nvd Wmdx.hla kv;a;= lsÍug mshjr 

 
1. Keep it physically safe 

th fN!;slj wdrlaIs;j ;nd .ekSu 
o Avoid physical damage 

fN!;sl ydks j<lajd .ekSu 
o Control temperature 

WIaK;ajh md,kh lsÍu 
 
2. Protect the data 

o;a; wdrlaId lr .ekSu 
o Always safely eject 

iEu úgu wdrlaIs;j Wmdx.fhka bj;a lsÍu 
o Keep backups 

Wmia: ;nd .ekSu 
 
 
 
 

3. Maintain performance (HDD vs SSD) 
ld¾h idOkh mj;ajd .ekSu 

o Run disk cleanup regularly. 
disk cleanup ks;sm;d isÿ lsÍu' 

o Run disk defragmentation (only for HDD, 
not SSD). 
;eá úLKavkSlrKh lsÍu' (HDD i|yd 
mu‚ SSD iqÿiq fkdfõ&' 

 
4. Keep software healthy 

uDÿldx. fi!LH iïmkakj ;nd .ekSu 
o Update operating system 

fufyhqï moaO;sh hdj;ald,Sk lsÍu 
o Use antivirus 

m%;s-jhsri Ndú;d lsÍu 
 
5. Organize & clean regularly 

ks;sm;d ixúOdkh lr msßisÿ lsÍu 
o Delete unused files. 

Ndú;hg fkd.;a f.dkq uld oeóu' 
o Uninstall unused programs. 

Ndú;hg fkd.;a jevigyka wia:dmkh 
lsÍu' 

o Organize files into folders. 
f*da,avrj,g f.dkq ixúOdkh lsÍu' 

o Remove duplicate files. 
wkqmsgm;a f.dkq bj;a lsÍu' 

 
Signs the Storage Is Failing 
.nvd Wmdx.h wid¾:l jk njg i,l=Kq 
 

o Slow performance 
ukao.dó l%shdldß;ajh 

o Files are getting corrupted 
f.dkq fodaI yg.ekSu 

o Strange noises (HDD clicking/grinding) 
widudkH Yío weiSu 

o Frequent crashes 
ks;r ks;r ì| jeàï 

o Disk errors 
;eá fodaI 

 
Secondary storage is used to store the 
following data 
oaú;Sh wdphkh Ndú;d lrkq ,nkafka my; 
o;a; wdphkh ioydh 
 
Popular programs 
m%N, l%uf,aLk 
 

Executable programs 
l%shd;aul l< yels l%uf,aLk 
 

Data for programming 
l%uf,aLk ioyd jk o;a; 
 

Temporary data 
;djld,sl o;a; 
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Process Management 
l%shdhk l<ukdlrKh 
 
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. 
l%shdhk ks¾udKh lsÍu" ld,igyka.; lsÍu" 
l%shd;aul lsÍu iy wjika lsÍu isÿ lrk w;r" nyq 

jevigyka tljr .eg¨ rys;j l%shd;aul ùug CPU 
ld,h iy wfkl=;a moaO;s iïm;a ld¾hlaIuj 
fnodyeÍu lrk fufyhqï moaO;shl ld¾hhla fõ' 
 
Program 
jevigyk 

A set of instructions written in a programming 
language and stored in secondary storage, which 
tells the computer what tasks to perform. 
mß.Klhg l< hq;= ld¾hhka i|yka lrk" 
l%uf,aLk NdIdjlska ,shk ,o iy oaú;Sh .nvdfõ 
ix.%y lr we;s Wmfoia ud,djla fõ' 
 
Process 
l%shdj,sh 

A program that is currently being executed by the 
computer, along with its current state, CPU 
registers, memory, and other required resources. 
mß.Klh úiska j¾;udkfha l%shd;aul lrñka 
mj;sk jevigykla jk w;r" thg wod< j;auka 

;;a;ajh" CPU registers" u;lh iy wjYH wfkl=;a 
iïm;a iuÕ mj;S' 
 
Note: 
Process is not a program. A program may have 
many processes. 
jevigyklg fndfyda l%shdhk ;sìh yel' 
l%shdhkhla hkq jevigykla fkdfõ'  
 
 
 
 
 
 

There are two main types of processes 
m%Odk l%shdhk m%rEm folls 
 

1. Input/Output Bound Processes 
wdodk m%;sodk yd ne£ mj;sk l%shdhk 

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. 
fuu l%shdhk ienE .Kkh lsÍï fjkqjg I/O 
fufyhqï i|yd /£ isàug ^;eáhlska fyda 
cd,hlska lshùu fyda ,sùu jeks& jeä ld,hla 
.; lrk l%shdhk fõ' 

 
Example: Copying a large file or loading a web 
page. 
úYd, f.dkqjla msgm;a lsÍu fyda fjí msgqjla 
mQrKh lsÍu' 

 
2. Processor Bound Processes 

ilikh yd ne£ mj;sk l%shdhk 

These are processes that spend most of their 
time doing computations and require more 
CPU processing time than I/O. 
fuu l%shdhk .Kkh lsÍï i|yd jeä ld,hla 
.; lrk l%shdhk jk w;r I/O j,g jvd 
jeäfhka CPU ieliqï ld,hla wjYH fõ' 
 
Example: Complex calculations or video 
rendering. 
ixlS¾K .Kkh lsÍï fyda ùäfhda 
úoeyqïlrKh' 

 
Other types of processes 
l%shdhk j, fjk;a m%rEm 

 
• User Processes 

mßYS,l l%shdhk 

Processes that are initiated by the user to 
perform user-related tasks. 
mßYS,lhd úiska wdrïN lrk ,o iy mßYS,l 
ld¾hhka i|yd l%shd;aul jk l%shdhk' 

 
• System Processes 

moaO;s l%shdhk 

Processes that are initiated by the operating 
system to perform system-related functions. 
fufyhqï moaO;sfha wNHka;r ld¾hhka bgq lsÍu 
i|yd moaO;sh úiskau wdrïN lrk ,o l%shdhk' 

 
• Foreground Processes 

fmrìï l%shdhk 

Processes that run in the foreground and 
interact directly with the user. 
mßYS,lhd iuÕ iDcqj wka;¾l%shd lrñka" 
;srfha bÈßfhka l%shd;aul jk l%shdhk' 

 
• Background Processes 

miqìï l%shdhk 

Processes that run in the background without 
direct user interaction. 
mßYS,lhdg iDcqj fkdfmkS" miqìu ;=< 
l%shd;aul jk l%shdhk' 
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Why do we need process management? 
wmg l%shdhk l<ukdlrKh wjYH jkafka wehs@ 

 
• To create and terminate processes when 

required. 
wjYH wjia:dj,§ l%shdj,s ks¾udKh lsÍu iy 
wjika lsÍu i|yd 

• To schedule processes efficiently so the CPU 
is shared fairly. 
CPU ld,h idOdrKj fnodyeÍug iy l%shdj,s 
ld¾hlaIuj ld,igyka.; lsÍug 

• To enable concurrent execution of multiple 
programs. 
nyq jevigyka tljr l%shd;aul ùug yels lsÍu 
i|yd 

• To allocate and manage CPU time and other 
system resources effectively. 
CPU ld,h iy wfkl=;a moaO;s iïm;a 
ld¾hlaIuj l<ukdlrKh lsÍug 

• To prevent conflicts and ensure proper 
synchronization between processes. 
l%shdj,s w;r .eg¨ je<elaùug iy ksis 
iukajh ;yjqre lsÍug 

 
Components of a process 
l%shdhkhl fldgia 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The various resources and conditions required for 
a process to execute properly are usually the 
process requirements. 
l%shdhkhla ksis f,i l%shd;aul ùug wjYH úúO 
iïm;a iy fldkafoais idudkHfhka l%shdhk wjYH;d 
fõ' 
 
These requirements can vary depending on the 
nature of the process and the tasks it needs to 
perform. 
fuu wjYH;d l%shdhkfha iajNdjh iy th bgq 
lsÍug wjYH ld¾hhka wkqj fjkia úh yel' 
 
But, a process should have at least the following. 
kuq;a" l%shdhkhl wju jYfhka my; i|yka oE 
;sìh hq;=h' 
 
 
 

Process ID (PID) 
l%shdhk ye÷kqï wxlh 

The PID is a unique identifier assigned to each 
process by the operating system. 
PID hkq fufyhqï moaO;sh úiska tla tla l%shdhkhg 
mjrd we;s wkkH y÷kd.ekSuls' 
 
Its purpose is to facilitate the easy allocation and 
tracking of system resources such as memory, CPU 
time, and I/O operations for processes. 
fuys wruqK jkafka l%shdhk i|yd myiqfjka u;lh" 
CPU ld,h" iy I/O fufyhqï jeks moaO;s iïm;a 
fjka lsÍug iy ¨yqne£ug myiqlï iemhSuhs' 
 
Executable Code 
l%shd;aul l< yels fla;h 

The program or binary file that contains the 
instructions for the process to execute. 
l%shdhkh l%shd;aul lsÍu i|yd Wmfoia wvx.= 
jevigyk fyda oaúuh f.dkqjs' 
 

Data needs for execution 
l%shd;aul ùu i|yd wjYH o;a; 

For a process to execute properly, it needs various 
types of data and resources. 
l%shdhkhla ksis f,i l%shd;aul ùug kï thg úúO 
j¾.fha o;a; iy iïm;a wjYH fõ' 
 

Below are the main data needs for process 
execution. 
l%shdhk l%shd;aul lsÍu i|yd m%Odk o;a; wjYH;d 
my; oelafõ' 
 

Executable Code 
l%shd;aul l< yels fla;h 
 

Data Segment 
o;a; wxYh 
 

Process Control Block (PCB) 
l%shdhk md,k lKavh 
 
Input/Output resources 
wdodk$m%;sodk iïm;a 
 
Execution context 
l%shd;aul lsÍfï ikao¾Nh 

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. 
l%shdhkhl l%shd;aul lsÍfï ikao¾Nh hkq 
l%shdj,shla ksjerÈj l%shd;aul ùu i|yd fufyhqï 
moaO;sh úiska ksÍlaIKh l< hq;= ish¨ jeo.;a 
f;dr;=re fõ' 
 

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. 
l%shdhkhg ndOd we;sjqjfyd;a OS u.ska fuu 
f;dr;=re iqrlsk neúka" th kej; l%shd;aul ùug 
iQodkï jQ úg th k;r l< ;ekska yßhgu kej; 
wdrïN l< yelsh' 
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Main Memory  
m%Odk u;lh 

 
primary volatile storage that provides a fast, 
directly accessible workspace for the CPU to 
execute programs and process data. 
jevigyka l%shd;aul lsÍug iy o;a; ieliSug 

CPU i|yd fõ.j;a" iDcqju m%fõY úh yels 
jevìula imhk m%d:ñl kIH u;lh fuh fõ' 

 
Core Functions 
uQ,sl ld¾hhka: 
 
• Stores the operating system kernel for 

system control. 
moaO;s md,kh i|yd fufyhqï moaO;s 
l¾k,h .nvd lrhs' 
 

• Holds running programs for execution. 
Stores active data such as variables and 
temporary results. 
l%shd;aul lsÍu i|yd l%shd;aul jk 
jevigyka r|jd .kS' 
 

• Allocates memory for multiple processes to 
support multitasking. 
nyqld¾h i|yd iydh ùu i|yd nyq l%shdj,Ska 
i|yd u;lh fjka lrhs' 
 

• Works with virtual memory to extend 
usable memory. 
Ndú;d l< yels u;lh È.= lsÍu i|yd w;:H 
u;lh iuÕ l%shd lrhs' 

 
 
 
 
 
 
 
 

Virtual Memory / w;:H u;lh 
 
Memory management technique where the OS 
uses part of the secondary storage (HDD/SSD) 
as an extension of RAM, allowing execution of 
programs larger than physical memory. 
u;l l<ukdlrK ;dlaIKh" fufyhqï moaO;sh 
RAM ys È.=jla f,i oaú;shsl .nvdfõ (HDD/SSD) 
fldgila Ndú;d lrhs" fN!;sl u;lhg jvd 
úYd, jevigyka l%shd;aul lsÍug bv i,ihs' 
 
Advantages /jdis 

 
o Allows running large programs even with 

limited RAM 
iSñ; RAM iuÕ jqjo úYd, jevigyka 
l%shd;aul lsÍug bv i,his 
 

o Improves multitasking 
nyq ld¾hhka jeä ÈhqKq lrhs 
 

o Better memory utilization by loading only 
needed parts 
wjYH fldgia muKla mQrKh lsÍfuka jvd 
fyd| u;l m%udKhla Ndú;h 
 

o Provides process isolation and protection 
l%shdj,s yqol,dj iy wdrlaIdj imhhs 

 
Disadvantages / wjdis 

 
o Slower performance because the disk is 

slower than RAM 
;eáh RAM j,g jvd ukao.dó neúka 
ukao.dó l%shdldß;ajh 
 

o Too much swapping causes thrashing 
´kEjg jvd yqjudre lsÍu f;rmqug fya;= 
fõ 
 

o Requires extra disk space for swap/page 
file 
 swap$msgq f.dkqj i|yd wu;r ;eá bvla 
wjYH fõ 
 

o Increases system overhead due to frequent 
page transfers 
ks;r msgq udre lsÍï fya;=fjka moaO;s 
mßfNdackh jeä lrhs 
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Process Management: 
l%shdhk l<ukdlrKh( 

 
In a multiprogramming environment, the 
operating system manages multiple processes 
by deciding which process gets the CPU, when, 
and for how long. 
nyq l%uf,aLk mßirhl§" fufyhqï moaO;sh úiska 
ilikh l=uk l%shdhkh" l=uk fõ,dfõ§ 
fldmuK ld,hla i|yd ,nd .kafkao hkak 
;SrKh lsÍfuka nyq l%shdhk l<ukdlrKh lrhs' 

 
This decision-making function is called 
process scheduling. 
fuu ;SrK .ekSfï ld¾hh l%shdhk kshu lsÍu 
f,i ye¢kafõ' 
 

An Operating System does the following 
activities for processor management:  
ilikh l<ukdlrKh i|yd fufyhqï 
moaO;shla my; i|yka l%shdldrlï isÿ lrhs( 
 

• Tracking Processes 
l%shdhk ¨yqne£u 

The OS keeps track of all running processes 
and their status.  
OS úiska ish¨u l%shd;aul jk l%shdhk iy 
tAjdfha ;;a;ajh ksÍlaIKh lrhs'  

 
• Processor Allocation 

ilikh mejÍu 

The OS assigns the CPU to processes based 
on scheduling algorithms. 
kshulsÍfï we,af.dß;u u; mokïj 
fufyhqï moaO;sh úiska l%shdhk i|yd 
ilikh mjrkq ,nhs' 

 
• Processor Deallocation 

ilikh fjka lsÍu 

When a process finishes or is no longer 
needed, the OS releases the CPU for other 
processes. 
l%shdhkhla wjika jQ úg fyda ;jÿrg;a wjYH 
fkdjk úg" fufyhqï moaO;sh úiska wfkl=;a 
l%shdhk i|yd ilikh ksl=;a lrhs' 

 

Parent Process vs Child Process 
m%Odk l%shdj,sh vs wkq l%shdj,sh 
 
Parent Process / m%Odk l%shdj,sh 
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. 
moaO;s weu;=ula Ndú;fhka l%shd;aul lsÍfï§ kj 
l%shdj,s tlla fyda lsysmhla ks¾udKh lrk 
l%shdj,shls' m%Odk l%shdj,sh wkq l%shdj,s md,kh 
lrhs fyda l<ukdlrKh lrhs iy tAjd wjika jQ 
úg tAjdfha msgùfï ;;a;ajhka tl;= l rhs' 

 
Child Process / wkq l%shdj,sh 
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. 
m%Odk l%shdj,shla u.ska ks¾udKh lrk ,o kj 
l%shdj,shls' th ;ukaf.au u;l wjldYhla iy 

l%shdj,s ye÷kqïm;la (PID) iys; fjku 
l%shdj,shla f,i l%shd;aul lrhs" kuq;a th uq,ska 
ks¾udKh lr we;af;a m%Odk l%shdj,sh u; 
mokïjh' wkq l%shdj,shg iajdëkj Odjkh l< 
yels kuq;a" th idudkHfhka tys wjika lsÍfï 
;;a;ajh m%Odk l%shdj,shg jd¾;d lrhs' 

 
 
 
 

Seven State Process Transition Diagram 
;;aj yf;a l%shdhk ixl%dka;s rEm igyk 
 

The seven-state process transition diagram 
provides a detailed view of the states a process 
can occupy and the transitions between these 
states. 
;;aj yf;a l%shdhk ixl%dka;s rEm igyk uÕska 
l%shdj,shlg .; yels ;;aj iy fuu ;;aj w;r 
ixl%dka;s ms<sn| iúia;rd;aul o¾Ykhla imhhs' 
 
Process Transitions 
l%shdhk ixl%dka;s 
 

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. 
fufyhqï moaO;sfha ld¾hNdrh jkafka mj;sk iy 
w¨;ska ks¾udKh lrk ,o l%shdhk wjika jk 
f;la ;;aj fol w;r f.k hdfuka tAjd l%shd;aul 
lsÍu l<ukdlrKh lsÍuhs' 
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1. New state  

kj ;;ajh 

The process is being created. 
l%shdhkh ks¾udKh fjñka mj;S' 

 
This includes allocating the necessary 
resources, such as memory, and setting up the 
process control block (PCB). 
u;lh jeks wjYH iïm;a fjka lsÍu iy l%shdj,s 
md,k lKavh (PCB) ieliSu fuhg we;=<;a fõ' 
 

2. Ready state 
iQodkï ;;ajh 

In the ready state, a process is fully prepared to 
execute but is waiting for the CPU to become 
available. 
iQodkï ;;ajfha§" l%shdhkhla l%shd;aul lsÍug 
iïmq¾Kfhkau iqodkï ù we;s kuq;a ilikh 
,efnk f;la n,d isà' 
 
 

3. Running state 
Odjk ;;ajh 

The running state is where the actual execution 
of a process occurs. 
Odjk ;;a;ajh hkq hï l%shdhkhl ienE 
l%shd;aul ùu isÿ jk ia:dkhhs' 
 
Processes transition in and out of this state 
based on CPU scheduling, I/O operations, and 
other events. 
CPU kshu lsÍu" I/O fufyhqï" iy fjk;a isÿùï 
u; mokïj fuu ;;a;ajh ;=<g iy bka msg; 
l%shdhk ixl%uKh fõ' 

 
4. Blocked state 

wjysr l< ;;ajh 

The process is paused and waiting for a 
resource (such as I/O completion or data 
availability) before it can continue execution. 
l%shdhkh k;r lr we;s w;r th l%shd;aul lsÍu 
È.gu lrf.k hdug fmr iïm;la ^I/O iïmQ¾K 
lsÍu fyda o;a; ,nd .ekSfï yelshdj jeks& ,efnk 
f;la n,d isà' 

  

Process State Transition Diagram (l%shdhk ;;a;aj ixl%dka;s rEmigyk) 

Blocked 
wjysr l< 

Swapped out  
and Waiting 

m%;syrKh l< 
iy /£ isák 

Created (New) 
ks¾ñ; (kj) 

 

Swapped out  
and Blocked 

m%;syrKh l< 
iy wjysr l< 

Ready 
iQodkï 

Running 
Odjk 

 

Terminated 
wjika l< 

Admit 
we;=,a lsÍu 

 

Activate 
il%Sh lsÍu 

Suspended 
;djld,slj 
w;aysgqùu 

I/O completed 
I/O iïmQ¾K l< 

Activate 

Suspended 

I/O completed 
I/O iïmQ¾K l< 

Admit 
we;=,a lsÍu Dispatch 

heùu 

Timeout 
ld, .;ùu 

I/O wait 
I/O fmdfrd;a;=j 
 

Release 
uqod yeÍu  

m%Odk u;lh 
Main Memory 

oaù;shsl wdphkh 
Secondary Memory 

LTS 
STS 

MTS MTS 

(RAM) 

(VM) 
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5. Terminated/Exit state 
wjika l< ;;a;ajh 

A process enters the Terminated state when it 
has finished executing its task or when the 
operating system or a user explicitly terminates 
it. 
l%shdhkhla tys ld¾hh l%shd;aul lr wjika jQ 
úg fyda fufyhqï moaO;sh fyda mßYS,lfhl= úiska 
th meyeÈ,sju wjika l< úg wjika jQ 
;;a;ajhg we;=¿ fõ' 
 
The Terminated state marks the end of a 
process's execution within the operating 
system. 
wjika l< ;;a;ajh u.ska fufyhqï moaO;sh ;=< 
l%shdhkhla l%shd;aul lsÍfï wjidkh iksgqyka 
lrhs' 

 
6. Suspended Blocked state 

w;aysgqjk ,o wjysr l< ;;ajh 

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. 
l%shdhkh iïm;la ̂ I/O iïmQ¾K lsÍu jeks& i|yd 
n,d isák w;r fufyhqï moaO;sh úiska th 
;djld,slj m%Odk u;lfhka bj;a lr oaú;Shsl 
.nvdfõ ^;eáh& .nvd lrkq ,efí' 

 
This happens to free up memory for other 
processes. 
fuh isÿjkafka wfkl=;a l%shdhk i|yd u;lh 
ksoyia lsÍug h' 

 
The process will not run until it is brought back 
to main memory and the required resource 
becomes available. 
l%shdhkh kej; m%Odk u;lhg f.keú;a wjYH 
iïm; ,nd .; yels jk f;la th l%shd;aul 
fkdfõ' 

 
7. Suspended Ready state 

w;aysgqjk ,o iQodkï ;;ajh 

The process is ready to execute but is 
temporarily moved to secondary storage (disk) 
by the operating system. 
l%shdhkh l%shd;aul lsÍug iQodkï kuq;a fufyhqï 
moaO;sh úiska th ;djld,slj oaú;Shsl .nvdjg 
^;eáh& f.k hkq ,efí' 

 
This is done to free up main memory. 
fuh m%Odk u;lh ksoyia lsÍu i|yd isÿ flfra' 

 
 
 
 
 

Deadlock / wjysr;d 
Occurs when two or more processes are waiting 
for each other indefinitely, and none of them 
can proceed. 
l%shdj,s folla fyda jeä .Kkla tlsfkld 
fjkqfjka ld, kshuhla fkdue;sj n,d isák úg 
iy tAjdhska lsisjla bÈßhg hdug fkdyels úg isÿ 
fõ' 

 
Why does it happen? 
th isÿjkafka wehs @ 
 

• Processes require exclusive access to 
resources (mutual exclusion). 
l%shdj,s iïm;a i|yd iqúfYaIS m%fõYh wjYH 
jk úg ^wfkHdakH neyer lsÍu&' 
 

• A process holds one resource while waiting 
for another (hold and wait). 
l%shdj,shla ;j;a iïm;la n,d isák w;r;=r 
tla iïm;la r|jd ;nd .kS ̂ r|jd ;nd .ekSu 
iy /£ isàu&' 
 

• Resources cannot be forcibly taken away 
(no preemption). 
iïm;a n,y;aldrfhka bj;a l< fkdyels ùu 
^mQ¾j md,khla ke;&' 
 

• A circular waiting condition exists (each 
process waits for another in a cycle). 
kshu jQ fmdfrd;a;= fldkafoaishla mej;su ̂ tla 
tla l%shdj,s pl%hl ;j;a tlla i|yd /£ 
isà&' 

 
When all these conditions happen at the same 
time, a deadlock occurs. 
fuu ish¨ fldkafoais tljr isÿ jQ úg" 
wjysr;djhla we;s fõ' 

 
Effects of Deadlock 
wjysr;d j, n,mEï 
 

• Processes involved become permanently 
blocked. 
iïnkaO l%shdj,Ska iaÓrju wjysr fõ' 
 

• System performance decreases. 
moaO;s l%shdldß;ajh wvq fõ' 

• Resources remain locked and unused. 
iïm;a wjysr lr Ndú;hg fkdf.k mj;S' 
 

• The system may freeze or become 
unresponsive. 
moaO;sh kej;Sug lsÍug fyda m%;spdr 
oelaùu' 
 

• Manual intervention or process 
termination may be required to recover. 
h:d ;;a;ajhg m;a lsÍu i|yd udkj 
ueÈy;aùu fyda l%shdj,s wjika lsÍu isÿ ùu 

71
ictfromabc.com



 

Process State Transitions 
l%shdhk ;;aj ixl%dka;s 

 
New to Ready 
kj isg iQodkï 

The process is loaded into main memory and 
made available for scheduling. 
l%shdhk m%Odk u;lhg mgjd ld,igyka.; lsÍu 
i|yd ,nd fokq ,efí' 

 
Ready to Running 
iQodkï isg Odjk 

The scheduler assigns CPU time to the process. 
Scheduler l%shdj,shg CPU ld,h mjrhs' 
 

Running to Ready 
Odjk isg iQodkï  

This usually happens when a higher-priority 
process arrives or the time slice (quantum) expires. 
fuh idudkHfhka isÿjkafka by< m%uqL;d l%shdj,shla 
meñ‚ úg fyda ld, fldgi ^lafjdkagï& l,a bl=;a jQ 
úgh' 

 
Running to Blocked 
Odjk isg wjysr l< 

The process requests I/O or must wait for an event 
or resource. 
l%shdj,sh I/O b,a,hs ke;fyd;a isÿùula fyda 
iïm;la i|yd /£ isáh hq;=h' 
 

Blocked to Ready 
wjysr l< isg iQodkï  

The requested operation completes, or the 
required resource becomes available. 
b,a,d isák ,o fufyhqu iïmQ¾K fõ fyda wjYH 
iïm; ,nd .; yelsh' 

 
Blocked to Suspended Blocked 
wjysr l, isg w;aysgqjk wjysr lrk ,o 

The blocked process is moved out of main 
memory to free space while it is still waiting for an 
event or I/O. 
wjysr lrk ,o l%shdj,sh isÿùula fyda I/O i|yd 
/£ isák w;r;=r m%Odk u;lfhka ksoyia bvlg 
f.k hkq ,efí' 
 

Suspended Blocked to Blocked 
w;aysgqjk ,o wjysr lrk ,o isg wjysr lrk ,o 

When a suspended blocked process is brought 
back into main memory while it is still waiting for 
the required event or I/O. 
wjYH isÿùu fyda I/O i|yd /£ isák w;r;=r 
w;aysgqjk ,o wjysr lrk ,o l%shdj,shla m%Odk 
u;lhg kej; f.k tk úg' 
 
 
 
 
 
 

Ready to Suspended Ready 
iQodkï isg w;aysgqjk ,o iQodkï 

When ready process is moved out of main 
memory to secondary storage to free memory, 
even though it is ready to run. 
l%shd;aul ùug iQodkï jqjo" iQodkï l%shdj,sh m%Odk 
u;lfha isg oaú;Shsl .nvdjg ksoyia u;lhg f.k 
hk úg' 
 
Suspended Ready to Ready 
w;aysgqjk ,o iQodkï isg iQodkï 

Sufficient main memory becomes available, 
allowing the process to be loaded back and 
scheduled for execution. 
m%udKj;a m%Odk u;lh ,nd .; yels jk w;r" 
tuÕska l%shdj,sh kej; mQrKh lr l%shd;aul lsÍu 
i|yd kshulrKh lsÍug bv ie,fia' 
 
Suspended Blocked to Suspended Ready 
w;aysgqjk ,o wjysr lrk ,o isg w;aysgqjk ,o 
iQodkï 

Waiting event or I/O operation completes while 
the process remains in secondary storage. 
l%shdj,sh oaú;shsl .nvdfõ mj;sk w;r;=r" 

fmdfrd;a;= isÿùu fyda I/O fufyhqu iïmQ¾K fõ' 
 

Running to Terminated 
Odjk isg wjika l, 

Process completes its execution or is ended by the 
operating system due to an error. 
l%shdj,sh tys l%shd;aul lsÍu iïmQ¾K lrhs fyda 
fodaIhla fya;=fjka fufyhqï moaO;sh úiska wjika 
lrhs' 
 

The operating system acts as a dispatcher, 
assigning processes to the CPU based on fairness, 
priority, and interactivity. 
fufyhqï moaO;sh tlla f,i l%shd lrk w;r" 
idOdrK;ajh" m%uqL;djh iy wka;¾l%shdldÍ;ajh 

u; mokïj CPU fj; l%shdhk mjrhs' 
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Types of Scheduling 
kshulrK j¾. 
 

