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gfe-1
STuR e Reew |ar 3for ge

(Operating System services and components)

faug A= (Course Outcome):
CO1: ORI RikeH=ar Tar i1 gedhid TP 1.
e frea=it (Theory Learning Outcome-TLO):
1. SfRfeT Rer= &1 quH $.
2. SATRFT ReH=an aTdTeHT TdT Wy H.
3. SHTRfET Reer=ar Riey Hieran aroR WY .
4. SHTRIET Req= gew iRt Yeifdig Ufdefecior wsiaRor .
1.1 ATRFET et st (Introduction to Operating System)
e HE AHd el AR Rierdr T=&7 7 WU FUETAT FIEdsRRy Hag qevarel,
e gTSd3R 31O Wi d3R AT HASTHE HRUTMNIS!, RIGIH AGed3R & B, SR
A (Operating System) TG ATRGAT HTIOT VD BTSASR G U ey TR, SHTRICT
3T &3 SIRagal SATUT fiiey AREAT URURT IUHRUMAR AUl SAUIRT d HAYT BT Hd. Plal
AR TR Reraed formey SiiorfcT Ren (Linix Operating System), fdSiar sfaRfdT Req
(Windows Operating System), BT (VMS), e-ﬁ'QH/4()() (0OS/400), TAHTIUR (AIX), @T‘S’/Gﬁw
(Z/OS) 3. TRV 3T,
1.1.1 STORfET R =BT (Definition of Operating System)
SHTORFET Red BT WA= U T 318 S G2k SATIOT W0 BTSA3R XA S UM HII !
3107 Td YR U= UfeqagRIaR fAd=or S,

fdar
ST, S TR, AR, B13, f8%6p, 37Yc/3m3eye fSerzd sardl g Jmure 3M1for gor &AM by

Compiler lext Editor Assembler Databhase System

SYSTEM AND APPLICATION PROGRAMS

OPERATING SYSTEM

COMPUTER
HARDWARE

Fig.1.1: STRfeT Rifew (Operating System)

Maharashtra State Board of Technical Education 1
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1.1.2 3o Rew=t &+ (Functions of an Operating System)
SITORTET RieH=ht 16! Agwdqul B [ TAYHETY 3T,

1.

ARt HAoHe (Memory Management)

o TIRI HAoHce BhaRM Tdhar drey dbaedl (Allotted) fal W (Free) SRITed Ud® AHRL
Mep e Ry grar 3dd.

o B PITCHT UG fobet HHRT T, HIUTE AR fHesd, drogT sl d favch e d 3.

TR Heerdie (Processor Management)

o SHIRIET Red URRRY $1 iy URINar acy ded T-ol HRd ST Jdd Uiega
TR BT FHROINITS ! RRR &G - YT 9 YT fes e ATt Wil de- TR B J-of
CaGH

o UG TTHT TG Sad! 301 S Y 8 BRI Hrd ATl U ¢liths dhgler Furdrd

o TR UMM TR OGRS Wdigar 9 i HRdl.

o OIgI UIRHAT CPU o 3TIFHdT ¥d degl WRRR Sl-3dldbcy P,

%Q'Igﬂfﬁ\_rlﬁf (Device Management)

RieT=it Hrae doiedn ¥ (S8 edr AFaT dadl.

39C/3M3CYC heler WBUH el Su=T Ui Se3aurdt arg Ui (gdd o,

DI YT fAfRy fegeaar fdhdl S1e iy fHesrar g aad!.

SR gUTETT! IO Hrdea- dTed Hxd. Sicg] Meadl aYe fSRRaT Sa=adhdl A9d

dogT fEgRyd Sl-3fdldbe .

o B U femRumgd N U oxd, U fafRy o’ oxd onfor ResfedT Rl wa
HEFAHIHE B

ng?b'fﬁ\_ﬂﬁf (File Management)

'AER) HeiHc ﬁ TR Reqt ﬂ?ﬁﬁ %‘%IW Jq1 3‘“% IUTh IIT%?‘?[ (Infromation) §=4Td

T e WU YAl S FAHdId; Hafed v, f3ww onfor g1 § wald g UeR

3{TRd. BIES H-vHed YeHTd ToTe Ulaeiaca! STRic ReH SEegR 3%,

o IS A 30T gefaur, (File Creation and Deletion)

o fEXF MR anfor gefau. (Directory Creation and Deletion)

o TIIS! AU fEaes) BT vamTe! dHied IHd= S,

o JPHUSY WRAR EFI'SY_Q’W T RO, (Mapping files onto secondary storage)

o RRAMIICRED) TR HfSAR BEE S 37U HUI.

{RET (Security)

TR Red gaR SaT ST doid SaR AT AREfUT SRUANITS! Udsd WRET aTuRd. § UimH

3TIOT ARG AT SCHY SR ToRT Uldaierd ®Rd. SuRfcT Rien fafay &3 ua &, St

IRAT ST SRAS T SO MU SR Gl W0 16 Y& SURIHT d0R Gl STl TRIad

DHRUGMIT hoT Sl

o TWARAIG (Firewall) Aihd 397 GEGRIURTT JRE(TT.

o gHIGTIEd (Malicious Access) TORITARE RieH AR TRET0T 60,

o e 3R (System Vulnerabilities) Tefid WeaT UGRid &I,

Maharashtra State Board of Technical Education 2
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6. Rrew smiRaR AU 3qut (Control over system performance)

SIToRfET R Ren wwid—g Fafa siftr sifPHmsst (Optimize) HROATT Agw@yul Y
FoIad. d GIEdSR SN At d3R EXHIM HERY UM ST HRdId, § GHRad Hd &1 WU
TRTEATE (Resources) HTHLHAN FUTNT H ST L. Uh S Hd UG UM YHTEH d1ey (Resource
allocation), ST SHTIRIET Riew diTaTeat ufchaaed %ﬁqﬁqéas (CPU Time), T SATfOT 33t
(V/0) TERTZTd arey &xd, fwer 3for IPad T (Fair and Optimal) SUTNT Y& &4l
Tgd HRd. TR Qﬁ%ﬂjﬁ"’[ (Process Scheduling), fofe®® WaRM (Critical Function), ?ﬂTﬁq\%ﬂ
TR HROITARG ST THTET HSEITRBT (Multitasking) e HRUITIRET HI0TATa! UebTd
TR ST USRI HRATT HIorear MY fhaT 98 (Thread) I BRI § 3(AUATd HEd HRdl.

7. TR fEEHANT TS (Error detecting aids)

SHORfET Red FET (Error) ZMYUTIARNATAST 30T WU YUNS! VRIS §IVATIRE SISV Tad
Rera uder ad. aBaa!, TRfET RRed gt tTaes I (External Threat) fopar
SIS AHEAR (Malicious Software) UlacfedNmdl Reat qurol &Rd SMIfor HIordrs!
UHRAT JHAMG! BTSasR GUIG dUNId. 31 TR JoRaT fhdid Jddhdl Gifdd oluidbed
RIeHoT S SR JHaHIae S i HRATS Ho! Sl 2.

8. A Hited3r 31T gert ueie TH=aa (Coordination between other software and users)
HRFET Red Tore yumete fafdy geRier  Sefiler |, HuRer, ded Sl SR
PIY TUH AR FH1. fUF AGed3R U STUGAT SIS SH1e BN 2SR HE 2Hdld §
R B 3T TaRMUd FRd. § HRad HRd B ST SMUQATST TETal UUTH araREe
3 degT d SARIAT T 7 BT [dhdl TH™T A S0 Hgold AT

9. WI§ PHTIET (Job accounting)

TR e fafay e 3nfor g gR aTREGAT STu=a1 aes 30T STeHiar ArTar dad, gt
AT fARTy gERiaTa! fdaT geRiem U W3t TTeH aTuRTal ARGl JUgRITS! aTiRe! i, e,
TGCICIBTT (Multitasking) STTHH TS U1 V& Sfde TR T ded! areard, fad siieg
YR B & PIUAT GBI IV HHM ATGAId AT TAH GBS ded Bl
qreeT UIfge,
1.2 fafay yore iR Rwen (Different Types of Operating Systems)
STRFET Re spTdt ufgwan Tiure AU sied s o do5ug f[a®mRid g sied. SMTdT ST
HTRFET Rier=1 F1E! Hew@re YHRAT 7] B, of JHTI: aMURS ST,
1.2.1 59 TR Rew (Batch operating system)
9 R Rierd g3 g ATUIETRit Hare Wed ATeid. Tad g3l Ud &Ts (Punch Card) IR
Hh-o13 FERRIR HUST Sd TIR HRd! 301 d FUH HREIST JaHe dal of Fig. 1.2 G
G0 TR, e TRIRIATGT Tl STANTS!], THM TR S0 Sied Uaha dxed ST 7T UH H Ho
STATd. TR 3TREIST Te TR I HRUAMTS! Sard ST R $HuRer JHH Hazadbadsg Uit
S HHART GIIdd.
4 Rcaq e TR (Problems) TS TGHHATO! 3Med:
1. {1,31@ 30T Sifed SR TRERYATGT 374 (Lack of Interaction)
2. ¥ (CPU) s=urael fAfShd (Ideal) 3/l SR AdbHHS /0 SRR Tat didiguen Ht
3.
3. ey fdwar W HESRIEIR) (Desired Priority) Uald PO HAIUL.

Maharashtra State Board of Technical Education 3
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Job1 Batch |=——
Job 2 Batch |=—
Operating
System
Jobn Batch |—0u

Fig.1.2: I SfRfeT e (Batch Operating System)

9 SfTuRfeT Rvewd wrIg (Advantages of batch operating systems)
JeRiaT SeiaRM Rar ¥9 Rermed Rdies Siieq 37am A o Siar.
4 ReAAe S¢1 7Y HRUARIS! A=Y SIS dsR Tl Red WU Sa=adhl -Tgl.
fAfSpa (Ideal) 98 9 Red U= HH 3/ .
o9 RIeT=a1 TRIRAT agH (Queue) SHAMTG! Sleq] Hlarasi ifgd! 3.
9 e T U it ggRigk ”SR (Share) dd SIS, Y.
9 ORI Ried MUl HRIGHd HiedT FHT0d HIH IR HRUAY H&H Hd.
T guf el S, Sie e ydla Sie SIoran! gerier SeiaRMREar uaeege bl
S,

8. Ui IudiT uTiRd (Improved) BIdl.
9 TR Rvewd i (Disadvantages of batch Operating systems)
U SIS (Debug) BV HAI0T 3.
ST§ SHRATRC (Infinite) YIS TR B Tahdl.
UICIHR (Protection) Wb HHRIYS, THT Sl Sid Yaifad Sid aR GRUMH B dhdl,
o9 Req 7gr (Costly)&m?f
. SR PIUITG! Sa SUTRM (Fails) 3 R AT TIGHIRIRA dosdT fETSl 1ol Hol0T 3.
a%r&n%rrh-cr TR ReH =t IQTERY (Example): IBM’s z/OS S TRIA RIeH, 9% W< 3. alRat
STd
1.2.2 AR @& URiws) ifuRfen Re®w (Multiprogramming [Multi-programmed)]
Operating System)
TR SHRIET RRed (h[ URRR S U@ER XA UUH H $= Ahd. TE- g
T IUIITET STORIT Reaed 39Y/3MScyc Akl Udlal HRul aRgdh S, 3R WU
g (CPU) aTRUa 99R 3rdra. GRomH!, fafdy Siisq Hidigar 9 SR e dhard, auTil, &
e8! TfRIR TehTa do8] ST URHIRT halet 18T, SiegT TETaT WRTH I el SITd 3 dagl ot
"CRP" (Task), "IRI"(Process) 0T "Sid" (Job) WU 3fi@@dl Sl dIdc URMH (Concurrent
program) UGRNaJURY HIRIA HI01 o YRRIRAT gormeti=ar go-d Riked AmeHTe arR 3for yge
(Throughput) FYRATA. Aec URNEHT Wi ded Wyul RReH= Tuem HAs $HR01 318, Hee U
RcHd T Yed WU Wi Riked, HHTS TRIRR, gIiande Tiar oftr simaysh e Ried simgd.
R Ao ST SHTRIET Re® SR (Core) o=l Seedt Sar.

No gk~ wbdE

I

Maharashtra State Board of Technical Education 4
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Main Memory

Operating System
P4
Bs
=) P After
~ CPU
I/0 Before
— il <t
Secondary Switching
Storage

Fig.1.3: AIURNRRT (A} Uiirs) siffem fRe® Multiprogramming (Multi-programmed) Operating System
T URIRRT ifuvfes fRRew™ wTae: (Advantages of multiprogramming operating system)
1. R (CPU) TR SR g HRUT g wefid) fAfSra (1deal) fRUHT Sra ATgY.
2. BN (Memory) AT0R 0T ST {Ufwm Bl
3. W Ygc  (Throuput) 3= 3 3101 UehT V&l 3f¥ieh Seifdeeg (Interactive) ﬂ%lﬁiiﬂ
cfHfarer 9uie .
A URITRRT ifuvfes fRewa die: (Disadvantages of multiprogramming operating system)
1. TR SR (CPU Scheduling)3iHard 3 HIRUI s Slied UHhId dat YIUgaR I gIoard
AR AHHdTd.
2. gIR olid UfFfege gl SRl §exac HRUl JHT Td
3. R Ufasiae 8id Sriaedl YA AfsfthhyH H& Xdhd e,
T U SifRfe Rerd yoR (Types of Multiprogramming Operating Systems)
HeC THATTET TR RieHd GH U@ UHR Wleil feere SMTgd.
1. HcCIeIR$T TIRfET RRed (Multitasking Operating System)
2. TeCIgeR TR fRed (Multiuser Operating System)
1. AP STRfET fRew (Multitasking Operating System)
T TR SHTTH G fobaT Sifies T UhTade! STIRRH HRUgT He Hd. HTRFET Rien uds
T UehT J8t HARIAe] fobal AR a6k Plgd § HRd. A e FHadr U =1 Thal
TP BRUUd [SIhaR IR STa- T ST,

' ‘ g Media
l Browser ’ ‘ Excel l ‘ Paint ‘ |
) | ) | J | player
a a a a
et o ] ]
o o o Pu]
o o o o
R g [= -
= a a o

Operating System

CPU

Fig. 1.4: T telfRp SifuRfe e (Multitasking Operating System)

Maharashtra State Board of Technical Education 5
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JETERUT: TP NITe fdSIS (Microsoft Windows), STISITH 3TH/ 390 (IBM's 0S/390), 31107 fos=Tery
(Linux).
A IeIRh T TR Rieed 3 Bre: (Advantages of Multi-tasking Operating System)
1. Acl-eIRGT TR Rived, Red Tid S8 7 HRdl Udbld aad! UhT U HfUd e
Ufdage FRUTR TeH TR,
2. U Uan fafkiy afete didigen sremadh faeh Sa (guret 9@ AR HROY, WU WdigEr
TR FHRUTTTS! TR ST B1ed UcfedT BRI ARt AT,
3. eeienh T ey 3/l fE&R™H (/O Deice), ¥ (RAM), 8T8 f&%@ (Hard Disk), §Uig (CPU)
3T WWW@ (Resources) UHTIIY0 STaRITUT He b,
4, A-CIRHT SR oR TahTd I} U1 Ve iR TRma ufaiaie o !, ) B
TR (Games), TSR (Browser), THTY a8 (MS Word) 30T SR I,
Ao leTp T TR Red 9 die: (Disadvantages of Multi-tasking Operating System)
1. U YRR THE dodl UhT U&T HiUb U UderIe dHRId AT UG @R Iie Ad Sfor
gt TRY 813 2l
2. UHMT I3 UHT Ve TP TR Tfagrage HRaT Hee el T SToRfeT Riedred TR ¢
(Slow) SIGI TITUd Red YT il (Slow) B,
3. T BERT (RAM) ST TehT U&T 3ifeich Ty HGCICIReh ] xR WISR DHRIAT SNTATd SATHed
T AR} 3eER@TS Bid BRUI AFRI HafaT 3y 2eha.
2. AR ISR TR RIed (Multiuser Operating System)
AR TRfeT Rerndie fafay cfifroanic ava goni Ue fadzne! gead! Sud 2SR B
FHAd § TRICT RiedgR effie M Toaunl Rag &xd, ST TSGR T-T WU Ay
THTON YRR 966 aley HdT Siidl. AfegR TR ReHde, Ut Uer 31 WeH goil TahTd
It WUt e R TR o Zrahdrd. AFThH TUIG (Mainfram Computer System) WOT® IR
TRFT ReH U1 I8! UahTd HIHoT T HRUTMNe! Uanlieie goleedl WRari <d. fafdy wee
ITU% (Personal Computer) B-hH TUTH JUMGTST HIfgd! UIEd, 10T U hs RTdballd. RMUDNR,
BT H WU Taex 30T SR TS W06 T GRAT3] ForIC (Client) TUH ST HRdl BUH B
Bl

N

Fig. 1.5: AR IgR TURFET RIeH (Multiuser-Operating System)

Maharashtra State Board of Technical Education 6



Operating System-315319 STRfe faffew - 315319

JGTERUT: I§¢ [T (Ubantu Linux), T (Unix), Hh 3MTH TR (Mac OS X), HH NG f[detsl
IR (Microsoft Windows Server), qiad (Novell)
TR IGeR ATIRTET RIewd WrIe: (Advantages of Multiuser Operating System)

1. ITOTTeA goreiaT Sal 30T Arfge RS HRUAN Aed .

2. TexORE STSAsR WHTeAT=AT AT HRUAId G Had .

3. AT TDBA SR PHIUAG! TH-0H B Al R dl & Acddhar IURYd SRced] $av

TIUTDTAR GIRUMH o ATg1.

4. oIy I B ZaR gord JIad QUSR He b,

5. Hecl-goR TR Reqaed Sel dab 39 dhell SIS Kbl

6. Hec!-goR AR Rier=n W1 | fRRR 31T dga=iR sryard
ARIGeR SATIRTET RIewd d1e: (Disadvatages of Multiuser Operating System)

1. TIHY WU A HRUTRITS! HET BI8dsR A% 8.

2. OIgT T UaT T Jore rd RIeHaR AT §9 HRdTd {dhdl HH HRdld degl o ReHs! Thul

PHHART ST B,

3. Hifg dIbHe ~WSR bl STd TU AY MYHIGdT T foidl s .
1.2.3 iR e (Multiprocessor system)
SR Reqq s, TepT W0 Rifked A THTUET SR WU (CPU) HRAEHAT JURUIMTS! aruRal
WS b SATel He ISR TR Ry urdrd. Tt Ul 3Hfdd g thddiRl shedd srdrd
Ul ATTAT (Fast) UAeIR I8t AT Siid (Job) fAUTSH dal SIS Wehd. ST TETEl Sliad
TR Iud, degl 94 Wiige Reiee (Result) THHT Ha ST 30T Sifad sfdeye uvarmat
HhTerd dal SITdTd. T AHRT YR HRUANITST SHAIdH 3&eal Sieq (Jobs) UM SR Rifeda
T (Resources) GTd Q3R B abdlld. UhT U YD AU UbTa a3t Tl U AP Sisy I
FHROGNTS! AT /A AR 1S [ehald. SRy, JHaT TRET Red (UNIX Operating
System) Hafd HIGAT FHTUNT ATURHT ST Ao ReHU®! Tdh g, Hee Wi Reast
oY e WTet faeied Fig. 1.6 Ael xifae 3ime.

CPU1 . Main Memory .
I/O Processor

1/O Processor

I/O Units 1/O Units

Fig. 1.6: TR TR Rew (Multiprocessing Operating system)
JETERT: AT (UNIX), feme (LINUX), 3ffor I Jiaid (Sun Solaris)
TR Redd wrae (Advantages of Multiprocessor system)
1. YYe dread (Increase Throughput): A TR UHTaaa! 3d MY Ufdsiae e X,
W 3 Yge Bl
2. '\ﬂ%ﬂﬁ_d gfaare (Improved Responsiveness): R TR (Parallel Processing) 13?5 CR&P
3. Wiee areR=g (Fault Tolerance): SR T URRR hd el @), Red IaRa TRyg st
HRd g AUhd, SATHes fayT-iadl YURd.

Maharashtra State Board of Technical Education 7
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4.

5.

TNTl WhaAfaferd! (Better Scalability): 3% TR Sed dR dId1d I dls gld@UaNT3]
RpEcHt &l dTeq Xehd.

Ter=as Ramafaferdt (Enhanced Reliability): THhT U&T 3ifddh TR SN RReH hd
SV IR HH! Bid.

TRIMNER Riewd d1¢ (Disavantages of Multiprocessor system)

1.

2.

3.

6.

7.

greddl Sfe@dr (Increased Complexity): T TR ey Uem et dem Sifties URRR
ST @ (Higher Costs): Ao IR ReHdT M-I 31feie HgTT gredsR 3T Afedsr
I D 3.

RigwlAsgiREl mawg@dr (Need for Synchronization): THT Uel 3% TiER=l
tfaefade wag Tyvarrst snfir HifRkade (Conflict) IRGUIRATS! faRy  Sranfeyd
(Algorithm) TIP3,

SsdiPl HTAET (Potential for Deadlocks): SR URRR T&HTd da! W3S JqTeHT Ty
RO TOd BRI S R YUY Uidd SSdild 813 Jdhdld.

SRIA ghdls faavur (Uneven Workload Distribution): TRIRRA ddhare T
faRd et Mot 3R & GRAT B0 SMBTIHS 3 Wb,

ST AAR SraRaahdT (Increase Memory Requirements): HeeMRER RIREHAT §Tal
THT U e TIRIER 3107 RS HARIAT QU SuaTana! Sifieh AeRi SHIa=adhdl $d.
SToRfET Rewdt sifeddr (Complexity of Operating System): 31T TehT Y&l 31fed TR

1.2.4 %%?ﬁsg%:cr STqefen Rrew (Distributed operating System)

feisges SR Rie Te THRd! TR R o118 Sit g8 deR TA1eA TS HRUTRITS! ST
THT U S N3HA-crgH URTHRT ST JRian HaT STarTa! Tl Uaf ifed oo TR aroRd.
fEEIgCs TRIET ReHws, Ty $HRI9aTd 94 olied UahT Ual 3ifeieh URiRAed faafd dear Sidrd.
feigce e Remudia ude Rred fhar Aie= Wa:dl 90 a9 Wa:-d TR 3.
fexdieges it Rrermdia ude Ren fhar s fafdy srgfaesq - @R & g-Wis 9899
far ¢ @E) gR UHHB RN HRIHdbe HRdld. dral Jord! ducs RIReH (Loosely coupled
systems) fdbar feEisgce Rifey wuE Hayd oid. feEisgce Reaadid URERAr BRI
TaRMAS dTTATes 3 Rbdld. T WHERAT 3cH, gd (Nodes), WUH TG GUH Halgd Sild.
fexieges ITRfET e Fig 1.7 Hed <xifaeh 3.

