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File Management
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Resource Management
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User Interface
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(o On AR g g A > S JsSUe ASA i ASE

completion i s 434Creation 4 fx s 438 gigly s AN 9833 5.8 £1 30 Ay 092 > AIS Process state:
89 S el 4 Waiting 24 b o 65 S @l 4Running 24 b g5 S il ARead 2 g 4 b s

B3 g g SCPU 43 (o 03 il ) 438 83 (> susar 4bi 5 3 965 5 tProgram counter
W58 U (i 53 0015 b 85 (i 0 e S i gy 58 (A S (Al ) (g s S0

Priority (o> (o9 (288 52 oS J5S05 Priority Num 5 45 e g R 55 6o 0 pm F Qa9 3 92 (o> IS (Priority
S o s a8l 4y Adn 51 59 (SHigh 4

A3h 03 Gy A3 gilaglea Jgi digy Cumgy 4B 55 S 0w (a9 & (> AIS (General Purpose Register
< S “Running 4 (e Claglaa o)) 4y Gusa s 998 2 S Sl SRegister Memory 43 il glaa

(598 A 3o 8 jo (e g 3 (D (69 g AT Adgld )] g (g S £ ) Auig iy 093 (> 4AlS iList of open files
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A g A5 gighlh g3 (S 0 e i Aug iy > AS PR Ly

Gl g Ay 98 £15a) 3 (598 Al a0 e ) Sy Ad LB 13 (2 (5.9 0y Adshld il S Sl al S SR gy (A AlS 1l

s

;ifo device, keyboard :45d s ) &5 &2 AiDevice ilida S i g4y 908 £ ) 3 (umagy List of open devices:
25 13 9 mouse

b A (> S o S UBI Ay 2 000 CPU 2 5) 5.8 JsSu9 Sig agaae 43 g s & tAccounts Information
WS Sl Cilaglaa 0 ) Ay (5.8 0 S e g g 52 (> HS s S JudulSpace

G925 A9 LB g) arili gy o0 e i 5 pasd dagS B A s (AL (S 62 4 A CPU Scheduling information:
LSS by i A gy dagS wly cd g 43 o

Process Control Block (PCB)

.S Jis Process Control Block 45 52 59 4l s (S Claslra Joi g s 9 2 (> s\ 43b

Process ID

State

Pointer

Priority

Program Counter

CPU Register

1/0 information

Account information

Process Life Cycle states of a process
.59 Life Cycle 43 (il Jasa (52 (sl (2 Sisilla 5asS (553 4y 5 438 908y Al (oS iy A gy (& AS

M&b@dwﬁ&\JW‘g#ﬁle,:ﬁdidxjéﬁdsehL.n

N —

Start Emmmmm— Ready ) f Running P Terminated
R e "’VT’\“ /’A;~_.,,7 R A e
N\
\ o
Wait
S mm——

Process life cycle or states of a process

g AT AR g Lo e g 52 0 JA s a9l (> AIS Start:
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P IReady 43483 LA oalal oLl o1oS £l al 3 gl (o0 Y AT Ay ) g s 092 (> A4S Readly:
Running:

Al A g 5520k 9 LI AIJ0 (A o Al S UL 3 Glla Ay ) LA JaaSS G 52 (> ASWaiting
>« claRunning W o) A 45 GllaReady 4w i gy (ol g A g e

w9 Terminated 45 43 & JoasS 0 pu J 99 s 4y a9 82 (> A4S Terminated
Process scheduling

Ay S Cg g dy g SN S S S5 5550900 A ofs 13 9) 03 dagw 03 oL Multi Programming 2 1
> 48 )9 Process scheduling 45 g3 (598 A Ay Ady 0 pr gl Ay gy (593 3 (A AS (gl (S su9am

(S QA Ay o B ) s S Remove 4w sy 0.5
Categories of Scheduling
34 Scheduling 459 052 454
S eloa) Al by 9 Al (5 ga (J3a) Anadd ARd L (o J 5809 Ay 052 A 48 Non- preemptive:

A AA A I (A A (AR T A AR G JsS oY A aaia g ol g g d A A
NEXRS

S (ol A g Al Ly (s g ARR 55 (g g g AT gaalia adliiie D ARD o 9809 A 052 (> AIS iPreemptive
g Sd g ALA A3 gy 6 R (A sS J9SU9 DA g AT g A (SABI L s S

insert cHome :JUa gl 9 ol S 3 43 (& sa2a sisa N2 1 Program
« power point Word: : JYa .S Jag nsibla 45 S gana 5igal 8 3 2 Software:
Process Scheduling

SIS 598 (SAa gy B 2 B 2 9 69 SProcess 2 lla Ay o agS 598 5 A ug s 428 4283 :Process manger
(S oS gk odid ol oS QAT g 3 s A9 High priority gaswg s 438 &

4 58S o) A Ay g 65 2 sS b A Sl Ald 4 A S Jsi A S s table s ol Adgs A
(i b i (S CAga S Ay Adidig dagS g CA g A Ay gl 568 S oAl g ALy S G

Gosarady Ay 5 9 (S A0 4y A 555090 ) 4 0fs 4523 83 434 Function $a¢< 4! Multi-programing 2 482
58 9 g ALy (0 SS9 (598 Aakal AL g (g pa sl Anug iy A8 ) (598U A g B AT Ay g A, sy (S

Types of Scheduler

i3 433 Secondary memory 2 03 13 (o333 < ¢ g ad Job Scheduler s34 45 4823 :Long time Scheduler :1
.65 S ready queue 4 (= 4id 45 primary memory ¢\,

Gl g8 0 i s3 3 s S QA 4 ready queue (2 ¢ (> (219 P2 CPU scheduler 45 482 : Short term scheduler
_Gﬁwu\dﬁjﬂjﬂ‘ﬁ&doﬁ“)ﬁﬂbjg

Gl g g LAl g 09y g3 10 a8 by s S 0 i (Jsa)swapping (> 0314 odid 13 :Medium term scheduler :3
@S CPU 4y o) S Adila ddlig aly ol dda 3 Pl ploa) g ls Cogpa Al ifs a9 (o A8 (A 508 GAT 4y
W9 B8 B (S S 00 (A (Al Gl g g (lsdy
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Long-term

Scheduler Short-term

Scheduler

Job- J’ -3 Ready Queue l m’{:’@ﬂ»
Pool \\

1o waiting- D,
Vo queue(s) | T

Medium-term
Scheduler

What is scheduling Algorithm?