Long term / Job scheduling 
È.= ld,Sk kshulrKh 
This will bring the processes in the new state to 
the ready state. 
kj ;;a;ajfha mj;sk l%shdhk iQodkï ;;ajhg 
/f.k tkq ,nkafka fuu.ska fõ' 
 

It is responsible for moving processes through 
the job queue to the main memory. 
ld¾h fm< jegqfï isg m%Odk u;lh fj; 
l%shdj,Ska f.khdu i|yd th j.lsj hq;=h' 
 

Mid term scheduling 
uOH ld,Sk kshulrKh 

Swaps processes between the main memory 
and secondary storage. 
m%Odk u;lh iy oaú;Shsl .nvdj w;r l%shdhk 
yqjudre lrhs' 
 
Short term / Low-level scheduling 
flá ld,Sk kshulrKh 

Decides which process in the ready state should 
get the CPU allocation next when it becomes 
available. 
CPU ,nd .; yels jQ úg" iQodkï ;;ajfha we;s 
l=uk l%shdhkh ó,.g ilikh fj; hjkafkao 
hkak ;SrKh lrhs 

Comparison of schedulers 
kshuldrl j, ixikaokh 
 

Long Term Scheduler Short Term Scheduler Medium Term Scheduler 

Job Scheduler 
ld¾h kshuldrlh 

CPU Scheduler 
CPU kshuldrlh 

Processes Swapping Scheduler 
l%shdhk m%;syrKh lsÍfï kshuldrlh 
 

Selects processes from a pool and 
loads them into the memory for 
execution 
ixÑ;hlska l%shdhk f;dard tAjd 
l%shd;aul lsÍu i|yd u;lhg 
mQrKh lrhs 

Selects those processes which 
are ready to execute for 
dispatching 
l%shd;aul lsÍug iQodkïj 
we;s l%shdhk f;dardf.k tjd 
hjhs 

Swaps out/Re-introduces the processes into 
memory, and execution can be continued 
l%shdhk u;lfhka udre lsÍu$kej; 
/f.k tAu isÿ lrhs" tneúka Odjk lsÍu 
È.gu lrf.k hd yel 
 

Controls the degree of 
multiprogramming 
nyq l%uf,aLk uÜgu md,kh 
lrhs 

Provides lesser control over the 
degree of multiprogramming 
nyq l%uf,aLk uÜgu u; wvq 
md,khla imhhs 

Controls the degree of multiprogramming 
nyq l%uf,aLk uÜgu md,kh lrhs 

Speed is less than short term 
scheduler 
fõ.h flá ld,Sk kshuldrlhg 
jvd wvqh 

Speed is the fastest among the 
three 
fõ.j;au kshuldrlh fõ 

Speed is between (short and long term 
schedulers) 
fõ.h w;rueÈ fõ ^flá ld,Sk iy È.= 
ld,Sk w;r& 
 

Process Control Block (PCB) 
l%shdhk md,k lKavh 
 
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. 
l%shdhk md,k lKavh hkq l%shdj,shla 
l<ukdlrKh lsÍug iy md,kh lsÍug wjYH 
ish¨ f;dr;=re .nvd lrk fufyhqï moaO;sh 
u.ska kv;a;= lrkq ,nk o;a; jHqyhls' 
 

 
 

The PCB is identified by an integer process ID 
(PID). 
PCB y÷kd.kq ,nkafka l%shdhk yÿkd .ekSfï 

wxlhlsks (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. 
tla tla l%shdj,sh ms<sn| ;SrKd;aul f;dr;=re 

.nvd lsÍfuka" PCB fufyhqï moaO;shg tAjd 
l%shd;aul lsÍu wëlaIKh lsÍug" moaO;s iïm;a 
l<ukdlrKh lsÍug iy ld¾hlaIu 
nyqld¾hhla iy;sl lsÍug yelshdj ,nd foa' 
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The process control block contains the 
following. 
l%shdhk md,k lKavfha my; oE wvx.= fõ' 
 

 
 
 
 
 
 
 
The architecture of a PCB depends entirely on 
the operating system and may contain different 
information across various operating systems. 
PCB tll ks¾ñ;sh iïmQ¾Kfhkau fufyhqï 
moaO;sh u; r|d mj;sk w;r úúO fufyhqï 
moaO;s ;=< úúO f;dr;=re wvx.= úh yel' 
 

Process Identifier (PID) 
l%shdj,s y÷kd.ekSu 

A unique identification number assigned to 
each process by the operating system. 
fufyhqï moaO;sh úiska tla tla l%shdhkhg mjrd 
we;s wkkH y÷kd.ekSfï wxlhls' 
 

Process State 
l%shdhk ;;a;ajh 

The process state refers to the current status of 
a process in its lifecycle within an operating 
system. 
l%shdhk ;;a;ajh hkq fufyhqï moaO;shla ;=< 
l%shdhkl tys Ôjk pl%fha j;auka ;;a;ajhhs' 
 
Program Counter 
jevigyka .Klh 

A pointer to the address of the next instruction 
to be executed for a specific process. 
ksYaÑ; l%shdhkhla i|yd l%shd;aul l< hq;= B<Õ 
Wmfoia j, ,smskhg we;s ineÈhla' 
 
CPU Registers 
CPU frðia;r 

In the running state, processes are stored in 
various CPU registers for execution. 
Odjk ;;ajfha§" l%shdhk l%shd;aul lsÍu i|yd 

tAjd úúO CPU frðiag¾j, .nvd lr we;' 
 

Memory Management Information 
u;l l<ukdlrK f;dr;=re 

This includes information such as the page 
table, memory limits, and segment table, 
depending on the memory management used 
by the operating system. 
fufyhqï moaO;sh Ndú;d lrk u;l 
l<ukdlrKh u; mokïj" msgq j.=j" u;l 
iSudjka iy fldgia j.=j jeks f;dr;=re fuhg 
we;=<;a fõ' 

This will be discussed in detail under Memory 
Management. 
fuh u;l l<ukdlrKh hgf;a úia;rd;aulj 
idlÉPd flfra' 
 
CPU Scheduling Information 
CPU kshulrK f;dr;=re 

This contains data needed by the scheduler to 
determine process priority, allocation, etc. 
l%shdj,s m%uqL;djh" fjka lsÍu hkdÈh ;SrKh 
lsÍug kshulreg wjYH o;a; fuys wvx.= fõ' 

 
Accounting Information 
.sKqï f;dr;=re 

It keeps track of resources used by the process, 
such as CPU time used, time limits, etc. 
fuh CPU tl Ndú;d l< ld,h" ld, iSudjka 
hkdÈh jeks l%shdhkh uÕska Ndú;d lrk iïm;a 
ksÍlaIKh lrhs' 

 
I/O Status Information 
I/O ;;a;aj f;dr;=re 

This includes information about I/O devices 
allocated to the process (e.g., open files, 
pending requests). 
l%shdj,shg fjka lr we;s I/O Wmdx. ms<sn| 
f;dr;=re fuhg we;=<;a fõ ^Wod'" újD; f.dkq" 
fmdfrd;a;= b,a,Sï&' 
 

List of Open Files 
újD; f.dkq ,ehsia;=j 

Contains details of the files currently opened by 
the process, so the operating system can 
manage reading, writing, and file access 
properly. 
l%shdhkh uÕska oekg újD; lr we;s f.dkq ms<sn| 
úia;r wvx.= fõ" túg fufyhqï moaO;shg 
lshùu" ,sùu iy f.dkq m%fõYh ksis f,i 
l<ukdlrKh l< yelsh' 

 
List of Open Devices 
újD; Wmdx. ,ehsia;=j 

Contains information about the input and 
output devices being used by the process, 
enabling the operating system to control device 
usage efficiently. 
l%shdhkh uÕska Ndú;d lrk wdodk iy m%;sodk 
Wmdx. ms<sn| f;dr;=re wvx.= jk w;r" 
fufyhqï moaO;shg Wmdx. Ndú;h ld¾hlaIuj 
md,kh lsÍug yels fõ' 
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Context Switching 
ikao¾Nh iaúph 
 

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. 
j¾;udkfha l%shd;aul jk l%shdj,sfha l%shd;aul 
;;a;ajh iqrlaIs; lr" fjk;a l%shdj,shl fmr 
iqrlaIs; l< ;;a;ajh kej; m%;sia:dmkh lsÍu 
uÕska" l%shdj,s w;r l%shd;aul ùu udre lrñka nyq 

l%shdj,s CPU tl fnodf.k ld¾hlaIuj l%shd;aul 
ùug bv i,ik l%shdj,shls' 
 
Advantages of Context Switching 
ikao¾Nh iaúph ys jdis 
 

1. Enables multitasking by allowing several 
processes to share the CPU. 
nyq l%shdj,s CPU iuÕ fnodf.k l%shd;aul 
ùug bv i,iñka nyqld¾h l%shdldß;ajh il%Sh 
lrhs' 

2. Improves CPU utilization by reducing idle 
time. 
CPU ys wl%Sh ld,h wvq lr" Ndú; 
ld¾hlaIu;dj jeä lrhs' 

3. Increases system responsiveness in time-
sharing systems. 
ld,-fnod.ekSfï moaO;sj, moaO;s m%;spdr 
fõ.h jeä lrhs' 

 

4. Allows priority-based execution of important 
processes. 
m%uqL;d mokïj jeo.;a l%shdj,s l%shd;aul 
lsÍug bv i,ihs 

5. Supports efficient resource sharing among 
multiple programs. 
l%shdj,s w;r iïm;a ld¾hlaIuj fnod.ekSug 
iydh fõ' 

 
Disadvantages of Context Switching 
ikao¾Nh iaúph ys wjdis 
 
1. Introduces overhead due to the saving and 

restoring process states. 
l%shdj,sfha ;;a;ajh iqrlsñka yd kej; mQrKh 
lsÍu ksid w;sfral ld,h jeh jk neúka 
wêNdrh we;sfõ' 

2. Frequent switching can decrease overall 
system performance. 
ks;r isÿjk udreùï moaO;s ld¾hidOkh wvq 
l< yel' 

3. Consumes additional memory for storing 
process information (PCB). 
l%shdj,s f;dr;=re (PCB) iqrlaIs; lsÍug wu;r 
u;l Ndú;hla wjYH fõ' 

4. Increases the complexity of operating system 
design. 
fufyhqï moaO;sfha ks¾udKh iy 
l<ukdlrKh ixlS¾K lrhs' 

5. Excessive switching may lead to reduced CPU 
efficiency. 
wêl udreùï ksid CPU ld¾hlaIu;dj wvqúh 
yel' 
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How does context switching work? 
ikao¾N iaúph l%shd;aul jk wdldrh 
 

For example, suppose there are two processes 
P0 and P1. 
WodyrKhla f,i P0 yd P1 f,i l%shdhk folla 
mj;S hehs is;uq' 
 

The P1 process is in progress. At that time, the 
P2 process enters the main memory. 
P0 l%shdhkh l%shd;aul fjñka mj;S' tu 
wjia:dfõ§ P1 l%shdhkh m%Odk u;lhg 
meñfKhs' 

 
Then an interrupt is created, and the central 
processing unit is informed about it. 
túg w;=reì÷ula we;s lr tA ms<sn|j uOH 
ieliqï tAllh oekqj;a lrkq ,nhs' 
 
 

Then, the memory management information 
and process status related to process P0 is 
stored in the PCB related to that process. 
miqj P0 l%shdhkhg wod, u;l l<ukdlrK 
f;dr;=re yd l%shdhk ;;a;ajh tu l%shdhkhg 
wod< PCB ;=, .nvd lrkq ,nhs' 

 
Then the P1 process starts running. 
bkamiq P1 l%shdhkh l%shd;aul ùu werfUhs' 
 
Then, after an interrupt related to P0 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. 
bkamiq P0 g wod< w;=reì÷ula uOH ieliqï 
tAllh fj; fhduq jQ miq fmr mßÈ P1 g wod< 
f;dr;=re tu l%shdhkhg wod< PCB ys .nvd lr 
P0 l%shdhkh kej; l%shd;aul fjhs' 
 
Interrupts 
w;=reì÷u 

 
An interrupt is a signal sent to the processor by 
hardware or software to indicate that an event 
needs immediate attention. 
w;=re ìÿula hkq hï isÿùulg laI‚l 
wjOdkhla wjYH nj oelaùug oDvdx. fyda 
uDÿldx. uÕska ilikh fj; hjk ix{djls' 
 
 

 
 
 
 
 

It temporarily stops the current process so the 
operating system can handle an important task. 
fufyhqï moaO;shg jvd jeo.;a ld¾hhla 
yeisrúh yels jk mßÈ th j;auka l%shdhkh 
;djld,slj kj;ajhs' 
 
Interrupts can happen for various reasons, 
such as: 
úúO fya;+ka u; w;=re ìÿï isÿúh yelsh" tkï( 
 
• Time Expiry 

ld,h wjika ùu 
When a set time for a process is up. 
l%shdhkhla i|yd kshñ; fõ,dj wjika jQ 
úg' 

 
• OS Service Request 

OS úiska fiajd b,a,Su 
When the operating system needs to 
perform a specific operation. 
fufyhqï moaO;shg ksYaÑ; fufyhqula isÿ 
lsÍug wjYH jQ úg' 

 
• I/O Completion 

I/O iïmQ¾K ùu 
When input/output tasks like reading from 
a disk are finished. 
;eáhlska lshùu jeks wdodk$m%;sodk 
ld¾hhka wjika jQ úg' 
 

• Hardware Failures  
oDvdx. wiu;aùï 
Power failure, device malfunction, parity 
errors, etc. 
n,h ì|jeàu" Wmdx. wl%sh ùu" iudkd;au;d 
fodaI wdÈh' 

 
• Resource Unavailable  

iïm;a fkdue;s ùu 
When a process requests a resource that is 
currently unavailable, causing it to wait until 
the resource becomes available. 
l%shdj,shla oekg fkdue;s iïm;la b,a,d 
isák úg" tu iïm; ,nd .; yels jk f;la 
/£ isàug isÿ fõ' 

 
• Program Errors  

jevigyka fodaI 
Errors such as division by zero or invalid 
memory access cause interrupts. 
Y=kHfhka fn§u fyda wj,x.= u;l m%fõYh 
jeks fodaI ndOd we;s lrhs' 

 
• Memory Access Violation  

u;l m%fõY W,a,x>k 
When a process attempts to access a 
memory location that is not permitted or 
outside its allocated memory space, 
triggering an interrupt. 
l%shdj,shla wjir fkdue;s fyda thg fjka lr 
we;s u;l wjldYfhka msg; u;l ia:dkhlg 
m%fõY ùug W;aidy lrk úg" w;=reì÷ula  
we;s lrhs' 
 

According to the syllabus 
An interrupt is an event that alters the 
sequence of execution of a process. 
w;=re ìÿula hkq l%shdhk l%shd;aul lsÍfï 
wkqms<sfj, fjkia lrk isÿùuls' 
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• System Calls  
moaO;s weu;=ï 

A program requests a service from the 
operating system using a software 
interrupt. 
jevigykla uDÿldx. w;=reì÷ula 
Ndú;fhka fufyhqï moaO;sfhka fiajdjla 
b,a,d isà' 
 

• User-Initiated Termination  
mßYS,lhd úiska wjika lsÍu 
When the user requests to stop or 
terminate a running program, an interrupt 
to halt its execution. 
Odjkh jk jevigykla keje;aùug fyda 
wjika lsÍug mßYS,lhd b,a,d isák úg" th 
l%shd;aul lsÍu keje;aùug w;=reì÷ula 
ckkh lrhs' 

 
• Input from Peripheral Devices  

m¾hka; Wmdx. j,ska ,efnk wdodk 
Keyboard press, mouse movement, printer 
signals, etc. 
h;=remqjre tîu" uQisl p,kh" uqøK hka;% 
ix{d wdÈh' 
 

Interrupts happen asynchronously, meaning 
they occur independently of the processor's 
current activity, and their timing is 
unpredictable. 
w;=re ìÿï wiuuqyq¾;j isÿ fõ" tkï tAjd 
ilikfha j;auka l%shdldrlï j,ska iajdëkj 
isÿjk w;r tAjd isÿjk fõ,dj wkfmalaIs; fõ' 
 
 
 
 
 
 
 
 
 
 
 
 

 

Types of Interrupts: 
w;=re ìÿï j¾.( 
 
1. Hardware Interrupts 
oDvdx. w;=re ìÿï 

Triggered by external hardware devices (e.g., 
keyboard input, mouse click, disk I/O 
completion). 
ndysr oDvdx. Wmdx. ^Wod( h;=remqjre wdodkh" 

uQisl la,sla lsÍu" ;eá I/O iïmQ¾K lsÍu& u.ska 
we;s lrhs'' 
 

2. Software Interrupts 
uDÿldx. w;=re ìÿï 

Triggered by programs (e.g., system calls, errors, 
exceptions). 
jevigyka ^Wod( moaO;s weu;=ï" fodaI" jH;sfral& 
u.ska we;s lrhs' 
 

Some Key points about interrupts 
w;=re ìÿï ms<sn|j m%Odk lreKq lsysmhla 
 
Priority Levels: 
m%uqL;d uÜgï( 

Interrupts have different priority levels. Higher-
priority interrupts can interrupt lower-priority 
ones. 
w;=re ìÿï j,g úúO m%uqL;d uÜgï we;' by< 
m%uqL;d we;s w;=re ìÿï wvq m%uqL;d iys; tAjdg 
ndOd l< yelsh' 
 
Maskable vs. Non-Maskable 
wdjrK l< yels iy wdjrK l< fkdyels 

 
• Maskable Interrupts: Can be temporarily 

ignored by the OS. 
fufyhqï moaO;sh úiska ;djld,slj 
fkdi,ld yeßh yel' 

• Non-Maskable Interrupts: Cannot be 
ignored and must be handled immediately 
(e.g., hardware failures). 
fkdi,ld yeßh fkdyels w;r fïjd jydu 
yeisrúh hq;=h ^Wod( oDvdx. wiu;aùï&' 
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Context Switching: 
ikao¾Nh yqjudrej( 
 

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.  
w;=reì÷ula we;s jQ úg" fufyhqï moaO;sh tys 

PCB ;=< oekg l%shd;aul jk l%shdj,sfha ;;a;ajh 
iqrlsk w;r" w;=reì÷u yiqrejhs" iy l%shd;aul 
lsÍu i|yd fjk;a l%shdj,shla f;dard .; yelsh' 
 

The CPU then restores the state of the selected 
process, resulting in a context switch. 
bkamiq CPU uÕska f;dard.;a l%shdj,sfha ;;a;ajh 
m%;sia:dmkh lrhs" tys m%;sM,hla f,i ikao¾N 
udrejla we;s fõ' 
 

Latency: 
m%udoh( 

The time taken to respond to an interrupt. 
Lower latency means faster response. 
w;=re ìÿulg m%;spdr oelaùug .;jk ld,h fõ' 
wvq m%udoh hkq fõ.j;a m%;spdrhhs' 
 
 
Interrupt handling 
w;=reì÷u yeisrùu 
 

Interrupt handling is when the operating 
system stops its current task to handle an 
important event signaled by hardware or 
software. 
w;=re ìÿï yeisrùu hkq oDVdx. fyda uDÿldx. 
u.ska ix{d lrk ,o jeo.;a isÿùula yeisrùug 
fufyhqï moaO;sh tys j;auka ld¾hh k;r 
lsÍuhs' 

 
How It Works: 
th l%shd lrk wdldrh( 

 
• An interrupt signal is sent to the CPU. 

CPU fj; w;=re ìÿï ix{djla hjkq ,efí' 

• The CPU pauses the current process and 
saves its state. 
CPU j;auka l%shdj,sh kj;d tys ;;ajh 
iqrlshs' 

• The OS runs an interrupt handler to 
manage the event. 
isÿùu l<ukdlrKh lsÍu i|yd fufyhqï 
moaO;sh w;=re ìÿï yiqrejkafkl= l%shd;aul 
lrhs' 

• Once done, the original process resumes 
where it left off. 
w;=re ìÿu wjika jQ miq" uq,a l%shdhkh th 
k;r l< ;ekska kej; wdrïN fõ' 

 

I/O Operations and Interrupts: 
I/O fufyhqï iy w;=re ìÿï( 
 
• I/O devices are slower than the CPU, so the 

CPU switches tasks during I/O operations 
instead of waiting. 
I/O Wmdx. CPU tlg jvd ukao.dó neúka" 
I/O fufyhqï w;r;=r CPU tl n,d isàu 
fjkqjg l%shdhk udre lrhs' 

 

• When I/O finishes, it sends an interrupt to 
the CPU. 
I/O wjika jQ úg" tu l%shdhkh u.ska CPU 
fj; w;=re ìÿula hjhs' 

 
• The CPU then resumes the original process, 

keeping the system efficient. 
bkamiq CPU uq,a l%shdhkh kej; wdrïN 
lrñka moaO;sh ld¾hlaIuj ;nd .kS' 

 
Process Creation 
l%shdhk ks¾dKh 
 

Process creation in an operating system 
involves several steps and considerations to 
ensure that a new process is properly initialized 
and ready for execution. 
kj l%shdhkhla ksis f,i wdrïN lr l%shd;aul 
lsÍug iQodkï nj iy;sl lsÍu i|yd fufyhqï 
moaO;shl l%shdhk ks¾udKh mshjr lsysmhla iy 
i,ld ne,Sï we;=<;a fõ' 
 

• Process Initiation 
l%shdhkh wdrïN lsÍu 

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). 
kj l%shdhkhla ks¾udKh lrkq ,nkafka 
moaO;s weu;=ula yryd (Wod( Unix/Linux 
moaO;sj, fork()) uõ l%shdhkh f,i 
y÷kajk mj;sk l%shdhkhla u.sks' 

 
The newly created process is called the 
child process. 
w¨;ska ks¾udKh lrk ,o l%shdhkh child 
l%shdhkh f,i ye¢kafõ' 
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• Process Identification 
l%shdhk y÷kd.ekSu 

The operating system assigns a unique 
Process ID (PID) to the new process. 
fufyhqï moaO;sh kj l%shdhkhg wkkH 
l%shdhk ye÷kqïm;la (PID) mjrhs' 
 

This PID is used to identify and manage the 
process within the system. 
fuu PID moaO;sh ;=< l%shdhkh y÷kd 
.ekSug iy l<ukdlrKh lsÍug Ndú;d 
lrhs' 
 
 

• Process Control Block (PCB) Creation 
l%shdhk md,k lKavh ks¾udKh 

A new PCB (Process Control Block) for the 
child process is created by the OS. 
child l%shdhkh i|yd kj l%shdhk md,k 
lKavhla OS úiska ks¾udKh lrkq ,efí' 
 

Vital information about the process, 
including its state, memory allocation, 
program counter, and other details, is 
stored in the PCB. 
tys ;;a;ajh" u;lh fjka lsÍu" jevigyka 
.Klh iy wfkl=;a úia;r we;=¿j l%shdhkh 
ms<sn| jeo.;a f;dr;=re PCB ys .nvd lr 
we;' 
 

• Memory Allocation 
u;lh fjka lsÍu 

The OS allocates memory space for the new 
process. 
OS kj l%shdhkh i|yd u;l wjldYh fjka 
lrhs' 
 
This memory space holds the program 
code, data, and a stack for the child 
process. 
fuu u;l wjldYh <ud l%shdhkh i|yd 
jevigyka fla;h" o;a; iy f;d.hla r|jd 
;nd .kS' 
 

• Process State Initialization 
l%shdhk ;;a;aj wdrïN lsÍu 

The OS initializes the state of the child 
process. 
fufyhqï moaO;sh child l%shdhkfha ;;ajh 
wdrïN lrhs' 

 

• Process Execution 
l%shdhkh l%shd;aul lsÍu 

The child process starts executing 
instructions from its program code. 
Child l%shdhkh tys jevigyka fla;fhka 
Wmfoia l%shd;aul lsÍu wdrïN lrhs' 

 

Reasons for process creation 
l%shdhk ks¾udKh i|yd fya;= 
 
1. New batch job 

kj ldKav ieliqul§ 
 

A batch job is a task submitted to the operating 
system to run automatically without user 
interaction. 
lKavdhï ieliqkla hkq mßYS,l wka;¾l%shdjlska 
f;drj iajhxl%Shj l%shd;aul ùug fufyhqï 
moaO;shg bÈßm;a lrk ,o ld¾hhls' 
 

These jobs are usually executed in groups at 
scheduled times. 
fuu ld¾hhka idudkHfhka kshñ; fõ,djg 
lKavdhï jYfhka l%shd;aul fõ' 
 

Examples 
 

• Nightly system backups 
• Large-scale data processing 
• System updates and maintenance 
 
Batch processing improves system efficiency by 
handling repetitive tasks automatically. 
lKavdhï ieliSu iajhxl%Shj mqkrdj¾;k 
ld¾hhka yeisrùfuka moaO;s ld¾hlaIu;dj jeä 
ÈhqKq lrhs' 
 
2. User starts a program 

mßYS,lhd jevigykla wdrïN lsÍfï§ 
 

When a user opens an application, the 
operating system creates a new process to 
execute that program. 
mßYS,lfhl= fhÿula újD; lrk úg" fufyhqï 
moaO;sh tu jevigyk l%shd;aul lsÍu i|yd kj 
l%shdhkhla ks¾udKh lrhs' 
 
Examples might be launching a web browser, 
text editor, or any other application. 
WodyrK f,i fjí w;ßlaiqjla" mdG 
ixialdrlhla fyda fjk;a fhÿula Èh;a lsÍu úh 
yelsh' 
 
The OS loads the program into memory, assigns 
a PID, creates a PCB, and schedules it for 
execution. 
fufyhqï moaO;sh uÕska jevigyk u;lhg 

mgjd" PID tlla mjrñka" PCB tlla ks¾udKh 
lr" th l%shd;aul lsÍu i|yd ld,igyka.; 
lrhs' 
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3. OS creates a process to provide 
services 
OS úiska  fiajd iemhSu i|yd l%shdhkhla 
ks¾udKh lrhs 

 

When an operating system (OS) creates a 
process to provide a service, it does so to 
facilitate various system functions or user tasks. 
fufyhqï moaO;shla fiajdjla iemhSu i|yd 
l%shdj,shla ks¾udKh lrk úg" úúO moaO;s 
l%shdldrlï fyda mßYS,l ld¾hhka i|yd myiqlï 
ie,iSu i|yd tfia isÿ lrhs' 
 

4. A Running program starts another 
process 
l%shd;aul fjñka mj;sk jevigykla u.ska ;j;a 
l%shdhkhla wdrïN lsÍu' 

 

When a running program starts another 
process, it typically involves creating a child 
process from a parent process. 
Odjk jevigykla fjk;a l%shdhkhla wdrïN 
lrk úg" thg idudkHfhka parent  l%shdhkhlska 
child l%shdhkhla ks¾udKh lsÍu we;=<;a fõ' 
 
Process Termination 
l%shdhk iudma;sh 
 

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. 
l%shdhk iudma;sh hkq l%shdhkhl Ôjk pl%fha 
wjidkhhs" tys§ th iïm;a uqodyßk w;r 
l%shd;aul lsÍu kj;ajhs' fuys§ tu l%shdhkh 
l%shd;aul lsÍu i|yd mjrk ,o ish¿u iïm;a 
wdmiq mjrd .ekSula isÿ fjhs' 
 