File Server Terminal Workstation

Communication
Networks

DB Server Computer Node

Fig.1.7: fexdteges fwfes Riew (Distributed operating System)
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fefleges ITRfET Rem I
fdSiet ¥dk 2003 (Windows server 2003)
fdSIs WaR 2008 (Windows server 2008)
fdSIs WaR 2012 (Windows server 2012)

4. J&g foHad (Ubuntu Linux)

5. o SU/ WeR (Linux Apache Server)
%@33%3 STRFET Rivewd wrae (Advantages of Distributed Operating System)

1. o1 RieH=n d el o SR Aead HRIHBRHaR IR gid ATel, RO 99 Red
THHD IR W7 3M1Rd.
Sl Hel STl Taaiord! Tdl dgad.
T (Resources) RISR Bl STd ST DHIFICR fdd ATaH 30T fewrs, 3.
BRC (Host) TUTHIAR IS HH! gld.
7 RiReT TEoutl Whalad 3Med HRUN AcadhHe 5019 ReH Tgoluul SISl A3, [hdld.
Sl RIS fadd i gial.
%'\‘?flt_sg%@' SR fe Rrewd die (Disadvantages of Distributed Operating System)

1. T ead hd T fob Sl HRgfAdbRM YUigd
2. feiegcs R wIfUd exuamTa! aToRe STOMRY oS aiiTe IRHIRE dera! T9d
3. U1 YeRA ReH 9gs Juas ATed HRUI d YU HeTT 3RId. Had SR AedsR fdd
DI 3 30T GLATARY ot AT FHSTe Al

1.2.5 Hedd TR RIfew (Network operating System)
Feadh TR ReH TERaR (Server) AT SO Tagran Sel, uﬁlﬁ, U, IR&fT, TIBRA 0T AR
a1 thaRTg SIIRITUT HRUTTT &HdT UGH HRd. "eddh ORI ReHd Ui gq "Aeabasid
QHd: A d URATAedd (LAN), ol "edd fdhal SaR AeadbHed, ThT Ual SHfid s Qs
B ST fifer aToRuaR 3rgHcdt Ut 31Tg. Hedd TRfcT RIeH Fig. 1.8 A gXifadl oMl%.

wn e

SNEVEE RO

Fig. 1.8: Acad 3ITlﬁﬁ11 Rreew (Network Operating System)
Aead SATaRfET Rew=lt 3180 (Examples of Network Operating System)
1. AT fdSIS IR 2003 (Microsoft Windows Server 2003)
2. ARG fdSIS IR 2008 (Microsoft Windows Server 2008)
3. g (UNIX)
4. {99 (Linux)
5. He 3NTH TR (Mac OS X)
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6. ied "ca3rR (Novell NetWare)

7. dUHSl- g AiredsR SReERM (BSD- Berkeley Software Distribution)
Aead SATuRfET Rvew™ WTae (Advantages of Network Operating System)

1. Q’gmlsss T (Centralized Server)3{c&d RR 3.

2. R&T (Security) TG TR HRal .

3. T4 AR 30T e dSRAY SUUS e ReHAY WgoqU! $fcics dhdl oS, T,

4. qHAR AT fEHTHIgA ST ReH=ar UsRIAYT RHe TR (Remote Access) BRI @

3B,

Aead SATuRfET Rivewa @1 (Disadvantages of Network Operating System)

1. e fohyd Sfor 9 FHrua fdhad JRd SR,

2. JgdP ATRIATS! Yol HBRAR I I,

3. affd Taure Sfir suScy HRUl Savde 3Tgd.
1.2.6 <T3H R3S fhar ergw A3(fAT TRIET RReH (Time-shared or Time Sharing operating
system)
S-SRI (Time Sharing) § T dFf 318, I UhTd ool [ARY W0 e d araRuar fafay efifaer
Ryd el 9= elihi T&H HRd. CIH-RISRA fdhdl AecIeRbT 8T Hec Tl il
TRCTM 3R, TR 965 (Processor’s Time), S UhTd ded! Ul U&T i JoriHed ”SR &l o],
TS CTSH-RISAT (Time Sharing) TV &Y . Heel-URFS o9 Red S1fU1 ergd-Te Reqadia
T TR 3T 3HTg B Hecl-UUTHS §d RRCHAT dTedid, TRIRET dTiR SRdd SIRd H301 8 36, R
E'I%ﬂ—@lé Rrem= Bﬂg g CIgH (Response Time) HH B0 &H% W’*{W UeT e Sea=a
M 99 (Switch) B TaRIRIE HRdl, W Rad IRAR Tgdrd. 31RM UBR, JgRAT &Rd Uia™rg
&@\ Thdl. IGTEIMY, GESIGNE TIRIIRIT (Transaction Processing) T, TR Udd Yok e e
ISaT YHIUNG SR (Burst) fhdT ST SicHAe) (Quantum of Computation) TfdIaIe &l
BUSE, SR T (N) Zord IUTRIA 3Rfdie @) Ude gora <3 HicH e bel. Wegl IoR HHIS
(Command) TJaflE Fxal, degl R <12H Plg! Jabald 3l WWWWW
Ueh BICHT YN (Time  quantum) Y& HRUATTST g (el T o1 Hec IonfiiT araRd. urge™
o4 ey U S ol MU Yumell ergd-eiiiT Reqaed GURUN dhedl T 3led. <red
Q3fi SR Red Fig. 1.9 el axifaelt e
JGTERUT: fdSIST (Windows), TR (LINUX), e (UNIX)

Browser

Operating
System
Fig. 1.9: E'IE'H-’&GI'WT SfRfdT Red (Time Sharing Operating System)
TTSH AT TR fRRewd WwTae (Advantages of Time Sharing Operating System)
1. U TRGAT (Task) FHH Jeit fiesd.
2. AtedeRA bRl eI Bl
3. Idigeh fAfsha des (1dle Time) SHt dall SIS Wbl
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TTSH 3T TRfET Reewa die (Disadvantages of Time Sharing Operating System)

1. Rarafaferd= (Reliability) THw

2. JoR UHITH 3101 SeTeal JREM (Security) 30T $ERIETER (Intigirty) HISl Ul HTARTD 3Tg.

3. goR URIH 30T Screll Sel HRIH bR U,

4. ST HRIDHD THH.
1.2.7 farat ersH Ried (Real Time System)
R3ra-ergH Rey=i oareaT Se MR RIReH (Data Processing System) T8UH &t SiTd AT 399 dl
RN HRUGMTS! AT RO RO AP CeH Sedd sad agM 3d &I d BT
TRIHT (Computing Environment) df3d P, SAYcdl gfadre oAt il SaRds 3ftsc
FHaiedT HIfgd UGRid HRUgMTe! ReHd ARTURT 9o R ergd (Response Time) 3 TEUrATd.
RUH a7 Ugdid, 3MTarsd MO gad REi-g e/gd e HH! 3R, SegT MR SRR
Rfore ergmdl (Rigit Time) 3MaRIDHdl 3¥d fbar Ser 3Mfor Jsrad-cgy Reyan wil Sfgdhes
JfhHd SRRy deladl TR 3 ¥d  dagl JHerd-crgy ey arRelt oifd. Rera-ergy R
R ad fewigs , FAfda ded! Aalal 3ol STaxad 318, SFIUT RieH SFRRd! glad. IGEUMY,
Rrer s,
Rrara-erga ST Rivewd giF YR aired.
1. gT8 fera-ergw Rwewd (Hard real-time systems)
BTS J3id-crgd Red fhfeda e’ (Critical Task) Jo5aR YUl HRUGMT §HI <dld. 8T8 WI3d-CIRH
Reqaed, Ydet TRl (Secondary Storage) Tifed fohar Saa Snfor et AAae (ROM) T3S
e oiTa. a1 Rerred, e B (Virtual Memory) STaeside HHTg! aTuRd Tgl.
2. e Aerd-ersH Rwed (Soft real-time systems)
it S3ra-crzy Red ot RRTfded (Ristrictive) 3. T fbfcha Hed-crgy TR v TRap Ul
SRd WRARET (Priority) fA@ad 3o qui gRudd Uikt feswgd dad. Wiue srd-cgd Red gre
Jerd-cren Rcauen qaffed Iugadar $id Iarexuny Aecidiiad (Multimedia), agsrd Ruferct
(Virtual Reality), 3SR I TRIERTH (Under Sea Exploration) 3T et g (Planetary Rovers),
IR TSarae I Uahed .
G’&'I'G'Tlﬁ: VxWorks, @@3 Linux, SAFERTOS, ThreadX
1.2.8 METS A 3T (35158 3NTH) (Mobile OS (Android OS))
meRd TRET Red g sty sied Sff faviva: WIéwH, daie Sl J3Red fS@EaT uiar
UGS FETEH dhatel 3. HidTge JHTURICT RieH 81 T ITRfT e 3118 ot Hiagd fegmdar
SR SHRIHIA AR I HIUAN Had HRd. 8 [ (Linux) 3707 f[dSTeT (Windows) TREAT UG
U IR ReHuRWd AlUedsR aflg, UG STdl d HIg! YA dige SNfor e 3.
DAL TGS UMAT AR Redimed Rftea T 3Ty (Symbian OS), 3TWIA 3TH (iPhone OS),
T &®waRl (RIM's BlackBerry), [dSis Aieea (Windows Mobile), T d&3iiTd (Palm WebOS),
3fg123 (Android) 3T THT (Maemo) TTaT THIART 3118, 313138 (Android), IF3MTH (WebOS) 3o T
(Maemo)g ¥d oMU Uddd ofied. MW NTdd Sdx §uqe! (BSD) SMfil Adewd
(NeXTSTEP) URIT et 31Tg, o RN (UNIX) Haftd 3fgd. g IMurds SMIfO1 g1 aroRudr
ST icd Tera 4. ITd WHTG: B S SexAe ST Jeger fiee -3 Arsy anfdr
R0 T 3d. SO0 AaTsd Wie! dedr, FHfdr du- < faRkiy fSRRawd! sty Masd. SR
fafay Miasa Wewrae fgizs SffuRfeT Red (Android Operating System) 8T Faid Hial RiIfUd
I SR, T 190 B9 3 AT Plegadh Hiarsd feesy Jdeizegr Tarid omrd. Jgfes &
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foraa wia oNflr SR 3NUH-A Alted R YuTRd SMaiiaR SMemRd Te JTRfcT Rieq simg, Sit
TR HICHH ST S RWAT T - AR HIEgd SUBRUII! [S8H dHad! 318
1.3 HHIS ATS MR TURFET RIed (Command line based Operating System)
WWW(CLDEWW—WWW W(Text based user interface)\?ﬂ%' EIKUIED
TTIc JTUaTTa! S0 aRITUd (Manage) HRUATITS! ATORAl Sl HHIS ATS Seha-l HHIS-
PUIS A5 3B (CLI) =1 3fagrd 3T afdreed
TARTAT (Mouse) 3T, Jord TRfeT Rew (3fww) fohar siferpem=i ®lae (Keyboard)aae
223aC B B, T Tl WTUIGHTAR TR (Task) I HRUANIG! HHIS ATS SXBHAHL HHIS <13y dHedl
ST, AISETd, HHTS A8 Sebade Uil CRe I8 &I IR STl HHS C8d He- gord
fohar Ried fhar sz YoM el SR H-HHI THIAY 3Ry b,
FHHS I%S RIS ReHd IaeR0T:

1. WHWWWWWWWWWWWWWWW

2. ﬁsﬁ\—ﬂ SHTRfET Rerydia MS-DOS 3ifaRfdT Rer 3M1fOr ®HiE [e (Command Shell) &
HHTS TAZT ST ISR TR,

3. GrAfARGd, URTERT HTST IS TS SOl 90U 3% Ydhdrd, S &1 U= (Python).
1.3.1 forgans smenfa sifuxfer Redw (GUI based Operating System)
SIS (M dhd JoR Scithy) UG AU 3RS scifdees fasgsd HI-<dl Uh Yol 3Tg.
SIg3m Hiesided GRIfdd St Hifed THTATd 30T JoRgR ddaed fhaid TaRM HRd. gl goR ARt
geiae Hdl dagl SHisoldey W, HR fdhar fEoifaad! daad. STgsm siissacare] fuamg, dex Sffir
SOl JHIAY I, § Ahdhd uch Hefmdl @l fhar [agsra shaey S for gryussdt onfor g1a
WIS AREAT [y 3idt Shaeyg afdd Pl SITdrd. MS-DOS IREAT TRE- 3R HHIS - Sty
fobar gfeg-arwe SifRfdT Rey= [ieuan GUI 8T 3% goR e (User-friendly) HTFT SITdl.
GUI TYH SRIGT TUSRE! T 3T & (Alan Kay), S ToiaaTe (Douglas Engelbart) 30T 1981 Tl
SR YRNYBTAT e faDHRId dhd. ok Apple UeH 19 STHART 1983 ol SIGSHATg o Sorhre
(Lisa Computer) 3" B fadl.
GUI HTRfET Rert Iamexu

1. HAEpEUe fdSist (Microsoft Windows)

2. 30d Red 7 10T 3wy (Apple System 7 and M)

3. IH 3TH (Chrome OS)

4. Jd¢ IRY foFay YR SIS $e%hy aroRdld (Linux variants like Ubuntu using a GUI

interface)

1.4 3T Rzewr=ar fafay Jar (Different Services of Operating System)
TRFET Rew a1 Ried goriT 3101 URMHTE! avTaTTel UHRT JdT (Serivees) U&H &Rd. o
STTRTF R TR (o SR Riermed Treidid) aauo! Ufdgrade HRUgITS! Ueh aTdTarvl Sdid Har
Hd. T GOl TR UG fafde TR 37 (Run) HRUTGMNTS! aT U&H . SR ReagR
& ol Hla! T HdT W AyAT! T,

1. Yok $WY (User Interface)
2. U Tfagag=E (Program Execution)
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3. Wid ey 4MYaRH (File system manipulation)
g9 / 3M3eYe TR (Input / Output Operations)
FHHRIABRA (Communication)
YT 3ral e (Resource Allocation)
TR f&CHM (Error Detection)
JHISFET (Accounting)
9. RE&fT STFOr WRE&T (Security and protection)

1.4.1 R $eXWH (User Interface)
RIS TR Ried diF gpRM {hd1 UHRAS Ud. SRBIATIR Iid YR R FAHNT Tt
3118 3Mfor g 3Med:

1. HHATS AR W (Command line interface-CLI)

2. &9 3TUTRd %y (Batch based interface)

3. Ulfthard goR Sy (Graphical User Interface)
FHIS A5 5B (CLI): eI CRe HHTS ST T HHIS Tex HRUgrAT gaTal aTaR Hd.
T4 $eBY (BI): HHIS AT SARfGegordl aTR By Uex Haedl HHISY HAviHc HRUTNTS!
BT ST SHTIOT T ThTeed UfdIR]e Bidd.
Tifbee goRk $eXhd (GUI): & Uo fde) Rer ame wumed uifen gy o ot Arsy fbar
THETd) A O VO B MR &, TTHYT S Hasd 3Nl SlaeHyT Hoidr e HRuaa
3107 3fep o UTgvaT Uatd §ad.
1.4.2 TYUTH Tfastdg== (Program Execution)
SHTRIET RerH e U AARIAE Tie HRugT! 1107 &1 Ui UfdierIc HRUTT &HT 30T HITRGh
3118, FRrar, T Irrga: fhdT SRIMART / SeRewH @ WP IHTW HRUANT & 30!
JAdH 3MTg. WUTH I HRUGMTS!, WUH YT A0 Al B0 agdh g A0 FaR AT
Ufeeragerae! Wiy crer A0 SiTaxgd 3R, TR Riew gordear Trfiwét § o1 o, § Aasa
BT ST SY-feAih e, iy Ao 3. TRIREAT 3R He<aquf &1 WA B, T HAsH
Teuid sifqefeT Rer=n g7 Ufdcfadls @riiavmrt smed -
TR U 18 $Rul.
VI TfRAage Bl
T UfeRrag R gTeies
U Rih ISR T HRIT-SH U .
TR HRIhRTe! T HaT-oH UG HRd.

6. Ssdi® (Deadlock) BIATBUNATST Udh T oH UG P
1.4.3 BIgd faf¥ew HEE= (File system manipulation)
Yhdld. KRS HifSATe IaeR0l WU Hifdd ¢g HAfedh &b (Magnetic Disk) 3MIfor &l (CD),
SIS (DVD) IRW 3w d 53 g3, 1 U HifSar Wad:d ure 31ed S &1 9, &I, Sl
TR YT S0 ST AR Ugdl. Bied Ried JHId: I Afg iR ST aTaRMd! fevdesis
(Directories) T AT delt Ofld. IT FSXaesiol T BRI TN 3R fevdeiol SRy .
PIEd FTRITTAT (File Management) SeHTd SATORTET River=am @ Ufdefgd™ @eayH o $1gd -

1. URITHA BTed araudrs (Read) fdhar wigd fafguam (Write) STaRaedmar 3Rd.

2. SR RReH UIIEa Beder SRR HRUGT! IRaTT 4.

© N o oA

A
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3. gfHRE <0 o fs s siiwt (Read Only), RERIE (Read-Write), ﬁc’Fﬂé@’ (Denied)\"‘rﬂ'fﬁ[ SR
THR SR,
4. SHTRICT ReH goiel BIged fhue (Create)/ f&ee (Delete) T3t $e0hd UaH &
5. SHORfeT Rer goria fE¥aes™ (Create)/ f&TE (Delete) ST S UG Hd.
6. TR ey Bed ReHn 6319 (Backup) TR HRUINTS! 3¢y UG Hd.
1.4.4 g-19c/3T3cYc TR (Input / Output Operations)
Tdd WUTHAT §9C TaRISD 3 0T TR HedMaR, ol Faiie dald $T9eIaR 33eye dqaiR
Hd. T1d 1/0 FERTSTaT AR JHIAY 3R, SHRfET Rew  3may3f fEagyd gredsR= goii U
qUad. WU JTRIET Ried JoiAT 1/0 HhaRd U $He UIUTH 3 SR AR-IRGR . gord-
e d T 311/3H1 AT UGH e [dhd ATald ST o STRICT RREHGR U™ R0 31a=ad 31T,
SToRTET Riew gor 3N1for f$gTed giesd (Device Driver) Held Hdle SUaRITUd $Hd.
1. 1O 3R UM HIUcATe! Blad fhal SIvrdTe! ARy 10 few@zaag TS (Read) fhar IEe
(Write) STORTM.
2. SHTRICT RICH TS SN SHAD 1/0 TSRS TRY UaH Hd..
1.4.5 FHHIE (Communication)
TRFET Red R3S AR WReuTd fafay TR T T HRgfAdh M Hrd. Hee [l ] T M
T, Ufhdy THADHIRT HRFGIHE SO 01 el Aifgd! Sarurdar ool Hadsd 3.
HRAH I Geufd sfrfaT Rieren gor Tfaefeds @refiauwmor amed -
1. G TR dgddal T G scl gxdiand (Data Transfer) BHRUI AT 3R
2. GGl U Ul WTUMhTeR fohal diTaiTeaT THTUMhTaR 3R Ydhdld U S0 "ecddhgk dide
HeT YT,
3. T3S AMIgR fdhar A TR HRIFHRH dHdl oS> L.
1.4.6 frat P =M (Resource Allocation)
TAcCIeITT TIR < A, Sl UhTd ded] 3 Siied e dId, dag] e YRRl IiTedl UhR
TR HRUGMTST HTTRID RN (O BT CPU, T HHRY, <1 TS hdl Ydhesl Wikl 3.) Aey &0l g
3Med -
1. 3Ty YSYERIAT (Schedulars) AR FHe- d THRAT RARTD HAoHE HRd.
2. Y AegfeiT SreniRud (Scheduling Algorithm) HTUT=AT AT ATURTATST ATOR SITdTd.
1.4.7 X f&EaRM (Error Detection)
g (CPU), TR BIEd3R (Memory Hardware), 31d/3ff fTS@TZ™ (1/0 Deices) 30T JoR TRTHAL
TR IS, AHAId. TAD JHRAT TR 131, ORI Ried A {1f01 Erd S e gHiad sroarid!
Rt FRATS FA. TR Rew gSdsR TG T gTdisd. SedsR AT TBUgRITd],
TR Red TR MYTIRATST 101 T TR (3MEBN) Go¥d DHRUINIS! RIeH Hld =T Hdl.
TRFET Rierd T 1 UM 816 [SWhaiid &8 dae? (Bad Sector), FHRT i@l (Memory
overflow) 3107 3112/ 31 fEgTSaaRl Tefdd TR MY, TR MY, HTORICT Red FRi1d dwregf
TS! AT HRATS H.
1.4.8 SBT3 (Accounting)
TRFET Rew T URGR hdl ToRgR aroRedl ST ¥4 Sq1eHT (Resource) BRI ad.
Tecle e (Multitasking), SPTIT UdS TRGHTS! THIEAR dled S RieH! HrE&wHdl
qTead S Tdd W SHIe gHfEd 8.
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1.4.9 gRE&T SMTfOT TI&MUT (Security and protection)
SR 0T RIReHAe 3 gor ST ST 3fd RIS hi-dhec UaeagRd! RaF 3Rd &R
fafqy U U e e Uidefeg ol URIH TRIafd (Protect) dred UTfgold. TREUMHE FHifd g Ried
IAAAE 9 TR JFAfYd B0 THIeY SRId.  Red [T (Secure) HRUIMNTS!, Joriar
roRuagdf fhar Rermed vHfied (Authenticate) RO STARAD 3.
1.5 Riffeq ®wied (System Calls)
1.5.1 HHYUAT (Concept)
e SidgR UeM Sl Sl JIYRoT, RRed Hid sRisd s SieaRrg Ad Iudsd 3R,
ST IoR Areatia TRie R TRl STa=adhdT 3R dgT Jedl RieH BHicd dbd Sidld. J o
FHadT (Kernel) ReH HIagR T UG HROGRITS! famdl &xd. SegT o AreAtd (User mode)
e 39 fhar gTsaer RuR TRy Jawud 3Rdl, deal T RUREn Te UeH SRugrmadt
FHAdT [TIRO! SaH 3. o RReH Hid gR bal oI, SiegT TaTal Ui Red did &R, a0
ToR ArSHYA Hd HISAR (Kernel Mode) R &all SITd. ITel dhicae & (Context Switch) TUTAT.
FR Hd IUTHA et dorat RER UG @l AR, SMURE Ue hi-cde [ad gldl sarges 1€ did
MeHyH U8l goR HIsHH Faed]. YR, JoR TR UHgR R sid it uRRidiges
CASRSIGIGH

1. BEd Redaed) Brse R &R0, SYS0l (Open), §i& H0! (Close) 3{TfOr gequl (Delete).

2. FdH U TR RO (Create) 30T sga=yTfud (Manage) PRI,

3. ACTHAL HAaRM TIR BV, Ydbe Traqul (Sent) 30T U (Receive) P,

4. A\ fdhar fifer IR BTSSR fSREuar TR ot fa-dt axul.
ey wiaen tfegage ufaffia HRoms et Fig. 1.10 Il ime:

User Get System Return from
Program Call System Call
User Mode \ f
Kernel Mode \ /
Execute

System Call

Fig. 1.10: sifoefe fafRemmdia fifen wiea (System calls in Operating System)
R BIeTgR UGH beied] .
ORI A Sftr Aot (Process Creation and Management)
qs A gAsde (Main Memory Management)
BT TR, fevaedt ofiftr wrea Red HHside
1/0 f&=T54 graresuit

5. TR&UT (Protection)
6. Acaldis.
1.5.2 ey Sie™ UHR (Types of System Calls)
Rer Picaa 5 @l faeiean dtarean 9uft sirgd.
a. W f99T (Process control)
RIS Riierg e Ufdhar TR HRUARITST 101 AR HRUTMTST T dheld RReH dhicdm auR
BT STl TR deld RReH Hidd B JICTayHT! 3

b=
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1. ST IS A dagl o YR TR (Create) B 30T FHG (Delete) .
2. O 9T 3R URITHD THIYO! AT (End) T SIITHEMIUT g H)01 (Abort) gdid (afAd
CaGH
3. TR Tfegge HRamT Y deld Red Bl ga=u1 Wrm aifeT 3nfor ufdgegse Fefia
CaGH
4, O R S e T o TR U (Attribute) FReiRd o 3nfor Se #a,
5. d UG BT dTey HRUGR Hed HRd ST0T HRIN JHTE (Terminate) HedTaR HERT @& Gad
B
6. o TR VIR qUl HrUGIITS! MTaRadh Scied Wil desar (Waiting Time) =0T 3ad.
7. WG P o RifRH sid Ha o TRg=a Tfesee quf Siedr Hobd edrd.
b. BT5d HerHe (File management)
BIgd HAoHc ReH I UG Bied S0 SRdest Riedar fAgzor d9dra.
B B RICHAT BISA TR (Create) T fSefie HRa.
? PIc U 1419 BI3d daR HRdl A1 ot fSaiie @i Fafa s,
B B BId SYSTIRIST (Open) 31101 6 (Close) HRUIMNTS! HARID TG
Pirdl aTIR HISAaR dra- (Read) 30T TG (Write) SRR HRUGNITS! Gl del ST,
Pl AR Hsed UCHE (Attribute) T HRUARITST 0T T (Reset) HRUANS! c@td
TS 3.
c. f&®@T89 "etde (Device management)
U YUeliRl s fegsaa Haaur oftr dasde sxuaridt fewgsy daude [{ifey aid
AP 3.
1. ? B ReHan 3 [SRRaaua! U= fa=dT (Requests) FHafEd &,
2. B HicH [SRZTd a/a (Read), TG (Write) STIRRY fHdfHd axd.
3. d TR USRI HRUANIel A (Resources) UG ®HRd 30T Uiohar qof Sredm=eaR
fEgay Tuie el &
d. 3:55‘1"#217-[ e (Information maintenance)
BRI Hed Rifen ®ia ITuier Alfed! S &1 RI%eH 9 (System time), ARG (Date) 3G
IRl
1. B PIa Reddl Aifed! Hresfauarard! arRa Sidrd o &1 TR Reddt S1ait (Version),
T SIBTRIM.
2. SRfET Ried=ar ¥d IR s&d Arfgd! fafauararat.
3. Ricaaia 9d BAdlegd Aied! (HSAugra.
4. fremel Sede gd femray ggd Afgd fRefauamrst.
e. PRI (Communications)
T AIUIHIAT HedheR SSUaNITe! Uh HRIAGRH BId Maadh 36,
1. dCahaR FRFHIA HaRM TR Hd ST fSaiie Hd.
2. FCIHaeH Yo UIEauariTa! 10T U RS /e 81 Hid HTaRId 3.
3. Acahasd Hrdc Bl [SRTSuTd! R AT gedidRd PHd.
4. CTHa qHA TUHRT H-de dad RAlC S@RT Shewamd! fhar ae FHRuame]
S BT DI TAID 3.

A
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Table 1.1: fdSIST (Windows) 311 gfa (UNIX) Rivend sl 3ge0r

(System Calls) fdsisT (Windows) FAET (Unix)
R Ry CreateProcess() fork()
o c I ExitProcess() exit()
(Process Control) WaitForSingleObject() wait()
-~ ile() open()
e CreateFi
Fil " ReadFile() read()
(File management) WriteFile() write()
CloseHandle() close()
VN leMode() ioctl()
e Fredie SetConso
. ReadConsole() read()
(Device management) WriteConsole() write()
b 2 GetCurrentProcessID() getpid()
Inf i int SetTimer() alarm()
(Information maintenance) Sleep() sleep()
o CreatePipe() pipe()
c icati CreateFileMapping() shmget()
(Communications) MapViewOfFile() mmap()
SetFileSecurity() chmod()
TR&TUT (Protection) InitlializeSecurityDescriptor() umask()
SetSecurityDescriptorGroup() chown()

1.6 3iTuxfes Risewd ged (Components of Operating System)

TRFET Riked 81 war Tiat i Jarjdiit Rikey 318 St thad agM YRTHS f[AUTH TR et S1s,
Y. § U ReHd Th Haryd HIT 38 Uifgold, $Ye, $M3eye S Hhavy Hlaeiydd
gRYTRE Srard. SR fdSisT (Windows), T (Mach), eI (UNIX), T (Linux)STIOr §aR SiToRfd
Rcrymed gu™ 91 A9 TR, dgde AR Rerymed 9u vy Rey g 3 drd, S &1
Pred, THRI, TR, 3/l fegey dAede (Management). RIS Redd gess fafay Imores
RIeHd UM Tehs BT HRUTMNTS! Hewdrd! YHST Soiadrd. AR Rierd Wil ged 3Mgd, s
DI

U s (Process Management)

PIENREE (File Management)

Jeqd HAoHE (Network Management)

qs A gAsde (Main Memory Management)

JHUS WIS Ao e (Secondary Storage Management)

33 fegey daede (I/O Device Management)

Al e (Security Management)

FHATS SRR Rieeq (Command Interpreter System)

Flg 1.11 A& qrEadd R Red ges g@@r CPU ST AFRY gTedsR It MY aid I uH
fHesfauaTd Hed S,

© N L AW
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Process
Management
Command File
Interpreter Management
System
."'-::l:-‘l:l - d 1
5 " . N
Mar oty Operating System Network
| agement | Mana
L gement

Components

I/0 Device
Management

Main Memory
Management

Secondary
Storage
Management

Fig.1.11: 3ffuxfer Reewd ge® (Components of Operating System)

1.6.1 T HAoTHe (Process Management)

TR HAolHe g gl IR RReHIR T 32T A0 s UG IgRATUd SRR Ty

RN 3RIATd. IR HiotHe UishdT SRigHds a1 $ad. o &l aiey daled HERET aToR HRd ST
HTAIHITIR T 8¢ B, TR USRI ST itd RTa TIfgsl Soldhe- U= adi+ faH

TS SR Ufaade et Uies. Fig. 1.12 MY Haetiic gxfad.