JS 0 3y sloS o pm i gdd 2 ah b pdig Al (S Gl asS (63 8 NS gy o L sleS o gd IS g :algorithm
Multi 43 53 S 1) 4 daug s 4asS > 9 pslra 483 )9 algorithm 4,9 958 S (> 0 KT A S o Ll ol 6 o puu i3
> 2 <, s sS scheduling algorithm 13 (o4& 103 4agS L o) S Cdg 0 168 1) s pasl 4a S, S programming
G509 (2 Jgd phile Ay (5585 A g AT g S multi programming 4. &4 gl cd g ¢ 4 AL o e cpu

dagS (A JoS o0 J oS aliia 4da 3 A AT cpu S S35 4y s sS4 AS > 1 scheduling algorithm
S) LA alile ol g 592 698 IS (ol AR i oy s Al g AagS (5 pa 8l 9l (o 0 Ly (S Sl g a g8 Ay Al
(g Fia S gig sy S8 g gl (5 gy A9 A gy Ay 0 e 0319 A (o0 pmu T a9 52 (> S (58S QAT g g

Purpose of Scheduling Algorithm
. B89 ¢S o) daw A S 5 S utlise uali« ram ,i\o, cpu» &ilie ales

(695 (s.5ia ARL S Al il g 3 iy (5 98 i AT yiga il
S alila gl o0 cpu

MasS A S unit 4time L. g 2N o > 3 4ase sus capability 4 cpu 2 @ Through put
-9 A0S s S oA

Lol A A g g 3 s S AL A S S 4 w9 Cpu i Turn round time

L9 AScdy ol 4% 3438 cpu :Respond time
Scheduling strategies

G Cugpd 4 Clla | /0 Amig g 052 (o (S Clla AR Ay | (5 98 QAT A Al BB Ly s 652 2 iPre Emotive
Ay Ly gadi AR s 9 Qg A5 1/0 ARk AS (o S AT Ay o A AS L gl o high protiz AL g
03 Sgha il 13 (5 98 0 S ARA (g 98 QAT
b Ay Gl g padidia dih s 94 s S AR o A 598 S Al g s 4 o <A 543 S iNon pre Emptive
CES oA o B S G A il AR T 0 e A A g g 0 9y bl Ay 503 (2 b s S
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CPU Scheduling Stricture

CPU Scheduling

V/F_d/Rv

Preemptive Non-Preemptive

Priority scheduling

Burst time

17

N

Priority RLonggst Shortest Longest
i SEnaing Job First Job First \
Scheduling Job First / :
First= Rnghest
Shortest Round- Come e;p?nse
Remaining Robin First- Nae)l:t)
Job First Serve
S g g A Clla gaS Il 38l 89 240 Process
C G ) A daa A asS o Allig s gl first come first serve = JS& Js8 (FCFS
Process Arrival time Burst time
P1 0 4
P2 1 3
P3 2 Priority time 1
P4 3 2
P5 4 >

55w non preemptive 483 g) sy sl S 0 S Ay ARD 9 A 5S> 49 S a S :SIF(shortest job first)

Y

Waiting time

L 59 oeddia L So Gl g A o pw s s A 3 gl ¢ 59 aS o haug) adi A 31 g gl salA

o i s a8l ARd 59 <l burst time w2958 3 (> 482 43 53 4dlia SJF 91 ILGF( Longest Job first )
Co S Sl A S 1) sl Ay Ay AR v, 63 ¢ 551 S non preemptive a2 483 (58

LSS oa) daa 4 5 e e 59 high priority (D (29SS 1) dug calad g Culgh o

S8 GAT Qa3 (> o VS short time server 4w g 433 483 4l 2 5.8 J5S Uy aad Culgh 3 45 g A
B 5 (A ) A cpu W s gy 090 SRy ity (58 o LT A 0k (59 48l el (pug 5 2 (D S a5
L9 B s (D S o i AR 4 g a9l o s ) priority
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Process Arrival time Executive time Priority Service time
P1 0 5 1 9
P2 1 3 2 6
P3 2 8 1 14
P4 3 6 3 0

Priority algorithm scheduling

P3 P1 PO | P2 \

| |

0 6 9 14 22

C 69 a0 Ay ARR oy ST S o 0 e gR (6 A ) o) Ay gy oy g L Camaig i 82 (o (oS Al S

preemptive 52483 9 (S 0 i yi AR (59 Al AT JaaSd o Ll @l g oS a0l a g8 1 Shortest reaming time first
preemptive 5 > 453 S S gallhidrh o9 Lyl 2 Sl gagS o) AL Adidi g ALy (g AS AS 2 Ay (o3 ol )
L 03 (550 S

Cafix b gald A5 g s R (05 ) 0 sl dIipreemptive s: 12 Round robin scheduling algorithm:
GA L (S (59 A Al 9 o0y (S g S Ay AR g AR (o AS (g T smig 918 3 Sl gcpu 2 sS09
(E5S 1a) Abll g (b uquantum time 33 (2 03 o BB e Ai 94T fefs A3 ) A S

25 10 meli sec , 100 meli sec <3948 gl )9 quantum time 43 4aa 5 S JsS )5 45 Alig o9 > Sl g 4an

X
Process Execution time or burst time
P1 24
P2 3
P3 3
\ PL | P2 | 3 | P \ PL | P1 \ P1 | P1
0 4 7 10 14 18 22 26 30

Al Axd Ay g) 598 G\ g9 0 e Adgay ) R 62 1 (AR eRd) 623 3 G ) e dum) Multi-level scheduling algorithm
CA QU AN[0 1 A g5 0 (A STA S e 2 658 GLA 5 0 g Aulh g AR ol ) SN A8, (598 0 pu i Adlag o g
JsSus priority 52 45 queue A, 03 bdid 13 s S Ak Jidis )l g A5 Ay cpu b 2 A S 2 A8k

. S o) 445 Round Robin Al S Jala 44 4iS queue 2 9 S

(2 s 2 JS & 5 08¢ Ja sl y)Context switch
. 64 context Switch 2 4aa & £ g ,d 4338 GlA agS Al Lo Ay ) & Jagdu s g 9 > AIS

A3h A Gy g g2 A o) Sl S PCB 4 Slaglea Jgi oy 4y Aulig 51 2 Store & restore 4iglS aga 093 SASa 4y
. s5Srestore Ay AL GlA daa Al 5 9d L S 4Rl
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| Process pl ‘
4—
> ‘ Save pl state ‘ —
| Process p2 |
< \ Restore p2 state | -
Process p3
» | Save p2 state —_
Process pl

threads 4 4

A

‘ Restore p1 state ‘ D

Threads in operating system

483 9l Lug 95 4y 0w logical 43 482 5 s threads (2 45 (A (A & Jhugy B 55 4 > Oy &2
dugpaijgas a2l g4 9 light weight process sise threads 482 g) 5 pS Addial ) 438 (w4l threads