Reasons for process termination 
l%shdhk iudma;sh i|yd fya;= 
 

1. Normal termination 
idudkH iudma;sh 

The process completes its task successfully, 
releases resources, and then shuts down 
properly. 
l%shdhkh tys ld¾hh id¾:lj iïmQ¾K 
lrhs" iïm;a uqod yßhs" miqj ksis f,i wjika 
lr ouhs' 
 

2. A resource requested is unavailable 
b,a,d isá iïm;a fkd;sîu 

The required resource (memory, file, device, 
network) is unavailable for a long time, and 
the OS stops the process to prevent the 
system problems. 
wjYH iïm; ^u;lh" f.dkqj" Wmdx.h" 
cd,hla jeks& È.= ld,hla i|yd ,nd .; 
fkdyels kï" moaO;s .eg¿ je<elaùu i|yd 
OS l%shdj,sh k;r lrhs' 

3. An execution error 
l%shd;aulùfï fodaI 

An execution error occurs when a process 
encounters an unexpected issue during its 
execution that prevents it from completing 
its intended task.  
l%shdj,shla l%shd;aul lsÍfï§ wkfmalaIs; 
.eg¨jlg uqyqK ÿka úg l%shd;aul lsÍfï 
fodaIhla we;s jk w;r tuÕska th wfmalaIs; 
ld¾hh iïmQ¾K lsÍfuka j<lajhs' 

 
4. A memory access violation 

u;l m%fõY W,a,x>kh 

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. 
hï l%shdj,shla ;ukag whs;s ke;s u;lhla 
Ndú; lsÍug W;aidy lrk úg fyda ;ukag 
wjir ke;s l%shdjla lsÍug W;aidy lrk úg 
mß.Kl oDvdx. iy fufyhqï moaO;sh jydu 
Bg ueÈy;a tu l%shdj,sh wjika lr ouhs' 

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." 
fuys we;s uQ,sl hdka;%Kh jkafka u;l 
wdrlaIKh h' iEu l%shdj,shlau ;ukagu 
fjkajQ —sandbox— tlla ;=< l%shd;aul jk nj 
;yjqre lsÍu i|yd fndfyda kùk fufyhqï 
moaO;s msgqlrKh fyda LKakvkh jeks 
;dlaI‚l l%u Ndú;d lrhs' 

 

5. An operating system or parent process 
request 
fufyhqï moaO;shla fyda parent l%shdj,s 
b,a,Sula 

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. 
uõ l%shdj,shlg moaO;s weu;=ï  Ndú;d 
lrñka ;u wkql%shdj,shla  iDcqju wjika l< 
yelsh' fndfyda úg fufia lrkq ,nkafka wod< 
ld¾hh wjika ùu ksid" fodaI u;= ùu ksid 
fyda jerÈ f,i l%shd lrk wkql%shdj,Ska 
keje;aùfï wjYH;djh ksidh' 
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6. Execution time limit exceeded 
l%shd;aul ùug ,ndÿka ld,iSudj wjika ùu 
If a process runs longer than the maximum 
CPU time allowed by the operating system, 
it exceeds the execution time limit.  
hï l%shdj,shla fufyhqï moaO;sh uÕska bv 
,nd § we;s Wmßu CPU ld,hg jvd jeä 
fõ,djla l%shd;aul jqjfyd;a" th l%shd;aul 
ùfï ld, iSudj blaujd hhs'  
 
The OS then automatically terminates the 
process to prevent it from monopolizing 
system resources. 
túg" tu l%shdj,sh moaO;s iïm;a tAldêldÍ 
f,i Ndú;d lsÍu je<elaùu i|yd fufyhqï 
moaO;sh úiska th iajhxl%Shju wjika lrkq 
,efí 
 

7. The parent process has been terminated 
Parent l%shdj,sh wjika lr we; 

When a parent process terminates, it causes 
all its child processes to stop their 
execution. 
uõ l%shdj,shla wjika jQ úg" thg wkqnoaê; 
ish¨u wkql%shdj,Ska l%shd;aul ùu k;r 
lsÍug th fya;= fõ' 

 
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. 
idudkHfhka l%shdj,shla tys ld¾hh wjika jQ 
úg" nrm;, fodaIhla u;= jQ úg fyda 
mßYS,lhd úiska th w;ska kj;ajkq ,enQ úg" 
fufyhqï moaO;sh fyda tys uõ l%shdj,sh uÕska 
moaO;s weu;=ula yryd th wjika lrkq 
,efí' 
 

8. User Intervention 
mßYS,l ueÈy;aùu 

If a user manually stops a running program 
the process is terminated. The operating 
system immediately stops its execution and 
releases the allocated resources. 
mßYS,lfhl= úiska l%shd;aul jk 
jevigykla w;ska keje;ajQ úg tu l%shdj,sh 
wjika lrkq ,efí' fufyhqï moaO;sh jydu 
tys l%shdldß;ajh k;r lr" tA i|yd fjka lr 
;snQ iïm;a ksoyia lrhs' 
 
 
 
 
 
 
 
 
 
 

9. Hardware Failures 
oDVdx. wiu;aùï 

If a hardware problem happens like a disk 
crash, RAM error, or power failure, the 
process may be forced to stop.  
;eá ì|jeàula " RAM fodaIhla fyda úÿ,s 
wekysàula jeks oDvdx. .eg¨jla we;s 
jqjfyd;a" l%shdj,sh n,y;aldrfhka 
keje;aùug isÿúh yelsh'  

 
The operating system terminates it because 
it can’t continue safely or access required 
hardware resources. 
tu l%shdj,shg wdrlaIs;j bÈßhg lrf.k 
hdug fyda wjYH oDvdx. iïm;a mßYS,kh 
lsÍug fkdyels ksid fufyhqï moaO;sh úiska 
th wjika lrkq ,nhs' 

 
 
10. Exceptions 

jH;sf¾l 

A process can terminate when it triggers 
an exception, such as a divide-by-zero, 
invalid memory access, or illegal 
instruction.  
ìkaÿfjka fn§u" wjir ke;s u;l ,smskhlg 
m%fõY ùu fyda jerÈ Wmfoia jeks 
jH;sf¾lhla u;= jQ úg l%shdj,shla wjika úh 
yelsh'  

 
The OS detects the fault and stops the 
process to prevent system instability. 
moaO;sfha wia:djr;ajh je<elaùu i|yd 
fufyhqï moaO;sh fuu fodaIh y÷kdf.k 
wod< l%shdj,sh jydu k;r lrhs' 
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Zombie Process (Defunct Process) 
wl%sh kuq;a bj;a fkdjQ l%shdj,sh 

 
A process that has completed its execution but 
still has an entry in the process table. 
l%shd;aul lsÍu iïmQ¾K lr we;s kuq;a ;ju;a 
l%shdj,s j.=fõ we;=<;aj we;s l%shdj,shls' 

 
Why Does It Happen? 
th isÿjkafka wehs@ 

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. 
wkq l%shdj,shla wjika jQ úg" th tys msgùfï 
;;a;ajh m%Odk l%shdj,shg hjhs'  m%Odk l%shdj,sh 
fuu msgùfï ;;a;ajh wkqu; fkdlrkafka kï" 
wjika lrk ,o wkq l%shdj,sh moaO;sh ;=< wl%sh 
kuq;a bj;a fkdjQ l%shdj,shla f,i mj;S' 

 
Effect of Zombie Process 
wl%sh kuq;a bj;a fkdjQ l%shdj,shl n,mEu 

A zombie process has already completed 
execution and does not use CPU or main 
memory, but it occupies an entry in the process 
table.  
wl%sh kuq;a bj;a fkdjQ l%shdj,shla oekgu;a 

l%shd;aul lsÍu iïmQ¾K lr we;s w;r CPU fyda 
m%Odk u;lh Ndú;d fkdlrhs" kuq;a th l%shdj,s 
j.=fõ we;=<;a lsÍula f.k .kS' 
 
If many zombie processes accumulate, the 
process table can become full, preventing new 
processes from being created. 
fndfyda wl%sh kuq;a bj;a fkdjQ l%shdj,s tl;= 
jqjfyd;a" l%shdj,s j.=j msÍ hd yels w;r" kj 
l%shdj,Ska ks¾udKh ùu j<lajhs' 
 

 
 

Scheduling Policies  
kshulrK m%;sm;a;s 
 
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 
´kEu wjia:djl§ CPU tl fj; l=uk 
l%shdj,shla fyda ld¾hhla wkqhqla; l< hq;=o hkak 
;SrKh lsÍu i|yd moaO;sfha kshuldrlh úiska 
Ndú;d lrkq ,nk kS;s iy ks¾Kdhl iuQyhhs' 
 
• 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. 
fuys§ hï l%shdj,shla úiska jrla CPU ys 
md,kh ,nd .;a miq" tu l%shdj,sh 
iïmQ¾Kfhkau wjika jk ;=re fyda 

iajleue;af;kau CPU tl ksoyia lrk ;=re" 

th È.gu CPU ys md,kh r|jd ;nd .kS 
 
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. 
fuys§" oekg l%shd;aul fjñka mj;sk 
l%shdj,shlg ndOd lr tys l%shdldß;ajh 
;djld,slj k;r lsÍug;a" CPU tl fjk;a 
l%shdj,shlg wkqhqla; lsÍug;a fufyhqï 
moaO;shg n,h we;  
 
Example algorithms 
Round Robin Algorithm (RRA) 
Shortest Remaining Time First (SRTF) 
Preemptive Priority Scheduling 
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Scheduling Criteria  
kshuldrl ks¾Kdhl 
 

1. CPU Utilization / CPU Ndú;h 
This represents the percentage of time the CPU 
is actively working.  
fuhska ksrEmKh jkafka CPU tl l%shdldÍj jev 
lrk ld,fha m%;sY;hhs' 

 
The goal is to keep the CPU as busy as possible 
(ideally 100%) to avoid wasting processing 
power. 
fuys wruqK jkafka ieliqï n,h wmf;a hdu 
j<lajd .ekSu i|yd CPU tl yels ;rï 
ld¾hnyq,j ^m%Yia; f,i 100 ]la& ;nd .ekSuhs' 

 
2. Turnaround Time / ld¾h mQ¾K ld,h  

The total time taken from the moment a 
process arrives in the system until it is 
completely finished.  
l%shdj,shla moaO;shg meñ‚ fudfydf;a isg th 
iïmQ¾Kfhkau wjika jk f;la .;jk uq¿ 
ld,hhs' 
 
3. Waiting Time / m%udo ld,h 

The total amount of time a process spends 
waiting in the ready queue before it gets to use 
the CPU. 
CPU tl Ndú; lsÍug wjia:dj ,efnk f;la 
l%shdj,shla iQodkï fmda,sfï /£ isàug .; lrk 
uq¿ ld,hhs' 
 
4. Response Time / m%;spdr ld,h 

The duration from when a process is first 
submitted until the very first response or output 
is produced.  
l%shdj,shla uq,skau moaO;shg bÈßm;a l< 
fudfydf;a isg tys m<uq m%;spdrh fyda m%;sodkh 
,nd fok f;la .;jk ld, iSudjhs' 
 
5. Throughput / idê; m%udKh 

The number of processes that the CPU 
completes within a specific unit of time  
ksYaÑ; ld, tAllhla ;=< CPU tl úiska id¾:lj 
iïmQ¾K lrk l%shdj,s ixLHdjhs' 

 
6. CPU idle / CPU n,d isàu  
CPU waits without engaging in any productive 
activities. 
CPU lsisÿ M,odhS l%shdldrlul ksr; fkdù n,d 
isàu' 
 
 
 
 
 
 

Scheduling algorithms 
kshulrK we,af.dß;u 
 
Programs which are used by operating systems 
to determine the order in which processes 
should be executed by the CPU.  
ilikh uÕska l%shdhk l%shd;aul l< hq;= 
wkqms<sfj, ;SrKh lsÍu i|yd fufyhqï moaO;s 
úiska Ndú;d lrk jevigyka fõ' 

 
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. 
tAjdfha uQ,sl wruqK jkafka —iQodkï fmda,sfï— 
ish¨u fmdfrd;a;= l%shdj,Ska we.hSu iy B<Õg 
l%shd;aul lsÍug jvd;au iqÿiq l%shdj,sh l=ulaoehs 
yßhgu .Kkh lsÍuhs' 
 

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 
fuu we,af.dßouhka iDcqju Ndú;d lrk 
fufyhqï moaO;s ixrplh flá ld,Sk 
kshuldrlh jk w;r" CPU tl fnod yeÍu 
iïnkaOfhka laI‚l ;SrK .ekSu i|yd th fuu 
;¾lkhka l%shdjg kxjhs' 
 

Types of scheduling algorithms 
kshulrK we,af.dß;u j¾. 
 
1. First Come First Serve (FCFS) 
2. Shortest Job First (SJF) 

• Non-Preemptive 
• Preemptive  

3. Priority Scheduling 
• Non-Preemptive 
• Preemptive  

4. Round Robin Algorithm (RRA) 
 

First, we must understand some key terms 
m<uqj" wm uQ,sl mo lsysmhla f;areï .; hq;=h 
 

Arrival time / meñŒfï fõ,dj 
The moment a process enters the ready queue 
and is ready to be scheduled for CPU execution. 
l%shdhkhla iQodkï fmda,sug we;=¿ ù CPU ;=< 
l%shd;aul lsÍu i|yd kshu lsÍug iQodkï jk 
fudfyd;' 
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Burst duration / Odjk ld,h 
The duration a process needs to run on the 
CPU. 
CPU u; l%shdhkhla l%shd;aul ùug wjYH 
ld,iSudjhs' 
 
Completion time / wjika jQ fõ,dj 
Completion time is the point in time at which a 
process finishes its execution and releases the 
CPU.  
l%shdhkhla l%shd;aul lsÍu wjika lr ilikh 
uqod yßk ld,hhs' 

 
Time / ld,h 
A specific moment or timestamp related to a 
process. 
l%shdj,shlg wod< hï ksYaÑ; fudfyd;la fyda 
ld, uqødjla fuhska woyia flf¾' 

Ex: Arrival Time, Start Time, Completion Time. 
 
Duration / ld,iSudj 
The total length of time a process uses the CPU 
or stays in a state. 
l%shdj,shla CPU tl Ndú;d lrk fyda hï 
;;a;ajhl /£ isák uq¿ ld,h woyia flf¾ 
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. 
fufyhqï moaO;sj, l%shdhk kshu lsÍfï 
ikao¾Nh ;=<" ld,h;a iuÕ l%shdhk l%shd;aul 
lsÍfï wkqms<sfj, iy ld,iSudj kso¾Ykh lsÍug 
ld, rduq Ndú;d lrhs' 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. First Come First Serve (FCFS) 
 
The simplest scheduling algorithm where 
processes are executed in the order they arrive 
in the ready queue. 
ir,u kshulrK we,af.dß;uh jk w;r tys§ 
l%shdhk iQodkï ;;aj fmda,sug meñfKk 
wkqms<sfj,g l%shd;aul fõ' 
 
The process that arrives first gets executed first. 
uq,skau meñfKk l%shdhkh uq,skau l%shd;aul fõ' 
 
It follows the FIFO (First-In, First-Out) principle. 
fuh FIFO (m<uqj meñfKk whg m<uqj fiajdj 
ie,iSu& hk uQ,O¾uh wkq.ukh lrhs' 
 
Once a process starts execution, it runs until 
completion (Non-Preemptive). 
l%shdj,shla l%shd;aul ùu wdrïN l< miq" th 
wjika jk f;lau l%shd;aul fõ  
 
After finishing, the CPU is given to the next 
process in the queue. 
th wjika jQ miq" fmda,sfï isák ó<Õ l%shdj,shg 
CPU tl ,nd fokq ,efí' 
 
This continues until all processes are executed. 
ish¨u l%shdj,Ska l%shd;aul lr wjika jk ;=re 
fuh È.gu isÿ fõ' 
 

Advantages / jdis 
 

• Fair (processes executed in arrival order) 
idOdrKhs ^meñ‚ wkqms<sfj, wkqj l%shdhk 
l%shd;aul fõ& 

• No starvation 
wjia:djla fkd,eî hdula isÿ fkdfõ 

• Low scheduling overhead 
kshulrKhg bv jeh ùu wvqhs ^moaO;shg 
jeä nrla ke;& 

• Easy to manage and understand  
l<ukdlrKh lsÍug iy f;areï .ekSug 
myiqh 

 

Disadvantages / wjdis 
 

• Convoy effect (long job delays short jobs) 
È.= l%shdhk ksid flá l%shdhk m%udo fõ 

• High average waiting time 
idudkH /£ isàfï ld,h jeähs 

• Poor turnaround time 
Turnaround time wvq ld¾hlaIu;djhla 
fmkajhs 

• Non-preemptive. Not suitable for time-
sharing systems 
Non-preemptive fõ ld, úNck moaO;s 
i|yd iqÿiq fkdfõ 

• Not efficient for short or interactive 
processes 
flá fyda wka;¾l%shdldÍ ls%hdj,s i|yd 
ld¾hlaIu fkdfõ 
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2. Shortest Job First (SJF) 
 
A scheduling algorithm that selects the process 
with the shortest burst time to execute next.  
B<Õg l%shd;aul lsÍug fláu iys; l%shdhkh 
f;dard.kakd kshulrK we,af.dß;uhls'  
 
It can be either preemptive or non-preemptive  
th preemptive fyda non-preemptive úh yelsh  
 

• Non-Preemptive SJF  
Once a process starts execution, it cannot be 
interrupted. 
jrla l%shdj,shla l%shd;aul ùug mgka .;a miq" th 
w;ruÕ§ keje;aúh fkdyel' 
 
The CPU completes the shortest job fully before 
switching. 
fjk;a l%shdj,shlg udre ùug fmr" CPU tl 
uÕska wod< fláu ld¾hh iïmQ¾Kfhkau wjika 
lrkq ,nhs' 
 
Advantages / jdis 
 

• Simple and easy to implement 
ir,hs iy ia:dmkhg myiqhs 

• Low context switching 
ikao¾N iaúpkh ùu wvqhs 

• Stable execution 
ia:djrj l%shd;aul fõ  

• Less CPU overhead 
jeh lrk wu;r iïm;a m%udKh wvqhs 

• Easy to understand and calculate 
.Kkh lsÍu yd f;areï.ekSu myiqhs 
 

Disadvantages / wjdis 
 

• Late arriving short jobs must wait 
miqj tk l=vd l%shdhk /§ isàug isÿfõ  

• Poor response time in dynamic systems 
.;sl moaO;s  i|yd iqÿiq ke;  

• CPU decision cannot change once started 
l%shd;aul lsÍu w;r;=r CPU ;SrKh fjkia 
l< fkdyel 

• Not good for user-interactive systems 
mßYS,l-wka;¾l%shdldÍ moaO;s i|yd fhd.H 
fkdfõ 

• Less adaptive to real-time changes. 
;;a ld, fjkialï j,g wkqj¾;kh wvqhs 

 
 
 
 
 
 
 
 
 
 
 
 

• Preemptive SJF  
 

If a new process arrives with a shorter remaining 
time, the CPU preempts (interrupts) the current 
process. 
oekg l%shd;aul jk l%shdj,shg jvd wvq b;sß 
ld,hla iys; kj l%shdj,shla moaO;shg 
meñ‚hfyd;a" CPU tl oekg mj;sk l%shdj,sh 
k;r lr kj l%shdj,shg udre fõ' 
 
Always runs the process with the least 
remaining time. 
 fuh ieuúgu l%shd;aul jkafka wju b;sß 
ld,hla iys; l%shdj,shhs  

 
The preemptive version of SJF called Shortest 
Remaining Time First (SRTF) 
SJF ys preemptive wdldrh Shortest Remaining 
Time First (SRTF) f,i ye¢kafõ' 
 
Advantages / jdis 
 

• Very fast response for short jobs 
l=vd l%shdhk i|yd blauka m%;spdrh ,efí 

• Good for interactive systems 
wka;¾l%shdldÍ moaO;s i|yd iqÿiqhs 

• Better handling of mixed workloads 
úúO iajNdjfha l%shdj,Ska l<ukdlrKh 
lrhs 

• More dynamic control 
.;sl kshulrK l%uhls 

• Reduces the waiting of newly arrived short 
processes 
w¨;a l=vd l%shdhk j, n,disá ld,h wvq 
lrhs 

 
Disadvantages / wjdis 
 

• Too many context switches 
ikao¾N iaúpkh jeähs 

• High overhead 
jeh lrk wu;r iïm;a m%udKhhs jeä fjhs 

• Complex to implement 
l%shd;aul lsÍu ixlS¾Khs 

• Needs accurate remaining time tracking 
Remaining time ksjerÈj .Kkh l< hq;=hs 

• Long processes get interrupted many 
times 
È.= l%shdhk ks;ru ì| ouhs 
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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. 
jeäu m%uqL;dj we;s l%shdj,sh uq,ska l%shd;aul jk 
w;r" th wjika jk ;=re kj;d oeñh fkdyels 
kshulrK l%uhls 
 
Advantages / jdis 
 

• Simple to implement 
l%shd;aul lsÍug ir,hs 

• Lower context switching overhead 
jevigyka w;r udre ùfï§ kdia;s jk 
ld,h wju uÜgul mj;ajd .ekSu 

• Stable execution 
ia:djr l%shd;aul ùu 

• Clear priority-based order 
meyeÈ,s m%uqL;d mokï lr.;a wkqms<sfj, 

 

Disadvantages / wjdis 
 

• Late-arriving high-priority processes must 
wait 
m%uqL;djh jeä jevigyka m%udo ù 
meñ‚hfyd;a tAjdg n,d isàug isÿfõ 

• Poor response time in dynamic systems 
.;sl moaO;sj, m%;spdr oelaùfï ld,h 
ÿ¾j, ùu 

• Less flexible during execution 
l%shd;aul jk w;r;=r kuHYS,S nj wvq ùu 

• Not suitable for strict real-time 
applications 
oeä ;;H ld,Sk fhÿï i|yd kqiqÿiq ùu 

• Possible unfair CPU allocation 
widOdrK f,i CPU ld,h fjkaúh yel 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Preemptive  
Highest priority process runs first, and a running 
process can be interrupted if a higher-priority 
process arrives. 
jeäu m%uqL;dj we;s l%shdj,sh l%shd;aul jk w;r" 
Bg jvd m%uqL;dj jeä tlla meñ‚hfyd;a 
l%shd;aul jk l%shdj,sh kj;ajhs' 
 
Advantages / jdis 
 

• Immediate execution of high-priority 
processes 
by< m%uqL;djhla iys; jevigyka jydu 
l%shd;aul lsÍu 

• Suitable for real-time systems 
;;H ld,Sk moaO;s i|yd b;d fhda.H fõ 

• Better control over system performance 
moaO;sfha l%shdldß;ajh fyd¢ka md,kh l< 
ye 

• Fast handling of emergency tasks 
yÈis ld¾hhka b;d fõ.fhka yeisrùu 

• Flexible CPU allocation 
kuHYS,S f,i CPU ld,h fjka lsÍfï 
yelshdj 

 

Disadvantages / wjdis 
 

• Starvation of low-priority processes  
m%uqL;djh wvq jevigyk aj,g CPU ld,h 
fkd,eî hdu 

• Frequent context switching 
ks;r ks;r ikao¾N iaúpkh ùu 

• More complex to implement 
l%shd;aul lsÍu jvd;a ixlS¾K ùu 

• Priority management difficulties 
m%uqL;djhka l<ukdlrKh lsÍfï wmyiq;d 

• System performance may fluctuate 
moaO;sfha l%shdldß;ajh fjkia ùug$wia:djr 
ùug bv ;sîu 

• No built-in aging mechanism, so 
starvation can occur if aging is not applied. 
iajhxl%Sh Aging l%ufõohla fkdue;s kï" 
jevigyka È.= ld,hla n,d isàug isÿ úh 
yel' 

 
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. 
by< m%uqL;d l%shdj,Ska wLKavj CPU ,nd .kakd 
ksid" l%shdj,shla iQodkï fmda,sfï Èk kshuhla 
fkdue;sj /£ isák ;;ajhla' ld,h;a iuÕ 
m%uqL;djh jeä lsÍu tA i|yd úi÷uhs' 
 

What is Aging? 
A technique where the priority of long-waited 
processes in the system is gradually increased 
by 1 for every 15 minutes. 
moaO;sfha È.=ld,Skj /§ isák l%shdhk j, 
m%uqL;djh iEu ñks;a;= 15 lg jrlau 1 lska 
l%ufhka jeä jk ;dËKhls' 
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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. 
iEu Process tllgu kshñ; ld, iSudjla 
,ndfok Preemptive Scheduling Algorithm 
tlls' 
 

The Round Robin scheduling algorithm is 
mainly designed for time-sharing systems 
m%Odk jYfhka Time-sharing systems i|yd 
ks¾udKh lr we;' 
 

The CPU cycles through the ready queue, giving 
each process an equal share of CPU time in 
circular order. 
CPU tl Ready Queue tl yryd pl%dldrj .uka 
lrñka iEu Process tllgu iudk CPU ld,hla 
,ndfoa' 
 
How does the Round Robin Algorithm 
Work? 
Round Robin we,af.dß;ufha l%shdldß;ajh 

 
All processes are added to the ready queue. 
ish¨u jevigyka iQodkï fmda,sug tl;= lrkq 
,efí' 
 

The CPU compares each process’s burst time 
with the time quantum. 
CPU tl u.ska tla tla jevigyfka Burst Time 
,nd § we;s Time Quantum ^kshñ; ld, iSudj& 
iuÕ ii|kq ,nhs' 
 

If the burst time ≤ the time quantum, the 
process completes. 
jevigyfka Burst Time tl Time Quantum tlg 
jvd wvq fyda iudk kï tu jevigyk 
iïmQ¾Kfhkau l%shd;aul fõ' 
 
If burst time > time quantum, it runs only for 
the time quantum. 
jevigyfka Burst Time tl Time Quantum tlg 
jvd jeä kï th l%shd;aul jkafka ,nd § we;s 
Time Quantum ld,h i|yd mu‚' 
 
When the time quantum expires, the system 
checks if the process is finished. 
,nd § we;s ld,h ^Time Quantum& wjika jQ úg" 
tu jevigyk wjika oehs moaO;sh mÍlaId lrhs' 
 

If completed, it terminates; otherwise, it returns 
to the ready queue. 
jevigyk wjika ù we;akï th moaO;sfhka 
bj;a fõ' tfia fkdue;s kï" th kej;;a iQodkï 
fmda,sfï wjidkhg tl;= fõ' 
 

Advantages / jdis 
 

• Fair allocation of CPU (each process gets 
an equal time slice) 
CPU idOdrK f,i fjka lsÍu ^iEu 
l%shdj,shlgu iudk ld, fldgila ,efí& 

 

• Prevents starvation (every process gets a 
chance to execute) 
/£ isàu j<lajhs ^iEu l%shdj,shlgu 
l%shd;aul lsÍug wjia:djla ,efí& 

 

• Good response time for interactive and 
time-sharing systems 
wka;¾l%shdldÍ iy ld, fnod.ekSfï moaO;s 
i|yd fyd| m%;spdr ld,h ;sîu 

 
• Preemptive scheduling (system remains 

responsive) 
mQ¾j.dó kshulrKh ^moaO;sh 
m%;spdrd;aulj mj;S& 

 
• Simple to implement using a circular 

queue 
kshu jQ fmda,sula Ndú;fhka ir,j 
l%shd;aul lsÍug yelsh 

 

• Suitable for multitasking environments 
nyqld¾h mßirhka i|yd iqÿiqhs 

 

Disadvantages / wjdis 
 

• Performance depends on time quantum 
size 
ld¾h idOkh ld, lafjdkagï m%udKh u; 
r|d mj;S 

o If too large → behaves like FCFS 
b;d úYd, kï → FCFS fuka yeisfra 

o If too small → too many context switches 
b;d l=vd kï → ikao¾N iaúp úYd, 
m%udKhla Ndú;d lrhs 
 