Terminate

Preempt "
4
Create
I Read
V' J Unblock

Suspend Resume Suspend Resume

Ready
Suspended

Blocked

Unblock Suspended

Fig.1.12: WRINT HAeTfe (Process Management)
MY SgaRITYATH BT (Function of Process Management)

SHTRFET e el TR SIaRITTAR WTelid 1 3ied, S P
1. U dGR 0! (Create) 3101 §2au! (Delete).
2. U9 fAde T (Suspension) 10T G-RRY (Resumption).
3. UG RicpiesRE

4. U HRIFHIE
5. S8adl® (Deadlock) gTaTesuft

Maharashtra State Board of Technical Education
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1.6.2 BTSd HorHe (File Management)
BRd Ire At TRUIRG sae efid ATt Ue 99 318, § JHI: U (@1 (Source)
IO 3ffsslae (Object) WIH Glal) U1 ST GRIAd. Scl BRI qUiHTe (Alphabetic), TS
(Numeric) fdpar WW (Alphanumeric) 3 R dld. . Fig.1.13 WA Ui Riad.
SHTRFT RcHa ) Blsd AaRIIATAT HgHid JMdid Tgw@yul Yfaciges ied:

1. BT3d 3T f8¥aest At (Creation) 3Mf0T 82fd0) (Deletion).

2. Brgdl 1o fevdes! gTaravara.

3. Ahexl TWReR W HIU.

4. WA XRS HITSAR BId db 3T HRUL,

Directory—»

y : y y
SUb-DireCtOry — | Data Fh\esis Notcs_tq |—T:ols

T I b v
Files— One.txq Two.lxq Format\| Statsw Old

Fig.1.13: W13 HAoTHe (File Management)

1.6.3 Aca® HAwHe (Network Management)
Jegd HAoHe gl Ui Jedd U=Ima (Administration) 3STOT IR (Managing) PG Ufehar
3{T]. Td NG HAoHE, Aeadhdl avdg, Wiee [aRANT (Fault analysis) 30T SadT I[oraw (Quality
of service) IV FHTIIY 37Te. fEIegcs Rifken g1 Hureh fobal YRl $9g 3118 Sff Seftg! i A
T 31T &b (Clock) WIR HRIT ATeId. I YR ReHH e, Id TRRRGs Ikl RMHd At
(Local Memory) 3/ IO YRR ®IAER Pa fdar SRImi dis- IR®T il SRS
HIRAT AR HE THHBIRN Fale ATYdId. TeabHed WUd HHRIHDGIA AedbgR Hde dbad
3RATd, S §0Td AT UHR HIBTR B JHdld. Heddh HaRITIAN "ede Juigur fddT Sfera:
FHIC 8IS, XMahd], S oI H1aRI 10T FRIETT THRITER AT HRUM AT (Routing) 30T H-a==
U S8 HRUAId Had dHd.
Aedd HTRITUAT ST (Function of Network Management)
eadh Troric W $I UaH $HRd, S DI

1. fexisges Riey sueman SR 3ftT harmHedia fafdy Ity Teareiae) dad Hrard.

I e ey, HABIURRR 301 019 SR JUS $Hirexal THIART 3 .
2. feieges e Aeadan fafay Taremmed gorien ey Sud ad.
3. RIS AT TR HRUAN AGd PR of DI I HRUINITS! dhal SeT Juds/d
STFOT fas=iaraT UaT HRUAN Hed .

1.6.4 &1 AR Haede (Main Memory Management)
T AR} 81 TR fdhdl STgcdl U [T 3R 3MTg, STl Udh 399 (Address) 3d. faflkmy A0’} ofgw
21 19 (Reading) fdhdr fAfguaraan (Writing) SFHHET ATR e BHR] HoiHe UlohdT ST el
SMd. o UsHiege 3fg¥ar (Absolute Address) HU shaidl 3l Uifge! {0 TR TfagiRie sxuarid
T IR S $d Sd. A Hosiic Ui fHas 3Md UehiaR Sadsr Sid. auifl, 3 Urea
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Rera 8asR fegmgaaR SnutiRd eRid. Ud® S@NNYAAT (Algorithm) Tefd gTSdsR JUe
TIRID 3Te. T ALY ST WS THR B off WY Ue TR B dhd. T AT HETT 3-d
3101 ULl TR & T 3R, TUIY, TITH TfPHeRIC PRUITISY, T GBT HARIHE 301 T2
3. W (Swapping) U T AT Y TR dreqRd WY WY Hugr! ufshar, Sff
Jh el HERIAT Ja-d AT 3RId. WU 3 TR X9 SR ST od 30T Fig.1.14
RfAeaTyHT ThTd 93t Am e fthe 81 Wavd.

Y

Operating
System \_/

Swapped Out Process 1
User

Space

Swapped In Process 2

Main Memory |5ec0nda ry Memory‘

Fig.1.14: 40 AN HorHe (Main Memory Management)
A ERITIATH H1™ (Function of Main Memory Management)
SR Re AR} ATRIIARITS! Wettd B Hc:
® STIITalT WIS HERET AT (Track) SGUAN Had Hd.
Tl DIVAT U HET NRTDH g ITIRIT 3Te A0 HI0AT HIT ITIRId ATg! & 3dd.
AR Reaued, STy SHIoran URiaen Jast firesa for fsdh firesd § aad.
SiegT Uy AERIT3T fait ehid degT HERid a1y 6.
SicgT TETRI URINaT Ae BRI HTaRAHhdl 9Id fdvar YR AT (Terminated) SO ST
degl d BRI 8l-3fdldbe (De-Allocate) P,
1.6.5 AHUSI WS Terdie (Secondary Storage Management)
i R Taid Agard S WU TR Tfaeiage o0l § UUTH STuedTe UiaeagR g™
T AR S TRy HRUIN Hed HRdTd. S0 51 HART 9d Sl ST TR Sraeasu!
WIR FRUGNITS! GUd AgH 3T, 0T e T AR 9 30 YUarRITaT Yadvex] iordl aTaR
HRd. Yh ST WIS HAoTHeE Fig.1.15 A SRfAd 373.

ok wh =

Logical Physical :
addresses addresses Swapping
—> —
<

Data

Fig.1.15: JYHUSI R HAoTHe (Secondary Storage Management)
3TN 3MTYfTH TUH BT S3ce/THETa Tl (Hard Drive/SSD) ATUR UIUTH STfUT ST Glgrar Uit
LRS! TUH AR, dUTi, Tahe! TRel H-oiHe Juas Wil SR A Hel/Siae! SRS
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TRl fSREaae! Uld &d  d. 3R (Assembler) 3T HURER (Compiler) IRW UIH
fSPR AR de TRUUd A3dd SITdTd 30T AR ST arR TRRRTST Jisr Sfor SfezH
U &l ST,
et TS ATRITYATI B (Function of Secondary Storage Management)
SHTRFT Rerred Yarast TS HGRITITE STt TG HIY WTel faard SMed:

1. Yde] wierd arey (Secondary storage allocation)

2. I S HAsHe (Free Space Management)

3. &% ASY[eRT (Disk Scheduling)
1.6.6 3Ta/3it feesa Hefe (I/0 Device Management)
3iifgan 1o, filey, o Seeys fafay omuy/sh femEy saawrifia HRol. 3my/3i i@y Hrvie
RIREH YU daR (Priority) STUTR WG $1YC/3M3cYC fS@Tedd deyd o 30T Siclar Sfacig
AR fdar SraERasUl 81-3falide (De-Allocate) HRd. TR S=ATd ST AFTUN e dbd STOT
SR T1eH SUAS A R TIRIH T IU gudd Wi UasiagR Yiafae S Sffr SR
T IUT 3T aR T UIRIQT 3faibe (Allocate) el STTaTd, SToRfeT Ried 3foT gTSaeR favar
Ui SRR d¢ UHHGRN H-de dhadl A9dd, S [$®Ed 3@ (Device Drivers) U
3esEedT ST faRiy URmgR Thaw Rl sieed STdrd. SRRy Sret T &1 ol SffaRfeT
R 810 degd TR i 31fiT B8 deR femTsaan 3afacs fRud e¥M 3iJared (Translator)
U 1 HR01. 31/371 [T Ao e Fig.1.16 A GRITAd 3MTg.

/o
Devices

Data

I/0 Commands

Data

Fig.1.16: 3may3n femmwa Hode (I/0 Device Management)

/O TR S (Function of Secondary Storage Management)
YO TAsTHe YuTe \ieid B HRd, S B

1. SR HIRAT %A (Buffer Caching System) &d

2. I f$RTEY SRR (Device Driver) &1 UaH &d

3. TRy BrEasR feeRaaard! fewzy suwd UeH &R,

4. YO TreTen fafiy femmgardt dafadamdr (Individualities) SO SUaR Had .
1.6.7 YRR AAedeE (Security Management)
TR Reraefia fafay ufthar Sar Ufaefeedlel IR JRIEM HRU1 3H1a=as 3. WU, fafdy don g
AT F= UHard b o1 TRe B, HER, T 1101 SR gredsR JH1eH JIRe e 3fasdrd
T TRET Reddw g IR WA RTa]. JR&M WBUe U, Ufshar fdhar gori-n I
Fa=ugR uRHTYd deiean SareAHe T MU srRuamre el U I, IaTeRuny, AuRY SigRiT
FISASR U T Wa: a1 gd WaHe Udga]e defl Oid,; Xabd Il GBT HRUAY HEd HRd. I
& IFTEd Sd &1 HIUTATE! TR 3id SHeniRiar’d CPU GR =01 A6l [act, HIvrdme! TR Wad:d

Mabharashtra State Board of Technical Education 21



Operating System-315319 Sifoefar faffew - 315319

/O TREUT HRUGTE WA =9d, o greren fafdy uRkthe fSargeet SRt Irguary ged &
HIe JaRifed Teftd Scxthaqe g I¢T M JReM fFAyrgar GURe Wehd. Sexthy JeTd adahs
IRATR I fobdT Sfem GorRigR Hell SIS, ehd Tl

1.6.8 BHIS Sexfiex Red (Command Interpreter System)

SHTRfET RieH=a1 Haid Ag@ara gchits! Udh IS el HHTS Sexfey. HHIS Sexex g ARl
31T JaRa Recredia Tufie Sexthy 318 Sl Fig.1.17 AL GRIfaar o8,

Text Input ——» Parser ——» Parse Tree

Semantic Interpreter/
Command Generator

Command String

Command Interpreter

Fig. 1.17: ®His sexilex Ried (Command Interpreter System)

SHTERTET ReHal el W eHCUgR 3Hd HATS fad SidTd. sd Rieaaed 7diH wiid & e fdar
JoR TIRA-SE Reddsd @ 37 HedlR dheld TeHcy Ul T & 31 Ao wumm
TGfeIqUUl TfdTaRge gial. a1 UM avTavTedT ATdiHT Sfiesad Sild.

1. HCId BIS SR,

2. PHHS-ART Ry,

3. Xd (Shell) gFRaEH, 301 31T
/O gdiesull, et RS HAsHe, I AAt HAoHe, Hisd RRed Uiy, TRefur 3Mfor Jeafdsit
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gfie 2
W HeoHe

(Process Management)

fawg fAre=it (Course Outcome )

CO 2: TR eyl TR Hrsie=an JTaTe Uda gu &,

e frea=it (Theory Learning Outcome-TLO):

1. TR oiTavTes ey (States) THSITGH FHTI.

2. Uite (R ded sid-Process Control Block) ATE TR ¥ a1 dTa el gedh il B quid
P

3. UHHGH GX&T 7 Rl THT Uel SHfIP TR Qe dhaiedl Me-iHe TR &Y HRdId WY

a3l
4. OIS AiSee ga B

2.1 WA (Process) SIS (Definition)
U TUIS T UaagR He 38 fdvaTl UfaiagRid 3¢ (Instance) 313, WUTHA  TfdiagRH
3T I WA B0 aH 3R,
Y 3 UIUTH $lIs IRE! T8l TR ATU&T SR BTg! 3Ts.
o TURY 8 T Ufde®’ (Active) UfchaT 3MT8 St U foeg 3iTg St @RI (Passive) Wil
EIERIESIG
o TR Ufcegened SI8ds8R We (Hardware State), TART (Memory), U (CPU) 3. THIAY
SHdId.
HRIEH DT BRIV YR AT IR faHRTHe fQUTTed el 3rad Sff Fig. 2.1 A Rifde 3e:
TR fIUTT (Text Section) mms@ (Compiled) URTH ®ISdl Scd 3T, Siegl UIUH Al
BT STl degl al AF-aiarerad KIReHeT (Non-Volatile Storage) IS &al SITd.
ST fAUTT (Deta Section) TEA (Global) 30T Tfew (Static) RNTTET T 3!, A9
T Ufaeie]e eRUaTgdl 3reiidhe (Allocate)3MTOT 3MTRISIATSS (Initialize) e ST,
89 (Heap) & STAHS AW SAIBIAIS! AR ST 30T 9dH (New), f&dlie (Delete),
Tdlle (Malloc), W1 (Free) 5. T BIdg AT Bl SITdl.
TP (Stack) 8 AHA (Local) BRUTRITST ATURAT STl TahaRid SIFT Siegl Uifvd (Declared)
Dell ST dogT RTHe QRUSTHATS! It 31,

Stack

T
l

Heap

Data
Text

Fig. 2.1: TIRT AW (Process Memory)
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2.1.1 T 9 '\‘%EH (Process States)
SIGT LTS W UfFIeRIE BId degT il JTTaTeT ey (States) fdhdT IoiRT T SITd. § ¥eoid JiTavTen
.

1. TWIE (Start): SgT T TYH URY (Start) el SITd/dUR dhall SITd degl 8 URFYS T (State)
3.

2. Y3 (Ready): TR URRRAT RIS HRUAT! Tcie HRId 3. ¥a! TR (Ready Process)
SITORfET ReHgR T TR 3ididhe PRI Udie Sid 3 Siuibed U 3 8%
ST, YR e AR fdval TR 3 id SR SR RSgeRA (Schedular) GE=aT Ty Jidiyg
3T HRUTMNTS! $ex¥ (Interrupt) bl SN, TR I1 e A TS, Wb,

3. X (Running) : THaT 3TTH VSIERGR (OS Schedular) TRIRET TR 3188 &t el
TR ®e AT (Running) ¥e FHait ST 3T TR 1 TR SR URHa]e BRIl
IRATd Pl

4. afEI (Waiting): Ufehar AfeT el SiTd SR TR FUTETH Taell SR SHaadhdl 384,
ST 1 IR TG Uch& HR01 fohal hred SUdsy gIudTd! Uciel o,

5. effes fdar ufdse (Terminated or Exit): TERT U UfaeqRH YuadaR fdhar
TR RiergR <t efifie wxuama st &t &t efifie We A gafact oid enfdr & g
BRI HIGUATH! Ulal HRd.

TR We SUH Fig. 2.2 7Y Sxffaelt 3.

Start o= Ready ! | Running Terminated

Wait

Fig. 2.2: TR e S’ (Process State Diagram)
2.1.2 WG W 7P (Process Control Block (PCB))
mm@ﬁ? (Process Control Block) B TdD TR TR RiewgR e deiell sl T KIY
(Data Structure) 3dr. diflet SR U smge! (disasl) (Process ID-PID) gR 3fid Sl
URAs (PCB) 3Ma=a off ¥d Hifgd! caaH el Ydids hedaR TRl ARMal SaUdTTa! dhat SiTd ok
b
1. MR Re (Process State): TR 9 e WUlord ot Yal (Ready)&I'I%, 3T (Running), afé
(Waiting) fhar S ®T81 3.
2. WY AfRAS (Process Privilege): RReH™ Iq1ed TR #RUAR WA SUl/HTG0!
3T S AT U=t flfegerst ST,
3. WY STAST (Process ID) : JATORIET Reryedia Ud® TRaé! g+ SeicihaR .
4. UTgeX (Pointer): TR (Parent) TG UlgeR.
5. WHRITH ®TdeX (Program Counter): WU ®I3cX I MATHS! UdIRe gom=al Jeid
SR ST 1 AA TR a1,
6. g IR (CPU Registers): fafdy Tidig Yorex & I Rensd mawn ufagrage=ast
WISR DU STaGD 3.
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7. AdRy ASYRAT FTHIARM (CPU Scheduling Information): TR RIS HRUGITST
TGS 3ad YR (Priority) TN SaR RregfelT AR IaR Ufehar &,

8. W HeoHe wﬁm (Memory management information): did U9 ¢ad (Page Table),
TR} fIffe (Limit), STORIET ReAgR arRedn S0 AiieR 3adgd ATHE (Segment)
Cqerdl Hifgd! JATIAY 3.

9. SBISET W\ﬁiﬁ (Accounting Information): did PIESES| U@@Hﬂ]@ﬁ AR T SITOM=T
it 9o mafel, TfegaRM SISl 3. JHIfay 3.

10. T3 T FHIARA (IO status information): TTd T 3fcAidhe bHaedl /37 (1/0)
fSgadt aret TaTay 3.

el te TRl et Fig. 2.3 Aed fAa 3R,

Process ID

State

Pointer

Priority
Program counter

CPU registers

1/0 information
Accounting information

etc....

Fig. 2.3: A W CSicg (Process Control Block (PCB))
URftelT e T Sl dret AT IR Sl ST Udhal Uihal JueHaR fSaie el oird.
2.2 MY '\ﬁ:ﬂﬁm (Process Scheduling)
U SY[eiT 8t Uy Heorics fobar a8 Sif Adigaey a1 sraal Uy big- crebd 30T fafkry
U= YR G T (TS hd. U RIS[eiTT 8T He MR SHTORfET ReHn us sfa=ad
YT TR, 3721 TR T e TehTaes! Ufdgraeasl HHLHed TehTUe Wik U |l SHRUam tRaTit
T 3NfYT A1 et U e Afec @il aTiR e AU AR v,
2.2.1 lﬁ%ﬂﬁi”Tﬂ’q\(Scheduling Queues)
Rere 7o FearaR 9d U, Siid A (Job Queue) TTS (AT SITATd. Yot TeHed TR Yat
R (Ready Queue) ddcdl SITdld. fSRRH U« BIUaT=AT Udlald SRTdedn U fegsy ®d
(Device Queue) 3T SIAId. Ud® /3T (VO) FSRRIA! gHd SRRy T Iuds M.
XA aH IR YS! &g daa! offd. TaragRmure! Hasedr shsudd § Yo ad I1gd. Thal U
e feett et anfor vfagraye gid ST, Wieiade! U ge-T gg Wdhd of A4 Fig. 2.4 giRifaeh
31Te.

U 31may/3f fa=ict (/O Request) SIRT &% Rahd 30T R 31/3 &d (/O Queue) ddal!
SIS, X,
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. Y U T J9-URY dUR 6% Yhd 0T e HARm= udie $3= 2.
. $WYD (Interrupt) Y HGHYH TR Pl S bd SO G581 IS8T Hd (Ready
Queue) 3T SIS, Thd

Termination
— JOb Queue —

o O queue WO request
child executes fork a child
interrupt occurs wait for an interrupt

Fig. 2.4: TR ‘aﬁ[ﬁﬂ (Scheduling of Processes)
Ufgedl GF USHRUMEe, g1 Uy SRR afciT WUy Y81 Wened fad od 31l ok Gl Xs! R
Sacit WTd. § T TYPTd Asudd &t T A1) $ad, ST AT <ff d g Pleai ofid raes! & W=t
BiRSE]] (PCB) 30T 3relide (Allocate) Hard! T St3fdidbe (De-allocate) Pl ST,

2.2.2 ﬁ%ﬂ?ﬁ‘ﬁ[ YUPR (Types of Schedulers)
ST ¢ ORI Ried WitedsR 3ied of WY [egfam fafdy TeR gaedr. did 387 S Bur]
Rcre) Yafiic HRUgRS! Sieq Fasur SIfOr HIvTe TR I SRt § oR1qUl.
STy diF UBRd HTRd -

1. @=Ted -‘a\lsqm (Long-Term Scheduler)

2. T¢ eH YSYER (Short-Term Scheduler)

3. SaH o AT (Medium-Term Scheduler)
1. @I=T Eﬁﬁ@?ﬂ' (Long-Term Scheduler)
T TH STeRa i USIER (Job Schedular) GEIA UM, AT ¢H USIER TRIRIT A3 HI0Tal
o Redadl gafie xmar 3 Ui aRd. § AR Sid FgEYT ey Hasd enfir
TARIRATS! TR die ®Rd. U V(e e AN UY A1 gid. Slid Jegerd Udfie
IEIT U 31/3M TSS (I/O bound) 3T TR SIS (Processor bound) IR SICE) {-iqjad fogor
UG 01, B e IUTaTt f$3lt (De gree of Multiprogramming) e IR $Rd. SR Aec i
ST FRR 3R TR U= Fitdiar Rt Ye Ried s um=an U= TRRR] f$ureRen Y sRiakl
30Y TITSH AR, Hlal RCHR, AT TH USgaR SUas THd! fhal HHIamHT ST, T8 Q3T
(Time Sharing) TR Rieeqaed ar=T Eﬁwm Sieg] TEE! Uy Fdi (New) GRS (Ready)
e T Faad, dogl AI-T ¢H [regerdl TR i,
2. X1 eH ASGEAR (Short-Term Scheduler)
(¢ TH egerdl AU YSYER (CPU Schedular) SWTd UM, Aascedn M= Jam=m s
et Sriemdr aTefdul § @me T Sa1F 3iTe. URINE! T Y8 (Ready) ¥€ o 1T (Running) ¥
T Feaa S, WY ASTeR UfFgare JIvarT Ya! saed Maaqdia T Uy fAasa ifor @it
THN WY 3fefidre dd. WE H Asgad, arar f$e BuH Sdid siiedd S, Jeid PIure
T Tfdgrare Hrae g (ol 34, 2T o Aeyerd a1 od S erduen dTTdH SR,
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3. frdam E'F‘I'&ﬁ?q?l'\’ (Medium-Term Scheduler)

frStan o sy WASYER WU (Swapping) Tb T 376, & HAIHYT U BIg <rbd 30T
TR &3 wrft wva. Betam of YsTeR WU A H¥e-TAY gldiesvare THRT SR,
3,3t faea (I/O Request) B AT (Running) A TR TS (Suspend) 8IS Thd. G S
TR qUi g10aTeT faRH SIUE! Ui e Rahd ATel. a1 ¥ecd, BRIHYT WY Hig CIhUIRITS! S1fir
TR YRS ST dIR RGNS, s RN ddhe] TR gaiddl Siid. a1 Ufshdy it
(Swapping) TEUIATA STTUT g1 TR WS- 313 ¢ (Swapped Out) il [dhdl e 3TSHe (Rolled Out) Halt
3 UM

2.2.3 PieRe aa (Context Switch)

WW@WWW@W@E (State) fharpicae (Context) WISR (Store) BT
3TIOT FRCISR (Restore) HRUATHT AU 3T SIUIHA ok AT (S GURIA YR UfFRIR g1 Y= Dl
Id. 7 dAmET AR CRSGR Hicqe R (Context Switcher) Tdbl defT e g Uhd Fﬁlﬂqﬁ\’rﬁ
FHUGNY W&l HRd. PIeRe RARNT 8T Aeeleen T i Rien dfireaian teh axad U 311G,
ST YR A Tt TR TR U g9 Uae UeneRea e e ), e
T IR T (State) TR Held SAIGHE (PCB) ISR Bl Ild. IHMR, Jeid YRl e
(State) T T =T TAteaRe @IS et oiTd SATOT TR (PC), ISREH (Registers) TS VT HRUTMTS!
JTORE ST, T TOATER, kT TRy Tfaiaye HRUa™ Yad gid. Hiedde R Fig. 2.5 4 g=ifda
318

CPU
!
i
i
i
i
i
]
i
]
Process P1 i
i
i
]
> Saves P1 State ey :
: i
1 |
y )
!
Process P2 ' :
1 !
1 !
& Restore P2 State <-4
i
i
i
1
i
Process P2 | }
i
i
S, N
> Save P2 State : :
i
i
i g
1
i g
I
1}
Process P1 ll 1
— i3
L
«<——1  Restore P1 State s )
i
i
]
i

Fig.2.5: ®lca¥e &9 (Context Switch)
IoTER SO AR Te R (Save) 3O RFEIIR (Restore) HRU MARID 3R DicRe I
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YRR AT & fohar oifdieh da IToRdrd. ST Uy e defl Sid, degl @leftd Hifgal o=
AIRIETS! Fafed et Sird.
U B3R (Program Counter)
‘\ﬁ?ﬁlﬁﬂ arfgat (Scheduling Information)
a9 37T ferfire YfoReR O_é’JE‘{L(Value of Base and Limit register)
T qTORa foRex (Currently used register)
e e (Changed State)
/O X< Hifga (I/O State information)
JHI3feT Orfgat (Accounting information)
233%R uﬁvmﬁ%m (Inter Process Communication)
JHTRET Reyaed Tl do! Tfasidge BV WY ¥add (Independent) TR fdvar dlsfaRfeT
(Cooperating) Y 3 Adhvalld. SR Reaqed Ufdgree gl sar Wy o drdr URumd gid -8d
R U Wad 3d. SR TY SRIFSIA (IPC) 81 Uh RN TN 3l SATHE UhT TEg<l gl
URIRIT HRIAGRA AT Sl 30T & 8T had Uhid Riedq sl gid. FRAGRAE g UHRd 3R
Tehd -
1. WWWW%WWWM,@H"?[W(PM%O 3T RS
(Child) TR,
2. 3YdfEd (Unreleted) U A, fdhar g fodhar sifde avravTea U Aedta.
ORI 1 & AN UHHB R HRIhe H& AT
1. R3S AW (Shared Memory)
2. O99 R (Message Queue)
2.3.1 R3S AW (Shared Memory)
R3S AURT BT AR Uh G HTT 3T SIf 3eh TR Yok HRell Udl. § Fig. 2.5 A GRIqedTyHTo
NS AT U ST are ST feTg TR T =M Higf-idhe HrUaR TR Gd.