2 9 84 (speed) L cpu 2 yige 0w threads 2 ). oS Jduy sk path 4 execution 52 (S 4wy o 4
threads s 4 g 83 9). s 4S9y oum g 52 A threads 52 A 2 018 4 aluws OfS 2 b JsS 0130 (590

L9 R = S cpu A S S 3 o) A i g 428 Threads ) b 4SSyl o
(light weight process) s 39 ab 4wy 4djg aS 4 (52
. 54 39 threads 4 function R sl S 4iada) ) functionalities <l (S Gwwsn 52 4
o B un i aS o 4 S Ay o Ay
. SgS oMt ) process L g8 spS o i S Shg 05 4 threads s5 (> 4lS
. 69 08 Ay alewiw Sy ) 3 2A management 90
. 658 JS 4% multi threads $ 9 L) sy > Al
. 25 threads 45,5 55 S process 55 43 (> 45 s sty sladuia 2
Why do we need threads in operating system?

process e 03 3513 glg e o) JoS 43Ada) threads 2 il o g 8 o alewin g3 3 > 454
. 43 process w03 313 context switch (S

203 8 (S threads 2 (558 Jaasai 4l g) ol 6 Adaial o
.3 3 SeContext switching
. spa8 o9 performance §) ¢S s oy data & code (S e J 43 threads s 2

s A5 sl g b s 9) Ju9 9 s 32 2 Context switch:
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Threads VS Process
A Gy a4l alia 6l process:

(SR Qg pa A alia paS Threads:

69 S S JAS I ) g 3 s3slow ey s 2 48 Acreation & termation process:

. 69 38 S 4834 Threads

L dm b (o lesaly 9) s G 9) 39S J S8 Gy A process

CSe 68 dR el Ale S Ele JA 58 il Data ) code W (S s iThreads

Two different process

PROCESS
Registers Registers
Stack Stack
Code Code

Date J File Date / File

Two Different Process

. 3 slow _2d communication (S @ie 43 gusy s 3 Iprocess
. 3 38 W Sthreads 4 95 : Threads

. saslow S o 42 context switch @ process

.83 3 b S a9l Threads:

C 60 (SIshA AR Al g g A tprocess

LoD o A g g S 62 4 iThreads

two threads of single process

THREAD

Registers Registers
Stack Stack

Code

Date f File

Two Threads of a single process

Components of threads
SA A% s Y Threads components

Program counter .1
Register set .2
Stack space .3

20
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Code Data Files Code D ata Files
Registers Coumnter Stachk Registers Registers Registers

Stack Stack Stachk
Countaer Counter Counter

Thread ;
= | 2| 2
Thread Thread Thread
Single-threaded process Multithreaded process

(g3 Mg 099 4y S ages 4iThreads

User level thread (ULT)
Kernel level threads (KLT)
694 A s kernel §) sopS 48Add), space Lis 4.1
¢S Sk ab process & s <SSl threads & (S s 4S8 o
.03 35 S0 management. ) o2 35 S0 Context switching e
. 15 ULTA 9 ¢S manage o ¢S 4adal) S kernel 43> dsd 4 o
I KLT 435 S e 4dld o) spy9> S kernel 43 > space 43 4l . 2
¢S S A process 4 S Sqthreads & (S o dS e
. &9 3 S Context switching o
. 9 sk S5 All management e
user level ='s user level thread (ult ) 45 428 S 43alal ) S kernel level 43 422 > threads 4% .1
. 5088 JBI 4y Gug g3 3 g3 kernel 483 5 S 4335 ) thread asS
. )9 kernel level threads 4 4x& 4ialial, S user level 43 > threads 4& 3 .2
4 s AS | 53 35 i creation & termination $£2 2 §) . 58 mange 4hwls 4 user library 42 .1
43 threads s > 455 oS black o threads Jsi Usi 5 s black (S user space 4 threads
. 6858 A8 S 4y Gy 557 2 user level space
2 4 threads sls5 48343 3 slow 9 creation & tarnation (S 482 : Kernel level threads .2
L6 YA Ada 3 (5 ) 98 48 Jiu 4 threads
.9 threads (= 45 (A b sdugs 930 930 4 (D o 5 1 Threads

A4Sy 5 g gl oy g b b oS oS execution (S iy g 4 threads s > 418 : Multi threads
. &S &9 multi threads

Advantages of threads

e Responsiveness

e Resource sharing

e Economy

e Better communication

e Microprocessor architecture utilization

24823 (58 433540 race condition 4312 ¢ (5 S 438 4l recourse ) i 2 pugs A A G 1 Gy
. 34 process synchronization st s gxida

99 43, 5concurrency b parallelism 43 38 | ) (S @9 53 JS& 6 )) g4 4y Gumig s 52 2 Parallelism:
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S by S S sl 4 threads b s @

. SiS oS S multi-processor 4 e

LS o ((JaS ) a)) execution swgy 24l e
LS oA Smulticore 43 e

L 03 Al phld A S Ay o

13 (> ol G gea context switch 483 43 5.8 6y i S CA g a4y g S5 ab S 4823 (Concurrency
L0243 480 e (5 praslaa 4 98 Sl 4y 4D 4ige context switch

context switching 433 (> 03 S 34y 3 Jusi 68, EopS o g n 03 SClgogmdran dily =
c o S pige ABR (69 (D S e o) Al g A S Fla S (90 BA ol )

single core & .S o x5 S single processor 43 =

-LSJA‘.UJ‘Q%MG"WJE&QQ“:‘EI#MJ‘ .