• High context switching overhead 
by< ikao¾N udre lsÍug bv jeh fõ 

 

• Average waiting time can be high 
by< ikao¾N udre lsÍug bv jeh fõ 

 

• Turnaround time may not be optimal 
Turnaround time  m%Yia; fkdúh yelsh 

 

• Not suitable for real-time systems (without 
priority handling) 
;;H ld,Sk moaO;s i|yd iqÿiq fkdfõ 
^m%uqL;d yeisrùulska f;drj& 

 

• Does not consider process priority (all 
processes treated equally) 
l%shdj,s m%uqL;djh fkdi,lhs ^ish¨u 
l%shdj,Ska iudkj i,lkq ,efí& 
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What is a Time Quantum? 
ld, LKavhla hkq l=ulao@ 
 
The fixed amount of CPU time is given to each 
process in one turn. 
tla l%shdhklg tla jdrhl§ CPU tl Ndú;d 
lsÍug ,nd fok iaÓr ld, m%udKhhs' 
 
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. 
tu ld,h we;=<; l%shdhkla wjika fkdjqjfyd;a" 
th kj;d iQodkï wjia:djg hjd B<Õ l%shdhklg 
CPU tl ,nd foa' 
 

• Too Short Time Quantum 
b;d flá ld, LKavh 

A time quantum is considered too short when it 
is so small that processes are interrupted very 
frequently before doing meaningful work. 
m%fhdackj;a ld¾hhla  ksu lsÍug fmr l%shdj,Ska 
ks;r ks;r ndOdjg ,lajk ;rug time quantum 
l=vd jk úg" th b;d flá ld, mx.=jla f,i 
i,lkq ,efí' 
 

Positive Aspect / Okd;aul me;slv 
Each process gets CPU quickly, better for 
interactive systems. 
tla tla l%shdj,shg blaukska CPU ld,h ysñ fõ" 
fuh wka;¾l%shdldÍ moaO;s i|yd b;d fhda.H fõ' 

Negative Aspect / RKd;aul me;slv 
Too many switches waste CPU time and reduce 
overall performance. 
ikao¾N iaúpkh wêl ùu ksid CPU ld,h kdia;s 
jk w;r moaO;sfha iuia; l%shdldß;ajh wvqfõ' 
 
• Too Long Time Quantum 

b;d È.= ld, LKavh 

A time quantum is considered too long when it 
is large enough that most processes finish in 
one CPU burst without being preempted. 
fndfyda l%shdj,Ska w;ru. k;r fkdù tla CPU 
jghlska ksu lsÍug ;rï time quantum úYd, 
jk úg" tu ld, mx.=j b;d È.= tlla f,i i,lkq 
,efí' 
 

Positive Aspect / Okd;aul me;slv 
CPU efficiency increases because switching 
between processes happens less often. 
CPU ld¾hlaIu;dj jeä fõ l%shdj,Ska w;r 
udreùu isÿjk jdr .Kk wvq ksid' 
 

Negative Aspect / RKd;aul me;slv 
The system behaves like FCFS, so 
short/interactive processes must wait too long. 
moaO;sh FCFS l%ufõoh fuka l%shd lrhs" flá fyda 
wka;¾l%shdldÍ l%shdj,Skag jeä fõ,djla n,d 
isàug isÿ fõ 
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Calculations from the schedulers / kshulrK .Kkh lsÍï' 
 
 
Consider the following four processes with their respective arrival times, burst durations and priorities 
for all the calculations. 
ish¨u .Kkh lsÍï i|yd wod< meñŒfï fõ,djka" l%shd;aul jk ld,iSudjka iy m%uqL;d iuÕ my; 
l%shdj,s y;r i,ld n,kak' 

 
Process Arrival Time (ms) Burst Duration (ms) Priority 

P1 0 5 3 

P2 1 3 1 

P3 2 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. 
l%shdhkhl turnaround duration tl .Kkh lsÍu i|yd" tu l%shdhkh l%shd;aul ù wjika jQ ld, fhka 
tkï completion time tflka tu l%shdhkh meñ‚ ld,h tkï arrival time tl wvq l< hq;=h' ' 
 
 
 
 
 

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. 
l%shdj,shl waiting duration tl .Kkh lsÍu i|yd" hï lshdhkhla ilikh u; l%shd;aul jk 
ld,iSudj jk burst duration tl turnaround duration tflka wvq l< hq;=h' 
 
 
  
 
 
 
1. First-come, first-serve (FCFS) 
 
 
  

 
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 l%shd lrkafka l%shdj,s meñfKk wkqms<sfj,g l%shd;aul lsÍfuks" tys§ m<uqj meñfKk l%shdj,sh 

m<uqj CPU ,ndf.k th wjika jk f;la l%shd;aul fõ' 
 

Calculate the average turnaround duration and waiting duration. 
idudkH turnaround duration  tl iy waiting duration  tl .Kkh lrkak. 
 
First, we have to draw the Gantt chart 
m,uqfjka" ld, rduqj weÈh hq;=h 
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P1 arrives at time 0 and starts execution immediately. It runs for 5 units of time. 
P1" ld, 0 § meñK jydu l%shd;aul lsÍu wdrïN lrhs' th ld, tAll 5 la ;siafia Odjkh fõ' 

 
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" ld, 1 yS§ meñfKa" kuq;a thg P1 wjika jk f;la /£ isàug isÿ fõ' P2 l%shd;aul lsÍu ld, 5 
ys§ wdrïN lrk w;r ld, tAll 3la ;siafia th l%shd;aul fõ' 

 
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" ld, 2 yS§ fõ,djg meñfKa" kuq;a thg P2 wjika jk f;la /£ isàug isÿ fõ' P3" ld, 8 yS§ 
l%shd;aul lsÍu wdrïN lrk w;r ld, tAll 8la ;siafia th l%shd;aul fõ' 

 
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" ld, 4 yS§ meñfKa" kuq;a thg P3 wjika jk f;la /£ isàug isÿ fõ' P4" ld, 16 yS§ l%shd;aul 
lsÍu wdrïN lrk w;r ld, tAll 4la ;siafi th l%shd;aul fõ' 
 
Now, we can calculate the turnaround and waiting durations of each process as follows. 
oeka" wmg tla tla l%shdhkfha turnaround iy waiting durations my; mßÈ .Kkh l< yel' 
 
 
 
 
 
 
 
 
 
 

Process 
ID 

Arrival Time 
(ms) 

Completion 
Time 

Burst Duration 
(ms) 

Turnaround 
Duration 

Waiting 
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 

Average waiting duration (AWD): 
 
AWD = (0 + 4 + 6 + 12) / 4  
AWD = 5.5 
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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 yS§" l%shdhkhla l%shd;aul ùug mgka .;a miq" th ndOdjlska f;drj wjidkh 
olajd Èj hhs' 
 

Note: 
Here, it is assumed that the arrival time of each process is the same. 
fuys§ tla tla l%shdhkfha meñŒfï fõ,dj iudk nj Wml,amkh flfra' 

 
Calculate the average waiting duration of these four processes. 
fuu l%shdhk y;frys idudkH waiting duration tl .Kkh lrkak' 
 
Gantt chart: 
 
 
 
 
 
 
P2 is selected first because it has the shortest burst duration of 3ms. It completes execution at 3ms. 
P2 uq,skau f;dard.kq ,nkafka thg 3ms l fláu burst duration we;s neúks' th 3ms § l%shd;aul lsÍu 
iïmQ¾K lrhs' 
 

P4 is selected next with a burst duration of 4ms. It starts at 3ms and completes at 7ms. 
P4 ó<Õg 4 ms l burst duration tlla iuÕ f;dard .kq ,efí' th 3ms § wdrïN jk w;r 7ms § 
wjika fõ' 
 

P1 is selected next with a burst duration of 5ms. It starts at 7ms and completes at 12ms. 
P1 ó<Õg f;dard.kq ,nkafka 5ms l burst duration tlla iuÕsks' th 7ms § wdrïN jk w;r 12ms § 
wjika fõ' 
 

P3 is selected last with the longest burst duration of 8ms. It starts at 12ms and completes at 20ms. 
P3 wjika jrg f;dard.kq ,nkafka 8ms l §¾>;u burst duration tl iuÕsks' th 12ms § wdrïN jk 
w;r 20ms § wjika fõ' 
 

Let’s assume that each process arrived at 0ms. 
iEu l%shdhklau 0ms § meñ‚fha hehs is;uq' 
 

Process 
ID 

Arrival Time 
(ms) 

Completion 
Time 

Burst Duration 
(ms) 

Turnaround 
Duration 

Waiting 
Duration 

P1 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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• Preemptive SJF 
 
  

 
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. 
tu l%shdhkhkaf.a meñŒfï fõ,djka fjkia jqjfyd;a l=ula isÿfõoehs Tn l,amkd lrkafka kï" fuh 

Non-Preemptive SJF we,af.dß;uhla neúka wmg ,efnkafka tlu ms<s;=rhs' 
 
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 j,§" È.= l%shdhkhla oekgu;a CPU u; we;s úg flá l%shdhkhla meñ‚ho" tu 
flá l%shdhkh u.ska ndOdjlska f;drj È.= l%shdhkh tys wjidkh olajd l%shd;aul fõ' 
 
 
 

 

 
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, ys§" oekg l%shd;aul jk l%shdhkfha b;sß ù we;s burst duration tlg jvd flá 

burst duration tlla iys; kj l%shdhkhla meñ‚hfyd;a" j;auka l%shdhkh mQ¾jfhka bj;a lr kj 
l%shdhkh kshulrkq we;' 

 
Calculate the average waiting duration of these four processes. 
fuu l%shdhk y;frys idudkH waiting duration tl .Kkh lrkak' 
 
Gantt chart: 
 
 
 
 
 
 
Time 0: 
• P1 arrives and starts executing. 

P1 meñK l%shd;aul ùug mgka .kS' 
 

• Remaining burst duration for P1 is 5ms. 
P1 i|yd b;sß burst duration tl 5ms fõ' 

 

Time 1: 
• P2 arrives with a burst duration of 3ms and starts to execute. 

P2" 3ms l burst duration tlla iys;j meñK iy l%shd;aul ùug mgka .kS' 
 

• P1 (remaining duration is 4ms) is preempted because P2 has less burst duration. 
P2 ys P1 g jvd wvq burst duration tlla we;s neúka" P1 (b;sß ld,iSudj 4ms fõ') l%shd;aul ùu 

kj;d oud P2 l%shd;aul lrhs' 
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Time 2: 
• P3 arrives with a burst duration of 8ms. 

P3" 8ms l burst duration tlla iys;j meñfKa' 
 

• P2 continues executing because its remaining burst duration (2ms) is shorter than the burst 
durations of P1 (4ms) and P3 (8ms). 
P2 ys b;sßj we;s burst duration ^2ms& tl" P1 ys burst duration ^4ms& iy P3 ys burst duration 
^8ms& tlg jvd wvq neúka P2 wLKavj l%shd;aul fõ' 
 

• Remaining burst duration for P2 is 2ms. 
P2 i|yd b;sß burst duration tl 2ms fõ' 

 
Time 3: 

 

• P2 continues executing because its remaining burst duration (1ms) is still the shortest among 
the remaining durations of P1 (3ms) and P3 (8ms). 
P1 iy P3 ys b;sß ld,iSudjka ^ms,sfj,ska 3ms iy 8ms& w;ßka P2ys b;sß burst duration tl 

^1ms& ;ju;a l=vdu w.h .kakd neúka P2 È.gu l%shd;aul fõ' 
 

• Remaining burst duration for P2 is 1ms. 
P2 i|yd b;sß burst duration tl 1ms fõ' 

 
Time 4: 
• P2 finishes execution. 

P2 l%shd;aul ùu wjika fjhs' 
 

• P4 arrives with a burst duration of 4ms. 
P4" 4ms l burst duration tlla iys;j meñfKa' 
 

• The scheduler selects the next process to run based on the shortest remaining burst duration. 
kshuldrlh u.ska fláu b;sß burst duration tl u; mokïj Odjkh lsÍu ioyd ó<Õ 
l%shdhkh f;dard .kS' 
 

• P1 starts executing because it has the shortest burst duration (3ms) among P3 (8ms), and P4 
(4ms). 
P3 ^8ms& iy P4 ^4ms& w;ßka fláu burst duration tl ^3ms& we;af;a P1 g ksid th l%shd;aul 
ùug mgka .kS' 
 

• Remaining burst duration for P1 is 3ms. 
P1 i|yd b;sß burst duration tl 3ms ls' 

 
Time 8: 
• P1 finishes execution. 

P1 l%shd;aul lsÍu wjika lrhs' 
 

• The scheduler selects the next process to run based on the shortest remaining burst duration. 
kshuldrlh u.ska fláu b;sß burst duration tl u; mokïj Odjkh lsÍu ioyd ó<Õ 
l%shdhkh f;dard .kS' 

 
• P4 starts execution because it has the shortest remaining burst duration (4ms) compared to 

P3 (8ms). 
P3 ^6ms& g idfmalaIj fláu b;sß burst duration tl ^3ms& P2 g we;s ksid th l%shd;aul lsÍu 
kej;;a wdrïN lrhs' 

 
• Remaining burst duration for P4 is 4ms. 

P4 i|yd b;sß burst duration tl 4ms fõ' 
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Time 12: 
• P4 finishes execution. 

P4 l%shd;aul lsÍu wjika lrhs' 
 

• P3 is the only remaining process, so it starts executing. 
b;sßj we;s tlu l%shdhkh P3 fõ" tneúka th l%shd;aul ùug mgka .kS' 
 

• Remaining burst duration for P3 is 8ms. 
P3 i|yd b;sß burst duration tl 8ms fõ' 

 
Time 20: 
• P3 finishes execution. 

P3 l%shd;aul lsÍu wjika lrhs' 
 
 

According to the above explanation, we can now calculate the turnaround and waiting duration of 
each process. 
by; meyeÈ,s lsÍu wkqj" wmg oeka tla tla l%shdhkfha turnaround iy waiting duration .Kkh l< 
yelsh' 
 
 
 
 
 
 
 

Process 
ID 

Arrival Time 
(ms) 

Completion 
Time 

Burst Duration 
(ms) 

Turnaround 
Duration 

Waiting 
Duration 

P1 0 8 5 8 – 0 = 8 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 
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3. Priority Scheduling 
• Non-Preemptive 

 
   

Calculate the average waiting duration. 
idudkH waiting duration tl .Kkh lrkak' 
 
Gantt chart: 
 
 
 
 
 
 
P1 starts first because it is the only process available at time 0. 
P1 uq,skau wdrïN jkafka ld,h 0 jk úg mj;sk tlu l%shdhkh th jk neúks' 
 
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" ld,h 1 jk úg meñfKk kuq;a P1 oekgu;a l%shd;aul fjñka mj;sk ksid tu wjia:dfõ wdrïN 
fkdfõ ^non-preemptive&' P1 wjika jQ miq" P2 ys by<u m%uqL;djh 1 ksid th l%shd;aul ùug mgka 
.kS' 
 
P4 has a higher priority than P3 and starts executing after P2 finishes. 
P4 yg P3 g jvd by< m%uqL;djhla we;s w;r P2 wjika jQ miq th l%shd;aul ùug mgka .kS' 
 
Finally, P3 with the lowest priority starts last and completes at time 20. 
wjidk jYfhka" wvqu m%uqL;djh iys; P3 wjika jrg wdrïN ù ld,h 20 jk úg iïmQ¾K fõ' 
 
 

Process 
ID 

Arrival 
Time (ms) 

Completion 
Time 

Burst 
Duration 

(ms) 

Turnaround 
Duration 

Waiting 
Duration Priority 

P1 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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• Preemptive 
 

 
 
  

 
Calculate the average waiting duration. 
idudkH waiting duration tl .Kkh lrkak' 
 
Gantt chart: 
 
 
 
 
P1 starts executing because it is the only process available at time 0. 
P1 l%shd;aul ùug mgka .kafka ld,h 0 jk úg mj;sk tlu l%shdhkh th jk neúks' 
 
P2 arrives at time 1 with a higher priority (1), preempting P1. 
P2 jeä m%uqL;djhla ^1& iys;j  ld,h 1jk wjia:dfõ§ meñfKkafka P1 ilikfhka kej;;a iQodkï 
fmda<Sug hjñks' 

 
P2 continues execution until it finishes at time 4. 
P2 ld,h 4 § wjika jk f;la l%shd;aul lsÍu È.gu lrf.k hhs' 
 
Then comes P4 with the priority 2 at time 4 and starts executing. 
bkamiq ld,h 4 jk úg m%uqL;djh 2 jk P4 meñK l%shd;aul ùug mgka .kS' 
 
P1 resumes execution after P4 finishes and continues until it completes at time 12. 
P4 wjika jQ miq P1 l%shd;aul lsÍu kej; wdrïN lrk w;r th ld,h 12 § th wjika jk ;=re 
l%shd;aul fõ' 

 
Finally, P3 starts executing after P1 finishes and continues until completion at time 20. 
wjidk jYfhka" P3 wjika jQ miq P1 l%shd;aul ùug mgka .kakd w;r ld,h 20 § th wjika jk 
f;la l%shd;aul fõ' 

 
 
 
 
 

Process 
ID 

Arrival 
Time (ms) 

Completion 
Time 

Burst 
Duration 

(ms) 

Turnaround 
Duration 

Waiting 
Duration Priority 

P1 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 
 
 
 
 

 
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. 
ñ,s ;;amr j,ska ,nd § we;s burst durations iy RR kshu lsÍu i|yd ñ,s ;;amr 4la f,i .kakd ,o 
time quantum tlla iuÕ" § we;s j.=fõ we;s ld,h 0 § meñfKk l%shdhk 4la i,ld n,kak' 
 

Calculate the average waiting and turnaround durations of these 4 processes. 
fuu l%shdhk 4ys idudkH waiting iy turnaround durations .Kkh lrkak' 
 

 
 
 
 
 
 
 
 
 
 
Gantt chart: 
 
 
 
 
 
In this Round Robin scheduling example with a time quantum of 4ms, four processes P1, P2, P3 and 
P4 all arrive at time 0. 
fuu rjqkaâ frdìka kshu lsÍfï WodyrKfha§ time quantum tl 4ms la jk" P1" P2, P3 iy P4 l%shdhk 
y;r ld,h 0 § meñfKa' 

 
P1 starts execution from time 0 to 4ms and is preempted with 1ms remaining. 
P1" 0ms isg 4ms olajd olajd Odjkh jk w;r 1ms b;sßj ;sìh§ ilikfhka bj;a fõ' 
 
Next, P2 runs from time 4 to 7ms. 
ó<Õg" P2" 4ms isg 7ms olajd Odjkh lrhss' 
 

Then, P3 runs from time 7 to 11 ms and is preempted with 4ms remaining. 
bkamiqj" P3" 7ms isg 11ms olajd Odjkh jk w;r 4ms b;sßj ;sìh§ ilikfhka bj;a fõ' 
 

Next, P4 runs from time 11 to 15ms. 
ó<Õg" P4" 11ms isg 15ms olajd Odjkh lrhss' 
 
P1 resumes and completes its remaining 1ms from time 15 to 16ms. 
P1 kej; wdrïN lr tys b;sß 1ms l ld,h 15ms isg 16ms olajd iïmQ¾K lrhs' 
 

Finally, P3 resumes and completes its remaining 4ms from time 16 to 20ms. 
wjidk jYfhka" P3 kej; wdrïN lr tys b;sß 4ms l ld,h 16ms isg 20ms olajd iïmQ¾K lrhs' 
 

To calculate the turnaround and waiting durations, we can use the previous two formulas. 
Turnaround iy waiting durations .Kkh lsÍu i|yd" wmg fmr iQ;% fol Ndú;d l< yelsh' 
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To sum up, the best scheduler here to process 
these processes is Preemptive SJF (Shortest 
Job First). 
wjidk jYfhka" fuu l%shdj,Ska ieliSu i|yd 

jvd;a iqÿiqu kshulrKh Preemptive SJF 
(Shortest Job First) fõ' 
 

It is the best fit here because, for the given 
processes, it gives the lowest average waiting 
time and average turnaround time. 
th fuys§ iqÿiqu .e<mqu jkafka" § we;s l%shdj,Ska 
i|yd" th wju idudkH m%udo ld,h iy idudkH 
ld¾h mQ¾K ld,h ,nd fok neúks' 
 

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.  
fuu WodyrKfha Preemptive Priority tlu 
idudkH w.h ,nd .kakd neúka Preemptive 
Priority fjkqjg Preemptive SJF f;dard .kshs' 
kuq;a mjrd we;s m%uqL;d u; r|d fkdisg" Odjk 

ld,h muKla Ndú;d lrñka SJF tu ld¾h idOkh 
lrd <Õd fõ'  
 

In this workload, the short jobs naturally benefit 
first, which is exactly why the averages improve. 
fuu ld¾hh m%udKfhys" flá ld¾hhka 
iajNdúlju m<uqj m%;s,dN ,nhs" tu ksid 
idudkHhka jeä ÈhqKq fõ' 
 

Why is it best here? 
fu;ekg fuh jvd;a iqÿiq wehs@ 

• Shorter processes (P2, P4) are executed 
earlier, which reduces overall waiting time. 
flá l%shdj,s (P2, P4) l,ska l%shd;aul lrkq 
,nk w;r" tuÕska iuia; m%udo ld,h wvq 
fõ' 

• Handles newly arriving shorter jobs 
efficiently by preempting the current 
process. 
j;auka l%shdj,sh mQ¾jfhka l%shd;aul lsÍu 
uÕska kj flá ld¾hhka ld¾hlaIuj 
yiqrejhs' 

 
Advantages / jdis 
• High efficiency - Produces the best 

average waiting and turnaround times. 
by< ld¾hlaIu;dj - fyd|u idudkH m%udo 
iy ld¾h mQ¾K ld,hka ksmojhs' 

• Faster completion of short jobs - Short 
processes finish quickly. 
flá ld¾hhka fõ.fhka ksu lsÍu - flá 
l%shdj,s blaukska wjika fõ' 

• Good responsiveness - Newly arrived 
shorter jobs can immediately run. 
fyd| m%;spdr oelaùula - w¨;ska meñ‚ flá 
ld¾hhka jydu l%shd;aul úh yelsh' 

 
Disadvantages / wjdis 
• Long processes may suffer - Longer jobs 

(like P3) may wait longer. 
È.= l%shdj,Ska i|yd fndfyda l,a .; úh 

yelsh - È.= ld¾hhka ^P3 jeks& jeä ld,hla 
n,d isáh yelsh' 

• Needs burst time estimates - The 
scheduler must know or estimate CPU 
burst times. 
Odjk ld, wkqudk lsÍï wjYH fõ - 

kshuldrlh CPU Odjk ld,h oek isáh 
hq;=h fyda wkqudk l< hq;=h' 

• Harder to implement  
l%shd;aul lsÍu wmyiqh 

 
Process 

ID 
Arrival time 

(ms) 
Completion 
Time (ms) 

Burst Duration 
(ms) 

Turnaround Time 
(ms) 

Waiting Time 
(ms) 

P1 0 16 5 16 – 0 = 16 16 – 5 = 11 

P2 0 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 
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Device Management  
Wmdx. l<ukdlrKh  

The function of an operating system (OS) is to 
control, coordinate, and manage all hardware 
input and output devices connected to the 
computer. 
fufyhqï moaO;shl (OS) ld¾hh jkafka 
mß.Klhg iïnkaO lr we;s ish¨u oDvdx. 
wdodk iy m%;sodk Wmdx. md,kh lsÍu" 
iïnkaëlrKh lsÍu iy l<ukdlrKh lsÍuhs' 

 
The OS ensures devices work correctly, allocates 
them to programs, and handles communication 
between software and hardware. 
OS uÕska Wmdx. ksjerÈj l%shd lrk nj iy;sl 
lrhs" tAjd jevigyka j,g fjka lrhs" iy 
uDÿldx. iy oDvdx. w;r ikaksfõokh 
yiqrejhs' 

 
What device management does 
Wmdx. l<ukdlrKh uÕska lrkafka l=ulao 
 

• Controls input devices (keyboard, mouse, 
scanner) 
wdodk Wmdx. md,kh lrhs ^h;=re mqjrej" 
uQislh" ialEkrh& 

• Controls output devices (monitor, printer, 
speakers) 
m%;sodk Wmdx. md,kh lrhs ^fudksgrh" 
uqøK hka;%h" iamSl¾& 

• Allocates devices to programs when 
needed 
wjYH úg jevigyka j,g Wmdx. fjka 
lrhs 

• Handles device errors and interrupts 
Wmdx. fodaI iy ndOd yiqrejhs 

 
How an OS manages input and output 
devices 
fufyhqï moaO;shla wdodk iy m%;sodk Wmdx. 
l<ukdlrKh lrk wdldrh 

 
Input/Output (I/O) management is the process 
by which an operating system controls, 
coordinates, and communicates with hardware 
devices to receive input and send output. 
wdodk$m%;sodk  (I/O) l<ukdlrKh hkq fufyhqï 
moaO;shla oDvdx. Wmdx. md,kh lsÍu" 
iïnkaëlrKh lsÍu iy tAjd iuÕ ikaksfõokh 
lsÍu u.ska wdodk ,nd .ekSug iy m%;sodkh 
heùug isÿ lrk l%shdj,shhs' 
 

The OS acts as a middle layer between 
applications and hardware devices. 
fufyhqï moaO;sh fhÿï iy oDvdx. Wmdx. w;r 
ueo ia:rhla f,i l%shd lrhs' 

Applications do not communicate directly with 
hardware. Instead, they send requests to the 
OS, which handles the device interaction. 
fhÿï oDvdx. iuÕ iDcqju ikaksfõokh 
fkdlrhs' tA fjkqjg" tAjd Wmdx. wka;¾l%shdj 
yiqrejk f,i fufyhqï moaO;shg b,a,Sï hjhs' 

 
Main components used by the OS for I/O 
management 
I/O l<ukdlrKh i|yd fufyhqï moaO;sh úiska 
Ndú;d lrk m%Odk ixrpl 

The OS manages devices using two important 
components 
fufyhqï moaO;sh jeo.;a ixrpl folla Ndú;d 
lrñka Wmdx. l<ukdlrKh lrhs 
 

1. Device Controllers (Hardware) 
Wmdx. md,l ^oDvdx.& 

2. Device Drivers (Software) 
Wmdx. Odjl ^uDÿldx.& 

 
Device controllers /Wmdx. md,l 
A hardware component that acts as an interface 
between a computer system and a specific 
hardware device. 
mß.Kl moaO;shla iy ksYaÑ; oDvdx. Wmdx.hla 
w;r w;=re uqyqK;la f,i l%shd lrk oDvdx. 
ixrplhls' 

 
It manages the electronic communication 
between the device and the CPU. 
th Wmdx.h iy CPU w;r bf,lafg%dksl f,i 
ikaksfõokh l<ukdlrKh lrhs' 

 
Functions / ld¾hhka 

 
• Controls device operations 

Wmdx. fufyhqï md,kh lrhs 

• Receives commands from the OS 
OS fj;ska úOdk ,nd .kS 

• Transfers data between the device and 
memory 
Wmdx.h iy u;lh w;r o;a; udre lrhs 
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Device drivers  
Wmdx. Odjl 
 
A utility software program that allows the 
operating system to communicate with 
hardware devices. 
fufyhqï moaO;shg oDvdx. Wmdx. iuÕ 
ikaksfõokh lsÍug bv i,ik Wmfhda.s;d 
uDÿldx. jevigykls' 

 
Drivers translate general OS instructions into 
device-specific commands. 
Odjl idudkH OS Wmfoia Wmdx.-ksYaÑ; úOdk 
njg mßj¾;kh lrhs' 
 
Without drivers, the OS cannot understand how 
to use a device. 
Odjl fkdue;sj" OS yg Wmdx.hla Ndú;d lrk 
wdldrh f;areï .; fkdyel' 
 