D process A
" shared memory

process B

i

kernel

Fig. 2.5: 3rS AW (Shared Memory)
3 A & MRl FRyfAde HRUAR) U Siag oot wrdem Anf s, W U Fleeiyde
Rith IS8 7 S <l aTRUl H3T0T B3 Wb, 3fS THARI GF T THR TR
1. MM WS AR (Anonymous shared memory): A W3S AW HIorTa!
pTed fdhar Sav Ried Sffsoiael Hafdd gl it STRicT RReAgR TaR ddt Sird S1for off TR
DHRUMT NI off TRiRTad 3.
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2. WS R3S AW (Mapped shared memory): HE 3 UMY & BRd fdhal R Red
Hieoiae=lt Haftid 3rd. <ff Tt fdhar S1fdd U= g WaHE BIRd HU Hed daR dalt
S,
3P YR ThT AT RISfS AR UaRl H& Ydhdld. 3 Tad 23S AMRIGR HRIFde Hrdd,
7Y T U U1 9 9ad S ST HaR 3R Uiy dad UTgdid. Qs TR d (Kernal) aTORd
18!, ¥4 POSIX Ry, a¥a fdSier Sifirfen Ry Qi AvRt aTRdTa.
2.3.2 ﬁ@ﬁiﬂl(Message Queue)
3 TR THHBIRN Hide = BT Aol g el arg 3M1f0T farg wrehdrd. YRide @i wa fesaudd
Fd TfEd Bl SITTd of Fig 2.6 T GRIfA T8, TS 7 $e) Ty HIRgHb e’ Gu Sugad 3ed
3107 Sgdeh SHTRTCT REHGR ITURT SITdTd. SR & U p1 10T p2 TSGR HRIAbC B 3fasd
ST, TR AT G TTHHT e Sdra:
1. dRgFAHIA e wifta &0 R e s i@ s/id, dR df g1 RfUd SHRugr
AT Tal.)
2. 4R MifffeEs arue- o SaTurearT & &R,
3. ST ST fhaM g e sger sawadmdr 3rid o aTel fadd 3Med.
a. send(message, destination) or send(message)
b. receive(message, host) or receive(message)

process A —

— process B

| message queue
> mg|my[my| My e

kernel

Fig. 2.6: 49w H (Message Queue)

2.4 AEH (Threads)

IS WU U DISgR UaIRIRAGT JaTg 3dl, Saral Wd:al Ui HIdex 3¥dl Sl ge DIt
SCRM UfFRIC SR I/ AFTaT Sad), Ried IoRed Sl dTe GTd HRIRD RS SRl
3107 W (Stack) SR Ut 3faer SRl 9 e dieR Jgudied His FHe, 3T e
3TIOT ST TS TR Hlg! Aligal! SR BRI, O] Th IS Bl WS AT 3TICH JGad! degl 3av
T4 989 o UIgArd.  JSa Alsc d¢ W (Light Weight Process) @I UM, I€Y URAdod R
HTRIH M WRBIH~T GURTATET AT UEH HRAld. 84 § Nees JSdl aaihd URd Jaged HH!
FHEA HRIET Rerdt Sriemd JURIRTS! AteasR ePHH aifadd. Td® IS el Thra
IR Sl 0T HIurdTel 98 URNaTeR Qi 3R [dhd Alel. Udd I MAUME ailes] Udrg
SRl Hedd TR T dF Teex SIHAT STUUITS! J8d IRRGTNT aloRd a 31ed. d [3rs JAHRt
T THRERER RIh T JHITR URTRIRMHTS! A1y U ¢ied UG HRdld. Wiaitd Fig 2.7 RiTd-
IST ST A IS S TR &1 g=fad.
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I Register H F— H = I I Register l [ Register ] I Register ]

I Counter | I Counter l I Counter I

L Stack I I Stack Il Stack l

code

Code
i
i
[
1
i
i
1
1
i
Single Thread !
First Thread Second Thread Third Thread
Single Process P with single thread Single Process P with three threads

Fig. 2.7: Rivma-23s snfor aedaSs withar w (Single-threaded and a multithreaded process)

2.4.1 A8 BTG (Benefits of Thread)

1. NI Picae R,
HH! HARIET TR (IS HAR] ~SR BHRT).
guTRa HaRRT for 39w ufe™g.
URed UfreRIRIER Hrig Iy arw.
A)-PR WU &R 3[F S THE d3] I 813 Thdd
6. IS AW USR HedMHes, X YN HRHGIH (3MAURT) 7 IRl Sl I aeE™

o0l RISR Pl SIS, dhell.
6. IS 3D WU HRAL ThAlS [daid B Ybd AT ReHd! Whalaiae! JURd.
24.2 Q@Rﬁ UPR (Types of Thread)
a. Yok ERRER (User Level Threads) - EI,_\TVRe[ IR JS9 .
b. Hd dgd i\is\{-l (Kernel Level Threads)- TR Riey rawiiud Q@F Fd, AR
Red BRI HI FRAw.
a. Yo} aﬁﬁ DL (User Level Threads)
I, I8 HroiHce HHadl IS SHi@rd! Suiig Td. 3 ASRIA €Y TOR (Create) HRUITS!
3T Y (Destroy) HRUINS], VST R M1 ST TR HRUANE!, IS U= egd
HRUYMTS! ST IS BleRe og AT RICIIR HRUARAST Dl 3. B Db IS+ = sld.
ToR degd deHH Bicare AR dTTa 3RId. SR TATET goR dgd 38 Al SRR Hd 3R
TR g0l U slas Bisd 34T I 99 (POSIX threads), STTaT 9€H (Java threads) 3. JoR ddd
IS Fig. 2.8 T AT 3R,
BTG (Advanteges)
1. ¥ RafiTan S Ars fARWIIGRI (Priviledge) 3Ta=TdHT 4.
2. ToR A9 IS HIUTATE! TR RieHaR 3 81 Ahal.

= a s own
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3. RIS goR dad 98 T ARy RIHR 3Ry Wb,
4. goR 1ad I8 TR (Create) 30T AU (Manage) HRUARITS! AT 3.
5. JoR ded YSHY HicRe [T ITaH 3R,
e (Disadvanteges)
1. 3D AR Reqaed, Tgdd RReH HId sl HRd Sl
2. ARIISS MRIHIH A MR Bel U3 Wdhd gl

Process P1 Process P2

<l 2 S
o 2 5.8
User Space

Kernel Space

cPU cPu cPu cPU

Fig. 2.8: o} dad ¥s (User Level Thread)

b. A ﬁ%’ﬁ QI{H (Kernel Level Threads)
1, I8 HroTHC HAGR Dl SfTd. AEHIaT TRAT I8 HAvHE BIS T4d. Hd ey UT JTRIET
RergR affd S/ard. SIds! SRIPIA Aeciie HRUNITS! UM Hdl 9 Jdhdl. JRIHRH
e 4 98 Uhra Uawed Jaffd Srdid. Hd 9gu Teaarat S ieaHeid aafdad dgaenat
e Mgl dad. FcagR ASYAT I SMURIR Hd . Hd Hd Wawed ¥ P, Joms
(Timetable) 30T EE (Management) HRd. Hd VS T ok oad JSUGT TR (Create) STfOT
ARG (Manage) HRUIN B SRIATd. H-id-aad € T Bl Re RATT 5B 3. ORI Th Hridl-
A IS MBI B 3™, RIg! ATal IR ISR URUMH §Id el Iak: fdSIS (Windows),
AR (Solaris).
TFITI% (Advanteges)

1. Fd THTE U Ad 3F® IS8T U 9! 3Hd TRINaR edd H& b,

2. U HEd U S scildke Dbl e, Bridl ATd Yl ORI 98 RSy e Yaball,

3. ®d T Wd: A 138 Hhdl Sl Y.
e (Disadvantes)

1. HId IS AHFI: JoRiaT JSUET TR SO AR HRUN 866 ST

2. T VR A U] JSHYT gu-1 JSaR (a0 §XITdRd HRUARIS! H-dd HIS Rad HTaAH

3.
3. Hd-aad 98 A PHi<Re I g 3.
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2.4.3 ARSI AISE (Multithreading Models)
BRI MR Rier ToHd ToR Aad S 3101 Hidt deget IS JfAT T B, a1 b id e EHR
ARG & TH IS IaTeR0T 3. Aeeifen Rieras, Tum sifthem Adta sre 989 3Hd
T IS Alsed A UHR 3HTgd.

1. 3% d 3% RARERM (Many to many relationship)

2. 3% d Th RARHRT (Many to one relationship)

3. T®H d U NIRRT (One to one relationship)
1.3M® d 3 RARMERT (Many to many relationship)
3FH-d-3® Hied Afccraqae] fardia! gord 318 T fhdT HH T FHd JSaR Siled AN,
WA Fig. 2.9 3Hd-d-3ia AT Arsd g=ifad o1 6 Ior dadt 98 6 F-id e Jguwe Afcc @i
e TR, T AT, SRARAT AHTTIHIIIR 9T JoR I8 TR H& dhdrd ST Jafd d-ia
IS T IR ARAAR TR ATeq BT, § AISd HIbRAIaRId 3PP gHdl TG B ATl ST
TTIET IS AT RICH I Rl dog] H1d YasiagRH 3! gURT IS Ueqd B dhall.

Process P1 Process P2

(0

Kernel Space

CPU CPU CPU CPU

Fig. 2.9: 3@ o 3@ RARFERIT (Many to many relationship)

2. 3MF d TH RARFERIT (Many to one relationship)

3AF I TP Hiod U] H-d-add JSaR &R JoR dad  IgH HY HRAd. I8 Ao cgoraral TWaHe
IS ASRIGR Bl O, STegT IS SANThTT RIEH BId HRd dogl HYUf YR SAIGE el ST, TehT oot
o Uhd IS Hrid Uil & Rhdl, T 3D IS e MIHIRAR FHICR T duaTd SH&d SRIdTa.
R goR ad IS TSR TR Rermed 311 YR SHdTd 0Tl S &t Red &1 9wed= 3a
TEId, W Fid I 3® o Th RAFRY HIS aIoRdId. WIeid Fig. 2.10 3fHd-d- T ST Alsa
g,
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Process P1

§ 5 ¢

User Space

Process P2

5 83

¢ €

Kernel Space

Ty ¥, p—

UM

CPU CPU

CPU

CPU

Fig. 2.10: 3% d TH RARMRMT (Many to One relationship)

3. & d TS fRE=ERIT (One to one relationship)

I Hd-0ad JSIR JoR 19 ISd Th o Udh J8Y 3R, § Al d 3Hd-d-Uh Alsauel 3w Hidmed

(Concurrency) UaM &xd. ST TETGT IS AT RRCH HId Bl Al & ARG Th IS I HRUG!

ST . § AP IIRIRAR TR UFaIE SRS 3Hd Jed THUH HRd. A1 Alsad dieT Fgural
IoR 7ad IS TR HRUGRIS! Fad Hidl IS HaAH 38, 3TH/2 (0S/2) , fdSier Tt (Windows
NT) 3ffor fdSist 2000 (Windows 2000) T d T Iae Hied dTIRdId. WIdd Fig. 2.11 T -d- Th

UFET HisH a=ifad.

Process P1

:

User Space
Thread Ubrary

Process P2

3

e

Thread Library

Kernel Space

A

AN N prmmmmnn

CPU CPU

CPU

Fig. 2.11: T% d T RRARFIRT (One to One relationship)

CPU
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2.5 LINUX 9¢fid a9 WFITSW (Process Commands in LINUX)
ferTaame TR € Ui SrcedT TITHUET JVTeT Sd SM1fOT TehT U=l T $e—g 3R,
3{TYUT TfRIRIC halalt HIvIdte] HHIS TR = xd. Rl TR G UHR 3R Kbl

1. BRIES URH (Forground Process) : MY SYCHTIS! JoRaR 3AcigH 3RId SN Seriace
TR WU Haed ST,

2. YHUTSS WA (Background Process): TR JSTEURIA ¥4 I 8Id SATel AMH-3exfaea
fohar Tt TR UrdTd.

fora Afia IR TR TR AT <t SYPTd Juarga aaieT el HYd S, X, a7 eed
3{Te:

1. 3T (Running): I srqciedr Wendia Tra=n sif 3/ 311 &t <ff ¥ 8id 3iTg fvar < goard
TR 3Te.

2. AT (Sleeping): TR WUl e A 3/d Siagl ol THIEU (Resource) U gIUgT!
TltefT B 34, $exfPEd (Interruptible) Wiywehd U R grarevarTd! S gisd, @)
JERPEA (Unlnterruptlble) Fﬂmiﬂﬁmmmﬂ@

3. WIS (Stopped): SIgT LI Ry U Bl degl RN XWItS ¥ A Ya .

4. S (Zombie): B =M fRUcH 3@ SIHS TR Td 3RId UG TR Aig 3og! caaHed
3.

forTaraed I g8l SRIcIeT TRIEdT AT YURITa! G SIS IUdsy 3HTgd. T G HHIS top STUT
ps 37Tgd.

1. foF T M HA SRugTETst top PHIS (top Command for Managing Linux Processes)

top (€9d 3T URI-Table of processes) HHIS fomaaHed IFHT sRycedr U Sa-H®, K-
°12H fasg (Real Time View) 30T d-d-HHss HA aRifdd. HHIS UG 301 AHR aToRTE STer
I RIfIUmY Riew Aifedia TR (Summary) STd UaH $Rd. et ARiFaRd 3 8id SRyce
YRl AFIIGT YUATRIT3T 3T top HHIS aTaRE bl top HHIS Fig. 2.12 AH GRagayHI0r R3fd-
m@mwwwwmmmmmw

-8TR7PIZ: % top
9:28 up 4 min, © users, load average: ©.52, ©.58, B.59
5 total, 1 running, 3 sleeping, 1 stopped, © zombie
2.2us, 1.8 sy, ©.86 ni, 96.8 id, ©.® wa, ©.9 hi, ©.8 si, ©.8 st
6041.1 total, 1582.1 free, 4235.06 used, 224.0 buff/cache
8233.6 total, 8629.1 free, 204.5 used. 1675.5 avail Mem

TIME+ COMMAND

Uijay
Uijay
vijay

2 = L L L g

Fig. 2.12: ld $HUISER I B el Wawd f¥erd@-ergd =4 (Real-time view of running processes by top

command)

top SIS 3T3CYe T Wieha Hifga 3.
1. PID: & URoT [GooT gHd UY 3@at (Unique Process ID given to each process)
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2. User: URIT=AT AT6H SRIGGAT goted A1d (Username of the process owner)

3. PR: RIS HRAMT TR WRARE (Priority given to a process while scheduling)

4. NI: TRt 989 ' @@ (“nice’ value of a process)

5. VIRT: TRINgR aTRGAT SU=T 3@ HHRTE THTTT (Amount of virtual memory used by a
process)

6. RES: TRHgR aTIRSGAT SITUT fthfoie® AR THTOT (Amount of physical memory used by
a process)

7. SHR: SR UGOYs AR Hoadl HEIY FHUT (Amount of memory shared with other
processes)

8. S: Ul T (State of the process)

. ‘D’ = 3FSeRfPEd Wil (uninterruptible sleep)

‘R* =T (running)

‘S’ = TIIUT (sleeping)

‘T’ = WIS (stopped)

. ‘7’ =l (zombie)

9. %CPU: MYgR dURaT ST HiYigE! cadhdRl (Percentage of CPU used by the process)
10. %MEM; UIIIgR aToRedT SITo=a1 9! eaddhaR] (Percentage of RAM used by the process)
11. TIME+: MOY9gR dRS THUT WGigar des (Total CPU time consumed by the process)

12. Command: U9 Hfehd HRUGRIS! dTRS! SIUMRT HHE  (Command used to activate the

process)
2. ps BHIS (command)
ps HUS TG W' T Wfera g 3. Jear AT srdienn Ufsham Fig. 2.13 T SRAfad 3. Ty,

I e

top HHISA fauRld, SFRe dald 3M3cye R3d Trsaaes T9d.

vijay@DESKTOP-8TR7PI2: % ps
PID TTY TIME CMD
18 ttyl 00:00:08 bash
78 ttyl 80 :06:80 top

78 ttyl 80:080:80 top
84 ttyl 80 :86:80 ps
vijay@DESKTOP-8TR7PI2: %

Fig.1.13: ps ®HISd 3M8eYe (Output of ps command)
S fHATaToT @ISO 317:
PID - ORI 3TTS! (process ID)
TTY -cfHAaareRy (terminal type)
TIME - ORI X9 Tedrd THUT ded (total time the process has been running)
CMD -9 R DU HHISd A1d (name of the command that launches the process)
3T Arfed! e iquariet, ps HHS IR -u IR Fig. 1.14 AL GRIGITIHIY! aToRT

vijay@DESKTOP-8TR7PIZ: % ps -u
PID %CPU %MEM VsZ R55 TTY STAT START COMMAND
e 8.8 ©.90 18896 3784 ttyl 5 11:85 -bash
78 8.8 0.8 18984 2000 ttyl 11:85 top

T
78 8.8 e©.8 18932 2012 ttyl T 12:47 top
R

85 0.0 0.9 18648 1920 ttyl
vijay@DESKTOP-8TR7PI2: $ _

15:48 ps -u

Fig.1.14: ps -u CRIrcE | 3I3cYc (Output of ps —u command)
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Y

%CPU - T O 3fciedT HIFYST GiaRd (Computing Power) THTOT GRidd.

%MEM - T aT0R HRd 3red AHLE JHU gxiad.

STAT - TR We grfad

ps HHIS Thad J&AT I Srcied] WY gRaad, dR Rl Fig 1.15 T SrRadedTyH T 9aig —A aioRe
T4 T o HRUGNITS! Cltd Tl aToR & ravl.

yijay@DESKTOP-8TR7PI2: $ ps -A
PID TTY TIME CMD
12 B0:00:00 init
9 ttyl 0D:00:00 init
18 ttyl 00:00:00 bash

78 ttyl B80:808:08 top
78 ttyl B80:808:08 top
91 ttyl 80:808:80 ps
rijay@DESKTOP-8TR/PIZ: $ _

Fig.1.15: ps-A C I | 3f3cyc (Output of ps —A command)
ot Aifedt fresfauvarme ps #HiS Il Fig 1.16 Y GRIGATIH -f ST Jiad aToRT .

vijay@DESKTOP-8TR7PI2: § ps -f
PID PPID C STIME TTY TIME CMD
10 9 @ 11:85 ttyl 00:00:80 -bash
76 18 © 11:05 ttyl 00:00:00 top
78 10 © 12:47 ttyl 00:00:00 top
92 180 © 15:53 ttyl 00:00:00 ps -f
vijay@DESKTOP-8TR7PIZ: § _

F@ii&ps#ﬁ#ﬁ%amﬁﬂe(OMpMOfm—fwnmmnm
3. WY yiafauararat kill #HiS (kill command to stop a process)
foraaae TR Yiafauamre, kill' HHiE aTR]. fvd HHTS RN REd urdad. 39Ul aréq el
3 fafay yeRa Ra emgd. quf, Wald I U “kill -9° & 'SIGKILL’ T8, Fig 1.17 A<
SIfIeITIER 3MUur L gafa are 9d R Jaieg & b,

/ijay@DESKTOP-8TR7PI2: $ kill -L
1) SIGHUP 2) SIGINT 3) SIGQUIT 4y SIGILL 5) SIGTRAP
) SIGABRT 7) SIGBUS 8) SIGFPE 9) SIGKILL 18) SIGUSR1
) SIGSEGV 12) SIGUSR2 13) SIGPIPE 14) SIGALRM 15) SIGTERM
) SIGSTKFLT  17) SIGCHLD 18) SIGCONT 19) SIGSTOP 208) SIGTSTP
) SIGTTIN 22) SIGTTOU 23) SIGURG 24) SIGXCPU 25) SIGXFSZ
) SIGVTALRM  27) SIGPROF 28) SIGWINCH 29) SIGIO 30) SIGPUWR
B1) SIGSYS 34) SIGRTMIN 35) SIGRTMIN#1 36) SIGRTMIN+2 37) SIGRTMIN+3

B8) SIGRTMIN+4 39) SIGRTMIN+S 48) SIGRTMIN+G6 41) SIGRTMIN47 42) SIGRTMIN+S8

3) SIGRTMIN+O 44) SIGRTMIN+1@® 45) SIGRTMIN+11 46) SIGRTMIN4+12 47) SIGRTMIN+13

n8) SIGRTMIN+14 49) SIGRTMIN+15 58) SIGRTMAX-14 51) SIGRTMAX-13 52) SIGRTMAX-12
) SIGRTMAX-11 54) SIGRTMAX-1@ 55) SIGRTMAX-0 56) SIGRTMAX-8 57) SIGRTMAX-7
) SIGRTMAX-6 59) SIGRTMAX-5 60) SIGRTMAX-4 61) SIGRTMAX-3 62) SIGRTMAX-2

3) SIGRTMAX-1 64) SIGRTMAX

/ijay@DESKTOP-8TR7PI2: § _

Fig.1.17: kill -L ®HiSd 3m3eye (Output of kill -L command)

kill HHISd RicaTd (Syntax):  $ kill [signal] PID
4. wait ®HIS (command)
wait HHIS 81 U U HHIS TG SNt dHUTIS 11T IR gUi g0dTa a1 UTgd 3fUT Tfasie Ty uRd
H. 3 FRprHed Ucdhten e dF sifafked Wrdied sned:

1. HHS TR A SRS I8 (&) THUNKSS Wid giad.

2. $! ATCHT IHITI S URITAT PID HSd. 3Hd IHUSS URGHE HIH HRAMT AN PID THhT

BRUgaHe Aédd.
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3. $? AgcA MG Ufdere wed fiie o
® dIF IRHeY Ueha H8 &1 $HRAd ¢ TIGUaNITSY, eii-d fds! Ut MUl Fig. 1.18 A GRIGITIHTY
X DR,

vijay@DESKTOP-E8TRVPIZ: § sleep 30 &
[3] 161

vijay@DESKTOP-8TR7PI2: $ wait $!

[31] Done sleep 30

vijay@DESKTOP-8TR7PI2: $ wait $2
-bash: wait: pid ® is not a child of this shell
vijay@DESKTOP-8TR7PI2: §
Fig. 1.18: wait FHISHA TTURHT JTUM=AT Sifafvad WRiedd 3m38eye (Output of additional parameters used in
wait command)

5. sleep PHIS (command)
St Siid TR BRGNS WG HHIS aTIRa STdl. SH Sid gl SR HRUIGR Hed Hrdl. g
DS d5 SIhIceJdR Ydbald Udl, TR Q! T BT YBid™ (s, m, h, d) A d IR DHIUATGH
BRHcHE UGN BT Ad. 8 HHAS NUMBER gR URHIRNG FHaedr dardt wfagregRar favm
<d. foemdia wio sHis Ricarad (Syntax) Qe & 3178,

sleep NUMBER[SUFFIX]...

0
NUMBER &1 HHIE ol HIBMT! T HrdT 3] o a=iadl.
SUFFIX 91 aTtR d&d T MY HRUIRITS! Hdl SIS, ! (Adbarare! s, femdt m, aiardt h,
2.).
3alerUn: $sleep 20
$sleep 20m
$sleep 1h
6. exit HIS (command)
e ufdge sais € e fow-37 FHis o, off wan Y ufdgage gia ome 93 2 &
PHRUYMTS! aToRe oid. feraRyaelid ulfage suigs gayd RicdidT (Syntax) WU 3{Tg:

exit [n]
o2 n g1 gaidt sgHe offe ol ufddie Wy gRiad.
feraefia Ufasie HrIST HIvdE! afg 9, € HHiS HIUdR! Uee Wl WRd - Hdl Hhad d1q
I s I, eI Tfasic HHSTT aTR HE, 5 HHS Jd §g Hd S TFe Wl ghc
eRYUE URd P
7. nice HHTS (command)
"T13Y g (Nice Value)" BUH 3fesdged Som=dm fafRy graidtag AdH Tk I Hruariadt gl
HHIS ARG SITd. ST 139 G eg, MRed! TR HH dxd, TR HH (Rl ) 129 g o aread.
SR URARET 3eted UG $1fd CPU 9 s,
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gfe-3
iy sy

(CPU Scheduling)

fawg fAre=it (Course Outcome):

C03: fafay cpU Aeygfei sreanfRyy sfBadc o1 01 it guTdidd Gedic o1,
e frea=it (Theory Learning Outcome -TLO):

2. feoied URIIaT CPU d1ey #&rudTel UichdT 3GeRUMNg ¥ H,

3. facien AT SIATRYTDT THIRTSE TR ST TRIRT ST e Flal.

4, SSAHE HRUNHI S0 e sazass uRfRydS & Ty #.