(IS sed w5 J)Process in synchronization

65 0 5 execution (sl 43 5 e 4y a) S50 3 B A sS GRAGS AT A s al Ko gmg sy BB A
. 958 o i 5 process synchronization st slg8 sopad acllay of | S Cidgo gy

process st s1sS s .2ad 2 race condition 2 12 S 45 el ) race condition § o A s Rad (5 e AS
. Gl b result Wd o) (A ASLe Al AU LG Aidigas | 568 8 S synchronization

.64 Mgl 090 Ay w9 (sl 41 Process synchronization o
4 88 o 2 AR 51 (execution) xS 1A 4w 852 (> AIS Independent process: . 1
.4 Slexecution
execution 43 9 L 24 ¢ s pS(execution) 4wy e > 4 Cooperative process: . 2
. S 434l S cooperative process 44 4 process synchronization ) .4 S

. $1a) IS 43X synchronization ot s sside 3 483 3 L& 2l g (laj ad g 093 (> AlS

psS 5 Alout put 403 oS g 2 Jsl 68 Ala g ol 0 93pT, P2 (s 099 (> 4IS Conversance:
g AB 3 4y o o pS oy i Ay ) A A4S Aoutput s pesl 43 4R 59 ) sl
. 648 4 13 synchronization

. 83 A g9 090 4y g bl 4 synchronization @2

3 g Ay 9 3 Ay g 98 Ad U il i Ay g 99 (S 480 4y (g g Tl 3 Uia Depended: . 1
d N G Al g gy Ay (Al b

4 synchronization § ¢ U sl Gy 4y Ay b 3 Gug g Aliy 52 2 S 482 4 (Comparative . 2
.89 Q9@ Scomparative 4

Race condition

u.«.u.:d),a:‘g\@Aﬁﬂﬂaodﬂmﬁﬁtﬁ'ﬁb‘”‘a!ﬁ‘g#ij)g‘gs‘;e\)s‘gﬁo&gﬁnﬁbuﬂﬂudm
. oS 43alal ) race condition L s3 sk 598 0 S O B CAlifa o (98 AR gy AT g

. 29 critical section 45 (53 (598 43 o Al g (53 i e g 3 (A MDA 4asS il o
critical 45 52 5% result W 2 gl (58 Adddal ) JSUSL A S Ay A Y (A Al 2 o
. =9 section problem
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A ddy o) iy 9@ 4 trough put L) oS iS4 Ay g 08 oS oS (S g g1 Ay g 099 (> AS
. syS 454 race condition (S 5483 9 iy S a4 trough put L (D s 9S phdss

. s thread section 45 4aa S 438 45483 & ugn A6

Jala 43 Critical solution (s 099 &l oL (533 53 (58 1) (laj ab (o g 094 (> AlS:Critical solution

e
Critical solution problem
s sida oligli w893 43 Critical solution 2
Solution to critical section problem
i da critical A5 s S9 Bb Gl g e da

% complete s 13 (A A8 L& JA) dcritical section 43 G 52 (S &390 92 AL - :Mutual exclusion
A gy A28 A AS o4 JAN 4D Critical section (S @39 o0 4 4wy o S b 4 JA process Jr o e &
. i Abaly AL Ly o 9d complete

o S ol g U & L0 il g aglaa 3 Al g ) Al A 4d 8 85 2 critical section 12 &b -1 Progress
A ey ST oLl i g aglaa 3 Ml Ay 52 L. 59 ptre Bl A g R 13 g (g ey AT AD pe Aua g gy ALy ARa
ALS (59 aglaa g 3 Al JUB) A0 AL o 859 2 critical section S35 g 45 s Ay b il Sia

69 299 Al 13 gy (5 98 w95 45 Critical section 4w 52 (>

.63 459 0 32 4. Solution
.69 25 Ll 13 (5 68 G 8o o W critical solution 2 4w > 418 : Bounded waiting
: s solution (Al e
Solution
Software based solution Hardware based solution

3 o i Fgasl g o Oisld dww gila g 13 1 Peterson’s solution : Software based solution
la g). o JA)a 45 critical section S35 . o4 Y sS Sialed process 939 2 solution 12 gl . 63 (bt oL g4
Mm99 1 ad b, int turn & Boolean Plag . Sy s fuia i (oug 090 S5 5 ) item 4d93 252 solution
(s s¥ 98 Culad 053 3 solution 13 9) o3 (ulsl oLl solution susi 3 8 Gl s pasl 18T A 18 53 sl i sl
J ol intturn . Sy 8 e g 090 B3 5 2 ol item e Jg9 13 ) 4 JAN3 4 critical solution s
. Boolean plug (=

1 58 9Sset | Ssetturn isge4s Sl gzl & JA) Acritical section (o 02 ssad (g (4498 2 Int turn:
LA sesSset (N S AL

odi UL o b s sfalse s AS o) o JAN A 02 0 L Guig g 55 s strue (s & ¢ 4S Boolean plug:
C b b 19 JAS JAN G 4D g ready 9 4 AS 9l (o AN JAI dug n 98 soready Awg o AS

A ASa LA JAN A 59809 sl JA AT i dag g og (S48 4y g ab ol e humble 45 a8l 482
. )9 p& class selection
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synchronization s: 12 .22 hardware-based selection stest and lock - Hardware based selection:
S35 dvariable 483 sl 3 lock variable (o e 58 2 53 i A s variable s 2 problem
A Al g3 (0/1) & Ll variable 032 lock variable 124 gl s S 45 &l synchronization e
LIRS AN LA o9 0 ) AS g S IS JAN g 59

Als o) g9 true L 9 S critical section 43 4w 2 4S 59 set 4 Jalock variable e sl 2 )
LSS AT el SKhalad Flah guign 99 310 9) 568 Cuma false by K9 s A A (A

Semaphore

non-negative variable & 9 S ¢3l,9 Edsger dijkstra (wislw 139) 82 software based solution s 12
Al oS JA)a A critical section (o (i (088 (D S oyl A Ala 4y 13 ) A value 2 sl 02 solution
. 598 el 433 operation o2 43 4wy 0 53 8 S access Juug Augs > Al ) ¢S access variable 12

9 B9 63 IS 2 i proberen A Cube 59 Jiuwd) 438 Dutch A ) S JAgl o p 4 A Wait:

@ Jss 4dla) 2w g) verhogen ¢ CULS 554 Jiwd) 433 Dutch 41 ) s.pS Jas o pmv 43 Signal:
.69 a8l Al gl gi 4 18 ) «increment »

. S o i Operation 093 AR b (568 I A eyl aillna g gy (S ASI 4w

A s Sy D) ML gied true (2 condition & sy A sS A3 e ol gy e values 2 A AS =
. & complete 4h 434 63

dugp 9d JAN B AS & IAS JAN dug p i s false e o s s H 438 Jha o values 4S ) m
L83 ARy wait 2 Jg8 1 AL A Al o Une « s S 2 ¢ Aoy ) A4Sy s S5 decrement b

ssSincrement L 55 dcomplete (o 4wy 43 s adecrement 43 g o L&y 0did 13 43 1 Signal:
(o AN Ay Ay A

Introduction to Dead lock

resource 4823 g) s} &g a4 system security 43 .S exited 4wss 52 > 4S operating system 4
memory, 1/0, $ o2 software (> system library 45d & )€ a2 hardware ) < ¢)4S a2 software
$ 8008 A Lrequirement 5 D VS 4 resource 482 S i 4a, o3 hardware (> cpu