Use of drive letters 
Odjl wl=re Ndú;h 
 

Drive letters are alphabetical labels used by 
operating systems (especially Microsoft 
Windows) to identify storage devices and 
partitions. 
Odjl wl=re hkq fufyhqï moaO;s ^úfYaIfhka 
uhsfl%dfid*aÜ úkafvdaia& úiska .nvd Wmdx. iy 
mx.= y÷kd .ekSu i|yd Ndú;d lrk wldrd§ 
f,an, fõ' 

 
Each storage device or partition is assigned a 
letter followed by a colon. 
iEu .nvd Wmdx.hlgu fyda fldgilgu wl=rla 
mjrd we;s w;r miqj fo;s;la we;' 
 
Ex - C: 
This allows the operating system and users to 
locate and access storage devices easily. 
fuh fufyhqï moaO;shg iy mßYS,lhskag .nvd 
Wmdx. myiqfjka fidhd .ekSug iy m%fõY ùug 
bv i,ihs' 

 
Why are drive letters used? 
Odjl wl=re Ndú;d lrkafka wehs@ 

• Identify different storage devices. 
úúO .nvd Wmdx. y÷kd .ekSug' 
 

• Access files stored in different locations. 
úúO ia:dkj, .nvd lr we;s f.dkq fj; 
m%fõY ùug' 
 

• Organize multiple storage devices 
connected to the computer. 
mß.Klhg iïnkaO lr we;s nyq .nvd 
Wmdx. ixúOdkh lsÍug' 

Common drive letters 
fmdÿ Odjl wl=re 
 

• The C: drive / C: Odjlh 
 
The C: drive is usually the primary storage drive 
where the operating system is installed. 
C( Odjlh idudkHfhka fufyhqï moaO;sh 
ia:dmkh lr we;s m%d:ñl .nvd Odjlh fõ' 

 
• Additional drives (D:,E:,F:) 

wu;r Odjl (D:,E:,F:) 
 

Other drive letters are assigned to: 
wfkl=;a Odjl wl=re mjrd we;af;a( 
 

• Additional Hard Disk Partitions 
wu;r oDV ;eá fldgia 

• CD/DVD Drives 
CD/DVD Odjl 

• USB Flash Drives 
USB *a,EIa Odjl 

• External Hard Drives 
ndysr oDV ;eá 

 
• Why A: and B: were reserved 

A: iy B: fjka lr we;af;a wehs@ 

 
In early computers during the 1970s and 
1980s, storage was mainly floppy disks. 
Computers often had two floppy disk 
drives. 
1970 iy 1980 .Kkaj, uq,a mß.Klj," 
.nvdj m%Odk jYfhka kuH ;eá úh' 
mß.Klj, fndfyda úg kuH ;eá Odjl 
folla ;snq‚' 

 
How does the operating system assign drive 
letters? 
fufyhqï moaO;sh Odjl wl=re mjrkafka flfiao@ 
 

When a device connects: 
Wmdx.hla iïnkaO jk úg( 
 

1. The OS detects the device 
fufyhqï moaO;sh Wmdx.h y÷kd .kS 
 

2. The OS checks available letters 
fufyhqï moaO;sh mj;sk wl=re mÍlaId 
lrhs' 
 

3. The OS assigns the next free drive letter 
fufyhqï moaO;sh B<Õ ksoyia Odjl wl=r 
mjrhs 
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Advantages of drive letters 
Odjl wl=re j, jdis 
 

• Easy to identify storage devices 
.nvd Wmdx. y÷kd .ekSug myiqh 

Drive letters make it simple to recognize 
different storage devices. 
Odjl wl=re úúO .nvd Wmdx. y÷kd .ekSu 
ir, lrhs' 

 
• Simple file navigation 

ir, f.dkq ixpd,kh 

Drive letters make file paths easy to 
understand and use. 
Odjl wl=re f.dkq ud¾. f;areï .ekSug iy 
Ndú;d lsÍug myiq lrhs' 

 
Ex – 
C:\Users\Student\Documents 
D:\Movies 
E:\Photos 

 
• Supports multiple storage devices 

nyq .nvd Wmdx. i|yd iyh olajhs 

Drive letters allow the operating system to 
manage many devices at the same time. 
Odjl wl=re uÕska fufyhqï moaO;shg tljr 
fndfyda Wmdx. l<ukdlrKh lsÍug bv 
i,ihs' 

 
Disadvantages of drive letters 
Odjl wl=re j, wjdis 
 

• Limited number of letters 
iSñ; wl=re ixLHdjla 

Drive letters are limited to 26 letters (A–Z). 
This can become restrictive when many 
devices or partitions are used. 
Odjl wl=re wl=re (A–Z) g iSud fõ'fndfyda 
Wmdx. fyda fldgia Ndú;d lrk úg fuh 
iSudldÍ úh yelsh' 

 
Ex-Servers with many storage devices may 
run out of letters. 
fndfyda .nvd Wmdx. iys; fiajdodhlhskag 
wl=re wjika úh yelsh' 

 
• Drive letters may change 

Odjl wl=re fjkia úh yelsh 

When removable devices like USB drives 
are connected, the drive letter may change. 
USB Odjl jeks bj;a l< yels Wmdx. 
iïnkaO lr we;s úg" Odjl wl=r fjkia úh 
yelsh' 

 
 

Evolution of device drivers 
Wmdx. Odjl j, mßKduh 

Device drivers have evolved as computer 
technology has improved. Earlier computers 
required manual driver installation, while 
modern systems support automatic detection 
and installation. 
mß.Kl ;dËKh ÈhqKq ùu;a iuÕ Wmdx. Odjl 
mßKduh ù we;' fmr mß.Kl i|yd yia;uh 
Ndú;hla iys; Odjl ia:dmkh lsÍug wjYH jQ 
w;r kùk moaO;s iajhxl%Shj y÷kd.ekSu iy 
ia:dmkh i|yd iyh olajhs' 

 
• Drivers installed using floppy disks 

kuH ;eá Ndú;fhka ia:dmkh lrk ,o 
Odjl 

 
In early computers (1980s–1990s), device 
drivers were provided on floppy disks. 
uq,a mß.Klj, (1980–1990) .Kkaj," 
Wmdx. Odjl kuH ;eáj, ,nd fok ,§' 

 
Users had to insert the floppy disk and 
manually install the driver before the device 
could work. 
Wmdx.h l%shd lsÍug fmr mßYS,lhskag kuH 
;eáh we;=¿ lr Odjl w;ska ia:dmkh lsÍug 
isÿ úh' 

 
Used in - Early printers, Sound cards, 
Network cards 
Ndú;d lrk ,oafoa - uq,a uqøK hka;%" Yío 
ldâm;a" cd, ldâm;a 

 
Disadvantages / wjdis 

 
• Floppy disks had very limited storage. 

kuH ;eáj, b;d iSñ; .nvd 
Odß;djhla ;snq‚' 

• Drivers could easily be lost or 
damaged. 
Odjl myiqfjka ke;s ùug fyda ydks úh 
yelsh' 
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• Drivers installed using CDs/DVDs 

CD/DVD Ndú;fhka ia:dmkh lrk ,o 
Odjl 
 

As devices became more advanced, 

manufacturers began providing drivers on 

CDs or DVDs. 

Wmdx. jvd;a ÈhqKq jQ úg" ksIamdolhska CD 

fyda DVD u; Odjl iemhSug mgka .;ay' 
 

These disks could store larger driver 

software and installation programs. 
fuu ;eáj,g úYd, Odjl uDÿldx. iy 
ia:dmk jevigyka .nvd l< yelsh' 
 

Use in - Printer driver CDs, Graphics card 

driver CDs, Scanner installation CDs 

Ndú;d lrkqfha - uqøK hka;% Odjl CD" 
.%e*sla ldâ Odjl CD" ialEk¾ ia:dmk CD 

 

Disadvantages / wjdis 
• Drivers on CDs may become outdated 

quickly. 

CD u; Odjl blaukska h,a mek .sh yel' 
• Some modern computers no longer 

have CD drives. 

iuyr kùk mß.Klj, ;jÿrg;a CD 
Odjl fkdue;' 

 

• Drivers downloaded from the internet 
wka;¾cd,fhka nd.; l< Odjl 
 

Later, manufacturers started providing 

drivers on their official websites. 
miqj" ksIamdolhska Tjqkaf.a ks, fjí wvúj, 
Odjl iemhSu wdrïN l<y' 
 

Users could download the latest driver 

versions. 
mßYS,lhskag kj;u Odjl wkqjdo nd.; l< 
yelsh' 
 

Use in - NVIDIA graphics drivers, HP printer 

drivers, Intel network drivers 

Ndú;d lrkqfha - NVIDIA .%e*sla Odjl" HP 

uqøK hka;% Odjl Intel cd, Odjl 
 

Advantages /jdis 
• Latest updates  

kj;u hdj;ald,Sk lsÍï 
• Bug fixes  

fodaI ksjerÈ lsÍï 
• Better device performance 

jvd fyd| Wmdx. l%shdldß;ajh 

• Plug and play drivers (modern systems) 

Plug and Play Odjl ^kùk moaO;s& 
 

Modern operating systems like Windows, 

Linux, and macOS support Plug and Play 

(PnP) technology. 

Windows, Linux  iy macOS jeks kùk 
fufyhqï moaO;s Plug and Play (PnP) 
;dlaIKhg iyh olajhs' 
 

Plug and Play automatically: 

Plug and Play iajhxl%Shj( 
 

o Detects a newly connected device 
w¨;ska iïnkaê; Wmdx.hla y÷kd .kS 
 

o Finds the correct driver 
ksjerÈ Odjlh fidhd .kS 
 

o Installs it automatically 
th iajhxl%Shj ia:dmkh lrhs 
 

Use in - USB mouse, USB keyboard, USB 

flash drive, External hard drive 

Ndú;d lrkqfha - USB uQislh" USB 

h;=remqjrej" USB *a,EIa Odjlh" ndysr oDV 
;eáh 
 

Advantages / jdis 
 

• No manual installation required 
w;ska ia:dmkh wjYH fkdfõ 

• Faster device setup 
fõ.j;a Wmdx. ieliqu 

• Easy for users 
mßYS,lhskag myiqh 
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Spooling (Simultaneous Peripheral 
Operations On-Line / iu.dó m¾hka; 

fufyhqï ud¾..;j)  
 
An operating system technique in which I/O 
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. 
nyq l%shdj,s j,ska ,efnk I/O o;a; oaú;Shsl 
.nvdfõ ^;eáh& fmda,sï.; lr we;s fufyhqï 

moaO;s ;dËKhls" túg CPU wfkl=;a l%shdj,Ska 
l%shd;aul lrk w;r;=r m¾hka; Wmdx.hlg 
ld¾hhka wkql%ñlj ielish yelsh' 
 

Without spooling, the CPU must wait until the 
peripheral device finishes the current job, which 
reduces overall system efficiency. 
spooling fkdue;s kï " m¾hka; Wmdx.h j;auka 

ld¾hh wjika lrk f;la CPU /£ isáh hq;= 
w;r" th iuia; moaO;s ld¾hlaIu;dj wvq lrhs' 

 
Advantages / jdis 

 
• Improves CPU utilization by allowing the 

CPU to continue other tasks without 
waiting for slow devices. 
ukao.dó Wmdx. i|yd n,d fkdisg CPU yg 
wfkl=;a ld¾hhka lrf.k hdug bv §fuka 

CPU Ndú;h jeä ÈhqKq lrhs' 

 
• Enables multiple processes/users to share a 

single peripheral device efficiently. 
nyq l%shdj,s$mßYS,lhskag ;ks m¾hka; 
Wmdx.hla ld¾hlaIuj fnod .ekSug 
yelshdj ,nd fohs' 

 
• Organizes I/O jobs in a queue for sequential 

processing, improving device 
management. 
wkql%ñl ieliqï i|yd fmda,sul I/O 
ld¾hhka ixúOdkh lrhs tu.ska Wmdx. 
l<ukdlrKh jeä ÈhqKq lrhs' 

Disadvantages / wjdis 

 
• Requires additional disk space to store 

spool files.  
spool f.dkq .nvd lsÍug wu;r ;eá bvla 
wjYH fõ' 

 
• Introduces extra overhead for managing 

the spool queue. 
spool fmda,su l<ukdlrKh lsÍu i|yd 
wu;r Wäia ld¾hhka y÷kajd fohs' 

 
• Failure of the spool system or disk can delay 

or interrupt all queued jobs. 
spool moaO;sfha fyda ;eáfha wiu;a ùu 
fmda,sï lr we;s ish¨u ld¾hhka m%udo lsÍug 
fyda ndOd lsÍug fya;= úh yel' 

 
Example – Printer Spooling  
WodyrKh - uqøK hka;% Spool lsÍu  
 

1. Multiple programs send print jobs. 
 nyq jevigyka uqøK ld¾hhka hjhs'  

2. The operating system stores each job in a 
spool file on disk.  
fufyhqï moaO;sh iEu ld¾hhlau ;eáfha 

spool f.dkqjl .nvd lrhs' 
3. A print spooler manages the job queue.  

uqøK spooler /lshd fmda,su l<ukdlrKh 
lrhs' 

4. The printer takes jobs from the queue and 
prints them sequentially.  
uqøK hka;%h fmda,sfuka /lshd ,ndf.k tAjd 
wkql%ñlj uqøKh lrhs' 

 
The user can continue using the computer while 
printing occurs.  
uqøKh isÿjk w;r;=r mßYS,lhdg mß.Klh 
Ndú;d lsÍu È.gu lrf.k hd yel' 
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Other Uses of Spooling  
Spool lsÍfï fjk;a Ndú;hka 

 
• Printing systems  

uqøK moaO;s 
• Batch I/O processing 

lKavdhï I/O ieliSu 
• Network job queues  

cd, /lshd fmda,sï 
• Media rendering queues  

udOH úoeyqï fmda,sï 
• Background report generation  

miqìï jd¾;d W;amdokh 
 
Components / ixrpl 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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. 
n*ßka hkq úúO fõ.hlska l%shd;aul jk Wmdx. 
folla fyda l%shdj,s folla w;r o;a; udre lrk 
w;r;=r n*rhla f,i ye¢kafjk u;l m%foaYhl 
;djld,slj o;a; .nvd lsÍuhs'  

 
It helps ensure smooth and efficient data 
transfer by holding data until the receiving 
component is ready to process it. 
,efnk ixrplh th ieliSug iQodkï jk f;la 
o;a; r|jd ;nd .ekSfuka iqug yd ld¾hlaIu 
o;a; yqjudrejla iy;sl lsÍug th WmldÍ fõ' 

 
NOTE: 
Spooling vs Buffering 
 

Feature Spooling Buffering 
Storage 
used 
Ndú;d l< 
.nvd 

Disk / ;eá 

Main 
memory 
m%Odk u;lh 
(RAM) 

Data size 
o;a; 
m%udKh 

Large / úYd, Small / l=vd 

Purpose 
wruqK 

Manage slow 
devices  
ukao.dó Wmdx. 
l<ukdlrKh 
lrhs 

Handle 
speed 
mismatch 
fõ. 
fkd.e,mSu 
yiqrejhs 

Example 
WodyrK 

Printer job 
queue  
uqøK hka;% 
/lshd fmda,su 
 

Keyboard 
input buffer  
h;=remqjre 
wdodk n*rh 

 
 
 
 
 
 
 
 
 
 
 
 
 

Component  
ixrpl  

Role 
N+ñldj 

CPU 

Sends data to the spool 
system 
spool moaO;shg o;a; 
hjhs 

Spooler 
Manages the job queue  
/lshd fmda,su 
l<ukdlrKh lrhs 

Disk (secondary 
storage) 
;eáh ^oaú;shsl 
.nvdj&  

Stores spooled data 
iamQ,a l< o;a; .nvd 
lrhs 

Peripheral device  
m¾hka; Wmdx.h  

Processes data slowly 
o;a; fiñka ilihs 
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Memory Management 
u;l l<ukdlrK tAllh 
 
Memory management refers to the process of 

managing computer memory, particularly the 

allocation and deallocation of memory for 

running processes and programs. 
u;l l<ukdlrKh hkq mß.Kl u;lh 
l<ukdlrKh lsÍfï l%shdj,sh jk w;r 
úfYaIfhka Odjk ;;ajfha we;s l%shdj,s iy 
jevigyka i|yd u;lh fjka lsÍu iy fnod 
yeÍu f,i yeÈkaúh yelsh'  
 

An Operating System does the following 

activities for memory management 
u;l l<ukdlrKh i|yd fufyhqï moaO;shla 
my; l%shdldrlï isÿ lrhs 
 

• Keeps tracks of primary memory, i.e., 

what part of it are in use by whom, what 

part are not in use. 
m%d:ñl u;lh ms<sno igyka ;nd .kS" tkï" 
tys l=uk fldgi Ndú;d lrkafka l=uk 
l%shdhkh úiskao" l=uk fldgi Ndú;d 
fkdfõo hkak igyka ;nd .kS' 
 

• In multiprogramming, the OS decides 

which process will get memory when and 

how much. 
nyq l%uf,aLkfha§" l=uk l%shdj,sh l=uk 
fj,dfõ§ fldmuK u;l m%udKhla ,nd 
.kafkao hkak fufyhqï moaO;sh úiska ;SrKh 
lrhs 

 
• When a process or program requires 

memory, the memory manager allocates a 

portion of the available memory to it. 
l%shdj,shlg fyda jevigyklg u;lh 
wjYH jQ úg" u;l l<ukdlrKh úiska 
mj;sk u;lfhka fldgila thg fjka lrhs' 

 
• 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. 
l%shdj,shlg fyda jevigyklg fjka l< 
u;lh ;jÿrg;a wjYH fkdjk úg" u;l 
l<ukdlrKh úiska tu u;lh fjk;a 
l%shdj,Ska i|yd ,nd .; yels mßÈ fjka fyda 
ksoyia lrhs' 

Main Memory (RAM) 

m%Odk u;lh (RAM) 

 

Programs cannot execute directly from 

secondary storage (disk).  
jevigyka oaú;Shsl wdphkh ^;eáh& ;=< isg 
iDcqju l%shd;aul úh fkdyel' 
 
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. 

fufyhqï moaO;sh uÕska m%:ufhka tAjd RAM 
u;lh fj; mQrKh úh hq;= w;r" tys§ l%shd;aul 
jk l%shdj,Ska i|yd u;lh ;djld,slj fjka 
lrkq ,nhs' tfukau Ndú;hg fkd.;a bv m%udKh 
wfkl=;a jevigyka i|yd b;sßj mj;S' 

 

Main memory (RAM) stores instructions and 

data while programs are executing.  

m%Odk u;lh (RAM) uÕska jevigyka l%shd;aul 
jk w;r;=r tAjdg wod< Wmfoia iy o;a; .nvd 
lr .kq ,nhs' 
 

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. 

oaú;Shsl wdphkhg (Secondary storage) 
idfmalaIj fuys o;a; lshùfï iy ,sùfï fõ.h 
b;d by< neúka" ilikhg ^CPU) il%sh 
jevigyka fla;" úp,Hhka iy ieliSfï§ ,efnk 
w;rueÈ m%;sM, b;d blaukska ,nd .ekSug fuhska 
bv m%ia:dj ie,fia' 
 
RAM is volatile, meaning its contents disappear 

when power is turned off. 

RAM hkq kYH u;lhla jk w;r" fuys woyi 
jkafka úÿ,s iemhqu úikaê jQ úg tys .nvd ù 
we;s o;a; uelS hk njhs' 
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Virtual memory 
w;:H u;lh 
 
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. 
w;:H u;lh u.ska mß.Klhl we;s fN!;sl 
u;lhg jvd úYd, jevigyka jqjo l%shd;aul 
lsÍug bv ,nd fohs' fuhg iyh ùu i|yd 
moaO;sh úiska oaú;Shsl .nvd Ndú;d lrkq ,nhs' 
 

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. 
w;:H u;lh u.ska tla tla l%shdj,sh i|yd úYd, 
;d¾lsl ,smsk wjldYhla ,nd fok w;r" tu.ska 
moaO;sfha ienúkau mj;sk u;lhg jvd jeä 
u;lhla we;s nj fmkajhs' 
 

When a program runs, only the pages that are 

currently needed are loaded into RAM. 
jevigykla l%shd;aul jk úg" tu wjia:dfõ§ 
w;HjYH jk msgq muKla RAM tlg mQrKh lrkq 
,efí' 
 

Pages that are not currently needed remain in 

secondary storage until they are required. 
oekg wjYH fkdjk msgq" tajd wjYH jk f;la 
oaú;Shsl .nvdfõ r|jd ;nd .kS' 
 

Virtual memory improves memory utilization, 

multitasking ability, and overall system 

performance. 
w;:H u;lh u.ska u;l Ndú;h" nyqld¾h 
yelshd iy moaO;sfha iuia; l%shdldÍ;ajh jeä 
ÈhqKq lrhs' 
 
 

Memory Locations and Addresses 
u;l ia:dk iy ,smsk  
 

Memory is organized into many small storage 

locations, each capable of storing a small unit of 

data (such as a byte).  
u;lh l=vd .nvd ia:dk rdYshlg fnod ixúOdkh 
lr we;s w;r" tu iEu ia:dkhlgu o;a; l=vd 
tAllhla ̂ nhsghla jeks& .nvd lsÍfï yelshdj mj;S' 
 

Each location is identified by a unique numeric 

address. 
iEu ia:dkhlau wkkH jQ ixLHd;aul ,smskhlska 
y÷kd .efka' 
 

The address identifies where the data is stored, 

not what the data contains. 
o;a;j, wvx.= foa fkdj" o;a; .nvd lr we;s 
ia:dkh tu ,smskh uÕska y÷kd .kq ,nhs' 
 

The CPU uses these addresses to access memory 

locations when reading data from memory or 

writing results to memory.  
o;a; lshùfï§ fyda m%;sM, u;lfha ,sùfï§ tu 
u;l ia:dk fj; m%fõY ùug ilikh ^CPU& úiska 
fuu ,smsk Ndú;d lrkq ,nhs' 
 

Addressable memory 
u;l fhduq.;lrKh 
 

Addressable memory refers to the total amount of 

memory that a computer's architecture can 

address or access. 
u;l fhduq.;lrKh hkq mß.Klhl ks¾ñ;shlg 
m%fõY úh yels uq¿ u;l m%udKhhs' 
 

It determines the maximum size of the memory 

space that can be managed by the CPU and the 

operating system. 

th CPU iy fufyhqï moaO;sh u.ska l<ukdlrKh 
l< yels u;l wjldYfha Wmßu Odß;djh ;SrKh 
lrhs' 
 

Byte addressable memory 
nhsg fhduq.; u;l 
 

Byte addressable memory is a type of memory 

architecture where each individual byte in 

memory has a unique address. 
nhsg fhduq.; u;l hkq u;lfha we;s iEu 
nhsghlgu wkkH ,smskhla we;s u;l ks¾ñ; 
j¾.hls' 
 

Hence, we can determine the maximum memory 

capacity in bytes by writing the bus width as a 

power of two. 
tneúka" nia m<, foflys n,hla f,i ,sùfuka 
Wmßu u;l Odß;dj nhsg j,ska fldmuKlao hkak 
;SrKh l< yelsh 
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Address 

Bits 

Maximum Addressable 

Memory 

1-bit 2¹ = 2 bytes 

2-bits 2² = 4 bytes 

3-bits 2³ = 8 bytes 

8-bits 2⁸ = 256 bytes 

10-bits 2¹⁰ bytes = 1 KB 

15-bits 2¹⁵ bytes = 2⁵ × 2¹⁰ = 32 × 1 KB 

= 32 KB 

20-bits 2²⁰ bytes = 1 MB 

24-bits 2²⁴ bytes = 2⁴ × 2²⁰ = 16 × 1 MB 

= 16 MB 

30-bits 2³⁰ bytes = 1 GB 

36-bits 2³⁶ bytes = 2⁶ × 2³⁰ = 64 × 1 GB 

= 64 GB 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE: 

Serial Transmission 
wkql%ñl iïfm%aIKh 
 
 

 

 

 

 

 

Data is transmitted one bit at a time through a 

single communication line. 
;ks ikaksfõok ud¾.hla yryd jrlg ìÜ tl 
ne.ska o;a; iïfm%aIKh fõ' 
 

Requires fewer wires and simpler hardware 

connections. 
wvq jh¾ iy ir, oDvdx. iïnkaO;d wjYH fõ' 
 

Suitable for long-distance communication. 
È.= ÿr ikaksfõokh i|yd iqÿiq fõ' 
 

Less signal interference and timing issues 

compared to parallel transmission. 
iudka;r iïfm%aIKhg idfmalaIj wvq ix{d ndOd 
lsÍï iy ld, .eg¿' 
 

Commonly used in USB, SATA, and network 

communication. 

USB, SATA iy cd, ikaksfõokfha nyq,j Ndú;d 
fõ' 
 

Usually slower than parallel transmission for 

short distances. 
flá ÿr i|yd idudkHfhka iudka;r 
iïfm%aIKhg jvd ukao.dó fõ' 

2 memory address length = maximum accessible memory in bytes 

2 u;l ,smskhl Wmßu È.  = m%fõY úh yels Wmßu u;l ,smsk nhsÜ j,ska m%udKh 
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Parallel Transmission 
iudka;r iïfm%aIKh 
 

 

 

 

 

 

 

 

 

Data is transmitted multiple bits simultaneously 

through multiple lines. 
o;a; nyq fraLd yryd tljr ìÜ lsysmhla 
iïfm%aIKh fõ' 
 

Each bit of a byte is sent through a separate 

wire at the same time. 
nhsÜ tll iEu ìÜ tllau tljr fjku jhrhla 
yryd hjkq ,efí' 
 

Provides faster data transfer over short 

distances. 
flá ÿr yryd fõ.j;a o;a; yqjudrejla imhhs' 
 

Requires more wires and more complex 

hardware.  
jeä jh¾ iy jvd;a ixlS¾K oDvdx. wjYH fõ' 
 

Can suffer from signal interference and 

synchronization problems (skew) over long 

distances. 
È.= ÿr yryd ix{d ndOd lsÍï iy iuuqyq¾; 
lsÍfï .eg¿ we;s úh yel' 
 

Used in internal computer communication such 

as memory buses and old printer ports. 
u;l nia iy mer‚ uqøK hka;% jrdhka jeks 
wNHka;r mß.Kl ikaksfõokfha Ndú;d fõ'

System Bus  
moaO;s nih 
 
The system bus is the communication pathway 

connecting CPU, memory, and I/O devices. 

moaO;s nia r:h hkq CPU, u;lh iy I/O Wmdx. 
iïnkaO lrk ikaksfõok ud¾.hhs' 
 
It consists of three main buses / th m%Odk nia 
;=klska iukaú; fõ:  

 

1. Data bus o;a; nih 

2. Address bus ,smsk nih  
3. Control bus md,k nih 

 

 

 

 

 

 

 

 

 

 

 

 

Data Bus 
o;a; nih 
 
The data bus transfers actual data between the 

CPU, memory, and I/O devices.  

CPU, u;lh iy I/O  Wmdx. w;r i;H o;a; udre 
lrhs' 
 

It is bidirectional, meaning data can travel both 

to and from the CPU.  

th oaúmd¾Yaúl fõ" tkï o;a; CPU fj; iy bka 
msg;g .uka l< yelsh' 
 

The width of the data bus (8, 16, 32, 64 bits) 

determines how many bits can be transferred at 

once. 
o;a; nifha m<, ^ìgq 8" 16" 32" 64& tljr ìgq 
lShla udre l< yelso hkak ;SrKh lrhs' 
 

A wider data bus increases data transfer speed. 
mq¿,a o;a; nihla o;a; yqjudre fõ.h jeä lrhs' 
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Address Bus  
,smsk nih 
 
The address bus carries memory addresses 

from the CPU to memory or I/O devices. 