3.1 Jregfeit (Scheduling)
TR RISYCIT 8 T HeoRd! fohdT 3118 Sit CPU | (1T TR dTg cIdhul AToT fafry ¢iRomeR
STYTRT GERT UGS (TSl gTdTesd. URIH RISY[CHT & Hee INTUTTHT STORICT R s sa=dd HiT
3TR. 3T HTRFET e TehT 351 UfFgageast THRITEd ThTUe SR TR TS HRUgT AT ard
3TIOT AT Hetelt Uy CIgH AfeewifadT (Time multiplexing) dluz=- CPU 3R H.
3.1.1 ST FHeT (Scheduling Concept)
SRS Rtags, Asgfeit Bursl CPU AT U3 ded &dl dicdl & HaRITUd HRugre]
UfohaT 3MTE. Jeid PIU TN fovclt 1e 3 gisd 5 TR Rifted aRfdd, SamHes e Uiy ThE
J&! ¥ TS WHdId e THET g, HRIGH A1 aToR (Efficient resource utilization), Hfdwre
(Responsiveness) 30T THUT Red SRS THTHT ST Sfdd T 3HTe. TR Sl T
3fe® el faeht ame.
1. PRI&H HQTYATET SUANT (Efficient Resource Utilization): gl § GHfAd #vd &1 didig.
X daell 3Te, Miehyd des Iad 3iTe 0T HHIYHTET IUIRT ST SR B,
2. GUTRa goRdr gHaT (Improved User Experience): THTdT QUSfCIT THTUET SR UIGY
ThTd dod! I AN 3 ad, RediRieg 3o geifdeeg ardrarun Ue .
3. fvew fRRET (System Stability): ST SANRYT CPU ded ATRITUT HRUAN Hed did
3T R CPU &R HaIGRY HRUGTIRE IRdd, s Red fRRar gffad 8.
4. TSI&ET (Fairness) : ASIfCITTe IEIT Td TETal UG desdT TG dTeT HeH Bl 3], S
DHIUTATS! AT aeiRd FHfor SIoamRg wfasfd S,
3.1.2 iy 3mfor 3may3it 9 W@ (CPU and 1/0 Burst Cycle)
ARy St oma/sh aRE IS of JTRICT Reaqs) U Jayd Ided 38, Sit Fig.3.1 &
SRR HUTg ufasragR T 3/l dc ¥ A By o oxd ard 9 &xa. Uforar JH=ia:
CPU §& ($egaTH B0 3 T Bld, MR /0 §& (/O TRy guf gl are g Aa 3nfor
U quf gieudd & 9ed IRIgR gid. Ydedl CPU S g1 /O SUdul UagiagRH JHT
FHRUgTST Red fa-dig Ta Sd. TR URIaRH GBI & Aehd 3 dos] YARIge aid
oo T HYSTd Ad 8!, Uk Fad Sidigae Tfaerege gid ATel. dmiast, d GF CWie dad:
1. g s (CPU Burst): 8 U didtgned ufdgrage g4, sRivmnfess, aiforhd o< fdar
2. 3ma/sft 9 (1/0 Burst): § TR 3M/3 TR dle Ulgd, S & fexpae dareq
(Reading from disk), Fcadh HRIHRH fdhal ToR STYC.
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JO-S138 URIHE (1/0-bound process) THTRI: 3 @8 CPU S 3dTd 3101 CPU-SI3S TR
(CPU-bound process) A&l ®Tg! {U did CPU S 3 YT,

-

load store
add store CPU burst
read from file

wait for /O 1/O burst
store increment
index CPU burst
write to file

wait for /O I/O burst
load store

add store CPU burst
read from file

wait for /O 1/O burst

L
L]

Fig. 3.1: Wiy 3T 3mayeh a%& qra®d (CPU and 1/0 Burst Cycle)

3.2 JegfeiTrd WK (Scheduling Types)
el feeiedT G TRt RIS TGt 313,
3.2.1 Wi- uftbeg RISgfeiT (Pre-emptive Scheduling)
SiegT TTe! IR I X (Running state) A Y81 T (Ready state) fdhar afétm e (Waiting state)
T YSI W (Ready state ) T feaa & degT Wi- TDeg e[l aTaRal! ST, e (g Sidig,
Irgera) Haffed I5HTa! MR arey dalt STTard ST FeaR ot BIga eTea Sid A1 SR O FRge
3fATd CPU SRl da RIcad 3d ok &1 Ufshdl T8l X8I agd oacit offdl. ot Wied UG HRudma
era deft a5udd S Fd (Queue) XTET.
3.2.2 FIT-Wt-uf®eg g (Non-Pre-emptive Scheduling)
SicgT T efifHe gid fdhar TR Y8t e Hyd afet Weddd oid degl A4-W-ufie YegfelT arRd
ST, A1 VSR, Thal Ta1eq (g s TR darey SR, Ufohar SyeTd asudd farar
AftT Rensd AT U Tdigan drer Sad. F-1-ufie Asgfeiean sadta ufegragem=a aegyrtt
iy aTRuaTE, RNl S UM ATel. ATudsh, TR el CPU S des guf gisudd are uigd
3IFOT HaR o CPU o G001 MGl dIcy S b,
3.2.3 AsgfeTd AHY (Scheduling criteria)
fafdy affRydt onfor ararerumaTe! "wafaa ASfelT SI@NRYA (Algorithm) FHaSTarT Taad &AM
fIaRIT YUaTTEt 3 ATTaTIes MY 313d, STd § THIAY 3Te:

1. ¥y IR (CPU utilization): 3TeRiaor Hdg 100% o S0 ST UIfgs, Soide- XA

g I d ar 913, 4. dRAfdd RReaqe WU aIR 40% (@dd s dad) d 90%
(ST IS dhaieh) Td ST,
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2. Yge (Throughput): Ufd gMc 9 Jul soredr TR e, ARy ufshder sfader 10 / dda
d 1/ T 3R .

3. TSRI&HS 2I8H (Turnaround time) - JEHRM JUR o Yuf gegda fafky v qof
BIUITATE! ARTURT 5.

4. qfeTeIEH (Waiting time): TTUIgER JvaTST YR ¥S! g el des dTaadrd

5. fuT=T e13H (Response time): HAE TR FAURE AT HHSA UfawTe 099 Jward

1YY eyl IR SITUMAT RiscTad! (Terminologies Used in CPU Scheduling)

1. 3RTSAd eT3H (Arrival Time): ST d59 TR Y8! &d Ud.

2. IR <18H (Completion Time) ST T MY AT Tagergz qof &al.

3. g% e13H (Burst Time): S0 UFIRIRMATST TRINTAT ARTUR SHTGRIH .

4. TH3RTES €TSH (Turn Around Time) : BRI T 3T 3RTSAA <I3H ST STH]
TR,

THIRTSH S TEH = HIWIRME TZH - 3RTZad cIgH
(Turn Around Time = Completion Time — Arrival Time)
5. QAf& TEH (Waiting Time): THIRTSHS <3H 30T S CZH T TSHAT TR,

JfTT TT8H = THIRTGS CI8H - 9K C3H

(Waiting Time = Turn Around Time — Burst Time)
3.3 Tﬂtﬂﬁl‘ﬂ SAANRYTY PR (Types of Scheduling Algorithm)
SHTRIST Reaq el USRI SENRYT AR TR HRT Tdiae bl STdld g AdRATTUd HRdrd.
TR AR SATPHTSS (Optimize) FHROY, AT T5H B FHRO 11T e gHfda =01 § @
&I 3. § AHANRYT TheR W-TBeg fohar AH-Mu@eg ey 3Ry dvard 3for fegmga oo
SRIATA S Tdhal W 1T 3reied] e cHe UaxT STeday; Sdd ol STUaT aled dhardl des guf
HGUd § N &l SIS, Wehd ATgl, IR W USfelT TUFITIaR SR oY g1 WRRe! IR ¥t
WeHY YA bedrar Ueger HHl URIRET I-RT TEge Hiuw &d SIS, Wb

CPU
Scheduling

v
v v

Non
Preemptive

—

Preemptive

v
v v v v

Shotest
Remaining
Time Next

Round
Robin

Priority
Scheduing

Multi Level
Queue
Scheduling

First Come
Firest Serve

Shortest
Job First

Fig. 3.2: JSgfeiTT A@MNYTA UHTR (Types of Scheduling Algorithm)
3.3.1 PR $HBE I (First Come First Serve -FCFS)
T HH B &g VSY[CTTHE, T8I T Wil JUIRT TR TUH WU Fgad orail Sffdl. SRl Siadid
U SR GiF fdhal 3 TN ThTd dady 3Ty, de WY e iag U Uud Tfagrage dat
S, § e A- T SRid. T &H e e YRR Sied Tagiage el SiTdTd. § U A1 Ui-
Hufbe eiRym 3ig AT THoT0r 31fdT SRaHe TR0 A 3[d. B HH B d& AS[oTd
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SRAHCTA fBH! &R (FIFO queue) TR 3MTg. TRIRT AT <80 SIRA S HHERRIAE TR
3.

WTae (Advantages)

o

V)]

Y 3101 FHSTUAN WY 378,

R ST LFR AIUFA o TGSl AT ST Ad,

TG (Starvation )8Yd Tel.

T HH B U A ASY[elTT 3NeRes HHI 3 HRUI AT IRAR HICRE Rdd (Context
switches) fohaT Sifea regfeT Fofarar THawT @

FCFS <iaTes araum=at Ufhaiard! fhal R do5d deH Tuded] dhalers! amg 3iTg.

6. FCFS ¥d YRS THM a1 &d ST T I HRugre! JaH Aeft ¢ e ueH .

7.

FCFS §H! ¢d 3! vl Rieads 94 TN STl uarTe] g8 I91eH Sdid diudd Udd
Ul Ufdrerye wrugret det firead.

e (Disadvantages)

1.

5.

o U= U= fdhar 9 eTgHE foaR od gl

2. U UFHgRH des ST YR SR dfdiT ered SR 3id ok dlc §9Td! .
3,
4. HI-G SHae (Convoy effect) T T 3 TUMGT HH! 9 <IH Sraiedt Magae s

Ui a1d€ TS 3&Hd 3Tg -ick 1/d J13S TR

T TS ST TR SHTEl aR WUy SfoT fEgTed aroRTeR uiRomd g,
FCFS S@Ryd faRiva: Accimnfin Rrenwndt Iners ome, o vde goen Hafd
3R A= arer feu dgard 3%,

ISTERU 1: WTald dadrd fGaedm P1, P2, P3, P4, P5 WGl faaR &1, 3R1gad cISHNE ST
T ¢z fedan onrg. WY THIRISS ergH Nfr TR aféT e1gH P1el. (Consider the
processes P1, P2, P3, P4, P5 given in the below table, with arrival Time, and given Burst Time.
Calculate average turnaround time and average waiting time.)

S LN

PROCESS | ARRIVALTIME | BURST TIME
P1 0 2
P2 1 3
P3 2 5
P4 3 4
PS5 4 6

= F1E (Gantt Chart): T 91¢ g1 HUITEAT Sg(eiTT TR fgsgsia RUSe=M o8, St H=ia:
HdigaR I TaTTeH WY fhaT e’ Bt ared widrd § SRIfQUarard! aruRa Sl 81 Ue gikgied IR
TTE 3178 fTY TP TR UhT SRgIR SR SiTd SATOT IR} afell T X1 Aed 3rciedt deseit Haifda
3RTd. BT dTC CPU JfCATIRIRM, YUc , AfeT e3H SfUT THIRISS T HIGUANT Had Pl

P1 P2 P3 P4 P5
(+2—>2<+—3—> 5= 5 —10=—4 »14 = 6 =20
Starttfime I T 1 . . . .
Completion Completion Completion (,.omp!etlon Lf"mp letion
Time of P1 Time of P2 Time of P3 Time of P4 Time of P5

Turnaround Time(TAT) = Completion Time (CT) — Arrival Time(AT)

Maharashtra State Board of Technical Education 43



Operating System-315319 STRfe faffew - 315319

Plia=2-0=2

P2rar=5-1=4

P3rr=10-2=8

Pdrar=14-3=11

PSrar = 20— 4 = 16
_ (2+4+8+11+16) _ 41

AverageTat = — 5 — 35 - 8.2
Waiting Time (WT) = Turnaround Time(TAT) — Burst Time (BT)
Plwr=2-2=0
P2wr=4-3=1
P3wr=8-5=3
Pdwr=11-4=7

P5wr=16-6=10

0+1+3+7+10) _ 21
Averagewr = % =5 = 4.2

ISIEI0T 2: Wretd doaEed fededr P1, P2, P3 O MRIAEAT AR &30, T 9 $HA

UfRARgRAATS! AdTd, SRTSad SISH 0 g, 3T 9 e13H fAadr 317, TRRRT THSRES g
STFOT TR AfET 2130 FTeT. (Consider the processes P1, P2, P3 given in the below table, arrives
for execution in the same order, with Arrival Time 0, and given Burst Time. Calculate average
turnaround time and average waiting time.)

I
PROCESS ARRIVAL TIME | BURST TIME
P1 0 24
P2 0 3
P3 0 3
= 91 (Gantt Chart):
P1 P2 P3
0 24 27 30

Turnaround Time(TAT) = Completion Time (CT) — Arrival Time(AT)
Pliar=24-0=24
P2:ar=27-0=27
P3;ar=30-0=30

24+27+30) _ 81
AverageTaT = (3—) =3 = 27

Waiting Time (WT) = Turnaround Time(TAT) — Burst Time (BT)
Plar=24-24=0
P2wr=27-3=24
P3wr=30-3=27

Averagewr = —“’*2‘3‘*27) = "’3—1 =17

ISTERUN 3: WTdid aaarded fade P1, P2, P3, P4 a1 Uil faaR &, fiden srisad ey
31T S TTSHYE T HHM TURTRITFNTS! IaTd. TR} THORTSE egd , W) Afe ersw
3for Ygc Plal. (Consider the processes P1, P2, P3, P4 given in the below table, arrives for execution
in the same order, with given Arrival Time and Burst Time. Calculate average turnaround time,
average waiting time and throughput.)
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PROCESS | ARRIVAL TIME | BURST TIME
P1 0 8
p2 1 4
P3 2 9
P4 3 5
3T
= 91 (Gantt Chart):
P1 P2 Ps3 P4
0 8 12 21 26
PROCESS | TURN AROUND TIME | WAIT TIME
P1 8-0=8 0
p2 12-1=11 8-1=7
P3 21-2=19 12-2=10
P4 26 -3=23 21-3=18

UHUT Af¢TT e/@H (Total Waiting Time) =0+ 7 + 10 + 18 = 35
IRIERT afder <18Y (Average Waiting Time) = (Total Wait Time) / (Total number of processes)
=35/4 =8.75

TpUl THIRTIS el (Total Turn Around Time) = 8+ 11+ 19+ 23 =61 ms
IR THIRTIS TIH (Average Turn Around time) = (Total Turn Around Time) / (Total number of
processes) = 61/4 = 15.25 ms
YYc (Throughput) = Nos.of Jobs/Total of Jobs Burst Time = 4 jobs/26 sec = 0.15385 jobs/sec
3.3.2 icwe Wid WX (Shortest Job First - SIF)
qaTd HH IRC <2H 3RciedT YR UYH VS el SITdTd. SR &I TR §¥¢ ¢lgd JHH 3-d, R
T AISUIMTST FCFS dTuRel SiTal. 81 Ueb Ai4-W-ufiyeg 3n1for ti-ufdre Risfei srenfvyw aimg. afdm
eI HH! HRUGTE TaraH ASYICT SENRYH 3715, 39 RerH e saric Hur 9 318 57 sawas
CPU do5 31eita Hifgd 3. Seifdee Rikenred sfRatc ol 3= 3iTg ford eiia=des CPU das Hifgd
T, TRERRAT YR fadt do arid & ot Hifgd sret uifger. Rfexe Sl hee o1 W-ufie drsan
Ticee RATT e5H B (SRTF) U
TS (Advantages)

1. SJF 3o 318 3M1or fopar TRIERT afder ergat gt <.

2. B3I ACNRYTAAS! Th HFD U Hd HRUT IR HIUAIR! SR AT TRT BT R

gl

3. © U FIAUT Sied A3t A1y 37g, ford) 3 <rgd Siiedtar Jd 3T,

4. T THIRISS <A (TAT) =1 S16d1d SIF Heifd oA 3ime.
de (Disadvantages)

1. DOyl aX¢ ergd 3die ®eg Wehd gl

2. S O 965 Scied] TIRRNITe! ares Wi (Starvation) Bid.

3. MRSt uaiie Ffdd Frar 3q el

4. G X 965 3RcIedT VI e e/2d S [,
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IEIEIUN 1: U MUSATHS IR UGSl 69 318 St TH a1 P1, P2, P3 3fUr P4 a1 %M
SATAT 3TE. WA cqd T T UNTdT 9% ergH fAfeideiued 3ig. SR CPU ST SIF
A-MARE 3Ed, d¥ IRRRY AT T3 101 TR eH3RISS e13H ®1el. (Suppose that we

have a set of four processes that have arrived at the same time in the order P1, P2, P3 and P4. The
following table gives the burst time in milliseconds of each process. If the CPU scheduling policy is
SJF non-preemptive, calculate the average waiting time and average turnaround time.)

Process | Arrival time | Burst Time
P1 0 6
P2 1 10
P3 2 4
P4 3 6

3xR:

TR P1 T TR, AR P1 <t UfFage O 1al. P1 =0 Ufaeag=IaT S, WY P2, P3 31O P4
3Tl AagT P3 T P2 ST P4 T&T Fald HHT S¢ eI SATIOT T df UH Tfasiage Bid. Ract P4 ST
P2 Ut P4 Uyw Tfdgay g1 3NfYT Ract P2 ufdeiage g)d. Wieitd e arcgR faaer o1,

i 91 (Gantt Chart):

P1 P3 P4 P2
0 6 10 16 26
PROCESS | TURNAROUND TIME | WAIT TIME
P1 6-0=6 6-6=0
P2 26-1=25 25-10=15
P3 10-2=8 8_4=4
P4 16 -3=13 13-6=7
W THIRIIS TTEH Averagerar = S0 =2 = 13
TR afdT ergn Averagewr = w - 24—6 =6.5

SETEYUT 2: Wrell fededn 5 WA 94 faarTd o s sR1gad ergH for 9 ergH @l
¢gq A fae 3mg. SR CPU Risgfeit SIF AH-MAR®E 3Rid, a% SRRt aféw ergy Sfor et
THSRTIS e13H HIel. (Consider the set of 5 processes whose arrival time and burst time are given

below and If the CPU scheduling policy is SJIF non-preemptive, calculate the average waiting time
and average turnaround time.)

Process Id Arrival time Burst time
P1 3 1
P2 1 4
P3 4 2
P4 0 6
P5 2 3
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3N
= 91 (Gantt Chart):

P4 P1 P3 P5 P2
0 (i) 7 9 12 16
3T, YT Hied 3Te-
o CTHIRIIS TISH = HIRIYA TSH - 3RSdd cI5H
o AfETCTEH = THIRISS °3H - 9K <IgH

Process ID|Exit or completion time[Turn Around time{Waiting time
P1 7 7-3=4 4-1=3
P2 16 16-1=15 15-4=11
P3 9 9-4=5 5-2=3
P4 6 6-0=6 6-6=0
P5 12 12-2=10 10-3=7

WﬁﬁmmAverage Turn Around time=(4+15+5+6+10)/5=40/5=8 unit
WRRTA[ETegA  Average waiting time = (3+11+3+0+7)/5=24/5=4.8 unit
3.3.3 TiTewe fenfr argw A fohar widve RAFT es7 W= (Shortest Remaining Time Next -
SRTN or Shortest Remaining Time First - SRTF)
I Sid B (SIF) el Wi-ufdeg 3frawt 3iTe, Sara Qe RAf ersy Aae (SRTN) TUrard.
SRTN #ed, quf g10arTa! HHid wH! do fRIcee sraea! TR I HRUGRIS! Hasdl oifd. BT U
qul SR fdhal B 9 RIceias reielt a1 IR I5udd I 81 Jgid. SRMUBR, did BT desTd
qul = QHUIAT TR g e WeT e ST,
TS (Advantages)
1. IR AfET CigH HH HRdl: SRTF HHIT HH! AR UG CTIANE TR e ¢
IRIERT afdTT ergd Sl .
2. DA UNHAI3! HRiEH: Bicdl YR Siag YUl giard, SaTes Tl Riked UfciTe JuRd!.
3. doa e fopfesha Riferandl smaxt: 8 gRfyd od ot cren afife U wieg ufdeye
DT ST,
e (Disadvantages)
1. &= MEAGH WIGRH (Starvation): SR Bicdl UNY Id AR R @1 U9y F[fdd
HTBMTe! [adfad gie, [,
2. g% CISHHT SISl ATa0 HS10T: TR S CTSH 3 3HSTS a0 TR 3R 3Ifor
3. I 3Mi@Res: dRAR HieRe RIS @0 S dlg Wdhd ST Rer=dt Hremar Harg
.
4. R3ra-crgw Reuard! aivg el aRaR Mo ge Red-egH ereT fadd 81 Al
IGTERUT 1: P1, P2 3MfYr P3 T 9 TRINHATSY SRISAd <IgH 30T S 3wl Wielld ¢ad
foaRTa =1, TR TH3RES s AT WRIERT aféwr e1sH F1el. (Consider the following table

of arrival time and burst time for three processes P1, P2 and P3. Calculate the average waiting time
and average turnaround time.)
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Process | Burst Time | Arrival Time
P1 6 ms 0ms
P2 3 ms 1ms
P3 7ms 2 ms

1. 98 0-1 (P1): P2 TR P1 1 Thiferidhe 3 gid 311for <t s ez 3 ffedide oie it P1 =
THUT RIAd dosUe HHT 318 oo 5 fHfeRida.

2. 3 1-4 (P2): P2 3 TG X B (TR 3 RIceres: 0 fAferidhe) RO @I P1 3o P3 Hed
gafd ! fRrcas e Riees 3R,

3. 95 4-9 (P1): P1 5 FfRIAidhe 3 810 (UpUT 9o Rreeep: 0 ifeRidhe) wRuT e p1 311fon p3 wed
gafd ! fRIrcas de Rieess 3R,

4. %9-16@3):P37ﬁ%@5ﬁwéﬁ@3§w%w¢oﬁ%ﬁﬁwwmﬁm%mﬁ

i< 91 (Gantt Chart):
P1 P2 P1 P3
0 1 4 9 16
SIS eIsH THIRTSS T1gH dfdrergm
Process | Completion Time (CT) | Turn Around Time (TAT) | Waiting Time (WT)
P1 9 9-0=9 9-6 =3
P2 4 4-1=3 3-3=0
P3 16 16-2 =14 14-7=7

WY THIRISS TI8H - Average Turnaround time = (9 + 14 + 3)/3 = 8.6 ms

TR dfdT ergn - Average waiting time =(3+0+ 7)/3 =10/3 =3.33 ms

ISTENUI 2: 6 M1 O faanTd s it SRTSad eTsH 3107 av< eTgH @ra! faelt 3y, IRt
RIS I SATOT TR afd CIgH Plal. (Consider the set of 6 processes whose arrival time
and burst time are given below and calculate the average waiting time and average turnaround time.)
3T}

i< 91 (Gantt Chart):
P1 . '3 P P3 P6 P5 P2 P1
0 1 2 3 4 B [ 9 13 19
Process Id |Completion time| Turn Around time Waiting time
P1 19 19-0=19 19-7=12
P2 13 13-1=12 12-5=7
P3 6 6-2=4 4-3=1
P4 4 4-3=1 1-1=0
P5 9 9-4=5 5-2=3
P6 7 7-5=2 2-1=1
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WY THIRISS e -Average Turn Around time=(19+12+4+1+5+2)/6=43/6=7.17
WRRIAfSTegA - Average waiting time= (12 +7+1+0+3+1)/6=24/6=4

ISIERT 3: 3 WA I faRTd = s sR1gad <13d Sfo1 9% e1gd Wral fael ong, TRt
THIRTIS e15H AT TR AT €159 F1eT. (Consider the set of 3 processes whose arrival time
and burst time are given below and calculate the average waiting time and average turnaround time.)

Process Id Arrival time Burst time
P1 0 9
P2 1 4
P3 2 9
3T
= 91 (Gantt Chart):
0 1 5 13 22
Process Id |Completion time| Turn Around time Waiting time
P1 13 13-0=13 13-9=4
P2 5 5-1=4 4-4=0
P3 22 22-2=20 20-9=11

IR THIRISE T8 - Average Turn Around time = (13 + 4 +20) /3 =37 /3 =12.33
WRRIAfETe™A - Average waiting time = (4 +0+11)/3=15/3=5

3.3.4 I3 ?AfeA WsgfeiTm (Round Robin (RR) Scheduling)

A3 AT (RR) VY[ 8 T CPU T[T SENRYH 3MTg Ford T Ty Uah (A3 ergh sy
fhar "wicH" arey dal SITd HTOT SR YR T do5d YUl SiTel 16l a) o Y81 1 Yad! gaad i BRI
3E AT ST Fig. 3.3 AL GRATATYHIT WU T WU 315, 37, YRR Yeiet Gala Sfieiedn
TR fedl STl § B H He Ues (FCFS) egfaitT SNy Wufiya Siae ofg.

Ready Queue

Select a process

Burst Time =< Execute till

No Time Quantum completion
h A

Termination

Execute for Time
Quantum

-

Time Quantum Expires

Yes

Process Executed
Completely?

Fig.3.3: A3 a1 AegfenT Sramiyya=n vl S™UM (Flow diagram of Round Robin Scheduling Algorithm)
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IM&HS-ANfA AsgfeiT 4 i Fea:
TR YS! a4 (U agIIHR A7) SISl Sdr.
g agiiel Ui W Sdidhe ohal SiTd.
TR fAfdd Jo5=an SicHasd 3 gl
SR IR e Sicaae gul Sirell aR o Fq dig crdha oifd.
SR U quf et g, TR <ff g Qe Saett S S Redte gdta ma Tty fedt S
R qd U quf gISudd 8 ufshar = e,
m?ﬁqaﬁ-ﬂmmm
1. TT3H TSR (Time Slicing): T YR TS YHIUNE CPU ocs faal SiTdl, SaTell s fdvar
CIH I FUIdId.
2. rIfgee WY (Cyclic Nature): TRIY GeTHR UgdH Ufaeiade bedl Sdid, HIRUT g i
HUT-R T IR act SaedT SiTdld.
3. WU@® (Preemptive): daH W quf gioargdl Ried TR 74 99 & Hhd, TS
CPU d=d Iy d1ey gffgd gld.
4. TSI&r (Fairness): §d WIS Tfdiege wrugrdl wHH Wt fiesd, Sarges sratae fwerd
Jrea.
5. MUl TR SR (Widely Used): RR RISfei g TR Rieqaed, faviva: ersd el
e a8 e AT SIENRYA 35,
<15 HicHl HH e,
1. dlewe e Ter ared
2. iy ergw ot grat
3. IR Xaadl HH gld
TI3H SicHAT dieaedry
1. PleRe Rga Tem HH g
2. RWi~g <Ry dedl
3. WGl AFT aled
<13y HicHaA dedl g, AIS o ST 8 FCFS Syl Ui 8id. ST Cl3H SicH
SFpAcIPe Sl AT IS T VSY[eiTT FCFS RIS ad. I3>8 AT eSg[eiiTt HrIRIRT Araar
THTON <l SicHwl JedldR 3fadiqgd 34d. <lsd HicHd Jod 31 3 Ulfgsl &1 d BR | fdhar

IR olelH ATl P,

TS (Advantages)
1. fAsmerr (Fairness): 99 UIRIRIGAT CPU =1 I dTeT fHesdl Tt @Ef &vd
2. 1Yo (Simplicity): SMRAHe HRUT 30T THSU AT 378,
3. HH afdT a8 (Low Waiting Time): TR TRIRT AfTT 22 HH .
4. Ffaceg Rfeqadl I (Good for Interactive Systems): TEH-RISRT Rikerwrat arafar
IIH 3MTE O1Y ToTd 3 URINE Sexide bl
die (Disadvantages)
1. dRAR Hiere AR 3NgRe s d1g Ydhdl, [ARIvd: SR HicH YU dgH 3.
2. CfoTes 3 gIoarAT YR Jul BIUaTyd! $Mdh s ad! A=l 3 X, ST A8
YR fadid 813 Jdhdl.
3. U AT S TTSHAT TIRNT3! WG 8id RO AT e d 3Hd daT1 Rule drat
SIUGH

oo s w e
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4. I HERRY T HicHaR e 3.