. spS 43aal ; dead lock (S @iy 4 s

Sopo AR sla sa 5 03 Al 9 59 (e (2 6188 AT aalia g Qa2

Request resource .1
Use resource .2
Leave resource .3

LGy el S el L
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Dead Look

hardware 4 (2 s A G 4 resource 5 sopS o i 4w 052 S Operating system 4 2> 4s ©
.83 & e 448 @lia software o)

9 sAresource 54w s R 8 s Cugd AT galie Gug iy A 5 ) 8 A e A ©
circular 3 (S @l 4y g (S5 (D G900 4D ad il 588 (A IS ) s palia o g Ay 0 R
.SpS 43314 dead lock & & S wait

b 3 5 s e 0 Aug g o ) o S G gy g9y 3 (S ARR 4y od clla 43aDead lock:  ©
WY (i A g Adal A g

Dead lock condition
pd g Y 2 4A8 g0 Al s adlg dead lock & iy Cuga S SAgom 4y condition ¥osal 13 o AlS
. oAl sdi 45 dead lock ise pa Ln L&

.23 dsharable 4Sa Jas cdiaccess 4 guig s 094 (S ©d g 093 43 Mutual exclusion: . 1
Ay pug 0933 S iy g4y S s34 shareable 438 2 resource psS o w yige A S plenw 4814 L
i uS access b g Ay g 592 2 Alg S Sl Ay S access (i sl Aaul g
Js UL AT L g il Aag i 093 . s 68 UL 45 Ly Sl o s 404 Al resource 2 tHold and wait . 2
.6 5S UL 4G b o) (58 Jilu oy A Al resource 52 S A4 L
smsl 5 5 A G940 adlia process 4L 53 s resources s e 052 > 4S: Non preemption . 3
G A A SOl LA resource 5488wy s s Sd g4 L, 535 A resource
$9 4 s S complete 4L
R A8 A8 L 301 4 resource s9d S5 s 5S u A gl Jy 52 3 g A Circular wait . 4
G S g9 59 S A3Ada )y SUBTH) (69 03 2 U 93 43 circular condition Ly sy & gea (pnails
Conditions for Deadlock to occur -
Deadlock can arise if following four conditions hold simultaneously (Necessary Conditions)

1) Mutual Exclusion - 2) Hold and Wait -
One or more than one resource are non- -sharable (Only one A process is holding at least one resource and waiting for
process can use at a time) other resources.
P1 foi I

It wont

R1 assigned to P1 ’ nnot ace
< Eme—— - R1&R2tlll |t
s EEIES, Bl — : RL RS gets R3

assigned
to P1

3) No Preemption - 1/ 4) Circular Wait -
A resource cannot be taken from a process unless the A set of processes are waiting for each other in circular form.

process releases the resource. o
Pl ~ P1 holds R2
R1 aSSIQned toP1|— » — —
% ‘ R1 g S
R1 —

P1 holds R1

OS cannot interrupt P2 holds R1 .
/—-_\__>
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Handling dead lock

o ¥ didead lock (> 5 SesS, 4a ola) 4aa i sluww Dead lock prevention or avoidance: .1

LSS RLda L e 2l o oS laudead lock ¢ » Dead lock detection and recovery: .2
L Jhgsa 3 gl RIS o Figha doad 4B L

o9 (o> 4 Mg S 88 52 J5S reboot or restore aiwsw 4313 4 Ignore the problem all together: .3
> s Srestore alwsw o S Adada) ydead lock a2 Ly o3 4 Adg Al 13 g3 (oS oy Al J 5T ARR 59 s S
g 0 o A Ay g g (A58

Dead lock handling strategies

A5 L aia g g5 2 e 0 S end (A 433 dead lock A oS ARA 5 5 g Preemption: .1
NEX ST

B A 6B oS gusSroll back 4y s (Pl Sl o150 ARR 3 (5 9 0 i i 9 A (SOfs “Roll back: .2
A Al g A o9 Mg (D eI (oS A A glh A 4
529 4RI Al AR (5 Sl Ay > AT 94l 89 0 9S 95 restore alew ALdi o Y ASLA Ay ASR ug Al

A5 L A Ay s 9 A Adlacycle 12 A S S 4aid 4wy 9 b Kill one or more process: .3
S pR (o9

Memory management

63 J8S o) 5o gare JARR g3 gaga Al Ofs 3, (S oA Uy 685 03 AAR 48 gaga 13 S5 igmas
G o) J g9 A 4y B3 i s o & 4y aid Cutdlians Primary Memory 2 Guiaxia 5 ) gasa
.59 S RAM 43 (o308 (539 (o (ol 10 SR g dib g) o500 98 0¥ 45 Concurrency. <y

(658 0 AN Ly o Ll il g hga g 03 i oS 5 3 :Primary memory
4 4SS gleala acugl A 68 IS )2 memory management & Al A ram o) s 9
LS B A S gaia A1 Jilw A S ram 212 ) L oo S
. 82 memory management 55 433 i3 oaga 43 ales S ) 3
L s A o) o ju JS Al 4y
68 (S AU A M SR D (e Dy gea S g ARR) o0 ) g 0 Y AiConcurrency
.03 Sl smemory management <Swapping
L E5509 S5 01N ARl (5.9 g AT (5 5aa 0 8RS (52 5 R
Memory management technique

OO0 00

Noncontiguous memory .Y Contiguous memory management schemes .\ 2 4lgd o5 448
management schemes
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r

Contiguous memory
management schemea

Mon-Contiguocus memmery
management scheame

I 1 Ll 1

Single = 2
Contiguaus rultiple Paging Segmentation
memaory Partitioning
managersent