,smsk nih CPU isg u;lh fyda I/O Wmdx. fj; 
u;l ,smsk /f.k hhs' 
 

It is unidirectional, meaning signals travel only 

from the CPU outward. 

th tAl ÈYdkq.; fõ" tkï ix{d CPU isg msg;g 
muKla .uka lrhs' 
 

The number of address lines determines the 

maximum addressable memory. 
,smsk fraLd .Kk Wmßu wduka;%Kh l< yels 
u;lh ;SrKh lrhs' 
Each address line represents one bit in the 

memory address. 
iEu ,smsk fraLdjlau u;l ,smskfha tla ìÜ tlla 
ksfhdackh lrhs' 
 

Used by the CPU to identify the exact memory 

location for read or write operations. 
lshùfï fyda ,sùfï fufyhqï i|yd ksYaÑ; u;l 
ia:dkh y÷kd .ekSug CPU úiska Ndú;d lrhs' 
 

Control Bus  
md,k nih 
 
The control bus carries control signals that 

coordinate system operations. 
md,k nih moaO;s fufyhqï iïnkaëlrKh lrk 
md,k ix{d /f.k hhs' 
 

It manages communication between CPU, 

memory, and I/O devices.  

th CPU" u;lh iy I/O Wmdx. w;r 
ikaksfõokh l<ukdlrKh lrhs' 
 

Control signals include Read, Write, Interrupt, 

Clock, and Reset signals. 
md,k ix{dj,g lshùu" ,sùu" ndOd lsÍu" 
Trf,daiqj iy h<s msysgqùfï ix{d we;=<;a fõ' 
 

Ensures that data transfer happens at the 

correct time and in the correct direction. 
o;a; yqjudrej ksjerÈ fõ,djg iy ksjerÈ 
ÈYdjg isÿjk nj iy;sl lrhs' 
 

Helps synchronize all hardware components in 

the system. 
moaO;sfha ish¨u oDvdx. ixrpl iuuqyq¾; 
lsÍug WmldÍ fõ 
 

 

The number of wires or address buses is known 

as the Bus Width. 
/yeka fyda ,smsk nia .Kk nia m<, f,i 
ye¢kafõ' 
 

The bus width determines the maximum 

memory capacity that the CPU can read at one 

time. 

nia m<, u.ska CPU tlg tlajrl§ lshúh yels 
Wmßu u;l Odß;dj ;SrKh lrhs' 
 
 
 
 
 
 
 
 
 
 
 

 

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. 
u;l ,smskhl Wmßu È. nifha m<,g iudk fõ' 
tkï" nia m<,g jvd jeä È.la iys; u;l ,smsk 
mej;sh fkdyel' 
 

Memory addresses may have a length shorter 

than the bus width when high-capacity memory 

is not available. 
by< Odß;djhlska hq;a u;lh fkdue;s úg u;l 
,smskj, È. nia m<,g jvd flá úh yel' 

 
 
 
 
 Bus width = address maximum length  

nia m<, = fN!;sl u;l ,smskhl Wmßu È. 

2Bus width = maximum accessible memory  

2nia m<,  = m%fõY úh yels Wmßu u;l m%udKh nhsÜ j,ska  
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Units of Memory Data Storage 
o;a; uekSfï tAll 
 
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. 

u;l Odß;dj ukskq ,nkafka nhsg ^Byte& iy 
nhsgj, .=Kdldr uÕsks' u;lfha fyda .nvd 
Wmdx.j, ;ekam;a l< yels o;a; m%udKh fuu 
tAll uÕska úia;r flfra' 
 
 

 

4 bits ( 22 )          

8 bits ( 23 )          

1024 bytes ( 210 ) 

1024 KB    

1024 MB   

1024 GB   

 
 

In computer architecture, memory sizes are 

expressed using powers of 2 because digital 

systems operate using binary addressing. 
mß.Kl ks¾udK Ys,amfha§" äðg,a moaO;s oaúuh 
,smsklrKh uÕska l%shd;aul jk neúka u;l 
m%udK m%ldY lrkq ,nkafka 2ys n,hka f,isks' 

 

Logical Idea of a Running Program 
l%shd;aul jk jevigykl ;d¾lsl ixl,amh 
 

A running program views memory as its own 

continuous sequence of addresses, starting 

from address 0 up to a maximum limit.  
l%shd;aul jk jevigykla u;lh olskqfha ,smsk 
0 isg Wmßu iSudj olajd úysfok ;ukagu 
wdfõ‚l jQ wLKav ,smsk wkql%uhla f,ihs' 
 

This view is called the logical (or virtual) address 

space. 
fuu oelau ;d¾lsl ^fyda w;:H& ,smsk wjldYh 
f,i ye¢kafõ' 
 

The logical address space is typically divided 

into regions used during program execution: 
jevigykla l%shd;aul jk w;r;=r Ndú;d jk 
l,dm lsysmhlg fuu ;d¾lsl ,smsk wjldYh 
fnod we;( 
 
 
 
 
 

• Code (Text Segment) – stores the program 

instructions. 

fla;h  – fuys jevigyfka Wmfoia .nvd 
lrkq ,nhs' 

• Data/Global Segment– stores global and 

static variables. 
o;a;$f.da,Sh l,dmh – fuys f.da,Sh iy 
iaÓ;sl úp,Hhka .nvd lrkq ,nhs' 
 

• Heap – used for dynamic memory 

allocation during execution (e.g., when 

memory is requested while the program 

runs). 
jevigyk l%shd;aul jk w;r;=r 
^WodyrKhla f,i jevigyk Odjkh jk úg 
u;lh wjYH jQ úg& .;sl u;l fjkalsÍï 
i|yd fuh Ndú;d fõ' 
 

• Stack – stores function calls, parameters, 

return addresses, and local variables. 
fuys function calls, parameters, return 

addresses,iy local variables .nvd lrkq 
,nhs' 

 
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. 
jevigykl oDIaáfldaKfhka n,k l," tlu 
wjia:djl jevigyka rdYshla l%shd;aul fjñka 
mej;sho" fuu u;l wjldYh fj; ;ukagu 
wdfõ‚l jQ iy fm!oa.,sl m%fõYhla we;s njla 
thg fmkS hhs' 
 

In reality, the operating system manages 

memory and maps the logical address space to 

physical memory using the Memory 

Management Unit (MMU). 
h:d¾:fha §" fufyhqï moaO;shúiska u;lh 
l<ukdlrKh lrk w;r" u;l l<ukdlrK 
tAllh Ndú;d lrñka fuu ;d¾lsl ,smsk wjldYh 
fN!;sl u;lh fj; iïnkaO lrhs  
 

Virtual address spaces are isolated from each 

other, meaning one process cannot access the 

memory of another process directly. 
w;:H ,smsk wjldYhka tlsfklska yqol,d fõ" 
tkï tla l%shdj,shlg ;j;a l%shdj,shl u;lhg 
iDcqju m%fõY úh fkdyel' 
 

Each process has its own virtual address space. 
iEu l%shdhkhlgu tA ioydu fjkajQ w;:H ,smsk 
wjldYhla we;' 
 

  

- 1 Bit – smallest unit of data 

- 1 Nibble 

-     1 Byte 

-     1 KiloByte (KB) 

-     1 MegaByte (MB) 

-     1 GigaByte (GB) 

-     1 TeraByte (TB) 
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Need for Memory Management 
u;l l<ukdlrKfha wjYH;djh 
 
Modern computer systems run multiple processes 

simultaneously.  
kùk mß.Kl moaO;s tljr l%shdj,s lsysmhla 
l%shd;aul lrhs' 
 
Therefore, memory must be properly allocated, 

protected, and managed among these processes. 
tneúka" fuu l%shdj,s w;r u;lh ksis mßÈ fjka 
lsÍu" wdrlaId lsÍu iy l<ukdlrKh lsÍu 
wksjd¾hfhkau l< hq;=h' 
 

Memory must be used efficiently so that more 

programs can run without wasting memory space. 
jeä jevigyka ixLHdjla l%shd;aul lsÍug yels jk 
mßÈ" u;l wjldYh wmf;a fkdhjd b;d 
ld¾hlaIuj u;lh Ndú;d l< hq;=h' 
 

Contiguous Allocation and Its Problems 
hdno úNdckh iy tys .eg¨  
 
In simple memory management systems, a 

process occupies one continuous block of 

memory. This approach is called contiguous 

allocation. 
ir, u;l l<ukdlrK moaO;sj,§" tla l%shdj,shla 
u;lfha tla wLKav fldgila ,nd .kS' fuu l%uh 
hdno úNdckh f,i ye¢kafõ' 
 

However, it causes several problems over time: 
flfia fj;;a" ld,h;a iuÕ fuys .eg¨ lsysmhla 
u;= fõ( 
 
• 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. 

iuia; ksoyia u;l m%udKh m%udKj;a jqjo" 
úYd, wLKav u;l fldgila fidhd .ekSu 
wmyiq fõ' ndysr LKavkh isÿ fõ¦ fuys§ ksoyia 
u;lh l=vd fldgia rdYshlg úisÍ hhs' 

 

• Memory compaction may be required to 

combine scattered free spaces, but this 

process is time-consuming. 

úisÍ we;s ksoyia bv m%udKhka tAldnoaO lsÍu 
i|yd u;l ixhqla;lrKh wjYH úh yels 
kuq;a" fuu l%shdj,sh i|yd jeä ld,hla jeh 
fõ' 

 

To overcome these limitations, paging was 

introduced, which allows processes to be stored in 

non-contiguous memory locations. 
fuu iSudjka uÕyrjd .ekSu i|yd msgqlrKh 
y÷kajd fok ,§' tuÕska l%shdj,s wLKav fkdjk 
u;l ia:dkj, .nvd lsÍug bv ,nd foa' 

Introduction to Paging 
msgqlrKh ms<sn| ye¢kaùu 
 
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. 
msgqlrKh hkq fN!;sl u;lh wLKavj fjka lsÍfï 
wjYH;djh bj;a lsÍug iy u;l Wmfhda.S;dj jeä 
ÈhqKq lsÍug fufyhqï moaO;sj, Ndú;d lrk u;l 
l<ukdlrK ;dlaIKhls' 
 

• Logical memory is divided into fixed-size 

blocks called pages. 
;d¾lsl u;lh" msgq f,i ye¢kafjk ia:djr 
m%udKfha fldgia j,g fnod we;' 
 

• Physical memory is divided into fixed-size 

blocks called frames. 
fN!;sl u;lh" rduq f,i ye¢kafjk ia:djr 
m%udKfha fldgia j,g fnod we;' 

 

• Pages of a process are placed into available 

frames in main memory for execution. 
l%shdj,shl we;s msgq" l%shd;aul lsÍu i|yd 
m%Odk u;lfha we;s ,nd.; yels rduq ;=<g 
we;=<;a lrkq ,efí' 
 

• Since page size equals frame size, pages can 

fit exactly into frames. 
msgqjl m%udKh iy rduqjl m%udKh iudk 
neúka" msgq yßhgu rduq ;=<g .e,fma' 
 

• The operating system maintains a page table 

to map pages to their corresponding frames. 
msgq iy tAjdg wkqrEm rduq w;r iïnkaOh 
mj;ajd .ekSug fufyhqï moaO;sh úiska msgq 
j.=jla mj;ajdf.k hkq ,nhs' 

 

Paging removes the requirement for contiguous 

memory allocation and helps reduce external 

fragmentation. 
msgq.; lsÍu uÕska wLKavj u;lh fjka lsÍfï 
wjYH;djh bj;a lrk w;r ndysr LKavkh  wju 
lsÍug WmldÍ fõ' 
 

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 
msgqlrKh yryd" fufyhqï moaO;sj,g w;:H 
u;lho l%shd;aul l< yelsh' tuÕska fN!;slj 
mj;sk RAM Odß;djhg jvd jeä u;lhla wjYH 
jevigyka Odjkh lsÍu i|yd RAM iuÕ oaú;Shsl 
.nvdj(Hard disk jeks& Ndú;d lsÍug mß.Klhg 
bv i,ihs' 
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Pages 
msgq 
A page is a fixed-size block of logical (virtual) 

memory used in the paging memory 

management technique. 
msgq.; lsÍfï u;l l<ukdlrK ;dlaIKfha§ 
Ndú;d jk" ia:djr m%udKfha ;d¾lsl ^w;:H& 
u;l fldgila —msgqjla— f,i ye¢kafõ' 
 
• The logical address space of a program is 

divided into equal-sized pages. 

jevigykl ;d¾lsl ,smsk wjldYh iudk 
m%udKfha msgq j,g fnod we;' 
 

• Each page contains a portion of the 

program, such as instructions or data. 

iEu msgqjlu jevigyfka Wmfoia fyda o;a; 
jeks fldgila wvx.= fõ' 
 

• Typical page sizes are powers of two, for 

example 4 KB, 8 KB, or 16 KB. 

idudkHfhka msgqjl m%udKh fofla n,hla 

f,i mj;S. WodyrK(4 KB, 8 KB, fyd16 KB 

 

• Pages are mapped to frames in physical 

memory during execution. 

jevigyk l%shd;aul jk úg fuu msgq" 
fN!;sl u;lfha(RAM) we;s rduq ^Frames& 
fj; iïnkaO flfra' 
 

 

 

 

NOTE: 

The last page of a program may not be 

completely filled, which can cause internal 

fragmentation. 

jevigykl wjidk msgqj iïmQ¾Kfhkau msÍ 
fkd;sìh yels w;r" tuÕska wNHka;r LKavkh 
we;s úh yel' 

 

Example 

If a program size is 10 KB and the page size is 4 

KB: 

WodyrKhla jevigykl m%udKh 10 KB jk w;r 
msgqjl m%udKh 4 KB kï( 
 

Page(msgqj) Size Used(Ndú;d l< m%udKh) 

Page 0 4 KB 

Page 1 4 KB 

Page 2 2 KB (partially filled/ w¾O jYfhka 

msÍ we;) 

 

Here the third page is not fully used, which 

results in internal fragmentation. 
iïmQ¾Kfhkau Ndú;d lr fkdue;s neúka 
wNHka;r LKavkh we;s fõ' 

 

 
 
 

Page number 
msgq wxlh 

Virtual memory 
w;:H u;lh 

Page number bits = 3 

4KB each page 

Offset / Displacement 
fkrej $ úia:dmkh 

3 = 23 = 8  

212 = 4 KB  

8 x 4 = 32 KB  

2 offset bits = page size in bytes 

2 fkrefõ ìgq  = msgqjl m%udKh nhsÜ j,ska   

No. of pages = 2 page number bits 

msgq .Kk= 2 msgq wxlfha ìgq .Kk 

Total virtual memory size = no.of pages x page size 

w;:H u;lfha uq¿ m%udKh = msgq .Kk x msgqjl m%udKh 
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01. 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?  
mß.Kl moaO;shl w;:H u;lhla we;s w;r th msgq 4096 lg fnod we;' tla msgqjl m%udKh 4 
MB kï" fuu w;:H u;lfha iïmQ¾K Odß;dj fldmuKo@ 
 

Virtual memory capacity = Size of a page x number of pages 

= 4 MB x 4096 = 22 x 210 x 210 Bytes x 212 

= 222 x 212 Bytes = 24 x 230 Bytes 

= 24 x Giga Bytes = 16 GB 
 

02. A virtual memory consisting of 1024 pages has a size of 4 GB. What is the size of a single page? 

msgq 1024 lska iukaú; w;:H u;lhl m%udKh 4 GB fõ' ;ks msgqjl m%udKh fldmuKo@ 
 

Size of one page = Virtual memory capacity / number of pages 

= 4 GB / 1024 = 22 x 210 x 210 x 210 Bytes / 210 

= 22 x 210 x 210 x 210 Bytes / 210 = 22 x 220 Bytes 

= 22 x Mega Bytes  

= 4 MB 
 

03. A 2GB virtual memory has been divided into 512 KB size-pages. How many pages is this virtual 

memory divided into? 

2GB w;:H u;lhla 512 KB m%udKfha msgq j,g fnod we;' fuu w;:H u;lh msgq lShlg fnod 
;sfío@ 
 

Number of pages = Virtual memory capacity / Size of one page 

= 2 GB / 512 KB = 21 x 210 x 210 x 210 Bytes / 29 x 210 Bytes 

= 21 x 210 x 210 x 210 Bytes / 29 x 210 Bytes 

= 21 x 210 x 210 / 29 = 21 x 210 x 21 

= 22 x 210 =  212 

= 4096 
 

04. A system uses pages of size 8 KB. How many bits are required for the offset? 

moaO;shla 8 KB m%udKfha msgq Ndú;d lrhs' fkrej i|yd ìgq lShla wjYH fõo@ 
 

2 offset bits = page size in bytes 

= 8 KB = 8 x 210 Bytes 

= 23 x 210 Bytes = 213 Bytes  

= 13 bits 
 

05. A virtual memory system uses 12 offset bits. What is the page size? 

w;:H u;l moaO;shla fkrefõ ìgq 12 la Ndú;d lrhs' msgq m%udKh l=ulao@ 
 

2 offset bits = page size in bytes 

= 212 Bytes 

= 22 x 210 Bytes  

= 4 KB 
 

06. A virtual memory contains 4096 pages. How many bits are needed for the page number? 

w;:H u;lhl msgq 4096 la wvx.= fõ' msgq wxlh i|yd ìgq lShla wjYH fõo@ 
 

No. of pages = 2 page number bits 

= 4096 = 212 

= 12 bits 
 

07. A system uses 10 bits for the page number. How many pages are there? 

moaO;shla msgq wxlh i|yd ìgq 10 la Ndú;d lrhs' msgq lShla ;sfío@ 
 

No. of pages = 2 page number bits 

= 210 

= 1024 pages 
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Logical (Virtual) Address 
;d¾lsl ^w:;H& ,smskh 

 

Whenever a program accesses memory, the 

CPU produces a logical address. 
jevigykla u;lhg m%fõY jk iEu 
wjia:djlu" CPU úiska ;d¾lsl ,smskhla 
ksmojhs' 
 

It cannot access physical memory without 

translation. 
thg mßj¾;khlska f;drj fN!;sl u;lhg 
m%fõY úh fkdyel' 
 

The Memory Management Unit (MMU) uses the 

page table maintained by the operating system 

to perform this translation. 
fuu mßj¾;kh isÿ lsÍu i|yd u;l 
l<ukdlrK tAllh (MMU) fufyhqï moaO;sh 
úiska kv;a;= lrkq ,nk msgq j.=j Ndú;d lrhs' 
 

The page number is mapped to a frame number 

while the offset remains unchanged to form the 

final physical address. 
wjidk fN!;sl ,smskh iE§u i|yd úia:dmkh 
fkdfjkiaj mj;sk w;r msgq wxlh rduq wxlhlg 
wkqrEmKh lr we;' 

Parts of a virtual memory address  
w;:H u;l ,smskhl fldgia 
There are two main parts in a virtual memory 

address 
w;:H u;l ,smskhl m%Odk fldgia folla we; 

 

 

 

 

Page number / msgq wxlh 
 

A page number is the part of a virtual memory 

address used to identify a specific page in 

virtual memory. 
w;:H u;lh ;=< we;s ksYaÑ; msgqjla y÷kd 
.ekSug Ndú;d lrk w;:H u;l ,smskfha fldgi 
msgq wxlh f,i ye¢kafõ' 
 

Offset / Displacement  
fkrej$úia:dmkh 
 

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 2𝑛bytes, the offset requires 𝑛bits. 
fkrej u.ska msgqjla ;=< we;s ksYaÑ; nhsghl 
byte ,smskh olajhs' fkrefõ úYd,;ajh ^ìÜ 
.Kk& ;SrKh jkafka msgqfõ úYd,;ajh u;h' 
msgqjl úYd,;ajh 2𝑛 nhsÜ kï" fkrej i|yd ìÜ 
𝑛 m%udKhla wjYH fõ 
 

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. 
msgqjl úYd,;ajh nhsÜ m%udKhg iudk kï" 
fkrej i|yd wjYH ìÜ .Kko tA wkqj ;SrKh 
fõ' 
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What is a Frame? 
rduqjla hkq l=ulao@ 
 

In paging, physical memory is divided into small 

blocks called frames to store pages from 

different processes. 
msgqlrKfha§" úúO l%shdj,Skaf.ka msgq .nvd lsÍu 
i|yd fN!;sl u;lh" rduq f,i y÷kajk l=vd 
fldgia j,g fnod we;' 
 

 

NOTE: 

Each frame is the same size as a page so that a 

page can fit exactly into a frame. 
iEu rduqjlau msgqjl m%udKhg iudk jk neúka 
msgqjla ksjerÈj rduqjlg .e<msh yelsh' 
 

  

Physical memory 
fN!;sl u;lh 

Frame number 
rduq wxlh 

Offset / Displacement 
fkrej $ úia:dmkh 

Page number bits = 2 

4KB each page 

2 offset bits = frame size in bytes 

2 fkrefõ ìgq  = rduqjl m%udKh nhsÜ j,ska   

 

No. of frames = 2 frame number bits 

rduq .Kk= 2 rduq wxlfha ìgq .Kk 

Total physical memory size = no.of frames x frame size 

fN!;sl u;lfha uq¿ m%udKh = rduq .Kk x rduqjl m%udKh 

212 = 4 KB  

2 = 22 = 4  

4 x 4 = 16 KB  

Frame size = total physical memory size / no.of frames  

rduqjl m%udKh = fN!;sl u;lfha uq¿ m%udKh / rduq .Kk  

No.of frames = total physical memory size / frame size 

rduqjl m%udKh = fN!;sl u;lfha uq¿ m%udKh  / rduq .Kk 
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01. If a computer’s physical memory has 8,192 frames, each with a size of 4KB, what is the total memory 

capacity? 

mß.Klhl fN!;sl u;lfha tl tflys m%udKh 4KB jk rduq 8,192la ;sfí kï" iïmQ¾K u;l Odß;dj 
fldmuKo@ 
 

Physical memory capacity = Size of one frame x number of frames 

= 4 KB x 8192 = 22 x 210 Bytes x 213 

= 212 x 213 Bytes = 25 x 220 Bytes 

= 25 x Mega Bytes 

= 32 MB 
 

02. Consider a computer with an 8GB of memory that is divided into 65536 frames. Calculate the size of 

one frame. 

rduq 65536 lg fnod we;s 8GB u;lhla iys; mß.Klhla i,ld n,kak' tla rduqjl m%udKh .Kkh 
lrkak' 
 

Size of one frame = Physical memory capacity / number of frames 

= 8 GB / 65536 = 23 x 230 Bytes / 216 

= 23 x 230 Bytes / 210 x 23 x 23 

= 210 x 210 Bytes / 23 = 27 x Kilo Bytes 

= 128 KB 
 

03. 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 fN!;sl u;lhl rduqjl úYd,;ajh 256 KB fõ' fuu fN!;sl u;lfha rduq lShla ;sfío@ 
 

Number of frames = Physical memory capacity / Size of one frame 

= 4 GB / 256 KB = 22 x 230 Bytes / 28 x 210 Bytes 

= 22 x 220/ 28 = 22 x 210 x 22 

= 24 x 210 = 214 

= 16,384 
 

04. What happens to the number of frames when the size of a frame is halved? 
rduqjl m%udKh wvlska wvq l< úg rduq .Kkg l=ula isÿfõo@ 

 

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. 
ks.ukh( rduq m%udKh wvlska wvq l< úg" rduq .Kk fo.=K fõ' 
 

05. What happens to the number of frames when the size of a frame is doubled? 
rduqjl m%udKh fo.=K l< úg rduq .Kkg l=ula isÿfõo@ 
 

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. 
ks.ukh( rduq m%udKh fo.=K l< úg" rduq .Kk wvlska wvq fõ' 

 

116
ictfromabc.com



 

 

 

 

 

 

 

 

 

 

 

Physical Address 
fN!;sl ,smskh 
 

Represents the real memory location where 

data is stored in physical memory. 
fN!;sl u;lfha o;a; .nvd lr we;s ienE u;l 
ia:dkh ksfhdackh lrhs' 
 

The memory hardware uses the physical 

address to read or write data in RAM. 
u;l oDvdx. m%Odk u;lfhys o;a; lshùug fyda 
,sùug" fN!;sl ,smskh Ndú;d lrhs' 
 

The logical address generated by the CPU is 

translated into a physical address during the 

memory access process. 

u;l m%fõY l%shdj,sfha§ CPU uÕska ckkh lrk 
,o ;d¾lsl ,smskh fN!;sl ,smskhla njg 
mßj¾;kh fõ' 
 

The frame number identifies the frame in RAM, 

while the offset specifies the exact position 

within that frame. 
rduq wxlh úiska m%Odk u;lfhys rduqj y÷kd 
.kakd w;r" úia:dmkh tu rduqj ;=< ksYaÑ; 
ia:dkh fmkajd fohs' 
 

The final physical address points to the exact 

location in main memory where the required 

data resides. 
wjidk fN!;sl ,smskh uÕska m%Odk u;lfha 
wjYH o;a; mj;sk ksYaÑ; ia:dkh fmkajd fohs' 
 

 

 

 

 

 

 

 

 

 

 

 

Parts of a physical memory address 
fN!;sl u;l ,smskhl fldgia 
 
There are two main parts in a physical memory 

address 
fN!;sl u;l ,smskhl m%Odk fldgia folla we; 
 

 

 

 

Frame number / rduq wxlh 
 

A frame number is the part of a virtual memory 

address used to identify a specific page in 

physical memory. 
msgq wxlh hkq fN!;sl u;lh ;=< we;s ksYaÑ; 
msgqjla y÷kd .ekSu i|yd Ndú;d lrk w;:H 
u;l ,smskfha fldgihs' 
 

Offset / Displacement  
fkrej$úia:dmkh 
 

The offset specifies the address of a particular 

byte within a page.  
fkrej u.ska msgqjla ;=< we;s ksYaÑ; nhsghl 
,smskh olajhs'  
 
The size (number of bits) of the offset depends 

on the frame size 
fkrefõ úYd,;ajh ^ìÜ .Kk& ;SrKh jkafka 
rduqfõ úYd,;ajh u;h'  
 
If the frame size is 2𝑛bytes, the offset requires 

𝑛bits. 
rduqjl úYd,;ajh nhsÜ m%udKfhka kï" tA i|yd 
wjYH fkrefõ ìÜ .Kk o tA wkqj ;SrKh fõ' 

 

 

 

 

 

 

 
06. Calculate the total number of bits (bus width) used for a physical address 

fN!;sl ,smskhla i|yd Ndú;d lrk uq¿ ìgq .Kk ^nia m<,& .Kkh lrkak' 
 

Physical memory size = 32 MB 

= 2⁵ × 2²⁰ bytes 

= 2²⁵ bytes 

 

Bus width = 25 bits 
 
 

 

117
ictfromabc.com



Relationship between Pages and Frames 
msgq iy rduq w;r iïnkaO;djh 
 

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. 
rduqjl iy msgqjl m%udKh fukau msgq iy rduq 
ixLHdj o ieuúgu 2ys n,hla f,i ksrEmKh l< 
hq;=h' ukao u;l m%udKhka (;d¾lsl u;lh/ 
fN!;sl u;lh) 2ys n,hka jk neúks' msgq$rduq 
m%udKhka 2ys n,hka jk neúks' 

 

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. 
msgq ixLHdj w;:H u;lfha m%udKh u; mokï 
jk w;r" rduq ixLHdj fN!;sl u;lfha RAM 
m%udKh u; mokï fõ' tneúka msgq ixLHdj iy 
rduq ixLHdj wksjd¾hfhkau iudk úh hq;= ke;' 
 

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. 
fN!;sl u;lfha ksis f,i o;a; ;ekam;a lsÍu 
iy;sl lsÍu i|yd msgqjl m%udKh rduqjl 
m%udKhg iudk úh hq;=h'tfia fkdue;s kï" th 
wNHka;r LKavkSlrKhg fya;= fõ' 
 

Relationship Between Page and Frame 
msgqj iy rduqj w;r iïnkaOh 
 

• Page size = Frame size 
msgq m%udKh } rduq m%udKh 

• A page is loaded into a frame. 
msgqjla rduqjlg mQrKh lrkq ,efí' 