5. MOt e Midd oar ad e,
ISTEXYI 1: @rdd 6 Ufshaiar AR R P1, P2, P3, P4, P5, 3101 P6 STeAT 3RTSAd STSH SATfOT
T T15H faaT 3R, TS ST ARl @YW (RR) ATST 4 GFew=aT e5H HicHHg TRTHN
RIS E‘I?,'Fraﬁ'lT CIgH Plel. (Consider the following 6 processes: P1, P2, P3, P4, P5, and P6
with their arrival time and burst time as given below, Calculate the average waiting and turnaround
times for the round-robin scheduling algorithm (RR) with a time quantum of 4 units.)

Process ID|Arrival Time|Burst Time
P1 0 5
P2 1 6
P3 2 3
P4 3 1
P5 4 5
P6 6 4

JTiR:
gardia, Y8 7gd, WY P1 4 JFcH d5ud! Tagage dhal Sied. gealdidl HIude! TR
TINeS, 5 e 9 CIeHYg U P1 81 Y81 :d UHhHd U S/,

Ready Queune |P1

P1 =T UfeRIeRIRIaR™M, P2, P3, P4 3101 P5 IT IR SMURHT U Y81 /I AT, P1 T 4 e STedrges,
I 1 JHTHISY, T 3fcied WY HaR P1 YS! Fd Tl oed.

Ready Queue |P2|P3|P4|P5|P1

P2 =T UfeReRIIIERAM, P6 YS! g 3MTefl. P2 guf Sl e, P2 Y&t o <Tebell WIS,
Ready Queue |P3|P4|P5|P1|P6|P2

TV, P3 37107 P4 guf Tet 318 d, TR P5 o1 §¥¢ e1eH 1 gi+e Ricad 3Me. UM, o U1 8! &g
THA SIS,

Ready Queune |P1 |P6|P2|P5

eI U, P1, P6 30T P2, Tfdee dhedl SiTdid. Thad P5 AE 1 e aXc <rsd RIcad Ieid Sl
ad dl Ufdarge dbefl Sgel.

= a1E (Gantt Chart): Pi|p2|P3|P4|P5|P1|P6|P2|P5
0 4 8 11 12 16 17 21 23 24
Processes mm WE‘IETI ET-fGMB‘s'E'IE'Fr aﬁ“m
Arrival Time(AT)|Burst Time(BT)|[Turn Around Time(TAT)|Waiting Time(WT)
P1 0 5 17 12
P2 1 6 22 16
P3 2 3
P4 3 1
P5 4 5 20 15
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LY THIRISS TI8H - Average Turn Around time=(17+22+9+9+20)/5=77/5=15.4
IRRT afTT ergH - Average waiting time = (12 + 16 + 6 +8 +15) /5 =57 /5=11.4

ICTERYI 2: @rdd 5 Ufshaiar fdarR &R P1, P2, P3, P4, P5, 3101 P6 STeAT 3RTSAd eTSH SATfoT
T o153 faar ang. WSS -3AfaA Asgfeit sremivyy (RR) A1) 2 gfiea=ar eTgH dicuyg IRt
THIRTIS <139 AfT e18H HTel. (Consider the following 6 processes: P1, P2, P3, P4 and P5 with
their arrival time and burst time as given below, Calculate the average waiting and turnaround times
for the round-robin scheduling algorithm (RR) with a time quantum of 2 units.)

Process Id | Arrival time |Burst time
P1 0 5
P2 1 3
P3 2 1
P4 3 2
P5 4 3
JTiR:
'tc‘fr?ﬂ(Ready Queue) : P5, P1, P2, P5, P4, P1, P3, P2, P1
i 91 (Gantt Chart):
0 2 4 5 7 9 11 12 13 14
P1 P2 P3 P1 P P5 P2 P1 P5
Process Id | Completion time | Turn Around time | Waiting time
P1 13 13-0=13 13-5=8
P2 12 12-1=11 11-3=8
P3 5-2=3 3-1=2
P4 9-3=6 6-2=4
P5 14 14-4=10 10-3=7

WY THIRISS TI8H - Average Turn Around time=(13+11+3+6+10)/5=43/5=8.6
IR AfETergH - Average waiting time = (8 +8+2+4+7)/5=29/5=5.8

IGTERYI 3: Wrdld 6 Ufshaiar fdaR R P1, P2, P3, P4, P5, 3101 P6 SITedT 3RTSAd eTSH SHTfor
I e1gH faan 3ne. TS - Asyfer sremfYyw (RR) A1} 2 g er=an e1gH dichs TR
THIRTIS <T3H AféT T3H HT1el. (Consider the following 6 processes: P1, P2, P3, P4, P5, and P6
with their arrival time and burst time as given below, Calculate the average waiting and turnaround
times for the round-robin scheduling algorithm (RR) with a time quantum of 2 units.)

Process Id | Arrival time | Burst time
P1 0 4

P2 1 5

P3 2 2

P4 3 1

4 6

6 3

PS
P6
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[k

¥ & (Ready Queue): P5, P6, P2, P5, P6, P2, P5, P4, P1, P3, P2, P1
= 91 (Gantt chart)
0 2 4 6 8 9 1 13 15 17 18 19 21

P1 P2 P3 P1 P4 P5 P2 P6 P5 P2 P6 P5

TITAT Hifgd 18-
o THIRISS ClRH = HIWRH CRH - 3RTSad TIgH
o JfETTCIRH = THIRISS T3H - 9K CIZH

Process Id |Completion time| Turn Around time | Waiting time
P1 8 8-0=8 8-4=4
P2 18 18-1=17 17-5=12
P3 6 6-2=4 4-2=2
P4 9 9-3=6 6-1=5
P5 21 21-4=17 17-6=11
P6 19 19-6=13 13-3=10

LY THIRISS TI8H - Average Turn Around time=(8+17+4+6+17+13)/6
=65/6 =10.84 unit

IRIERT afceT e1gH - Average waiting time = (4 + 12 + 2+ 5+ 11 + 10) / 6 = 44/ 6 = 7.33 unit
ISTENYI 4: @Tdd 6 Ufshaiar AR R P1, P2, P3, P4, P5, STfOT P6 STeAT 3RTSAd ST SATfOT
I ergH faa 3R, WSS - AsyferT sremfyyw (RR) A1} 3 gfer=an e1gH dicHs TRt
TH3RTIS eT3H AT TT3H PTel. (Consider the following 6 processes: P1, P2, P3, P4, P5, and P6
with their arrival time and burst time as given below, Calculate the average waiting and turnaround
times for the round-robin scheduling algorithm (RR) with a time quantum of 3 units.)

Process Id | Arrival time | Burst time
P1 5 5

P2 4

P3 3

P4 1

2

6

PS
P6

WINO|N|O

3T
= 91¢ (Gantt chart)
0 1 4 6 9 12 15 18 21

- P4 P5 P3 P2 P4

21 24 27 30 32 33

1]
-
=1
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Process Id  [Completion time| Turn Around time Waiting time
P1 32 32-5=27 27-5=22
P2 27 27-4=23 23-6=17
P3 33 33-3=30 30-7=23
P4 30 30-1=29 29-9=20
P5 6 6-2=4 4-2=2
P6 21 21-6=15 15-3=12

R THIRISS TI8H - Average Turn Around time = (27 +23+30+29+4+15)/6
=128/6 =21.33 unit

IRIRT afdTT ar8H - Average waiting time = (22 + 17 + 23+ 20 + 2 + 12) / 6 = 96 / 6 = 16 unit
3.3.5 UTAREL RISGFeT (Priority Scheduling)
TS Dol § RIS RieHgR i IR SURd Ty g SRS aaRed]
SITOT=AT Faid YT VST SENRYAUD! Th 3T, D YR HTIRgd WA, A egH, 3av
ITeAT TR fhar IRRRT 1/0 30T WRRT CPU 8% A IR JNRE Aduiar snerid
UAIRE @y fAgad Pl S, Fate TRIRE SRyaiel TR WiH Ufaiag=are! Hasa Sid. SR I0
TRIRET AT HROTAT 3 TR SR, o) 1 UYH AU TIeT=A Suared] e AT s/ada
P& 1T UM T T HH ( First-Come, First-Served approach) [Sd el SITdld. Aagaat
T gui gisudd fdban <t thewg gisudia Ufasrege dvell SiTd, & USIfelT MU offg & Ai-Uitfie
ot Ui srciedt URTe! afeT gy Aib-iiufde Mene Y 3R Hhd ATl Wifde Sfir
-t drens uraie sgfel Wraid TR SATe! IRET 3Td —

1. 99 Ul SRIEdd el YRETd el ) .

2. 94 YR U SRedT R
AT-Hiefe uraifedt [STRAT (Non-Preemptive Priority Scheduling)
R, AT T A SRyt YR U gU gis .
e urfed g (Preemptive Priority Scheduling)
Tufbe Taiie Yegfcimed, SR = UAIRE ST Tai- TR 3ol @) CPU I T &ita
3! TR PIg cldhal! ST,

TTae (Advantages)
1. UIFIagRH o0 A 318 HRUT VISR DIVTa! Jd dbeadel= SR HTaRIdHhdT 4.
2. . Udhar JUgA Taae Jeforg uraiiet aRuTiid delt o1 U= shH Hgoaul 3{aTs drad
.
3. I URIRE! YR Slaeselacs did YUl dhedl STTdTd..
4. gRAIRE AeygfeiT faRiva: o= RiReaHe) Iugdd 3l ST Wa:21 TR 3ol fafdy Tag
SHIdId.
de (Disadvantages)
1. e ket Rdtaed, St uriiRe TR SHfAfYd St dre ugrdt AN Udhd BRI
Red 3= Ui U Tlfasiae SHRuard IR 3d. A1es W HRM (Stagnation) BIdl.
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2. STHG UIRCT T Tl IS dd. quTil, RReaaR SHbew TR Ggel 3usc
RO Sededl Avdardl HfaRkad CPU TIedd SHaadhdl 3Mbd 0T ATges
Reaadid YR ared.

3. AM-Mude Ui Ay, sHemal A1t Ufshdr dg™ Ul aR1d H1e dIc Uigd dad.

4. o g Afeimaed, HH UrRe Uy aRaR di<ae e saRgdhdl sded
I UTARCT TR AT TR dRAR WU 8 Xahd.

ISTERV 1: WTatd Wishdidn faaR &1 P1, P2, P3, P4, 3MIfOT P5, ®iedT 3RTSAd eTgH 31 e
<13H f3dT 3me. SR CPU ST ey AT-uraiRd Jegfen rld, av T} afdw ersw
THT TR THIRTSS <1gH el. (e, WY W € 3= Uraiiet axfaq)

(Consider the set of 5 processes whose arrival time and burst time are given below, If the CPU
scheduling policy is priority non-preemptive, calculate the average waiting time and average
turnaround time. Consider higher number represents higher priority)

Process Id | Arrival time | Burst time | Priority
P1 0 4 2
P2 1 3 3
P3 2 1 4
P4 3 5 5
P5 4 2 5
3R
= 91 (Gantt chart)
0 4 9 11 12 15
P1 P4 P5 P3 P2
Process Id |Completion time| Turn Around time | Waiting time
P1 4 4-0=4 4-4=0
P2 15 15-1=14 14-3=11
P3 12 12-2=10 10-1=9
P4 9 9-3=6 6-5=1
P5 11 11-4=7 7-2=5

WY THIRISE Tr2h- Average Turn Aroundtime=(4+14+10+6+7)/5=41/5=8.2 unit
IR} afT e/gH-Average waiting time = (0 + 11+ 9+ 1 +5)/5=26/5 = 5.2 unit

IGTEYYI 1: WIelta Wfshaian faaR &1 P1, P2, P3, P4, 3MfOT P5, ™A1 3RTSAd ST SHTOT avd
TTSH faT 3R, SR CcPU ASYRAT ey uraifvdt AsgfenT 3, o= WREs Afdwr ergw anfor
WIS THIRTSS <TgH Plel. (A, WSt TE 8 3= waifdl axfad)

(Consider the set of 5 processes whose arrival time and burst time are given below, If the CPU
scheduling policy is priority preemptive, calculate the average waiting time and average turnaround
time. Consider higher number represents higher priority)
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Process Id| Arrival time | Burst time | Priority
P1 0 4 2
P2 1 3 3
P3 2 1 4
P4 3 5 5
P5 4 2 5
3}
= 91¢ (Gantt chart)
0 1 2 3 8 10 12 15
P1 P2 P3 P4 P5 P2 P1
3MYeTel HIfgd 3Te-

o THIRISS ClRH = HIWRH C3H - 3RTSad <IgH
o QT TI3H = THIRISS TlRH - K CIZH

Process Id | Completion time | Turn Around time |Waiting time
P1 15 15-0=15 15-4=11
P2 12 12-1=11 11-3=8
P3 3 3-2=1 1-1=0
P4 8 8-3=5 5-5=0
P5 10 10-4=6 6-2=4

WY THIRISS cIgH-Average Turn Around time=(15+11+1+5+6)/5=38/5=7.6 unit
IIERT afT e/8H- Average waiting time = (11 + 8 + 0+ 0 +4) /5 =23 /5 = 4.6 unit
3.3.6 Aeelaegd &g Jegfet (Multilevel Queue Scheduling)
Tecidgd R SgfoiiT SRy Y Rl 3 ATl FHH faUTiord Hrdl. U Sraawasadt
THT gl feed STTard, SHT=aa: TRl Blet oo e STeTRd, S &1 B8Rl 3THR (Memory size),
T Ui fdhdT T UahR. e :d Wd:d ST SARYT 3.
U9 U8 Aec e F-RISfeiTT A NRYA IGI6I0 UTgaT o Fig. 3.4 UL qRifdd 38

1. Rrco oy

2. Scifdes U™

3. Scdfdee wisfdn e

4. SIUNY

5. ¢S U
T T HHI-UTAIRE 3rcredT Fgue qut UieT 3d. Iereruny, sd wdid Sivkiie! My Ren
U, $cfaee Ui 3o Selfdees ufefn Uy wrdten o R SrieariRiard 3 813, Xdhd ATg1.
SR o U 3 81d SRl Sexfdeeg TS U Y8 d Ua%l ohail ok §d Wiy Wiuw ol S,
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Highest priority

system processes

interactive processes

interactive editing processes

— student processes >

Lowest priority
Fig. 3.4: Aedidieed g AsgfelT (Multilevel Queue Scheduling)
3.4 $8d@I® (Deadlock)
SSdiP WU 3R IR 1Y TS T 99 i $dl Sl RO Tdd Uha- U6 9ared
(Resource) SHfFIfGd dhail 3 S0 GEHAT MEAgR SHORd choiedl gl YA dIc Urgd 3Md.
ITERUNTY, WETe SMHaHed, TR 19 Tred 1 ffiufed dar g S i 2 gR SHfwfed saen
TOTe 2 = 9T UTgd 31T 3O WY 2 Fig.3.5 Al qRaaedTyHTol Ia7e 1 = aTe urgd 3iTe.

Resource 1
Assigned to Waiting for
Waiting for Assigned to
Resource 2

Fig.3.5: 3ifuxfes Rewmsd §8@i® (Deadlock in Operating System)

3.4.1 SsATPd RIET Alsd (System model of Deadlock)
TR RIS HISIRI=AT MU G Sidd TR TR S q e did: SSdid fdhdl WineH. SSaid
& e Rerd! Tow 3. SSald WUl Ried Wa1eHRTe! gul g1om=i1 TR Jard Hrada
ANHTT WU URHIT Bl 91, Xdhd. SSAIH 1 T AU Sifie TR Ry, Seais BwRa, fiiey,
R T fAfRiy gl d1e urgd e St USUIR 3Rd R dl SSdid Rl 3d. Ried sedieas,
T fohar 31t U Sedid ST, Ture i g waifedy/srraffed TReden Sure=raT T8 3.
B TA1eH 3 DI T d1ed dhall ST,
e TF YHRAT SRl

1. YAaTRTRg W1 (Reusable resources)

2. HgHed JAYH (Consumable resources)
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. TR, 1/0 T4, 1/0 [EREY, B, Scred, UaERT 3101 Ydhed] HHl, YHTHR 8 JHaaRara
T IaTER0T MR, HHI HHYT UG O TR A T8 Bl 1S b, IR v
HeHed Iy IBIaR HIvdG! HATET T9d. $exg, 4w, R ofr 170 swxadia a8y 8
U Yeld shH S™TeTar aTiR HRd:
1. TRt fa-dt (Request for resource)
2. YA dTWR (Use of resource)
3. ITeHTE d1eT AUl (Resource release)
Tt Sxuar=aT YR Ui S0 4T IS,
3.4.2 SSAIP FIVARITAT 3TaRqa® 3t (Necessary conditions leading to deadlock)
WTelTd IR SHaH 3T THTd 9B S SISl A 813 bl
1. R3S TS (Mutual Exclusion) : T fdaTl ThHTUET STRA IAATeH A1H-RI3R HRUARIT
AT OIS Ul dos! had U U dTae Rehd.
2. IS 31T € (Hold and Wait): THh Ui fhdM U e SfIUfed deed gu=a1 STt
qIc UTgd 3RId.
3. 1 W-TRR (No Pre-emption): TR T el dreaniRiar SureH ddd SIS, Wed el
TEUTS! U1, STt UahaT Rregd ol T1eit o ol JUf gisudd Ulastae dalt offd 3101 QSYeR, G
SR DIUIIG! U g H& Adhd el
4. FRER 9< (Circular Wait): Ufhaidl ¥d IR WReUTd UHHGE! dlc UTgd SRId arar 37
Id ufehar Irafaae Ugd= SATYART aTe UTgd Srard Siuidied Qdedt Uy ufeer TaagR
SHfIfRd SeiedT WY aTe urgd 3.
3.4.3 $8AIP grar®vlt (Deadlock Handling)
Sl SIS UIIS! WIeiTd fafdY UM 3HTed-
1. Ssdi® Ufdsy (Deadlock Prevention)
2. 38di® cr@ul (Deadlock Avoidance)
3. S8ald [Scav 3T Revagl (Deadlock Detection and Recovery)
4. 33AIH AR (Deadlock Ignorance)
1. $8dr® Ufade (Deadlock Prevention)
IR TS NUD! HHIAHH! THTAT Ufaefd B SSaiay Ufasid Bl Sirs, Y
1. To3d UaHae: 313 AT o &1 IS 3=l Breh Sedldds d Aleid. gaar, fiilex
3TFOT CU SIS URSAT Dla! AU ThTd METgR ARy Ty STa=dgdh SR,
2. BITS 3 de: & R T varTdt TR UshTd dedt Ueb fohar Sifids Tamem eRe- SquaTuRyA
G UIfeS! 101 UhT dedt Uk fohar 3ifes Savixlt aTe Urgd 8Td .
3. Y W-TERE : YRR S91eH areurd MR e ST sealdbd! ol [ IRg Wb,
4. IRIER d< : GRITR d¢ CTBUIET U AN WUIS] g SATeHTE! SRS HR01 10T TRIHT $Hacs
HICHRUY ATecT (fdhdT HH! i SITUT=T) HHH JOTLHRT A B0l TaI® 3G,
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2. $8dI® a1l (Deadlock Avoidance)
SSdl® TTBUaMe, TRFET Rey yd® cureR Rey WRfdd fudia fbar srRfya fRudia g &
Tt Jurd. Ried Rfgrd Ruchia Aguda & v a1 8. Thal Ried sRRférd Ry ieamer, 0S
o T UIHd O &1d dF1d. 9T Weald, 0S Ydd dIeurd G-RIadidh dHRd Sliide- diedrgs
R Ssdis A g3 -3,
3. SEAI® f&ea=m 3fur Reegt (Deadlock Detection and Recovery)
S ol Ad FHdIe ok, T =Y 9u S0 BTt AN RebegR R0l 51 GO HIT 318, AT UFHIAHS
STA® TR UH&T HR0 THIAT 38, STAlD FAHR, Rerdt Rt Rvgr Faft o, ar
DD T Mg & SSaAlD YT 3R,
4. SSATH AR (Deadlock Ignorance)
T Weoled SSaleed Yheuadhs gael HRo 1T & Sifqard et o eI eR0 YAy SR, 8
UM SSdid gldarT fdRed 3Hiees TN Had dxd. fdstsl ol fomed g1 ¥esil arRard
3107 B ald SR aToRelt SUIRT UG 3.
3.4.4 S remivyy (Banker's Algorithm)
JOHXd AANNYY § SSdid cleUl fohal QYA AN 318 30T T 3 19 SUard 311 318
PHRUT B AENRYT i1 ReHAe] Hol fodl olfS, Xbd BI A6 g YT BRIt aToRa Sird. stegt
SiegT TET! Tdi WY daR hefl SiTd, degT faell STawad 3Riciedt Tl ST YhRT<H SRl S
fobdll STl TBAT SIHUU GRIUT AR 3d. 51 TAT Rieanedie JH1eian THur GuEm
1Y drey Wure RiRkeqen RfEd (Rdid ddd &1 A6l a9 3Rer, Uy fa-dt daen
T Tey hal STed, YT STl v YR fa-dl berd! TareH Refter greudd Udien HR1dl anld.
I UG UIA B, dadl SFNRUT SSald clesd! 10T ITeHid JRIGAUU aTey ol dha
&Wﬂﬁuﬁmmmﬁqmwwuuwéaecqw&n%a
3AATH (Available): 8T m wiei=T 3R 318, o Udie YR IUasl AT Te Sxifaa.
SR 3f3dEa[j] = k 38, R TI1ET UPR Rj T k 3T IUTsy 3R
T (Max): 81 T n x m HICHT 3Te S U faial de U1 U A1eHT= SIRdtd
SR S U@ $Rdr. SR AR[i][j] = k 3R, IR WG Pi 99149 bR Rj =T fba™ k
Sl faHdt B qhdl.
o 3MAIBRM (Allocation): 81 T& n x m HICRT 3§ Sl TABUETAT T HAhe dbared Tdd
UHTRT G e SRifadl. SR IABRA[I[j] = k 3Rd, R U Pi Gea1 Iq1eM UHR
Rj =Tk $_c-4d dIcy &
. 8 (Need): 31 & fgfidia SR 38, 81 TH n x m AT 3115 Sl TS TR IARd SA1e
TR gRifadr. SR TRSI[i][j] = k 3/&d, R WY Pi 1 O <R YUl HRUGTITST TH1eH UHR Rj
T k YD ! HTaADHT 3 b,

Need[1][j] = Max([1][j] - Allocation [1][j]

I HFNRYAAS G S NRYT ST
1. AT fANRYUH (Safety algorithm)
2. IareH faHdt SI@MRYA (Resource request algorithm)
1. AT AEMRYA (Safety algorithm)
AU SATINYT Uh SANRYT 3HTe SN Rikeq e QR&d fRUdia 38 o1 A6l 8 MYTIATST aroRa
ST, SIENRYH TS0 3Te:
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¥ 1: Work 30T Finish 3 disl m 30T n o deex 373,
goardral, Work = Available
Finish[i] = false fori=0,1,...,n- 1.
g 31, GHarian HIordE! T gof grerelt et ST Jueisy STt Wear Available 3RgR gffach
EIGH
Y 2: AT SSH | MYT DT Glol
Finish[i] ==false
Needi <= Work
SR 3T HIUATG! | A9, WY 4 R Ol

gren 3, SueaTen SR qul YR [NYUATE! STaRIdhdT 3g forel TR Suasy Jare quf &
BT, SR RN DTG TR ST 79, R Had a=01 Y 4 R o,

}Y 3: TTeltd M B

Work = Work + Allocation

Finish[i] = true

€Y 2 RO
T TEIE! 3gUf G 3fTeesd, degT THIeHT= aTey ol S i1 9 gui gl 3 fargifdrd ol o,
Y 4: SR Finish[i] == True T4 i W 3, R Ried R fRdta 313 o SR 94 ufshar guf
e, R Ren gRi&d fRydid a1
2. FaTYA faAdt SramMyH (Resource request algorithm)
ST YaTat ST 0TS RE-Reee S@RYH HTOT o U fa-ian JRIE[Uo HeR &al ddrd
Pt A6l § SRAVARIS! dTURl S, Pi TIEGHTd! Requesti @ Rebee daek UM UGS SR
Requesti[j]==k 3R, T WG9 Pi A1 RON UHR Rj 9T k S~ gaT 38, WY Pi IqreHama! fa-idt
D, degl Tl il bedl STdle:
T 1: SR Requesti <= Needi 38d, dR Y 2 GR SfT; 3T TR AT HHIA ST HATeT siaisa
3R X T &,
T 2: SR Requesti <= Availablei 3@ @R T 3 TR off; SAYT G IU® IS Pi o dC
UgTdl ARl
T 3: 3T MUY 3 TEId &=F DI Pi TR HRUGRITST S1eH Fgad st 3HTed 3for |reid *U IR
Urg:  Available= Available-Requesti;

Allocationi=Allocationi +Requesti;

Needi =Needi - Requesti;
SR Ut T arey U JRREM s/edre iAo, TR ereiaRe gul gidl ST T Pi @1 @ma
1Y 91y dHell STArd. AT YN, SR Ad1 fRyct SRRI&T 3&d, R Pi Requesti =t a1 argal 3Mfor
ST TTe arey Ry feterd defl 9.
ISTERUT 1: TohT Riffewn faaR &1 Samsd ura Wik P1, P2, P3, P4, P5 31for i ¥ yaR
A, B 301 C 3iTed. QTelid A1 SR 3Ted: A d 10, B 5 MO GAM SR C o 7 g~
Iua! 3fTed. Rifew AW We A 3mg f A8 =MeL. (Consider a system that contains five processes
P1, P2, P3, P4, P5 and the three resource types A, B and C. Following are the resources types: A has
10, B has 5 and the resource type C has 7 instances available. Find either system is in safe state or
not.)
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Available
Process Allocation Max (Total Available-
A B C|A B C Total Allocated)
A=10 B=5 C=7
P1 0 1 0 5 3 | 10-7=3 5-2=3 7-5=2
P2 2 0 0 2 2
P3 3 0 2 0 2
P4 2 1 1 2 2
P5 0 0 2 4 3 3
Total
Allocated ! 2 >

TTeTd STl d U] W Wil daiiRe 1S Hle]
Need [i] = Max [i] - Allocation [i]

Need for P1: (7,5,3)-(0,1,0)=7,4,3
Need for P2: (3,2,2)-(2,0,0)=1,2,2
Need for P3: (9,0,2)-(3,0,2)=6,0,0
Need for P4: (2,2,2)-(2,1,1)=0,1,1
Need for P5: (4,3,3)-(0,0,2)=4,3,1

Process Allocation\ Max Available Need
A B C A B C A B C A B C
P1 0 1 0 7 3 3 3 2 7 4 3
P2 2 0 0 3 2 1 2 2
P3 3 0 2 9 2 6 0 0
P4 2 1 1 2 2 0o 1 1
P5 0 0 2 4 3 4 3 1
THd ENRYT AR B
Available Resources of A, B and C are 3, 3, and 2. 3TdT 3TUUT AP RIS} U UhRD JA1eH
fo=dt Suasy 378 T d Ut
™Y 1: P1 UMY ST Need <= Available 7, 4, 3 <=3, 3, 2 condition is false.
MR, U1 GO TR P2 Ul
Y 2: P2 NAY HRAT: Need <= Available 1, 2, 2 <=3, 3, 2 condition true

New available = available + Allocation
(3,3,2)+(2,0,0)=>5,3,2
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Process Allocation\ Max Available Need
A B C A B C A B C A B C
P1 0 1 0 7 5 3 3 3 2 7 4 3
P2 2 0 0 3 2 2 5 3 2 P2-Finish
P3 3 0 2 9 0 2 6 0 0
P4 2 1 1 2 2 2 0 1 1
P5 0 0 2 4 3 3 4 3 1
AU, 90T G-I T P3 T,
Y 3: P3 Y BT P3 Need <= Available 6,0,0 <=5, 3, 2 condition is false.
YT, 90T G-I TG P4 TR,
XY 4: P4 Y HiXdT: P4 Need <= Available 0,1, 1 <=5, 3, 2 condition is true

New Available resource = Available + Allocation
5,3,2+2,1,1=>7,4,3

Process Allocation\ Max Available Need
A B C A B C A B C|A B C
P1 0 1 0 7 5 3 3 3 2 7 4 3
P2 2 0 0 3 2 2 5 3 2 P2-Finish
P3 3 0 2 9 0 2 7 4 3 6 0 O
P4 2 1 1 2 2 2 P4-Finish
P5 0 0 2 4 3 3 4 3 1
AU, 90T -1 Y P5 TR,
XU 5: P5 U HRaT: P5 Need <= Available 4,3,1<=17, 4,3 condition is true

New available resource = Available + Allocation
7,4,3+0,0,2=>7,4,5

Process Allocation\ Max Available Need
A B cC |A B C A B C |A B C

P1 0 1 0 7 5 3 3 3 2 7 4 3
P2 2 0 0 3 2 2 5 3 2 P2-Finish
P3 3 0 2 9 0 2 7 4 3 6 0 0
P4 2 1 1 2 2 2 7 4 5 P4-Finish
P5 0 0 2 4 3 3 P5-Finish
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3{TdT, 31901 G-g1 Uehal P1 3101 P3 MGG Uddh UhRedl HTe fa-idid URI&u ..