scheme |

[ 1

Fizxac Dyrarmic
Partitioning Partitioning

Classification of memory management schemes

Jasn n Aspace asS (S T Ay o) oS LB Ly \A AS g pd 4y s 483 4 Contiguous: .1
RS
SN A, ggpllatiu) 45wyl 03Memory management scheme (25 o3l Single contiguous: ®
o/s S lower part 4. 2 higher (= a:90 9l lower 8. S Jdus 8 » 852 4 primary memory
LSapS 0y i S G g 051 Ay A g 0.9 Al 9) 69 2 user program 2 S higher part 43 9 ¢
L) (A AU B S g 9 S Sl 3l sA 99 4 4wy tMultiple partitioning ®
oS Sy 53 99 A Ay Lo S (b 40 S Sl g cpud L 6. o S (S Gl g 09 Ay s
S e Apad CA9CPU 2 S opm 5 (S (S Dl 4 s (A0
i J 0509 > il p S 69 0S8 2 blocks $3 S Jdug blocks 9 43 s usax iFixed partitioning ®
piete 13 2 ALS (58 (6859 Sl g AR b ) L (5pS gilaspace ugare 2 ASA 49 )3 gl 0a il o AR
. o ¢3S aa different ) same (2 b 13 g
4block s> ssSushlock a8 4aa (59 &g ua dispace > 01N 4a S 43 Dynamic partitioning: ®
v Mgl ) yS A 1N 69 99 Juudsa
AR space fa s s s B R (A ¢ A Jg9 e A 4 Noncontiguous memory: .2
o IS B
« b 0y (A AL Al KA ) 4y track ARd 3 S JsSU5 > black ass
by Sga dlSod jgpa S CAgAIN 59 SIAigDho A L ol b JSsblack 4 :Track
NTEEUSRTRT T
Al S it ey o g fixed size (b 53 oS Jhuy sl sada 45 process S 12 43 (Paging ®
GR 9 9. oS Qg 53 0 4g pb (s 9aa ABlY | (S 0 A3 AT J g9 (pmd i Ay (S N Ay, (D)
Jeag (S A4 ad ol g 2. 29 page frame 45 A memory ) (29 page 4 A
). 9 maps 4y i s\ g 0 physical ! logical address (& 418 . 82 (g« logical (& S
. 68 o i | sAl memory management unit @ mapping 12
S gl S S o9 Aifixed size 4S 53 oS Jhug 93 0 4y 5192 4mg s ) Usam (Segmentation ®
s Shua segment sz, 03 Cd oyl Jilu track S 12 4y S J5SU9 A g segment A suga 3, 9d
. S b pad Sy Claglia ddga 093 9l s At segment table §) o S 5 ) gae A (52
LSS A3Akal ahspace (2 el 9) pemig s pSstore S B A 4 483 Noncontiguous: . 1

Non-contiguous allocation

Management technique
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3 oA g SASIA A S 55559 d9 non contiguous 4 susam Ay OfS > 03 Sl iy 480
L6 s 0 A Ay Jgd alile € 4y o9 S s dy Ram 24 i 9 S AT Ay ram 2 s 4 ol Gueg

o 43a A track Jsi susa a2 5l 59 non contiguous 4 4xd s 9S)9 43 susam 52 (2 0fs > block 43
. 69 Goida guS Al 43X 5 ) aa NON cONtiGUOUS ige (S 483 4y, il

. OfS 68 Cuta (2 (o (NS (5 Y 093 Ay SHIAT A2
Paging .1

b fixe 4 b 483 58 Jhug 2l page b sada 4y oS Jlad) | gy 5 02 Uiz 43 ada 348
(5> 0.9 028 Lua 4dsa ) 41 nON cONtiguous §5 9 S g9 93 0 4y A gy (> AIS (558 4 AISAR S (5 ) ( size)
B4 > g SS g 5B Ay so5ama ph 9) g ph (S ASA Ay 5 S 0 il ram Ay WA A Ay Ay
12 physical address (='9 page frame 454 & Jdugs 63 0 43 (> cusam 9 (2l page 45 4xa o Jangy

LS JsSug VA dcpu 2482 logical address . 9 S susam 4

. 03 g sbwa 0 s frame size 2 page size : ¢4

memory 2 JS 483 g g mapping 43483 ¢ & A g0 logical page 9 physical page (> 418
43 Jgi A page length 2 31 page numbers 2 §i (& Jeugg 8k o9 43 Qumi gl 52 (> 48| 52 mapping
. )9 page table 4 428 > S Jilw S table

Segmentation .2

segment 4. 45 paging S 03 49 T (6303 (2 A8 S Jlug A 9 0 Ay gusasa b gy g S A8
. s 0 A0 S 44 )3 segment number , segment length 2 S table

LGS Sl S oL 4 segment g2 2 Slaglaa Al gd o 9o

9 “segment number 2 4% Base: . 1
s “segment full size :Limit . 2

(28 Ji9 43 (A ) Fragmentation
LA S e 9SS il 3 g sam 3 (A 0 Ko g

= pagesize 23 s92mb = framesize 522 > A, g4l sling A sAlida 4y 5 game 0911 JUa
. s fragmentation 45483 58 58 Ab i Imb 8 S 0uAY pASa 4 2 A 9 1mb

103 9 Jeu g $3 1 093 AFragmentation

oS i 43R Sl 3 g 3 69 A 68 b g 652 2 > AS Internal fragmentation: . 1
()9 AT 4B 85 8d Al ani g s Jag A 85 59 5S PR sa (S (U sae il (58 Ay ey

¢ $& 4943k A jnternal fragmentation 12 4853
S A A o Jigin 48 i 5 S g ol 435 dynamic partition yise s AS
(A58 Tl s sam 3 yiga) 5 5 S9 algd 483 5 4S External fragmentation:.2

53 (S AT a9y 483 il (s ugama 3 9 S 0 A 1 (S sUsae Ay (D 9198 SN 4D 9 eigy 9 9 pige s JUa
external 43 483 gl ala space 482 s (NS oY S yige 13 ASA g o3 A el Gilw 483
. 'y fragmentation
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How to remove external fragmentation?

. 4 Y S Ja o segmentation ) paging 4

o

Assigned space { %

:EFkb

Assigned space ‘[ %
10 kb

Process of need 45kb memory space

Virtual memory
. ) virtual memory 43 (A s2ab (s S oaliiu) 4851 4y ram 2 433 A 3 552 2 hard disk 2

. 65 execution o= j34) bigger program (> ¢S 4w by 4943 vV
LA susam 58 Ju9 4 page ab 43 Jdagg page 4 e (A V)

How virtual memory works?

A g ALy S8y o) (658 Ayl A g g 083 L pmlATH) ALy G g 593 2 (A 1 llaa (g8 0 i S sWapPpIng (S s
o B 1Y 6A | (98 AT duug ALy LA 93 (5 98 Al AR (594 (5.9 A3 JUS AT i g (L) (S Ay AasS | s S HAT)
Lol gladl

What limits the size of virtual memory?
. o Y sS limits il virtual memory 2 (2 2 Qi o0

Hard disk size .
.59 <b) 2 IS Address bus .