• The page table keeps track of which page is 

stored in which frame. 
l=uk msgqj l=uk rduqjl .nvd ù we;aoehs msgq 
j.=j u.ska ksÍlaIKh lrhs' 

 

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. 
l%shdj,shla msgq .Kkdjla fyda ;ks msgqjla fjka 
lrhs' tneúka" wjia:dj wkqj" l%shdj,shg fndfyda 
rduq fyda ;ks rduqjla mj;shs' 
  

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? 

mß.Klhl w:;H u;lh 1GB fõ' rduqjl úYd,;ajh 128KB f,i olajd we;' w;:H u;lfha msgq 
lShla ;sìh yelso@ 

 

Number of pages = Virtual memory capacity / Size of a page 

= 1 GB / 128 KB = 230 Bytes / 27 x 210 Bytes 

= 220 / 27 = 210 x 23 

= 213 

= 8192 
 
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? 
mß.Klhl w;:H u;lfha msgq 1024la we;' fuu mß.Klfha fN!;sl u;lfha we;s rduqjl 
úYd,;ajh 2 MB fõ' w;:H u;lfha Odß;dj fN!;sl u;lhg jvd fo.=Khla kï" fN!;sl u;lfha 
rduq lShla ;sfío@ 

 
Virtual memory capacity = Size of a page x number of pages 

= 2 MB x 1024 

= 2 GB 

 

Number of frames = 1 GB / 2 MB 

= 1024 MB / 2 MB 

= 512 
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03. Consider a physical memory with 214 frames where the size of each frame is 4KB. 

tla tla rduqfõ m%udKh 4KB la jk rduq 214 la iys; fN!;sl u;lhla i,ld n,kak' 
 
Number of frames = 214 = 16384 

 

Calculate the total number of bits used for a physical address. 
fN!;sl ,smskhla i|yd Ndú;d lrk uq¿ ìgq .Kk .Kkh lrkak' 
 

We already know that the number of bits used for frame number is 14. 
rduq wxlh i|yd Ndú;d lrk ìgq .Kk 14 nj wms oekgu;a oksuq' 
 

2number of offset bits = The size of a frame 

= 4 KB = 22 x 210 Bytes 

= 212 Bytes = 212 Bytes 

= 12 

 

Therefore, total of 14 + 12 = 26 bits are used for a single physical address. 
tneúka" tla fN!;sl ,smskhla i|yd uq¿ ìgq 14 ¬ 12 } 26 la Ndú;d fõ' 
 
 
Get the physical address corresponding to the 31st byte in the 5th frame. 
5 jk rduqj ;=< we;s 31 jk nhsghg wod, fN!;sl ,smskh ,nd .kak' 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The offset part has 12 bits. Therefore, the 31st byte can be written as 000000011111. Hence, the 

physical address corresponding to the 31st byte in the 5th frame should be 

00000000000101000000011111. 
wkq,ïN fldgig ìgq 12la we;' tneúka 31 jk nhsgh 000000011111 f,i ,súh yelsh' tneúka" 5 jk 
rduqfõ 31 jk nhsghg wkqrEm fN!;sl ,smskh 00000000000101000000011111 úh hq;=h' 
 

According to the previous illustration 

of a frame, we can get an idea about 

the question by understating this 

diagram. 
fmr meyeÈ,s l< rduqjl oelau wkqj" 
fuu rEm igyk f;areï .ekSfuka wmg 
m%Yakh ms<sn| woyila ,nd .; yelsh' 
 
Since the frame number has 14 bits, 

it can be written as 00000000000101. 
rduq wxlhg ìgq 14la we;s neúka th 
00000000000101 f,i ,súh yel' 
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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. 
mß.Klhl ìgq 12 m<, ,smsk nihla we;' fjk;a jpk j,ska lsjfyd;a" mß.Klfha nia m<, 12 
ls' 

 
 
 
 
 
 
If there are 16 frames in this physical memory, how many different addresses can one frame have? 
fuu fN!;sl u;lfha rduq 16la ;sfí kï" tla rduqjlg tlsfklg fjkia ,smsk lShla ;sìh yelso@ 
 
First, we have to calculate the number of bits reserved for the frame number. 
m<uqj" rduq wxlh i|yd fjka lr we;s ìgq .Kk .Kkh l< hq;=h' 
 

2bits for the frame number = number of frames 

= 16 = 24 

= 4 

 

Now, we can find the number of bits used for the offset. 
oeka" wmg wkq,ïNh i|yd Ndú;d lrk ,o ìgq .Kk fidhd.; yelsh' 
 
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.  

ìgq 8lg tlsfklg fjkia ixfhdack 28la ;sìh yel' 
 

Therefore, one frame can have 28 = 256 different addresses, meaning the size of a frame is 256 

Bytes. 

tneúka" tla rduqjl tlsfklg fjkia ,smsk 28 = 256 la ;sìh yel" tkï rduqjl úYd,;ajh nhsÜ 256 
ls' 
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05. A physical memory with 8KB size-frames is divided into 16384 frames. This computer has a 30-

bit virtual address space. 

8KB m%udKfha rduq iys; fN!;sl u;lhla rduq 16384lg fnod we;' fuu mß.Klhg ìgq 30l 
w:;H ,smsk wjldYhla we;' 

 
How many pages are there in the virtual memory? 
w;:H u;lfha msgq lShla ;sfío@ 
 
The size of a page is also 8KB since the sizes of frames and pages are the same. 

rduq iy msgq j, m%udKh iudk neúka msgqjl m%udKho 8KB fõ' 
 
2number of bits for the offset = size of a page 

= 8KB = 213 

= 13 

 

The number of bits used for the page number = 30 – 13 = 17 
msgq wxlh i|yd Ndú;d lrk ,o ìgq .Kk 
 

The number of pages in the virtual memory = 217 = 131,072 
w;:H u;lfha we;s msgq .Kk 
 

Calculate the capacity of the virtual memory 
w;:H u;lfha Odß;dj .Kkh lrkak 
 
Method 1: 

Virtual memory capacity = 2the 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 217 

Virtual memory capacity = 213 Bytes x 217 

Virtual memory capacity = 230 Bytes 

Virtual memory capacity = 1 GB 

 

 

121
ictfromabc.com



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Paging / msgqlrKh 

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. 
msgqlrKh hkq fN!;sl u;lfhys hdno úNckfha 
wjYH;djh bj;a lrk iy fN!;sl u;lh 
ld¾hlaIuj Ndú;d lsÍug bv i,ik fufyhqï 
moaO;sj, u;l l<ukdlrK l%uhls' 
 
Paging enables a computer to use more memory 

than physically available RAM by using both RAM 

(main memory) and Secondary storage (hard 

disk/SSD) 

msgqlrKh uÕska RAM ^m%Odk u;lh& iy oaú;shsl 
.nvdj ̂ oDv ;eáh/SSD & hk folu Ndú;d lsÍfuka 
mß.Klhlg fN!;slj ,nd .; yels RAM j,g 
jvd jeä u;lhla Ndú;d lsÍug yelshdj i,ihs ' 
 

 

 

 

Paging divides logical memory (Virtual 

memory) into pages and physical memory into 

frames 

msgqlrKh ;d¾lsl u;lh ^Logical memory) msgq 
(Pages) f,i;a" fN!;sl u;lh (Physical 

memory& rduq (Frames) f,i;a fnokq ,nhs' 
 
Pages are loaded into any free frames (not 

necessarily contiguous). 
fuys§ msgq ´kEu ksoyia rduqjlg we;=<;a l< 
yelsh ^tAjd tl <Õ fyda wkqms<sfj,ska ;sîu 
w;HjYH fkdfõ&' 
 
Simply in paging, the page number is replaced 

with the corresponding frame number using 

the page table. The offset remains unchanged. 
ir,j lsjfyd;a" msgq j.=j Ndú;fhka msgq wxlh 
wkqrEm rduq wxlh iuÕ m%;sia:dmkh fõ' fkrej  
fkdfjkiaj mj;S' 
 

06. A computer has a physical memory of X GB. 

mß.Klhlg X GB l fN!;sl u;lhla we;' 
 
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? 
fuu mß.Klfha rduq wxlh iy wkq,ïNh hk folgu iudk ìgq ixLHdjla fjka lr we;' by; fN!;sl 
u;lh rduq 16384lg fnod we;akï X hkq l=ulao@ 
 
2bits for the frame number = Number of frames 

= 16384 = 214 

= 14 

 

Since both the frame number and offset have an equal number of bits reserved for them, offset bits 

are also 14. 
rduq wxlh iy wkq,ïNh hk folgu iudk ìgq ixLHdjla fjka lr we;s neúka" wkq,ïN ìgq o 14 ls' 
 
 
 
 
 
 
 
 
So, a physical address of this computer contains a total of 14 + 14 = 28 bits i.e. the bus width is 

28.  
tneúka" fuu mß.Klfha fN!;sl ,smskhl uq¿ ìgq 14 ¬ 14 } 28 la wvx.= fõ " tkï nia m<, 28ls' 
 
X = 2bus width  

X = 228 Bytes 

X = 210 x 210 x 28 Bytes  

X = 210 x 28 KB  

X = 28 MB  

X = 256 MB  
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This is done through the concept of Virtual 

Memory, where: 

fuh w;:H u;lh ^Virtual Memory& ixl,amh 
yryd isÿ jk w;r tys m%Odk ,laIK fufiah( 
 

• Only required pages are kept in RAM. 

wjYH msgq muKla RAM tflys ;nd .kS' 
• Other pages remain on disk. 

wfkl=;a msgq oDV ;eáfha (Disk) mj;S' 
• Pages are brought into RAM when needed 

(demand paging). 

wjYH jQ úg muKla msgq RAM tlg f.k tkq 
,efí  

 

Paging was introduced to: 
msgqlrKh y÷kajd fokq ,enqfõ( 
 
• Eliminate external fragmentation. 

ndysr LKavkh bj;a lsÍug' 
• Support virtual memory. 

w;:H u;lhg iydh ùug' 
• Allow programs to be larger than physical 

RAM. 
jevigyka fN!;sl u;lhg jvd úYd, ùug 
bv §u' 
 

Advantages / jdis 
 

• Eliminates external fragmentation 
ndysr LKavkh bj;a lsÍu 

• Enables virtual memory (can run programs 

larger than physical RAM) 
w;:H u;lhg iyh ùu 

• Allows non-contiguous memory allocation 
wkqms<sfj,ska fkdjk u;l fjkalsÍu 

• Supports memory protection and isolation 
u;l wdrlaIKh iy yqol,d lsÍu 

• Allows sharing of common code (e.g., 

shared libraries) 

fmdÿ fla; yqjudrej ^Wod( shared libraries) 

 

Disadvantages / wjdis 
 

• Internal fragmentation 
wNHka;r LKavkh 

• Page table consumes memory 
msgq j.=j u.ska u;lh mßfNdackh lsÍu 

• Page faults slow down execution (disk 

access is slow) 
msgq fodaI ksid l%shd;aul ùfï fõ.h wvqùu 
(oDV ;eáh mßYS,kh lsÍu ukao.dó ùu) 

• Thrashing can occur if memory is 

insufficient 

u;lh m%udKj;a fkdfõ kï Thrashing we;s 
úh yel 

Problems Without Paging 
msgqlrKh fkdue;s úg we;sjk .eg¨ 
 
If paging is not used, the system faces several 

memory management issues: 
msgqlrKh ;dlaIKh Ndú;d fkdlrk moaO;s j, 
my; .eg¨ oelsh yel( 
 

1. External Fragmentation 
ndysr LKavkh 

Memory must be allocated in contiguous 

blocks. Over time, free memory becomes 

scattered into small, unusable gaps. 
u;lh wLKavj fjka l< hq;= neúka" 
w;rueo we;s jk l=vd ysia bv m%udKhka 
m%fhdackhg .; fkdyels fõ' 

 
2. Limited Program Size 

iSñ; jevigyka m%udKh 

A process must fit entirely in physical RAM. 

Programs larger than available RAM 

cannot run, and there is no support for 

virtual memory. 
jevigykla l%shd;aul ùug kï th 
iïmQ¾Kfhkau RAM tl ;=< ;sìh hq;=h' 
RAM tlg jvd úYd, jevigyka Odjkh l< 
fkdyel' 
 

3. Reduced Multiprogramming 
nyq-jevigyka l%shd;aul lsÍfï yelshdj 
wvqùu  
Entire processes must remain in memory, 

so fewer processes can run simultaneously. 
iïmQ¾K jevigykau u;lfha r|jd .; hq;= 
neúka" tljr Odjkh l< yels jevigyka 
.Kk wvq fõ' 
 

4. Complex Memory Allocation 
ixlS¾K u;l fjkalsÍu 

The OS must search for large contiguous 

free blocks, making allocation inefficient. 
kj jevigykla i|yd úYd, wLKav u;l 
fldgila ^Contiguous block) fidhd .ekSu 
OS tlg wmyiq fõ' 
 

5. Weak Memory Protection 
ÿ¾j, u;l wdrlaIKh 

Without structured address mapping, it is 

harder to isolate processes, increasing the 

risk of memory corruption. 
l%shdj,Ska w;r ksis fjka lsÍula fkdue;s ksid 
o;a; úlD;sùfï fyda fjk;a jevigykaj,g 
ndOd ùfï wjodku jeäh' 
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Why Offset Does Not Change? 

fkrefõ w.h fjkia fkdjkafka wehs? 
 

In paging systems, the size of a page and a 

frame are equal. 
msgqlrKfha§" msgqjl m%udKh iy rduqjl m%udKh 
tlsfklg iudk fõ' 
 

When a page is loaded into a frame, the 

position of each byte remains the same. 
msgqjla rduqjlg mQrKh l< úg" tys we;s tla tla 
nhsgfha msysàu fkdfjkiaj mj;S' 
 
During address translation, the page number 

changes to a frame number, but the offset stays 

the same. 
,smsk mßj¾;kfha§  msgq wxlh rduq wxlhla njg 
m;a jqjo" fkrej fjkia fkdù tf,iu mj;S' 
 

Keeping the offset unchanged makes hardware 

address translation simpler. 
fkrefõ w.h fkdfjkiaj ;nd .ekSu u.ska 
oDvdx. uÜgfï ,smsk mßj¾;kh jvd;a ir, fõ' 
 

Offset / Displacement 

fkrej / úia:dmkh  
 

Indicates the exact position of data inside a 

page. 
msgqjla ;=< o;a;j, ksYaÑ; msysàu olajhs' 
 

Represents the displacement, or distance, from 

the start of the page to the exact location of the 

required data. 
msgqfõ wdrïNfha isg wjYH o;a;j, ksYaÑ; 
ia:dkh olajd úia:dmkh fyda ÿr ksrEmKh lrhs' 
 

The offset value depends directly on the size of 

the page. 

(If page size = 1024 Bytes, offsets range from 0 

– 1023.) 
úia:dmkfhys w.h msgqfõ m%udKh u; fl,skau 
r|d mj;S' 
^msgqjl m%udKh = 1024 Bytes kï" úia:dmkh 0 

– 1023 w;r mrdihl mj;S'& 
 

In memory mapping, only the page number is 

replaced with a frame number, the offset is 

preserved. 
u;l wkqrEmlrKfha§ msgq wxlh muKla rduq 
wxlhlska m%;sia:dmkh fõ' úia:dmkh fjkia 
jkafka ke;' 
 

Larger pages have larger possible offsets and 

smaller pages have smaller ranges. 
úYd, msgq j,g úYd, úia:dmk o l=vd msgq j,g 
l=vd mrdihka o mej;sh yelsh' 
 

Page Table 
msgq j.=j 
 

A page table is a data structure maintained by 

the operating system to map virtual pages to 

physical frames. 

msgq j.=jla hkq w;:H msgq,fN!;sl rduq iuÕ 
iïnkaO map lsÍu i|yd fufyhqï moaO;sh u.ska 
mj;ajdf.k hkq ,nk o;a; jHqyhls  
 

• Each process has its own page table. 
iEu l%shdj,shlgu wdfõ‚l jQ msgq j.=jla 
we;' 

• Each entry in the page table corresponds to 

a page number. 
msgq j.=fõ we;s iEu we;=<;a lsÍulau msgq 
wxlhlg wkqrEm fõ' 

• The page number is used to index the page 

table. 
msgq j.=fõ o¾Ylh f,i msgq wxlh Ndú;d 
lrhs' 

 

A page table entry (PTE) typically contains 
msgq j.= we;=<;a lsÍul idudkHfhka wvx.= oE( 
 

Frame number  
rduq wxlh 
 

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. 
msgqj msysgd we;s fN!;sl u;l rduqfõ ,smskh fyda 
wxlh fuys .nvd fõ' tu.ska moaO;shg w;:H 
msgqj m%Odk u;lfha ksjerÈ ia:dkhg iïnkaO 
lsÍug yels fõ' 
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Present / Absent bit 
we; $ ke; ìgqj 
 
The present/Absent bit in a page table indicates 

whether the corresponding page is currently 

loaded in physical memory or not. 
msgq j.=jl we;s we;$ke; ìgqj wod< msgqj oekg 
fN!;sl u;lfha ;sfío keoao hkak fmkakqï lrhs' 
 

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. 
th 1 f,i ilid we;akï" thska woyia jkafka 
msgqj RAM ys mQrKh ù we;s w;r tu msgqjg 
m%fõY ùug CPU úiska Ndú;d l< yels j,x.= 
o;a; wvx.= jk njhs' 
 

If it is set to 0, it means the page is not currently 

loaded in RAM. 
th 0 f,i ilid we;akï" thska woyia jkafka 
msgqj oekg RAM yS mQrKh ù fkdue;s njhs' 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Protection bits/ wdrlaIK ìgq 
(read /o;a; lshùu, write / ,sùu, execute / 

Wmfoia l%shd;aul lsÍu) 

 

Specify the allowed operations on the page 

such as reading data, writing data, or executing 

instructions, ensuring memory protection and 

access control. 
o;a; lshùu" ,sùu fyda Wmfoia l%shd;aul lsÍu 
jeks msgqj u; isÿ l< yels l%shdj,Ska fudkjdoehs 
fuhska kshu flfra' tu.ska u;lfha wdrlaIdj iy 
m%fõY md,kh iy;sl flfra' 
 
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. 
u;lfha we;s msgqjla fjkia l< úg fuu ìgqj 
il%sh fõ' tu msgqj u;lfhka bj;a lsÍug fmr" 
hdj;ald,Sk l< o;a; kej; ;eáhg ,súh hq;= nj 
fuhska wÕjhs' 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reference bit / fhduq ìgqj 

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. 
msgqjlg m%fõY jQ úg ^lshùu fyda ,sùu& fuh 
il%sh fõ' LRU fyda Clock jeks msgq m%;sia:dmk 
we,af.dß;u i|yd uE;l§ Ndú;d l< msgq y÷kd 
.ekSug fuh fufyhqï moaO;shg WmldÍ fõ' 
 

The page table enables virtual-to-physical 

address translation and ensures memory 

protection. 
msgq j.=j u.ska w;:H ,smskhka fN!;sl ,smskhka 
njg mßj¾;kh lsÍug fukau u;lfha wdrlaIdj  
iy;sl lsÍug o bv i,ihs' 
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What is a Page Fault? 
msgq fodaIhla hkq l=ulao@ 
 
A Page Fault occurs when a program tries to 

access a page that is not currently in the main 

memory (RAM). 
jevigykla úiska m%Odk u;lfha oekg fkdue;s 
o;a; msgqjlg m%fõY ùug W;aidy lrk úg msgq 
fodaIhla yg.kS' 
 
In paging systems, the page table contains a 

present/absent bit: 

Paging moaO;sj," msgq j.=j i;= 
mej;Sfï$fkdmej;Sfï ìgqj uÕska o;a; ;sfío 
keoao hkak olajhs( 

1 → Page is in RAM  

1 → msgqj RAM ;=< mj;S' 
 

0 → Page is not in RAM 

 0 → msgqj RAM ;=< fkdmj;S' 
If the CPU requests a page and the present  

bit = 0, the operating system generates a page 

fault interrupt. 
uOHu ieliqï tallh msgqjla b,a,d isák úg tys 
mej;Sfï ìgqj 0 f,i igyka ù ;sfí kï" 
fufyhqï moaO;sh úiska msgq fodaI w;=reì÷ula 
ckkh lrkq ,nhs' 
 
How to Control / Reduce Page Faults 
msgq fodaI md,kh lsÍu $ wju lsÍu 
 
Page faults cannot be completely removed, but 

they can be reduced by 
msgq fodaI iïmQ¾Kfhkau bj;a l< fkdyels jqjo" 
my; l%u uÕska tajd wju lr.; yelsh 
 

Increasing RAM size 

RAM Odß;dj jeä lsÍu 
More pages can stay in memory. 

jeä msgq .Kkla RAM ;=< ;shd.; yel 
 

Use efficient page replacement algorithms. 
ld¾hlaIu msgq m%;sia:dmk we,af.dß;u Ndú;h 
FIFO, LRU, Optimal 
 

Locality of Reference 
m%fõYfha ia:dkSh;ajh 
Programs should access nearby memory 

locations. 
jevigyka uÕska tlsfklg ióm u;l ia:dk 
fj; m%fõY ùug ie,eiaùu' 
 

Working Set Model 
l%shdldÍ lÜg, wdlD;sh 
Keep frequently used pages in RAM. 

ks;r Ndú;d jk msgq iEuúgu RAM u;lh ;=< 
;nd .ekSu' 

Demand Paging 

 

In demand paging, pages are not loaded into 

RAM until the program actually needs them. 

This avoids loading unnecessary pages. 

Demand paging l%ufha§" jevigykg ienúkau 
wjYH jk f;la msgq RAM tlg mQrKh fkdflf¾' 
fu u.ska wkjYH msgq mQrKh ùu j<lajhs' 
 

If the CPU tries to access a page that is not 

currently in RAM, a page fault occurs. 

oekg RAM tflys fkdue;s msgqjlg m%fõY ùug 
CPU tl W;aidy l<fyd;a" msgq fodaIhla yg.kS' 
 

When a page fault occurs, the operating system 

loads the required page from secondary 

storage (disk) into RAM. 
msgq fodaIhla we;s jQ úg" fufyhqï moaO;sh úiska 
wjYH msgqj oaú;Shsl .nvdfõ isg RAM tl fj; 
mQrKh lrkq ,nhs' 
 

After the page is loaded into RAM, the program 

continues execution from the point where it 

stopped. 

msgqj RAM tlg mQrKh l< miq" jevigyk k;r 
jQ ia:dkfha isg kej; l%shd;aul ùu wdrïN lrhs' 
 

Demand paging reduces RAM usage because 

only the necessary pages are loaded. 

Demand paging u.ska RAM Ndú;h wvq lrkafka 
w;HjYHu msgq muKla mQrKh lrk neúks' 
 

Memory Mapping 
u;l wkqrEmKh 
 

Process of translating a virtual (logical) address 

generated by a program into the corresponding 

physical address in main memory. 
jevigykla uÕska ckkh lrk ,o w;:H 
^;d¾lsl& ,smskhla m%Odk u;lfha wkqrEm fN!;sl 
,smskhg mßj¾;kh lsÍfï l%shdj,shhs' 
 

During translation, the page number part of the 

logical address is replaced by the frame number 

obtained from the page table. 
mßj¾;kh w;r;=r §" ;d¾lsl ,smskfha msgq wxl 
fldgi msgq j.=fjka ,nd.;a rduq wxlh u.ska 
m%;sia:dmkh fõ' 
 

The offset portion of the address is kept the 

same because it specifies the exact location of 

data within the page. 
,smskfha úia:dmk fldgi tf,iu ;nkq ,efí' 
ula ksido h;a th msgqfjys o;a; mj;sk ksYaÑ; 
ia:dkh olajk ksidfjks' 
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The Memory Management Unit (MMU) 

performs the translation, while the operating 

system maintains the required page tables. 

u;l l<ukdlrK tAllh (MMU) uÕska 
mßj¾;kh isÿ lrk w;r" fufyhqï moaO;sh 
wjYH msgq j.= kv;a;= lrhs' 
 

Mapping guarantees that each process 

accesses the correct location in physical 

memory according to its virtual address space. 
wkqrEmKh uÕska iEu l%shdj,shlau thg wod, 
w:;H ,smsk wjldYhg wkqj  fN!;sl u;lfha 
ksjerÈ ia:dkhg m%fõY jk nj iy;sl flfra' 
 
Mathematical Method for Address 

Translation 
,smsk mßj¾;kh i|yd .‚;uh l%uh 
 
Page Number / msgq wxlh 
 
 
 
 
 
 

NOTE: 

A logical address is given as bytes in a 

process’s virtual memory. Because it is byte 

addressable. 
l%shdj,shl w:;H u;lfha ;d¾lsl ,smskhla 
nhsÜ f,i ,nd § we;' ukao th nhsg fhduq.; 
u;lhla neúks' 
 

The CPU stores it in binary, but often writes it 

in decimal or hexadecimal for convenience. 

CPU th oaúuh wdldrfhka .nvd lrhs" kuq;a 
fndfyda úg th myiqj i|yd oYu h fyda Iâ 
oYuh wdldrfhka ,shhs' 
 

They all represent the same byte location. 
tAjd ish,a,u tlu nhsÜ ia:dkh ksfhdackh 
lrhs' 
 
Memory layout / u;l msßie,iqu: 

 

Page  
msgq 

Address Range  
,smsk mrdih 

Page 0 0–255 

Page 1 256–511 

Page 2 512–767 

Page 3 768–1023 

 

Offset / fkrej 
 
 
 
 
 
mod (modulus)  

The remainder after division.  
fn§ul§ b;sß jk w.hhs' 
 

Frame Number / rduq wxlh 
The frame number is obtained from the page 

table using the page number. 
msgq wxlh Ndú;d lrñka" msgq j.=j u.ska rduq 
wxlh ,nd .kq ,nhs' 
 
Physical address / fN!;sl ,smskh 
 
 

 

 

 

 

 

Example Calculation 
 
Given: 

Logical address = 1000th 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 232nd byte, which is inside the 

third page, is equivalent to the 1000th byte in 

the address space (whole memory). 
thska woyia jkafka ;=kajk msgqj ;=< we;s  
232 jk nhsgh" ,smsk wjldYfha ^iïmQ¾K 
u;lh) 1000 jk nhsghg iudk jk njhs' 
 
 
 
 
 
 

 

Page number = logical address / page size 

msgq wxlh = ;d¾lsl ,smskh / msgqjl 
m%udKh 

Offset = logical address mod page size 

fkrej = ;d¾lsl ,smskhl mod msgqjl 
m%udKh 

Physical address  

= frame number x frame size + offset 

fN!;sl ,smskh  
= rduq wxlh x rduq m%udKh + fkrej 

128
ictfromabc.com



Memory Management Unit (MMU) 
u;l l<ukdlrK tAllh 
 
A memory management unit (MMU) is a 

hardware component responsible for handling 

memory access requests and managing the 

system's memory resources. 

u;l l<ukdlrK tAllhla ^MMU& hkq u;l 
m%fõY b,a,Sï yeisrùug iy moaO;sfha u;l 
iïm;a l<ukdlrKhg j.lsj hq;= oDVdx. 
ixrplhls' 
 

Functions of the Memory Management Unit 

(MMU) 

u;l l<ukdlrK tAllfha (MMU) ld¾hhka 
 

• Address translation 
,smsk mßj¾;kh 

The MMU translates virtual addresses 

generated by the CPU into physical 

addresses in main memory. 

CPU tl u.ska ckkh lrkq ,nk w;:H 
,smskhka m%Odk u;lfha we;s fN!;sl 
,smskhka  njg MMU tl u.ska mßj¾;kh 
lrhs' 

 

• Memory protection 
u;l wdrlaIKh 

The MMU prevents processes from 

accessing memory areas that are not 

allocated to them. 
l%shdj,Ska i|yd fjka lr fkdue;s u;l 
m%foaYj,g m%fõY ùu MMU u.ska j<lajkq 
,nhs' 

 

• Virtual memory support 
w;:H u;l iydh 

The MMU supports memory management 

techniques such as paging and 

segmentation. 