XU 6: P1 YR HiRar: P1 Need <= Available 7,4,3 <=7, 4,5 condition is true
New Available Resource = Available + Allocation
7,4,5+0,1,0=>7,5,5

Process Allocation\ Max Available Need
A B C A B C A B C /A B C
P1 0 1 0 7 5 3 |3 3 2 P1-Finish
P2 2 0 0 g 2 2 5 3 2 P2-Finish
P3 3 0 2 9 0 2 7 4 3 6 0 O
P4 2 1 1 2 2 2 7 4 5 P4-Finish
P5 0 0 2 4 3 3 |7 5 5 P5-Finish

3T, 31T et T P3 dUN,

¥Y 7: P3 YUY HRT: P3 Need <= Available 6,0, 0 <=7, 5, 5 condition is true
New Available Resource = Available + Allocation
7,55+3,0,2=>10,5,7

Process Allocation\ Max Available Need
A B C A B C A B C /A B C
P1 0 1 0 7 5 3 3 3 2 P1-Finish
P2 2 0 0 3 2 2 5 3 2 P2-Finish
P3 3 0 2 9 0 2 7 4 3 P3-Finish
P4 2 1 1 2 2 2 7 4 5 P4-Finish
P5 0 0 2 4 3 3 7 5 5 P5-Finish

T4 U gl SR SUds SRIadl Adi- Iemed
ISTEXUT 2: 3 TEId URT B 5 WY 3fTed, PO @ P4, 3MfUl 4 UHRA JHIYH. TEH TO R
AMUeaTH S Wil fRved R 37, (Assume that there are 5 processes, PO through P4, and 4 types
of resources. At TO we have the following system state)

Max Instances of Resource Type A =3 (2 allocated + 1 Available)

Max Instances of Resource Type B = 17 (12 allocated + 5 Available)

Max Instances of Resource Type C = 16 (14 allocated + 2 Available)

Max Instances of Resource Type D =12 (12 allocated + 0 Available)

10 5 7
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PID Allocation Maximum Recourses Not Allocated
Required (Available)Resources
A B C D A B C D A B C D
PO 0 1 1 0 0 2 1 0 1 5 2 0
P1 1 2 3 1 1 6 5 2
P2 1 3 6 5 2 3 6 6
P3 0 6 3 2 0 6 5 2
P4 0 0 1 4 0 6 5 6
Total | 2 12 14 12
1€ Af¢ed (Need Matrix) @it feedT 0! GUR &1
PID Allocation Maximum Recourses Need = Max-Allocated
Required
A B C D A B C D A B C D
PO 0 1 1 0 0 2 1 0 0 1 0 0
P1 1 2 3 1 1 6 5 2 0 4 2 1
P2 1 3 6 5 2 3 6 6 1 0 0 1
P3 0 6 3 2 0 6 5 2 0 0 2 0
P4 0 0 1 4 0 6 5 6 0 6 4 2
Total | 2 12 14 12
U B iRl PO
Need of P0(0,1,0,0)<= Avail(1,5,2,0) == TRUE ~icR ¥R PO U &1
PID Allocation Maximum Not Allocated Status Finish.
Recourses (Available)Resources
Required
A|B|  C DIA|/B|C|D| A B C D
PO O] 1|1 |0]|0]2|1]|0 1 5 2 0 | Completed 1
PL |12 3|1 |1|6]|5]|2
P2 11| 3|6 |5|2|3|6]|6
P3 |0| 6 | 3|2 |0|6]|5]|2
P4 10| 0| 1|4|0|6|5]|6
Total | 2 |12 | 14 | 12

3Tl I AT 3fTsc dHI. Avail(A,B,C,D)+Allocated(A,B,C,D) of PO
Updated Avail(1,6,3,0) =Avail(1,5,2,0) + Allocated(0,1,1,0)

PID Allocation Maximum Not Allocated Status Finish.
Recourses (Available)Resources
Required
A/B|C|D|A|B|C|D| A B C | D
PO O] 1|1 |0]|0]2|1]|0 1 5 2 0 | Completed 1
PL |1 |2 | 3|1 |1|6]|5]|2 6 3 0 Pending
P2 11|13 |6 |5|2|3|6]|6 Pending
P3 |0| 6 | 3|2 |0|6]|5]|2
P4 0| 0|1|4|0|6|5]|6
Total | 2 | 12 | 14 | 12
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P1 TR O BT

Need of P1(0,4,2,1)<=Avail(1,6,3,0) == FALSE, TUH P1 Ufagage &=dl Id gl.
P2 TR O BT

Need of P2(1,0,0,1)<=Avail(1,6,3,0) == FALSE, %V P2 Ufaaie]e &rdl Id Tal.
P3 TR O BT

Need of P3(0,0,2,0)<=Avail(1,6,3,0) == TRUE, TU P3 Ufagiage =l ad

3TAT ITAS THTEH 3Tsc H, Avail(A,B,C,D)+Allocated(A,B,C,D) of P3
Updated Avail(1,12,6,2) =Avail(1,6,3,0) + Allocated(0,6,3,2)

PID Allocation Maximum Not Allocated Status Finish.
Recourses (Available)Resources
Required

A/lB|C|D|IA|BIC/D| A B C D

PO O] 1]1]0]0|2]1]O0 1 5 2 0 | Completed 1

PL |12 |3 |1]1|6|5]|2 1 6 3 0 Pending

P2 11136 |5]2|3|6]|6 1 12 6 2 Pending

P3 |0 6|32 ]|]0|6|5]2 1 12 7 6 | Completed 2

P4 10| 0|1]4]0|6|5]|6 Completed 3

Total | 2 | 12 | 14 | 12

Need of P4(0,6,4,2)<=Avail(1,12,6,2) == TRUE, %V P4 TfaSRIc Hdl Ud.
ST IUT AT 3fTsc BT, Avail(A,B,C,D)+Allocated(A,B,C,D) of P4
Updated Avail(1,12,7,6) =Avail(1,12,6,2) + Allocated(0,0,1,4)

P1 Y Gg1 ddh ol

Need of P1(0,4,2,1)<=Avail(1,12,7,6) == TRUE, %V P1 TfaSRIc Hdl IUd.
3TAT ITA THTEH 3fTST B, Avail(A,B,C,D)+Allocated(A,B,C,D) of P1
Updated Avail(2,14,10,7) =Avail(1,12,7,6) + Allocated(1,2,3,1)

PID Allocation Maximum Not Allocated Status Finish.
Recourses (Available)Resources
Required
A|lB|C|D|A|B|C|D| A B C | D
PO |O|1(1]0]|0|2|1]|0] 1 5 2 0 | Completed 1
PL |12 |3 ]1]1|6|]5]|2 1 6 3 0 | Completed 4
P2 |13 |6 |5|2|3|6|6] 1 12 | 6 2 Pending
P3 10| 6|32 ]|0|6|5]2] 1 12 | 7 6 | Completed 2
P4 0|0 |1]|4|0|6|5|6]| 2 14 | 10 | 7 | Completed 3
Total | 2 |12 | 14 | 12
P2 U O6T 9 &l

Need of P2(1,0,0,1)<=Avail(2,14,10,7) will be TRUE, BV P2 UfdIc Hdl Ud.
3T JUA T ST BT, Avail(A,B,C,D)+Allocated(A,B,C,D) of P1
Updated Avail(3,17,16,12) =Avail(2,14,10,7) + Allocated(1,3,6,5)
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PID Allocation Maximum Not Allocated Status Finish.
Recourses (Available)Resources
Required
A/B|C|DIA|BIC/D| A B C D
PO O] 1]1]0]0|2]1]0 1 5 2 0 | Completed 1
PL |12 |3 |1]1|6|5]2 1 6 3 0 | Completed 4
P2 11136 |5]2|3|6]6 1 12 6 2 | Completed 5
P3 |0 6|32 |0|6|5]2 1 12 7 6 | Completed 2
P4 10| 0|1]4]0|6|5]|6 2 14 | 10 | 7 | Completed 3
Total | 2 | 12 | 14| 12 3 17 16 | 12
e Rféra Rudta simg SfoT Uik Wrefld s Tfdsiae b Sidid:
PO>P32>P>4->P1>P2
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gfe-4
AR HwHe

(Memory Management)

fawg A= (Course Outcome):
CO4: SHTIRFT RRTHGR ToReT SO AR} Ao daid fa=eloor &,
e frea=it (Theory Learning Outcome-TLO):
1. e snfor IRuaa A Treieme g .
2. fore du anfor feiee fore dmd s o,
3. fafqy urdfem sraifeyr wrf Wy o,
4. feoe U Y- RETITST U Whieesl 0T &,
4.1 Hﬁﬂﬁﬁﬂﬂﬁﬁﬁlﬁ? (Basic memory management)
T} Ao e g SffRfeT Rerdt wrfemar smg St urawst AHRY gTdTesd fdhaT awifid drd SHfr
BT ARTET 3dd, T HIUTATe! YR T3 aTey et 3T fdhar o Repm 311 areht uat 7 .
1. UG frch B siclidhe Rt o8 o quTi.
2. PV TR HIUTT dedt Hrst firedd g d 3Raq.
3. Plol AR hogl Hidhos] gid fdhdl SF3HAIbCS gl aral HFTIET td T AER Ty TST .
Fig. 4.1 U GRIGIVHTY, AR HASHCHAT GIH Ugdl 3fgd: PIeg3rd (Contiguous) 30T -
FIg3 (Non-Contiguous).

Memory Management

Techniques
+ ¥
Contiguous Memory Nen Centiguous Memory
Management Management
r r
+ ¥ + ¥
Single Multi
Contiguous P rt'tL'j - Paging Segmentation
Partitioning artitioning
¥
+
Fixed Dynamic
Partitioning Partitioning

Fig.4.1: AW Has#e a3 (Memory Management Techniques)

4.2 PTG AU HAwHe efd @ (Contiguous memory management Technigue)
PG ARI HoHe cframred, Udd URIMH WKRel AlbR-adl Thd HIegsR sild o],
TEUMSTT, TaT 399 98 (Consecutive addresses) HART ThRI-dT ¥d. B3R ¢l giF HITHE
fquRTe O3> Trevat:

1. RivTa Sifgsrg Aust d4s/He o3 (Single contiguous memory management Technique)

2. HAfecud Ut (Multiple Partitioning)
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1. Rivrar Sifergary Ant HAwHe a3 (Single contiguous memory management Technigue)
R Piferg3ry TuRl HAoide <fare 8 WU YurTeite goardrean fUeaed aroRel! Somt wafd
AR geore ¢fdd og. a1 e Hed, G HERt & dif=e g3y Uik fovar urefRaed faumTel SiTd.
TR Rier HRARGET! UHT UERMAAS, M didk TARAE 3RTd ST gory TR ga=an
UréfRMAE e dhet ST,
TS (Advantages):
1. 3fAeHc HRUI WY 3B,
2. TS 3M1for fEgms 0 A 3ire .
ST GIRT DHIUTATE! TR T Y 30T T,
e (Disadvantages):
1. 9 IR AHRIes, AHRY Wl ey gldl SR IR A 9d IUds AT WY araRugTe!
RIRIAT HHT 3.
2. Uiy fAfspa Ted, fows Sl S ot A el |l g1oaTdt aTe ured S,
3. SR U Yuf Jucisy At WA TSR HRUTHS! GU HIST 3-¥d @R o) UFFR]e HRal Id
e,
4. G OUTHTE S <d AT6Y, TUerd d UhTd de! 3d UIUTH BT Rdhd -Tgl.
2. Afeeus gref=If=aT (Multiple Partitioning)
R Fifergsr AR} T e T BRI 318 HRUT d WU ThT 9! had Uad Ui Ufagiaie
RO Haffed Hrd samges AU WY 31for Aidig Jovan s giat. Srprder Ay arormh gawn
TS TINUTTENT aTuRe gR el BTG, RAdbdl Sff UBTUST SR UIUTH UehTd a3t I HRUGT A ad. &
TATHe g Hrugdl, STORfET Reaar el U 87 e die dH_iedl drTdld. G-
TR 3Hd TR A6 RIS STRICT Riedar Suasy 39 A oHe urciRHae fausH
3 e,
a. fohas (o) Trdf=If (Fixed (Static) Partitioning)
b. RRTTA (STTHE) I (Variable (Dynamic) Partitioning)
a. fes (Efew) urdf=rf=m (Fixed (Static) Partitioning)
T AR THTUET SR UfehdT SIUaTTa! aruRdl! SIUMRT g1 Faid o1 Sffor Iidt ugd s, ar
e , RAM Tefid UréfRme We [@i-siieari) R sfid W Ide ureiRedr $TeR
THM 3R X! [T T Whdl. § B3 aed 3ed, HIde! W1 WAl gl 39 urfézrg
UfarRIRAYd! fdhaT RIeH BIpTRRM GREH Pl STTard. Jiod ARt UahT fheRs UIeie Hes HotHe
7 fohar Wiew UreieM Mdh fhas - e RT=aT U fe-H e faHRTER SiTd. B UIfeR=a T STeRT v
AT MHRME 3R WHAM. UdH [GHSH Thd TR WISR H& Udhd. UIe-adl St
AT f&2ft 3R, worera Audia TR HAT W1, § UM RRed SR aat
Pl ST ST Fig. 4.2 A GRAGATIHT AR [has gdld.
fires uifd=ima wrae:
1. 3Radc HRugy A
2. HHl 3TY 3Neies
firaes urfd=fma die:
1. ScHd thiHeRH
2. TacHd IHeRH
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3. TR 3ThR Aaifed Hd
4. Tt feiiar wafar
5. e SR It UIféeu=it T 3fael i,

| Internal
Free= 3MB ] fragmentation
Block size =4 MB IR
P1=1MB
Block Size =BMB | oo oo
P2=T7MBE
Block size =8 MB S i
P3=7MBE
Block size = 16 MB .
P4 =14 MBE

Fig.4.2: fras (¥efew) urdf=if=r (Fixed (Static) Partitioning)
freRs U= ygived A9 arey (Memory Allocation in Fixed Partition Method)
o, 94 AR goriaT TRIGHe! Suds 3rd 11 Suds HHiT Ush HIol sl HIFaT Siidl. g
JuAS T ‘e (Memory Hole) WU ficsa! SiTdl. SIegT TR I 10T AeRi! STa=gehadr 3rd,
IR B T WISR HRUNTS XY HlS 3rced] gid M. SR ATGRIdHdl oI el ok Tat
TR arey &), YT Hiawdia AHRte farar gl exvamre! IaRd Sudsy dad. Ak drey
DHRAM BB U-SHHD LIRSl dIcy AT Ieaddld, TS Wl gl YAy bR Tl fa-dt
H guf Fxrat gEed fouR HRd. a1 THAER HIel SUT TR ST aid STRd ariRed! ST IR
qTey o 3MTed
1. WX fihe (First Fit)
2. S% fhe (Best Fit)
3. 9% fihe (Worst Fit)
1. B fbe (First Fit)
ST ST e WY (P1) AFRY iR Reptedg Ad degT WIeiiet TS TS -
1. OS Ul SSaHY Uy TH]I sAlay 3 Jed
2. VIR QTG SUgTITaT QR ST SRiciel Ufgd A} sdids Fgad $Rd
SegT SiegT SiegT a1 UfshdT P2 Ad AgT o o B1H HRd WU Ufeedl SSagaYT 8T Ted.
3alevur:
SUAs U sdiay 3fed: {100, 50, 30, 120, 35}
U P1, 3THR: 20
OS ard IRy e RIsid At qMea
(% 1 fihe 99d), WUH P1 &b 1 € 3clidbe bl STl
RN P2, 3THR: 60
OS s 1 IR g1 R RIsrd Hust 2erd
ST 1 U TS, STdh 2 ST 3 S R AT
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. % 4 fie I, P2 b 4 AT 3fdide Bl Tl
T P3, 3R 70
. OS D 1 AYA Y51 RiehRIsrd HeR =merd
. WP 1 U 3MTg, i 2, 3 fihe 813 AHhd ATel. (P 4 U, sl 5 flhe IS Tdhd
18T 31fOr P3 Sareliobe gd
MY, Fig 4.3 T GRIAEIER P4 Sid 2 TR 3@ldbe dhd 30

First Fit Allocation in OS

Process Sizes

20 m 70 R
P P2 | Pz pa

First FIT Allocation

Block 1 Block 2 Block 3 Block 4 Block 5

Memory Wastage

Size Allocated to After Process Occupies

Block1 Pl 100-20=80

Block 2 P4 50-40=10 P3 remains
Unallocated

Block 3

Block 4 P2 120 -60=60

Block 5

Fig.4.3: B¥< fibe (First Fit)
TS (Advantages)
1. iRt HR0 I 3
2. IR UG ga-d YRR aTey SHRUATRITST @ NIRYH SIdg Syed™ AR Red ue
qIcy Sdie = b,
e (Disadvantages)
1. TS THIMT Se+d WhiTHCRM BId
2. RIS AU Plo! TRGTd dIcy &, gludrd o adl 3.
3. ARe fhew gamid oiRd 3eRes 3.
2. 9% fthe (Best Fit)
¥ fibe AU 3ellhRA cfamaed, TR Riey o Aot sl [NYd ST UIEal 1 O3,
THard SO HHIdHH! BT 91T TTaddrd.
SETERT:
SR e et feeied Fig. 4.4 ifed aR GreTe fdiel &1 Uk SR 40 31Te. TR ilcb 1, 2 30T 4 7edl
TR FTATG Ul . 90T eifeb 2 FHag e Sifel RUT ot Fafd st #ARY g wrefed.
TTaS (Advantages)
1. o TGS aey Hd S 17 8 fFew gafad At Siiard RO dres Jaid SifPArEss
AR} 91ey Bidl.
2. Fd ITHCRH W wt B,
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dle (Disadvantages)

1. Ty, SRe-fhe THRY aTey QYO de5wET3, 3R ehd.

Best Fit Allocation in OS

Process Size

Best FIT Allocation

Block 1 Block 2 Block 3 Block 4 Block 5

Memory Wastage

Size Can Occupy? After Process Occupies

Block 1 100 Yes 100 - 40 = 60

Block 2 50 50-40=10

Block 3 30
Block 4 120 - 40 = 80
Block 5

Fig.4.4: 3% fipe (Best Fit)
3. % fle (Worst Fit)

DIUATE! fecied TR Pn 9131, O fthe WIeiid UHR HA HRd. SANRYA Uied] A sAlhargd
Ry fR13ra MY SO WTeliet 31 YUl Hum=a1 HAR} sqledT [NY U
1. TR SHR THEG U, dbdld
2. Fig. 4.5 A SRIGAYHTY faciedT AF! sl dl U dley hedHdR Hard Hie! arT STt
ST (SATHRRM) TS,
Process Size

l

Worst FIT Allocation

Block 1 Block2  Block3 Block 4 Block 5

Memory Wastage
After Process Occupies

Size Can Qecupy?

Block 1 Yes 100 - 40 = 60
Block 2 Yes 50-40=10
Block 3 Ne

Block 4 Yes 120- 40 =80

Block 5 No

Fig.4.5: a& fise (Worst Fit)
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b. ®RTTA (SHTIP) UITAFT (Variable (Dynamic) Partitioning)
TR UIIERIT & BTG SABRA T U U 3T HATUT e Tifdif-masd Jum=n o=
I UTIERM §Had SId ATgd. Read urfex-Ri Hefid fafay afme-
1. goarder | Rl SRid 1 Red HIFBIRIM G- UICRM HRuATidel YRIRG=
TROYR I-CI3H &R UTERT el siTard.
2. UICIRFET SHR 0T YR 3BT SR,
3. U TROIER UICRME 3HR Saad! oliided scd WHCRH cladl dad ST RAM

1 HRIGH TR AT Har Iga.
4. RAM Tefia miféeruslt S fiheRs F9d 3Mfor <ff Fig. 4.6 AL SrREaeaTyHT0l JUMAT TGy
RS SO B AR SRR AT SR,
Dynamic partitioning
Operating system
BL=2MB Block size =2 MB
pP2=7MB Block size =7 MB
PE=1ME Block size = 1 MB
P4=35MB Block size = 5 MB
Empty space of RAM

Fig. 4.6: @Ruad @raf®) urdf=rf=r (Variable (Dynamic) Partitioning)

4.3 3fTqRfeT RiveHusdl W W dAwife ¢fdiad  (Free space management techniques in
Operating System)
BIs® dIR dhedlak AT ST dretaridl Ried Wl &3 iRl ¢ ddd. add, Bieed fedie
SN Hided! FTcieh STRT Y51 dTURUITTSY, Th1 T HAoiHe 3fdd Hgard o, R b1 W fore
3ad St BT! WIgd fhal SRREIA ey 7 haledl feh saleRyal ¢ dad. i WY feRke g™
WTATAYHTO ] Bt $i13s Rdbl:
4.3.1 fyevq f&ar fae agew (Bitmap or Bit vector)
facHy fdvar foe ager gt focy=i Aiferet fdsar Wug 3ig 1Y Ul e Fig. 4.7 99 Srageamydrol f$eh
TR THTT 3. fore 319 Yol 93 X 0 10T 1: 0 Sdleh aTey dhedTa GRIfad T 1 T Wi sl
IXifad. Fig. 4.7 7ed fepadia foww sl foad Samerur (WY 3 i daTey &dl 3fed) 16 foeg=an
foeHugR aRifdd SIS, [hd: 0000111000000110.
TS (Advantages)

1. rdt 3for gasvgr A,

2. S A TR

3. Th! WY QYU HRIEH 3118,
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e (Disadvantages)
1. 3HToRfET Rew 9d sAfRmeH oid Sadd fad T Wt sdle Qasd ATel. (AT fae 10" 31T 3T
SATh).
2. fSwmdr 3R HIST SAMT o HIded 4.