N =

Advantages of virtual memory

S S A o S Ay
L Adlajad A JasS ) ) g 0
(59 B A Sl Ada 968 Oy (> pl S S 68 (A8 4 Ram
. Slas ram <l Jsa (o A0 Ly Cyg
Dis advantages of virtual memory
s S (S swap out ! swapping 45 S aba So @l
69 S
s Sd g So application 2 Switching
. 59 Higraa Sy space Swwd

»* Nk W W

* % %k %
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Demand paging

. S Gl space ugam A ASA, 9 A 69 A Qg AS (S 9.9 g Ay AlS L Jiuge Page
B34 s Jlarind A g9 page 1 S A AL L Jhugg page A A gl (& ol AT Ay Aug g (A AS
43,0 by page 4 g a 4S, 2y demand paging 4 2 $ su9l page J s 4 gl S B LA aaa

TET8)
. S8 oala) 4y algorithm Jge 52 2 S

Page replacement algorithm

virtual 418 > Al @i g4 algorithm 13, )9 page replacement 4,y page J: 42 Jsl& page s
. S ol 445 memory
MRU -4 LRU -3 OPR -2 FIFO -1

B9 &2 B 4 S out A s ) page asS S s IFIFO (First in first out) .1

4 55 out ARd (o A Jlalidl <) (S page Ji slA 43 asS (OPR (optimal page replacement) .2
.89 page &: (2 &

SIS out AR (9 A 9 Jlardad @l S i g a3 4 > page a8 ILRU (Least recently used) .3
NEBY B RrIE Y

G5S out 4 (59 5 9 Jlariad Gl S CAg 33 4 A page 434 :MRU (Most recently used) .4
REBY B R Ee

Trashing

algorithm 2 JSda 13 g) 29 trashing 45,9 $8 (o4 Sy b 4D 4R Judaw 58 dreplace, page psS > 4lS
LAl (5 58 Al time Jga) & (A A A

1/0 device management

1 s A SigmaS 2 I aR 13, G2 1/0 S Jag 4 SiguaS 243 4aa 4 g0 ) input ) output
G840 el Sialar fia s 5 90 ) 598 manage 9 (> ¢ o€ 4 12 management . ¢! Wy 45 manage

Device drivers

SsaaS 3, 03 system software 13 5 s S A saliul gl s S Jubd device $55 s driver i o device A 2
43 bit o2 aga i gdld gl Sl L) e S5 500 0 8) s I90g s sk 08 S (S A o) (Solda Al o g 0 8
.34 block

.4 driver 2 ¢ 8 4 communication 5w ol 529 093 A ab J 99 alfiss 49 O/S %
.68 Manage ol 929 J 58 1/0 o 3l 4y 4d drivers 4 OfS #*:

528 Jou o S ol O/S 2 Drivers %

.S 8y 5 communication s« devices 4 0fs $3 5 59 43 13 Drivers %

Device controller
C s Mg oS e oS 1 s el Jgu o ) e S device ! device drivers 2 s sagla 1
ad 13 s ) @iy 9@ 45 device controller 41 o 2 | ) sdevice controller 45 Electronic component
. 68 J9 A devices ©b) 4awd g 45 controller &2 2 (A 4 s1as
W ) sk blocks 43 Gl 14 83 b bits @ communication 12 & 5 device §! cpu 2 @ il daga
NEX S
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Synchronous VS asynchronous
Gy, S A S Ay Al 5 S clla U 3 cpu s OVl (B ifo > 4IS :Synchronous
s e
eSS e Al cdy S sy o cpu 2 s G191 Oadifo 2 :Asynchronous

Communication to 1/0 devices
communication > 2 b Al 502 .6 S9 Communication s« 1/02 2 s A9 0N o9 1L Cpu
i (AN B ) o i /O A CPU sk 518 40,5 Sy

Direct memory access (DMA) -3 memory mapped 1/0 -2 Special instruction -1

.9 43 glgla alla Ja U execution 2 : interrupt (s

Special instruction 1/0
.69 % 9 o control 21/0 2 > 2 instruction 434 3 g) s ¢S saiul 433 jnstruction 2 cpu 2
Memory-mapped I/0
SIS s e 5 1/0 8) susam 3 Guudl (S 5 CONSOL “x apSie) ) Aas a8 1 Al ja 43 CPU 2
A T AAR gy gata A J 99 asiins |/O )

I/JO Commands
cPuU 1 1/O Device

Data Data

NVMemory

Memory instruction 1/0

193 A seSAnal e di A g pdi 3009913 9 58 judi 4R 30 g3 55 9are 2 processor ) 1/0 devices 2
. 65 o ¥ communication
3ol g A9 oS Aokl CBga 3 S AR 0 g Ay sUsane 3 9 S AALS il sidevices g9 2 data (> 48 :Buffer
. 658 o i communication o s ldiul 43 4 buffer 2 1/0 3! cpu

Direct memory access (DMA)
communication 3§l ¢3S ¥ 45 memory Js? direct 4 /0 4 45A S Jl A S Gha 4 cpu Al
aliia 4y A 59509 o)) cpu Al | (58 Jg S adaul g direct memory access (DMA) 2 4w 13, 658 o s
A S O 4 CPUL S () 0¥ A g oaata J g9 aalins 49 L, 59 i (2 (speed) s . s S5 (o 0y J g9
LSS (A NS5 CPU ) 52 gl 13 508 8l g 4 Interrupt 453 (53 a3l (G igs 9
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USB Drive

Disk

Polling 1/0

- Main
-— crPU Memory
Data Bus
)‘ DMA
Device Device Device
Controller Controller } Controller

‘ Printer

e § 33 3 (5.8 0y 55 ) 931 CPU 3 (59 A g (il § DS 1 0y i 9 3 Ad () 523 1/0 (o3 oY o3l 12

)9 Polling 4% (A2 S S 1/0 o Sy g 4y 1Al

Interrupts I/o

SIS AN/0 A S spS Call 45 CPU Jg9 pslicsa 4y S 53 4y

Polling VS Interrupts
G5 Jod AR B sl 2 g9 810 ek s signal 19 ) ) JUiSew 45 cpu 4 devices 2 > AlS 3%
. s interrupts 43,5 & &85 (g A
153 cpu 2 4w 13 ) (9 polling 45488 L L)) 49 40 sa 65 La L 598 S device R 2 cpu > A4S kR

Storage management

S JsSus 19l cpu 2 interrupts 9 .S o S

.23 cloud ' 22 on premise — local 54 g dgd g0
(59 259 S i gal 0w 54 > a8 iLocal

storage ) s (Y 40438 devices J & bl 43 S, LAN 2 sld) 45,5 9 10N premise

NP CNRTRY

LSS Jlewd) 438 Gl 3 313 L iCloud

L6980 Rd Und ol il g pald (> 2 S (598 e — device 3 (o 09 Ay o
. 69 4 0 9 data integrity 2 ) S 4l 0 iy performance At 2
. €COSt (it (o ) A el g i ATy jie Ay AS
.o+l 4sstorage management 2 S 4 o iy 9 Performance
. SS o AT LR 0 Al Ay
LSy 0 ) 9 StOrage capacity