MMU tl u.ska msgqlrKh iy LKavkh jeks 
u;l l<ukdlrK l%ufõo i|yd iydh 
olajhs' 

 

• Access control 
m%fõY md,kh 

The MMU ensures that each process 

accesses only its assigned memory space. 
tla tla l%shdj,shlg m%fõY úh yelafla tA 
i|yd fjka lr we;s u;l wjldYhg muKla 
nj MMU tl u.ska iy;sl lrhs' 

• Relocation 
kej; ia:dk.; lsÍu 

The MMU allows programs to run in 

different memory locations without 

modifying their addresses. 
jevigykaj, ,smskhka fjkia fkdlr" tAjd 
u;lfha úúO ia:dkj, l%shd;aul lsÍug 
MMU bv i,ihs' 

 
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. 
ks;r m%fõY jk msgq j.= f;dr;=re .nvd lsÍug 
Ndú;d lrk l=vd iy b;d fõ.j;a u;l 
ixÑ;hls' 
 

The TLB stores recently used page table entries, 

so the CPU can quickly find the required frame 

number. 

TLB u.ska uE;l§ Ndú;d lrk ,o msgq j.= 
we;=<;a lsÍï .nvd lr .kakd neúka" CPU tlg 
wjYH rduq wxlh b;d blaukska fidhd .; yel' 
 

Because the page table information is already 

in the TLB, address translation becomes much 

faster. 

msgq j.=fõ f;dr;=re oekgu;a TLB tl ;=< mj;sk 
ksid" ,smsk mßj¾;kh b;d fõ.j;a fõ' 
 

If the required page table entry is found in the 

TLB, it is called a TLB hit. 

wjYH lrk msgq j.= we;=<;a lsÍu TLB tl ;=< 
;sî yuq jqjfyd;a" th zTLB ysÜz  tlla f,i 
ye¢kafõ' 
 

By reducing the number of page table lookups, 

TLBs significantly improve memory access 

speed and system performance. 
msgq j.=j mÍlaId l< hq;= jdr .Kk wvq lsÍu 
u.ska" TLB u.ska u;l m%fõY fõ.h iy moaO;sfha 
iuia; l%shdldÍ;ajh ie,lsh hq;= f,i jeä ÈhqKq 
lrhs' 
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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.  

mß.Klhl CPU tlg ìgq 14l ;d¾lsl ,smsk wjldYhla we;ehs is;uq' msgq wxlh i|yd ìgq 4 la Ndú;d 
lrk w;r wfkla ìgq 10 úia:dmkh i|yd Ndú;d fõ' fN!;sl u;lfha rduqjla y÷kd .ekSug mß.Klh 
ìgq 13la Ndú;d lrhs' 
 

 

1. How many bits are used for the frame number? 
rduq wxlh i|yd ìgq fldmuKla Ndú;d fõo@ 
 
 
 
 
 
 
 
 
 
 
 
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. 
wm l,ska bf.k .;a mßÈ" msgqjl úia:dmkh i|yd Ndú;d lrk ìgq .Kk iy rduqjl úia:dmkh 
i|yd Ndú;d lrk ìgq .Kk iudk nj wms oksuq' 

 

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. 
tneúka" rduqfjys msgq wxlh iy úia:dmkh hk folgu ìgq 13la ;sfí kï" thska ìgq 10la 
úia:dmk fldgi i|yd fjka l< hq;=h' 
 

 

 

 

 

 

 

 

Hence, the number of bits used for the frame number should be 13-10 = 3. 

tneúka" rduq wxlh i|yd Ndú;d lrk ìgq .Kk 13-10 = 3 úh hq;=h' 
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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) 

fuu CPU tl ;=< l%shd;aul jk 1 KB jevigykla i,ld n,kak' jevigykg 01011011101001 
hk w:;H ,smskhg m%fõY ùug wjYH kï" tu ;d¾lsl ,smskh wkqrEmKh jkafk l=uk fN!;sl 
,smskhgo@ ^msgq j.=fõ fldgila my; oelafõ& 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
First, we have to divide the given logical address into two parts as page number and offset. 
uq,skau wm úiska ,nd § we;s ;d¾lsl ,smskh msgq wxlh iy úia:dmkh f,i fldgia follg fnÈh 
hq;=h' 
 
 
 
 
 

 
 
The page number 0101 in binary translates to 5 in decimal. 
oaúuh f,i we;s msgq wxl 0101 hkq oYu 5 fõ' 
 

When looking at the page table, we can see that the frame number corresponding to page 5 

is 1112 which is 7 in decimal. 
msgq j.=j foi n,k úg" 5 jk msgqjg wkqrEm jk rduq wxlh 1112 jk w;r th oYu f,i 7 jk 
nj wmg fmfka' 
 

Also, the present bit is 1 which means that the page 5 is now in the frame number 7 in the 

physical memory. 
tfiau" we;$ke; ìgqj 1 jk w;r thska woyia jkafka 5 jk msgqj oeka fN!;sl u;lfha rduq wxl 
7 ys we;s njhs' 
 

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. 
tneúka" wmg ,nd § we;s ;d¾lsl ,smskfha msgq wxlh rduq wxl 7 iuÕ m%;sia:dmkh l< yels 
w;r túg th wod< fN!;sl ,smskh njg m;ajkq we;' 
 

• The frame number is in binary. 
rduq wxlh oaùuh wdldrfhka ,nd § we;' 
 

• Virtual addresses of page 0 are from 0 

to 1023 while the virtual addresses of 

page 1 are from 1024 to 2047 and so 

on. 
0 msgqfõ w;:H ,smsk 0 isg 1023 olajd 
jk w;r 1 msgqfõ w;:H ,smsk 1024 isg 
2047 f;la hkd§ jYfhka fõ' 

 
• The present bit reflects the validity of 

each row in the page table. 
we;$ke; ìgqj msgq j.=fõ tla tla 
fma<sfha j,x.= Ndjh ms<sìUq lrhs' 

Note that the displacement of both the page 

and frame are identical. It has not changed 

during the translation. 
msgqj iy rduqj hk foflysu úia:dmkh iudk 
nj i,lkak' mßj¾;kh w;r;=r th fjkia ù 
ke;' 
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3. 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 01000000001011? 
01000000001011 w:;H ,smskh i|yd b,a,Sula we;s nj Wml,amkh lrkak' b,a,Su bgq 
lsÍu i|yd" fufyhqï moaO;sh úiska 7 jk msgqfõ we;$ke; ìgqj tl 1 isg 0 olajd fjkia lf<ah' 
oeka" w;:H ,smskh jk 01000000001011 g wkqrEmKh jk ìgq 13lska hq;a fN!;sl ,smskh l=ula 
fõúo@ 
 
 
 
 
 
 
 
 

 
 
Therefore, the page 4 should be loaded to the physical memory. To do that, we need an 

empty frame. 
tneúka" 4 jk msgqj fN!;sl u;lhg mQrKh hq;=h' th isÿ lsÍu i|yd" wmg ysia rduqjla wjYH 
fõ' 

 

We have been told that the operating system changed the present/absent bit of page 7 from 

1 to 0. 
fufyhqï moaO;sh 7 jk msgqfõ we;$ke; ìgqj 1 isg 0 olajd fjkia l< nj wmg mjid we;' 
 
It means that page 7 was previously in frame 1012 (according to the page table) and now 

page 7 has been moved back to virtual memory and frame 1012 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. 
thska woyia jkafka 7 jk msgqj óg fmr 1012 rduqfõ ;snQ njhs ^msgq j.=jg wkqj& iy fufyhqï 
moaO;sh úiska oeka b,a,Su bgq lsÍu ioyd 7 jk msgqj kej;;a w:;H u;lhg udre lr  1012 jk 
rduqj ksoyia lr we;s njhs' tneúka" 1012 jk rduqj ^510& oeka ysia jk w;r th ;=<g fjk;a msgqjla 
mQrKh lr .; yel' 
 
Now we have an empty frame and the page 4 can be loaded into that frame. 
oeka wmg ysia rduqjla we;s w;r 4 jk msgqj tu rduqjg mQrKh l< yel' 
 
After page 4 is loaded into frame 5, the page table should also be updated to include that 

information. 
4 jk msgqj 5 jk rduqj ;=<g mQrKh lsÍfuka miqj" tu f;dr;=r we;=<;a lrñka msgq j.=j o 
hdj;ald,Sk l< hq;=h' 
 

  

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. 
msgq j.=j foi ne¨jfyd;a" 4 jk msgqj fN!;sl u;lhg 
mQrKh ù fkdue;s nj wmg fmfkk w;r thg fya;=j 
jkafka tys we;$ke; ìgqj 0 ùuhs' 

 

Therefore, the 13-bit physical address that 

corresponds to the virtual address 

01000000001011 should be 

1010000001011. 

tneúka" 01000000001011 hk w:;H 
,smskhg wkqrEm jk ìgq-13lska hq;a fN!;sl 
,smskh 1010000001011 úh hq;=h' 
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4. What are the most-likely reasons for a page fault to occur? 
Page fault tlla isÿùug fndfyda ÿrg bv we;s fya;= fudkjdo@ 
 
Having the requested page swapped out to virtual memory to free up physical memory for 

other pages. 
wfkl=;a msgq i|yd fN!;sl u;lh ksoyia lsÍug b,aÆ msgqj w;;H u;lhg udre lr ;sîu' 
 
Never having the page loaded into physical memory, which might happen if it’s being accessed 

for the first time. 
msgqj lsisúfgl fN!;sl u;lhg mQrKh lr fkd;sîu" msgqjg m<uq jrg m%fõY jkafka kï isÿ úh 
yel' 

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 w;:H ,smsk wjldYhla Ndú;d lrk mß.Klhl 2MB m%udKfha rduq we;' fuu mß.Klfha 
rduq 512 la we;' speed.exe hk fhÿu l%shd;aul jk úg" msgq j.=fõ fldgila my; mßÈ Èiafõ' 
 

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. 
rduq wxlh oaúuh f,iska ,nd § we;' 
 

The present/absent bit indicates whether a page is valid and can be used by the CPU. If it is 1, it is 

valid, if it is 0, it is not valid and a page fault occurs. 

we;$ke; ìgqj uÕska msgqjla j,x.=o iy CPU úiska Ndú;d l< yelso hkak olajhs' th 1 kï th j,x.= 
fõ" th 0 kï" th j,x.= fkdjk w;r msgq fodaIhla we;sfõ' 
 
1. Calculate the total RAM capacity of this computer. 

fuu mß.Klfha iïmQ¾K RAM Odß;dj .Kkh lrkak' 
 

We can use the following formula to calculate the RAM capacity. 

RAM Odß;dj .Kkh lsÍug my; iQ;%h Ndú;d l< yel' 
 

Total size of the physical memory = Number of frames x Size of one frame 

fN!;sl u;lfha iïmQ¾K m%udKh = rduq .Kk x tla rduqjl m%udKh 
 
Therefore, the total RAM capacity = 512 x 2MB = 1024 MB = 1 GB 

tneúka" iïmQ¾K RAM Odß;dj 
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  2. Calculate the number of bits used for the page number. 
msgq wxlh i|yd Ndú;d lrk ìgq .Kk .Kkh lrkak' 
 

Size of a page = Size of a page 

Size of a page = 2 MB 

 

2number of offset bits = Size of a page 

2number of offset bits = 2 MB 

2number of offset bits = 21 x 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 yg 00000000110 000010110100010001010 hk w;:H ,smskhg m%fõY ùug wjYH nj is;kak' 
fuu w;:H ,smskh wkqrEmKh jkafka l=uk fN!;sl ,smskhlgo@ 
 
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. 
fmr fldgfia§ wm úiska msgq wxlh i|yd Ndú;d lrk ,o ìgq .Kk 11 la nj .Kkh lrk ,È' 
tu ksid fuu w:;H ,smskfha uq,a ìgq 11 msgq wxlh úh hq;= w;r b;sß ìgq 21 úia:dmkh úh hq;=h' 

 

Page number – 00000000110 - 610 
msgq wxlh  
 

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. 
wm msgq j.=j foi ne¨jfyd;a" 6 jk msgqfõ we;$ke; ìgqj 1 jk nj wmg fmfka" thska woyia 
jkafka fuu msgqj j,x.= njhs' 
 

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.  
oYu mdofhka 3 jk rduqj 000000011 hkq msgq wxl 6 g wkqrEm rduq wxlhhs' tuksid" fN!;sl ,smskh 
iE§u i|yd wmg msgq wxl fldgi fuu ìgq 9lska È. rduq wxlfhka m%;sia:dmkh l< yelsh' 
 

Note that the offset part remains intact. 
úia;dmk fldgi fkdfjkiaj mj;sk nj igyka lr.kak' 
 

The physical address – 000000011 000010110100010001010 
fN!;sl ,smskh - 000000011 000010110100010001010 
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  06. Imagine the CPU wants to access the virtual address 0x4F5DE. If the frame number that 

corresponds to the page number 0x4F, is 0x35, what is the physical address that maps to 0x4F5DE? 

CPU yg 0x4F5DE hk w:;H ,smskh fj; m%fõY ùug wjYH nj is;kak' msgq wxl jk 0x4F g wkqrEm 
jk rduq wxlh 0x35 kï" 0x4F5DE fj; wkqrEm jk fN!;sl ,smskh l=ulao@ 
 

Hint: 0x is the prefix of a hexadecimal number 

bÕsh( 0x hkq Iâ oYu ixLHdjl Wmi¾.hhs 
 
1) 0x354F5DE  2) 0x355DE  3) 0x4F355DE 

4) 0x5DE  5) None of the above 

 

Answer: 2) 

 

Let’s consider the virtual address given in hexadecimal notation. 
Iâ oYuh wxlkfhka § we;s w;:H ,smskh i,ld n,uq' 
 

0x4F5DE 

 

0x – prefix 

4F5DE – virtual address in hexadecimal w;;H ,smskh Iâ oYuh wdldrfhka 
0100 1111 0101 1101 1110 – virtual address in binary w;;H ,smskh oaùuh wdldrfhka 
 

It is given that the page number of this virtual address is 0x4F. 

fuu w;:H ,smskfha msgq wxlh 0x4F nj ,nd § we;' 
 

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. 
tuksid" ,smskfha uq,a ìgq 8 msgq wxlh i|yd Ndú;d lrk w;r b;sß ìgq úia:dmkh i|yd Ndú;d fõ' 
 

It is also given that the frame number that corresponds to this page is 0x35. So, it simply means 

that the page 0x4F maps to frame 0x35. 

fuu msgqjg wkqrEm jk rduq wxlh 0x35 nj o ,nd § we;' tneúka" tu.ska ir,j woyia lrkafka 0x4F 
hk msgqj 0x35 hk rduqjg wkqrEm jk njhs' 
 

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. 
,nd § we;s w:;H ,smskh i|yd jk fN!;sl ,smskh ,nd .ekSu i|yd" wmg msgq wxlh rduq wxlfhka 
m%;sia:dmkh l< yelsh' tA w;ru úia:dmkh fldgi fkdfjkiaj mj;ajd .; yel' 
 
Therefore, the physical address that corresponds to the virtual address 0x4F5DE should be as 

follows. 

tneúka" 0x4F5DE hk w:;H ,smskhg wkqrEm jk fN!;sl ,smskh my; mßÈ úh hq;=h' 
  

0x355DE 
 
 

 

135
ictfromabc.com



Practice Question 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 fN!;sl u;lhla we;s mß.Klhl Odjkh jk 64 KB jevigykla i,ld n,kak' fuu mß.Klfha 
msgqjl úYd,;ajh 8 KB fõ' msgq j.=fõ wyUq f,i f;dard.;a fldgila my; olajd we;' 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. How many bits are used for the frame number and offset? 

rduq wxlh iy úia:dmkh i|yd ìgq lShla Ndú;d lrkafkao@ 
 

2. Calculate the number of frames in physical memory. 
fN!;sl u;lfha we;s rduq .Kk .Kkh lrkak' 
 

3. If there are 32 pages in virtual memory, calculate the size of it. 
w;:H u;lfha msgq 32 la ;sfí kï" tys úYd,;ajh .Kkh lrkak' 
 

4. Write down the number of bits used for both logical and physical addresses respectively. 
;d¾lsl iy fN!;sl ,smsk i|yd Ndú;d lrk ìgq .Kk ms,sfj,ska ,shkak' 
 

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? 
mß.Klfha l%shd;aul jk jevigyk úiska 000000101111000101 hk w:;H ,smskh b,a,d isák nj 
Wml,amkh lrkak' msgq j.=j i,ld ne,Sfï§" fuu w:;H ,smskh wkqrEmKh jk fN!;sl ,smskh l=ulao@ 
 

6. If the program requests the virtual address 001000000000000000, will a page fault occur? Write 

down the reasons for your answer. 
jevigyk úiska 0010000000000000000 hk w;;H ,smskh b,a,d isáhfyd;a tlla isÿfõo@ Tfí ms,s;=rg 
fya;= ,shd olajkak' 
 

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? 
jevigyk uÕska 001111011100110101 hk w;;H ,smskh b,a,d isà' fN!;sl u;lfha ysia rduq fkdue;s 
ùu fya;=fjka" b,a,Su bgq lsÍu i|yd fufyhqï moaO;sh úiska 6 jk msgqfõ we;$ke; ìgqj 1 isg 0 olajd 
fjkia lf<ah' miqj" b,a,d isá msgqj tu ksoyia rduqjg msgm;a lrk ,È' 001111011100110101 i|yd 
wkqrEm jk fN!;sl ,smskh l=ulao@ 
 

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. 
fmr fldgfia isÿ lrk ,o fjkia lsÍï j,ska miq kj msgq j.=j mj;sk wdldrh weo olajkak' 
tfukau" by; page fault tl fufyhqï moaO;sh úiska md,kh l< wdldrho meyeÈ,s lrkak'  
 
 
 
 

 

• The frame number is in binary. 
rduq wxlh oaùuh wdldrfhka ,nd § we;' 

 
• Virtual addresses of page 0 are from 0 to 

1023 while the virtual addresses of page 

1 are from 1024 to 2047 and so on. 
0 msgqfõ w;:H ,smsk 0 isg 1023 olajd jk 
w;r 1 msgqfõ w;:H ,smsk 1024 isg 2047 
f;la hkd§ jYfhka fõ' 

 
• The present bit reflects the validity of 

each row in the page table. 
we;$ke; ìgqj msgq j.=fõ tla tla fma<sfha 
j,x.= Ndjh ms<sìUq lrhs' 
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Calculating the size of a page table 
msgq j.=jl úYd,;ajh .Kkh lsÍu 
 

 

 

 

 

Page Table Entry (PTE) 
 

A small record inside a page table used by an 

operating system to manage virtual memory.  
w:;H u;lh l<ukdlrKh lsÍu i|yd 
fufyhqï moaO;shla úiska Ndú;d lrk msgq j.=jla 
;=< we;s l=vd jd¾;djls' 
 

It tells the computer how a virtual memory page 

maps to physical memory. 
th mß.Klhg w:;H u;l msgqjla fN!;sl 
u;lhg is;shï.; lrk wdldrh lshhs' 
 

Page Table Entry Count 
 

Indicates how many virtual memory pages are 

mapped or can be mapped to physical memory.  
fN!;sl u;lhg is;shï.; l< yels fyda 
is;shï.; l< yels w;:H u;l msgq .Kk olajhs' 
 

Each entry in the count represents one page of 

virtual memory that the operating system can 

manage. 
.Kka lsÍfï iEu we;=<;a lsÍulau fufyhqï 
moaO;shg l<ukdlrKh l< yels w;:H u;lfha 
tla msgqjla ksfhdackh lrhs' 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 
fN!;sl rduq ,smskh iy md,k ìgq jeks f;dr;=re 
we;=¿j" msgq j.=fõ tla we;=<;a lsÍula .nvd 
lsÍug fldmuK nhsÜ m%udKhla wjYH oehs 
olajhs' 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

PTE Count = Number of pages 

PTE .Kk =  msgq .Kk 

PTE Size = Frame number bits + Other bits 

PTE úYd,;ajh = rduq wxl ìgq + wfkl=;a ìgq 

Page Table Size = Page Table Entry (PTE) Count x Size of One Page Table Entry 

msgq j.=fõ m%udKh = PTE .Kk x PTE tll m%udKh 

Virtual Address Space: 4 GB (232 bytes) 

Page Size: 4 KB (212 bytes) 

Size of Each PTE: 4 bytes (32 bits, assuming typical 32-bit PTE) 

 

Q - Calculate the total size of the page table. 
msgq j.=fõ iïmQ¾K úYd,;ajh .Kkh lrkak' 
 

Number of Virtual Pages (N): 

w;;H msgq .Kk (N): 

 

N = Virtual address space / page size 

= 232 bytes / 212 bytes = 220 pages 

 

Size of each PTE is 4 bytes 
msgq j.=fõ tla tla fma<sfha úYd,;ajh nhsg 4ls' 
 

Number of PTEs in the page table = Number of virtual pages = 220 PTEs 

Total page table size = Number of PTEs x Size of each PTE 

= 220 x 4 bytes = (220 x 4) / 220 MB 

= 4 MB 
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Operating System Kernel 
fufyhqï moaO;s l¾k,h 
 
The core part of an operating system that 

directly interacts with the computer hardware 

and manages system resources 
mß.Kl oDvdx. iuÕ iDcqju iïnkaO fjñka 
moaO;s iïm;a l<ukdlrKh lrk fufyhqï 
moaO;shl m%Odk;u fldgi fuhhs' 
 

Main Functions of the Kernel 
l¾k,hl m%Odk ld¾hhka  
 
• Process Management 

 l%shdj,s l<ukdlrKh  
Controls the creation, scheduling, 

termination of processes. 
l%shdj,s ks¾udKh lsÍu" ld,igyka.; lsÍu 
iy wjika lsÍu md,kh lrhs' 

 
• Memory Management  

u;l l<ukdlrKh 

Allocates & deallocates memory to 

programs. 
jevigyka i|yd u;lh fjka lsÍu iy 
kej; ,nd .ekSu isÿ lrhs' 

 
• Device Management  

Wmdx. l<ukdlrKh  
Communicates with hardware devices 

through device drivers. 
Wmdx. Odjl yryd oDvdx. Wmdx. iuÕ 
ikaksfõokh lrhs' 

 

• File Management  
f.dkq l<ukdlrKh 

Manages files and storage devices. 
f.dkq iy .nvd Wmdx. l<ukdlrKh lrhs' 

 

• System Call Handling  
moaO;s weu;=ï yeisrùu 

Provides an interface between user 

programs and hardware. 
mßYS,l jevigyka iy oDvdx. w;r w;=re 
uqyqK;la f,i l%shd lrhs' 

 

Types of Kernels 
l¾k,a j¾. 
 

• Monolithic Kernel  

All OS services run in kernel space (Ex: Linux) 
ish¨ u fufyhqï moaO;s fiajdjka l¾k,a wjldYh 
;=<u l%shd;aul fõ' ^Wod( Linux& 
 

• Microkernel  

Only essential services run in the kernel; others 

run in user space. 
w;HjYHu fiajdjka muKla l%shd;aul jk w;r 
wfklajd mßYS,l wjldYfha l%shd;aul fõ' 
 
• Hybrid Kernel 

Combination of monolithic and microkernel 

features. (Example: Windows) 

Monolithic iy Microkernel hk j¾. foflysu 
,laIKj, tl;=jls' ^WodyrK( Windows& 
 

Operating System Brands 

 

• Microsoft Operating Systems 

 

o Mobile – Windows Phone (2010) 

Live Tiles touch interface with Microsoft 

service integration. 

Live Tiles iys; iam¾Yl w;=reuqyqK; iy 
uhsfl%dfid*aÜ fiajd taldnoaO;djh' 
Ex: Nokia Lumia 520, Lumia 950. 

 

o Desktop – Windows (1985) 

User-friendly graphical user interface (GUI). 
Ndú;hg myiq Ñ;%l mßYS,l w;=reuqyqK; 
Ex: Windows 7, Windows 10, Windows 11. 

 

o Server – Windows Server (1993) 

Network and enterprise server 

management. 
cd, iy jHjidh fiajdodhl l<ukdlrKh 
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 large app 

ecosystem. 

újD; uQ,dY% fõÈldj iy oejeka; App 
moaO;sh' 
Ex: Samsung Galaxy series, Xiaomi Redmi, 

Google Pixel. 

 

o Chrome OS – (2011) 

Cloud-based lightweight operating system. 

Cloud u; mokï jQ ieye,a¨  fufyhqï 
moaO;sh' 
Ex: Acer Chromebook, HP Chromebook, 

Lenovo Chromebook. 

 

• Apple Operating Systems 

 

o Mobile – iOS / iPadOS (2007) 

Secure and optimized Apple ecosystem. 
wdrlaIs; iy m%Yia; l< wem,a moaO;sh' 
Ex: iPhone 15 (iOS), iPad Pro (iPadOS). 

 

o Desktop – macOS (2001) 

Stable Unix-based operating system 

optimized for Apple hardware. 

wem,a oDvdx. i|yd m%Yia; l<" ia:djr Unix 
u; mokï jQ fufyhqï moaO;sh' 
Ex: macOS Ventura, macOS Sonoma. 

 

• Linux Community Operating Systems 

 

o Desktop – Ubuntu / Fedora / Linux 

Mint (1990s) 

Free and open-source customizable 

system. 
fkdñf,a ,nd.; yels" reÑ mßÈ fjkia l< 
yels újD; uQ,dY% moaO;sh' 
Ex: Ubuntu 22.04, Fedora, Linux Mint. 

 

o Server – RHEL / CentOS / Ubuntu 

Server (1990s) 

High stability and security for servers. 
fiajdodhl i|yd jk by< ia:djr;ajh iy 
wdrlaIdj' 
Ex: Red Hat Enterprise Linux, CentOS 

Stream, Ubuntu Server. 

 

 

 

 

 

• BlackBerry Operating System 

 

o Mobile – BlackBerry OS (1999) 

Strong enterprise security with push email 

support. 
Yla;su;a jHjidh uÜgfï wdrlaIdj iy 
Push Email myiqlu' 
Ex: BlackBerry Bold, BlackBerry Curve. 

 

• Symbian Operating System 

 

o Mobile – Symbian (1998) 

An efficient operating system for low-

resource devices. 
wvq iïm;a iys; Wmdx. i|yd jk ld¾hlaIu 
fufyhqï moaO;sh' 
Ex: Nokia N95, Nokia 6600. 

 

 

 
 
 
 
 
 

 
 
 
 
 
 
 

 

 

 

 

139
ictfromabc.com



 

Contents 

 
Booting Process of a computer …………………………………………………………………………….…...………… 1 

Introduction to Operating Systems ……………………….…………………………………………………..………… 6 

               Language translators 6 

               Utility software 7 

               Application software 11 

               Main functions of an operating system 13 

Evolution of Operating Systems …………………………….…………………………………………………..………… 14 

               No operating system 14 

               Simple batch system 16 

               Multi – programmed batch system 17 

               Time-sharing system 19 

               Multitasking  21 

Classifications of Operating Systems …………………………………….…………………………………..………… 23 

               Based on number of users 23 

               Based on number of tasks 24 

               Based on processing model 26 

               Based on timing requirements 28 

User Interfaces …………………………………..……………………………….………………………………………..………… 31 

File Management ………………………………………………………………………………………………………...………… 36 

               File name components 37 

               File attributes 40 

               How data is physically stored on disk 41 

               Path name 43 

               File directory 44 

               Disk allocation methods 46 

               File systems 50 

               Disk defragmentation and compaction 55 

               Disk partitioning 58 

               Disk formatting 59 

               Backups  60 

               File security 63 

               File storage management 64 

               Maintenance of secondary storage 65 

 

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 ………………………………………….……………………….…………………………........………… 99 

               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