(o2 pg S 5)Storage management key attributes

& Performance
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& Reliability
& Recovery
& Capacity
Disk management
performance alesw 53 B & S S J99 plile 45 Ly s > 4S | 03 433 storage device saqe A 5
. oS A 0 g
Ay gunsS) | A glA g o Jg9 plila 43 Uia 58 5 & manage oow shish 9 S5 Aadisk 2 > 02 a2 13 0/S
LAl &la space e Al
(—'»))Goals of disk management
L6 S o J9d i N Ay L
LS9 Aadia Al (9938 13 o (o9 sl Ay e 9 (59 09938 A L
C 688 sorda gaS Al A Ly 3
. .55 organization o JS& aliia Uhy
Disk management tasks

* W W W

b U J 99 aBiia 45 :Partitioning
A s J Jela clla Jid o :Formatting partitions to different file system
688 9S8 (6 gaidia 938 Al 3y g3 3 iDefragmentation
b o Ny adiadlly o5 QA L g A4S Jlwdl S L 3 :Back up
Disk scheduling
disk scheduling (S S 12 85 (o 1) (2 s )58 0.5 08 (598 (A 53 (ol 1)a) s )68 gy BB (A 4lS
C i B (59509 S O A g s R ). o 1) dasS (A (s sS
4,52 disk scheduling 2 JsS cuda 9 )93 $£33 write (2 2 9! read (2 5 A1 1/0 2 A g 853 43 45 Disk
S 69 N o Mg sy (A AL, s pS (Al S JUETH Ay ) gd ARh | (58S e e 5 0w Sl JA
S dram (dynamic random access memory) v § 3 ¢ 25 4S gl 598 &S A @b disk dram 2
LSS A
Disk scheduling algorithm
FCFS (FIRST COME FIRST SERVE)
Al (55 000 write 2 4S 590l Read 2 4S s S | ) AR 4y s ja el (59 (A1) G s a8 (2 s a8
(S ES e CA g s S S8 a b dram
SSTF (Shortest seek time first)
08 1) ARh i S g ol D a8 LS 1A el ARR o Al Ay S i g Ay ) 59 s > pss:
L 05 0 i S5 AR (59 (5435 A gy AasS (> 45 dram L

Secom
A Aie 3 B g gl (5.8 0 AR A AT ik i Ly 658 0w T ARR (A A5 4 kg disk dram s e st
e Al
File system

cols file A9 W0, SIS 0 R 3 o SgmaS A AR R ¥

38 08 S (5 ) 5aa secondary 4 (2 RS A, s file 4y s cdy SRl JA o U dara 3
it is collection of interrelated data.

.03 $igd Sy 9 bit 2 A4S sana

File Attributes
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Name: It is the only information stored in a human-readable form.

Identifier: Every file is identified by a unique tag number within a file system known as an
identifier.

Location: Points to file location on device.
Type: This attribute is required for systems that support various types of files.
Size: Attribute used to display the current file size.

Protection: This attribute assigns and controls the access rights of reading, writing, and
executing the file.

Time, date and security: It is used for protection, security, and also used for monitoring

Introduction to file system

0 i) 2 J99 plila 4y g o0 0 8 Ay oaia o198 0 1) g) 918 0 pAd Siglld 3 S HsmaS 4y 20343 o g Ofs 2
TR

Advantages of file system
O 93 alila 4y J 58 i 55 :Organization

read Ss& > S 0l A9 degree .JasHS ) (o unsS) AAR (g g 2 Jilw 535l 3 :Data protection
S write 2 SHA g 5 S

oy performance aiwsw 3 58 & & gla g9 aldia 43 4354 0 a8 2 :Improved performance
C B IE ) Lo G 4 DA 58 high

Dis advantages

data > (Al 0K e e i (594 3 (A J9US A gl Cilidia S gd g 5 guaas Cilida 44 :Compatibility issue
S gl DAy

.J$S gla space S 2 Disk space overhead:
i 45 Jbd 5 85w 3 Vulnerability:
Various file system

© Fat (file allocation table): An older file system used by older versions of Windows and other
operating systems.

© NTFS (new technology file system) :): A modern file system used by Windows. It supports
features such as file and folder permissions, compression, and encryption.
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© Ext (extended file system): A file system commonly used on Linux and Unix-based operating
systems.
© HFS (hierarchal file system): A file system used by macOS.
© APFS (apple file system): A new file system introduced by Apple for their Macs and
iOS devices.
Various operation performed by file system
Create----read----write-----open-----delete close
Ll 0 ) 98 (598 J 9l W AL A4y s 49 W s 52 3 :Append
LS5S4 BB (o 9 Aata Al Ly 4 03 Uy 4asS S B8 :Truncate
File access mechanisms
CESS 1 1 B AT e (53 A e A b Lilida
LSS JIS ATgld s Ja 4y 3 52 598 (el J9 (sl 4 1Sequential access
index 2 .2 J\S algorithm ilida A 4858 & 13 (53 JoS ol g9 afias 45 Direct random access:
S350 (o iy Al pa Ay
&2 a32l50a hybrid s 12 S ealiin) 434 direct and sequential °) s :Indexed sequential access
.5 58 ol 433 sequential 2 58 T > S AN A Lhd 3 Aiuig g Ly 568 1 index 4 s s

Security
s>, CPU ) Disk, RAM (S piesss (o 52368 Ly 9 alss 94 Al pa 4y 43D 3 (2 02 a1l 52
219 Security 43 Culal 43R 3 AT AT U ) s (o) Y (A gilE 8
Vulnerabilities
(o9 A5 sligl s Y s A AUy y9a) Jod s 5B A
What is CIA triad
B9 B84 JSL9 00 (A 688 1 ewy Y (S 43R 4 A a9} Unw 54 1 Confidentiality
(i) S (S Y g A5 A A b g9 A8 Laa 03 (5 9 gl Uiy (> 4533 iIntegrity
9 Jad celu Y g) Ay gl S AG8a L S g g Al tAvailability

Integrity

— Availability —_—
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threats
(o sThread 4 A9 015 (Mol d 3 Uy o) alewss 3 2 A% d2a
Physical Threats
It is a potential cause of an occurrence/event that could result in data loss or physical
damage.
Non-physical threats
A non-physical threat is a potential source of an incident that could result in
e Hampering/restricting of the business operations that depend on computer
systems.
e Sensitive data or information loss
e Keeping track of other’s computer system activities illegally.
e Hacking id & passwords of the users, etc.
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