Blockl Block? Block3|

Blockd| [Block5 Blocks

Block7| |Blocks |Blocks)

Block10 Blockl1 Blockl2

Blockl3 Block14 Blockls

Block16

Fig. 4.7: ferewu fdrar fe d9ev (Bitmap or Bit vector)
4.3.2 fdiws foe (Linked List)
1 VDI, Tl {3 SAIRT THADIRN Sedal SRdId Fulerd ! saldded Fig. 4.8 AL qRIGedTIHT0!
Uid Wl scllch b s SITUATHTA! UTSeR 3l Ulg el fe¥eh stildhdl sl -ieR feehar dteat {3 ah1ofl Tfgd
el STdl S0 e ¢diel bl (Cache) ohal STl

free list head
Blockl, Block2 |Block3

\Bmcm* BlockS» Block6
Block7| |Block8! [Blockd

Block10| Block11 Block12

Block13 ‘Block14»Block15

Block16

Fig. 4.8: fefes faree (Linked List)
Fig. 4 .8 ALY, Th! WY foRe 88 &l 5-Fs Ulac B ATl ildh 5-sa1dh 69T Ulse HRd, JaId ! s
SIS Ulec HRd. Adeel Tl s A T WY foren Yae gRifIuRT Ue T ulger 3. a1 gl
TS dieT TUrS 16! WY foRe g ayra! SaRae SRy 1/0.
TS (Advantages)
1. 1 Ugdid, Iuds SR SIS aroR e S,

2. foioe forean STHRIGR Falal AHedTge, T4 Wl WY Fgolqu! SisdT Ad.
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e (Disadvantages)
1. 91 Ygdld, Glser AU 3igve S fagd Idl.
2. Siegl U HHl U scllbudd Ugiaudrdl SMaRashdl $¥d degl foids fore wrdam
T,
4.4 T (Swapping)
ATIRETHE CPU AT dTiR JIGdUaIITS!, U FU 3fies@ed] STl HAR} HAGHE Sfadhan TR
HA TS vl WA IS WY FHHE SHTorugre Sfdr HaR &t Hret Hied 39 R dregRat
fSpR P FuarE uishar S, TR Rerae) Withren 3531 818 fSaaiia Sei Ty &l
3TFOT Y RAM T STUT0T 3118 ST0IdhRe SHTRIDH R TR Tal aliR 6 Yabdid. § A&Td odul Agwrd
3R B RAM A 3T IUa TR W IR 1. WU ufehar Rer=h wrdemar w8 &q,
R <t AT ST S U UhTd dod! ATaua ST d. Arges, WIUTar HERl DR 36!
TEUTATd. T ASYTR HIUTT T U 39 BRI S0 BT WU 3T BRI § 34, Fig. 4.9
SfTeRfeT Reermedia Wit ufsrar a=fad. Wit GF ddheaasd faumTe Id 3ie: WU-39 31 W o-
3{T3C.
. WY-3MT3T (Swap-out) B ¥H T&A 818 fSTmaR U §qudTel U UGd 31Te.
. WU-TT (Swap-in ) B 8T8 fSXmae- T AFRl et YA T Thr RudTd U Ugd
378,

Operating
System
Swap in G
| o P2 |
Main P4 Swap out | L) Pli
Memory | \ .
Secondary
Memory

. Fig.4.9: T (Swapping)
4.5 PTIAEIT (Compaction)
T} IR g1 Udh <o 3118 Sif WhiTH T W& aTd rciedT 9l Tl FHRT salldha Tt HHRI Tl
AT W THeH TMes] Bd, SATd dTWR Fig. 4.10 A GRAGITIHTON SR TN X HRUGRITS! A1 dhell
TS Hdl. § Td T AR THT TIdhIdhe U1 94 IUasy HIdha| ST HERIAT gO-1 bl s
§AGT 3 HRA SUHTA o DI B5d. HIUGRH B0 gHd A 9. DR had dgTd
HAT Ud SiegT RAIDBIA SAAHD 3RId AT URIRRAA ddT bt i, HIUGRM dgTd el Ad
SiegT Rellh= R 3rd 3n1fr dlg ererar fdhar sfiiean dedt hal Wi,
PRGN HIUGRMYL, T FRIASE O] A el Hidbad! ST S T g1 R
TRIC-d WTHCRM WU fi@@d! STd. Tacied] WAL HH Tl W 3™, Aol RN aH e
TS Hed T3> T A,

Maharashtra State Board of Technical Education 74



Operating System-315319 STRfe faffew - 315319

PIRAR: HIURFAR, T4 A U aR gaden oifd S0 FTeit Wl T 3[d. JrHes Wq
BTG B 3N Taie-id HTHCRM g Bid. HisdT AFRY ATaRudhdT Srded ROy 3frdl A9
TR A dHedT Ol bl

System Memory System Memory
0
Operating System Operating System
Process 1 Process 1
b=
Memory hole Process 3
=
Process 5
Process 3
Memory hole
Unuzed space
Process 5 Processes 3 and
5 ara re-located
Unused space

Before Compaction After Compaction
Fig.4.10: AH¥ STRIGRM (Memory Compaction)

PTG WS (Advantages of Compaction)
TRIC-d TR FHH! B,
ATRY AR HrAE -ad.
A PG .
TS Pifeger Heuies HARAE 31w TR die $hedl SIS, Ydhdld, ST et
Whafafere! ared.
PHIURMGR WIsd RRCHD HCRH didRd Hig- cldhdl Ud.

6. TR siaid SfaR HHT e AR TR JURA.
PR die (Disadvantages of Compaction)

1. Ry Hrfemar & g oftn fads aredl.

2. BRI HRUYT ST ded arT SiTdl.

3. g _@ oo Afepg sl

4. DU BV AgH HIY T,

5. THRY a1y Uiohdd Sreya] At Seame d SSdid ahd .
4.6 WITHERM (Fragmentation)
BRI TG WIS el SITdTd 30T SR Big- crbed STdld, degl %t ARl WY dgM Jhsdiasd
R Wgd. Hdind 3 Bid DI Ty HER] AT dreedl SIS, Udhd Aleld HRUT Il HIHR TG
3ql 3101 T} sl aTORTd AT, 81 JHT THCRM WA 3iesdd! Sifd. IHCRH gF UhRd
3d —
4.6.1 $e1d WIHERM (Internal Fragmentation)
@@WWWWWW&HWWWW%MMM degl 3ed
THTHCRM BId. IS Hlal 7 AR WY R Jgd AT e ThiTH R FHw AT gid.

o

o1
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ICIEIUT: JHS AFR) JIeUTat U fhas Ui amoRd Siid 3T 311101 AFRIAS ATavTe hR
AR 200 THS T 3TE. 37T 35 THT 3107 95 THET BRI T a1 W™ Id 10T HHRTal sdidh
TRT. Tl 200 THTET BHRY i [Hasdl R 165 THe a1 HHR scld arT STl ST o SR TRRG-Te!
grey Rdl Ad ATel. JTETd Sed WIHCRH WU, Fig. 4.11 A&l YRl d1ey daiedl HHRT SAT0T

ES
2 Wasted 105 MB
-
Sao - 200 MB
233
(L=}
=L = N
o
[+ L)
g © Used 95MB
w
v -
A T
s
2 Wasted 165 MB
> g - 200 MB
w
z0nd
288
5 W
| = i
wo o v

Fig. 4.11; $e-id SITHSRM (Internal Fragmentation)

4.6.2 THEd WITHCRM (External Fragmentation)

ST Renaeia AR T TR STaRgadl Fgeul Juf & Udhd, IR 81 Suasy HHsT WY AH-
DI 3d,R o AR IR oS> b ATel. T A1 THA Taied WIHCRM 3R TgUrda.
T, 3 TH, 10 THET 371707 8 THE STHRTAT HERHd o TSR 318 3Mflr 2 TS TR U
3 THSTAT UfgedT UICIRMAS AlS dall Tiell o 1 THeT HERT T a1 s, Ird YD, 4 THaT BRI
GO TR 10 STUH=AT gO=AT UTCIRAHED A8 b, R 6 THaE HHLT T 91T o dl. 8T 6 THaT STHRT
Ot U o= urdfe 7ed ol et ok 2 THeE AR WY a/T Sed. Fig. 4.12 A8 GRAGedTIHT0!
T G ToiedT AR WAl TeRie-d WiTHCRM WBUIAId of Hif-eigard udid 3T ga=aT TRt
qURdT Id TR, TaRIe-dl ShiTHCRIeaT THAAR HIHIaRM 81 Udh IUTT 31 TR BRI HgHd Ia
T, FHST SR ReAlh M Tledh 3d ST A8 HRd a1 dvel A R T FTecid IR BT AUR
161, HRUT BRI Had degTd UH 3Tg o] RAlHhIH SA-H® Jd 0T UFHag===T ded! del
EIGH

Fragment3 ———>[ | )
- 8 MB
—y
ﬂ
Fragment 2 - 10 MB
—y
Fragment 1 3MB

Fig. 4.12: TqHeHd WWITHeRM (External Fragmentation)
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4.7 AF-PI-e g3 JH HAHe fFaT (Non Contiguous Memory Management Techniques)
A-HICIGS UGdH AR dIey HRUgTE WA dd. fhas Sftr |Ruad urdirm e
S ToRTeT Jomid HHRY aTuRT=AT STadid &1 faTa e drafzias onifdr srierd SMmed A e Iy 14-
DI AR HASTHE o TR T:

1. ATHSRM (Segmentation)

2. UfSAT (Paging)
4.7.1 WITHETA (Segmentation)
THCRA gl T BRI T <o 3ie S Udd Sl aiTav el TR 3-d HHeHae
fIUTTS 91T, T A SeNTa! Ueh SMEe Fig. 4.13 T SRIGATIHIO Hefd B BHROMN fUR ST,
TS TS T UITHT! U dies! Al d Sigd U 3Rd. SiegT TaTe! Ty UfagaIe dHRrast
PGS SR IS hall SR, WHCIH AHRI Hode URSTRIRGT &1H dxd W 3Y JTHS
B NUTA- BRI 3RIATd Ford Ui ol fih e TR SrdTrd. AR Ried e TR U
ITHC TY <ad 301 T Arigeid T FaR, didm $eR 31 Jafdd A dietHag W A
! et 3dd. T HHHT3!, cad WHedl oaldrar gy A0 e didl ifed Hd.
TR} RIFTHT Ui U &g THIAY 3RTd of e ST 3Hithae siiead.
e ¢ad fdhar A7¥e WY ¢ad (Segment Table or Segment Map Table): d ¢ SHERMA dloidd
Y AT Uh-SIHRM {hioird 3fgd A&l HY $xd. Ud® cdd TS & 34

1. 99 3(gH (Base Address) : T Jardidl (e d g SRl ford TTHe FERITS 3.

2. fafire (Limit): 9 S et Ay o,

Process P Segment Map table Main Memory

SN Size Memory Address Operating System

Segment 1 1 400100_
2 {200 !500 L 100
i3 1100 {800 = 200

N o ix  INM 300 '

Segment2 400
_3! 500
{ 600

700 |

Segment 3 e
800

> |
Segment N NM

Fig. 4.13: e (Segmentation)
T STHRMA Aiihd 3Igd o Ueh-SHRMd [hivdhd sled A CIARM Fig. 4.14 A gRaad T8,
CPU gR TR dadl gy el faurTera 3l
T R (5): YTHe Ul srogridt sma=ge sRTde facee ST,
e BT (d): TTHT PR SRATUITS! aRId Scied] facae T,
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e Caamyd forfire oftr 99 Sigy g s fauarardl Ae e (s) AR SiTdl. SR WHE 3Thae
(d) YT Coameid fofie S eguen HH! 3 R WHS CIaHY TRd SHTolell o 3gq , HeA

Operating
0 System
1
Segment 1
—
2 | Base | Limit | Base —» S
3 Segment 2 Limit
—»
—
Segment Table
Segment 3
CPU o S5 d _"’ Vas + Segment 4
/ Logical Address\
Segment Offset
Segment Number NO Segment Table

“ Invalid Address Physical Address Space
Fig. 4.14: ATHIM U AW AR (Address translation in Segmentation)

ATHRY WIS (Advantages of Segmentation)

No ok~ wdE

8.
9.

THE Tl TR WHEHAT Yhis AGUIRITS! Hal SiTd!.

UHTd I3 YUl WHE AL dhed= CPU HHRRT JUIE b,

UfSHet UST caa=n da-d S ¢ad Wd:d Bt HER] aTuRd.

THCFH CPU T Il aT0R §Idl HRUI YYUl Aleqd Uhd da! Als Pl Sirdl.

TR B gordean Wi AHieT e T Siae 3.

WTHIM o1 oR TR AiserHed UTeiRM exuam! WRamT od M1 § Aledd dic
TR WA IS 3.

Td® YTHed Wd:d Ty ISR 3R IdHard (34l I8 3=l (Read Only), I8-I35¢ (Read-
Write)), Sa1des AR YRgaR a0 fieq oiftr Rew YRam YuRd St Hdg-=ita Ser fdar
DI UG YR I[UAN Had HRd.

10. TTHC URIRHY QSR o SIS ADhdTd, S AT 3w Hraed arR U gidl, [aRwd:

Q3S AR fhdT HIedal.

WA die (Disadvantages of Segmentation)

1.

2.

3.

4.
S.

TR WU X T AR WO a8 b <diaed gid, it ATHCRH ¢ U I Ja’
318,

TR TS e SITTd SO AHRIALYA Pl <Idhedl SITdTd, dogl ! AR WY a8 Jheaids
RIA® I, TN TaRIe-d IHeRM Bl

STA STHRTAT ATHCHT WU HROl iU ATgT.

TAH YRG! IHC Cad IRGuTaT SRS auid Adl.
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4.7.2 9fSIT (Paging)

OfShT 81 Tl TRt Horic efara oifg fTd SffaRfeT Riew U Sifor 39 A0t gig Sk U STfor
Th i AAaTA fh RS - SHTHRTAT GRcaHed faHISId Bd. 8 UG AH-Bhie i3y ARl dlb-aaed
TS PRUTN ST &, SATes Tae-id WhiTHeRH g gid. URiHe, Jdre<t Aast ofifor 3 Just 5=
RS BRI UIFERaAed faUNTeT STTdTd. Tahe<! HERI UIfeR-a-T g8 WUrdTd ST 8 Jasien
IR i RUTaTd. U IR Sf=1 HITHe faumrelt oid o) gde YT SIdR Uer=an
HRISAGIT 3!, g YRTET MBR USTAl SDHRIUET HH 3R bdl. Fig.4.15 TA
SRAJTHTO!, YR IS e IUdsdaaR B TERi= e el 9rafddl Srdrd.

Operating
System
Frame 1 Page 1 *—
Frame 2 Page 2
Frame 3 Page 3
Frame 4 Page 4
Frame 5 — Page 5 Process
Frame 6 Mapping Page 6
Frame 7 Page 7
Frame 8 Page &
Frame 9 Page 9 —

Main Memory Pages
{Collection of Frames)

Fig. 4.15: U9 3(1foT 9T 59 (Pages and Page Frame)
CPU gR TR haidl 31gd aried faHFTear Mg

. U d&% (Page number (p)): dlfoihd fgd WY fhal U Ferudia Uorgd gfaffda
PRUAITST SMaRID St facad! Tean
- US ITPHE (Page offset (d)): AlMGTHd Sfed WY fdhal US 3iThcal g6 T Usl HTHRTT
fafRiy a3 ufafftica HRuarE sawa® srcied faet T,
fOhforepd Slgd I faURTeIe 318
- U F& (Frame number (f)): hfoea gq W fhar e dev=n g gfaHiaa
. T 3THAT (Frame offset (d)): A fdvar IhH 3ifwde=a fhfoiera Sfgq W fdhar 9 Tai=
U9 Cqerd BTSSR SMRAHCRH SfSdes IoRer aTuRe Hal Ud. qui, O Cod agM SRedrd Ul
CTANTA! ISR AR FHIUFHRS SR, SR UST caaq el HISdT T Teiol SRIdd ) AT Fig.
4.16 A GRAJTHHTOl TLB (CTRIARM Jh- 3138 Th) dIiRe Jdbvdl, Sl U faRIY, T8, Selg s
BTSA3R B (Cache) AHT 3T,
1. TLB g srifRmufes, gTa-Tite %= (Cache) AR 3113,
2. TLB 9did Ude UCHed g1F YT 3RdTd: Udh <11 ST Udh ey,
3. T g AHRY IRl Sifd, degT UehT SMcH! JaT ¥d <Rl UdhTd dat dell ofld. SR ScH
UST 39 (Page Table)
UGl <o d 81 G871 ARIA WI3dadl Sl }aaR 3116, d CPU gR Waiid dhaedn US Havar &1 thH et
U $Hd o) o U Ardad Sid. U cqaqdie Teiore! T g1 Il [aURTeied Uoial S-agdbt
3. T TR Wa:d W OS] cad 3d. U5l Cad 9 IOReX (PTBR) US <ol 99 39y UgH

Maharashtra State Board of Technical Education 79



Operating System-315319 STRfe faffew - 315319

. OS] cqeral o9 3fgd CPU gR Ualid dhaledl Us Haag sitedl Sirdl. o US caer Ul od sad e
ThH ~aR 3! fTY Yh—<s U1 WTead oiTd.

UST ¢qd Ul WBivHe (Page Table Entry format)

U9 ¢od USHed gdid Heard! Hifgd! TS I +aR, Usic / sfa¥ic fae, iidaM fae, Yoy foe, 3¢

Logical Address Physical Address
CPU 0
Frame MNo. 1
oo 2,
10 3
1 TLB hit
v
No f d
F Y
S 10
4 TLE miss

Page Table or Page Map Table

Fig. 4.17: TTFAARM G 1SS IW< Afed URHT (Paging with TLB)

UfSHT™ W (Advantages of Paging):

1.

2.
3.

4.

5.

THIe-d ITTHERM gR a: U --B < g3 AERT 3l X gid, Turerd Uy
YT B} s lRIHed Qaquard! SHTaRgdhdl 4d.

T AR IuA fhforma TR TS T 9 HRUA &l Hd.

TR A aTuR: Uo7 I fFRs STHR 3MTed, SaTS HRIEH HHRT SAlh2H I
BId SATTOT a1 SITOTRT ST T gl

ST ERET: UFSHT THHSH IR W ovTe] HRUA Hed H& X, ThT TIRal ga-=ardt Hast
drld pRUYIHINSA ﬂ@ﬁ

Wit T Tl gRaR o | w1 dafdds To fthforea Aust onftr fowe (W w)
I gAadT dTd, ST AT STere; ATOT $1f¥es e g,

Ufohma ae (Disadvantages of Paging):

1.

2.

3.

Zed ITHCRM: TaeHd ThHCRH eesd old A del, SR Uo e 3Ricied] STRIat
TGS ST SIFUET HIS 3R oR BIg! Se-dl ITHCRMA 81 U,

Jread 3gH IR SigRes: Al Ty ar Usl caar e Uiy SuarTd! ded arTa,
e HHARRT Herad.

U thlecd: IRAR USl Biecades HHNRIGR A& TRUMH g3, .

dlead 3NEes: Ul cad IRauarel ffdivad Aust for TR sma=ad 318, Hisa
YIIAGHT3], U ¢od dauieidn darg K.

O Biecq B 1/0 3@ s: JgT 3Hawds O i d HadHed T @O Biee), degl o
bl WIRSTHYA UM AT, ST facid gial SAIfOr 1/0 SRR dredrd.
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6. Sdsenauigyl Sfeddr Uit A9 Heude gHe (MMU) 3T o9 Reiadedrd!
ENRYATE AT FTSAR AT TR AR JUIC HTTRIDHT 3, o Rieerqwed sifeerdr
Jread.

4.8 SFEJ3rE AW (Virtual Memory)

T AL B SRR R aToRelt ot At HAoide fF e g off Suas SrqaiedT
T XU TIT SRATTE! TR I HRUA ST ad. X9 31101 §18 &3 RS glg! alge o
foforandtl SifTaTd SrTciedT THRT TUHUET Hicar BER e yH fafor svd. sifrfen Redta gzjsia
TR UoiqAed fquTSH dHRd ST @3 Sfgd fthfoThd AFRl AHI-IaR HU HRUGNIS! US ¢ad
JIIRd. ST CPU 991 RAM Hel Fciell Ul Ui UGN Ud dRd, degl U6l Bhiec gidl. ORI
R IR 18 5% @Fedt WR) Ay 3Maxgsd O e 3ot & RAM 7edl Al . gedard
YT e T I 1. fg Sfd o gTSdsR 3NfY Gitedsr gl aruRe- SfRaHc dal offd. o
3T ¥.3¢ T GRATITIHI0, FH3d SISy ATared URHHgR aToRedT ST HHR) SiS¥ A1 T
aeia e 3T 7ed g Hrd. MO At Id A} Y6 g difoied 3fgd 3rydid o 37
RIS SHHG A [hiodhd gy A TaidRd dal SITdId. ara 3 31T &1 TR 39 AT 3=1
THR FEaa SIS Xhd 1 o UfaragR Se v Taiesdt 9! B HAiHed diavTea faawoft samaa.
TETG] IR 3F® Jhediaed f[aUNTet SI1s, Wahd 30T TR G § dibs bdd I9 Auy s
SIUTT 3fTaRThar Tad. SR g AR IufRyd 3, R TR XA Id Uog  fhar Jmie
T IO 30 S{TTRASD Tel. AT 3 SR BT SIS Yol SicgT RIS ST dagl HRAe
IS BRI SAAD 31T, TS AR f&ATES UFSHT (Demand Paging) fdhar f$ris TFHe=M (Demand
Segmentation )aTuRe TR] dhall ST,

Virtual Address Physical Address
0 A —— 0
4K B oy e 4K C
8K c 8K
12K D 12K
16K E vy 16K B
20K
— 24K A
— [ ]

Secondary Memory

Fig.4.18: afera AuRIR SMRAWEIM (Virtual Memory Implementation)
T3 AR WA (Advantages of Virtual Memory)
1. AT f&3h areaq WUt Rd AU XA 7 VRl HRdl THTd dod! 3 URIbR=T I
Hdl Udra.
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2. ST PHIA N YA STl 3R Hrdl Ad.
3. Rl erad WU fhfidd Buidid oig, B ReNldhM 7 HRdl AahaJaR TRy
DRl U,

4. Rrermd fhivrnd AHRI0aT HI U= I HRUAMETd Al drgad

5. WdigEn guTdt iR drgdd
%Eﬁalﬁ A die (Disadvantages of Virtual Memory)

1. Ry g #Rd U WitTeT 98 arTdl Sarge Ried=h Tdt wHifad gid sfdr &t He gia.

2. FHH ETS for WY WU e NHL) TRl WY Ud St 39T SrHdIa Sel WReTTa!

ORI SIS e,

3. Rren fRRar & ard
4.8.1 f&His WA (Demand Paging)
ferrs AT € gefera AHd RAqHe ariRedt STURY U 2fdTe 3 1 09 B CPU gR 3
DHAIR fhal TS D B A dle gidd. f$Hie ufsimae, SiiuRfdT Riew geardiar
Tl T AR TS HRUANGS! IACISH Aot URTHT! thad TaRad Uorg AR A8 .
SigT U 9 A 99ad Usl Yoy HRugm! Sa=aedhdl 3Rd degl USl Biee gidl. TR
Red AR femays Tmige) 3axdd Uol e dRd ST AMER US ¢ad 30sc Hd. o Uy
T TSt UReRlE SR Sfor <t 3R U I Bid e d S0 Fle! U AgHd B Bl
fewis ufsir wrae (Advantages of Demand Paging)

1. e It sriegm aR

2. HIS UMY H & Qhdl

3. WU Sde & gl

4. A AR HH HRd
f&wis ufSir die (Disadvantages of Demand Paging)

1. U9 WieC 3Negrals

2. HEAR St g

3. ST 813 Adhd

4. Wfed AMRYY TS 3
4.8.2 U Wiee (Page Fault)
"US fiT (Page miss)" fdhaT "U Wiee (Page fault)" BT Vs 31=1 IR Jferd @l ford afifd oot
T URIAE 3{Tgesd ATg!. Segl TETal Ui 9 fihfSiad Bust (RAM) T8 oS = STeied OufaR fdvar
eSS RTAT AR st Ul hRUdTal Uad al, dogl Usl QY WU SHIS@dl SIURT 3UdlG
TSI, TITHET RIS el U (R HRUAN & HRuagdl, TRiCT Reds 09 Wi
BB UIRTS! d Yhex! WINST (O DI 8T8 SI5®) HYT HERHS 30 TTgol.
4.9 U R ade 3@y (Page Replacement Algorithm)
U9 Nwade Syl g SHRfET Rdimed auRd SuR efd s sied of fhfoied AR WRael
ST AT HRIHA HAS BRI, ST LT A Ul fhiofed AR dle HRIad Sd Sfor fad
T3] ST T, ART B S RUH HIvI fI=AM (Current) U ISR § 33ddTd. SR HIUIAG! U ThH
HAiha THd, TR G HER] H-oR TR SRced Uoiud| THIe &1 UoiH Seauarire! Ue Rk
TR Bl AT YBR-0ges Ul Hiee Tl Bidl. Hid- Uol Reide cfariay sied o fob

1. ¥ 31 B 33T (First In First Out-FIFO)

2. 3P U R@rgHe (Optimal Page replacement)

3. fore Tedlt T8 (Least Recently Used - LRU)
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4.9.1 B F B 3MISE (First In First Out - FIFO)

T gatd T O e ey 3R, 1 SreniRymme, TR e wgdiar Haiqeda ad gorem
<& &ad, aid o UST =1 THR 3R,

ST LT US Saudmdl Sa=adhdl 3d AT R FHRIA US g clataIa) Hasd .
ISRV 1: UST v fRET 3, 1, 2, 1, 6, 5, 1, 3 3=t faaRTa s sumwedt 3 9 W 3@ d. U Wieed!
ST T, (Consider the page reference string as 3, 1, 2, 1, 6, 5, 1, 3 with 3-page frames. Find the
number of page faults)

3R
PAGES = 3 1 2 1 6 5 1 3
2 2 2 2 1 il
FRAMES ——p» 1 1 1 1 5 5 5
3 3 3 3 6 6 6 3
Miss Miss Miss Hit Miss Miss Miss Miss
TP U Wice =7

. goAKiie, 94 Wiie Rb™ SdId T Us Hiecd 3,1,2 &R Jdid, T U hieed = 3
- SiegT Ul 1 Yll deg] ol HFRIHE 3118 UM US Wiecd BId ATgId. T U Hhiecd = 3
. SIgT U 6 Tl degl al HERHS AT8! SHTIOT US Whlecd Bidl . HIUde! Rad Wil AHedrges, S0l
TSl 3 hIgd Tl IO U 6 TIdhdl. TUH, U Biecd = 4
. ST US 5 Al degl df o HHRIAL A6t 3101 TEUMH USl hiecd gidl . U9l § dlgH cldhd Siid
30T U 5 TThal ST, U, US Hiecd = 5
. ST U 1 Il degT o AERIAL AT8! 310 GeT UST Wiecd gIdl. US 2 HIg el SiTd 3101 U
1 Tl SITd. TUM, US iecd = 6
. ST U 3 Idl degT o AR 18! 310 IgT UST Wiecd gIdl. UST 6 BIg cldbdl SiTd 3101 Ut
3 Tdha STd. WU, USl Hiecd = 7
I 2: A ATHPR 3 3MOT4M§012301230123456 7 18 R faurm &, gt
UHRUTHY FIFO AN YH aTuR= UsT Wieed! 0T . (Consider the string0123012301
2345671, with frame size 3 and 4, calculate page fault in both the cases using FIFO algorithm.)
3}
a)3 U ThHYE (With 3 Page frame)
0 1

Z 3 0 7 % B3 9 % # B 4 B 4 §
Frame 3 2 2 1 1 1 0 0 0 3 3 3 6 6
Frame 2 tlfffrffoflollo]f3||3]|[3|lz][2][2][5]]|5]]|5
Frame1| 0 0 0 3 3 3 2 2 2 1 1 1 4 4 4 7
M M M M M M M M M M M M M M M M
TP U Wice = 16
b) 4 UST HE (With 4 Page frame)
0 1 2 3 0 1 2 3 0 1 2 3 4 5 6 7
Frame 4 3 3 3 3 3 3 3 3 3 3 3 3 7
Frame 3 2 2 2 2 2 2 2 2 2 2 2 2 6 6
Frame 2 1 1 1 1 1 1 1 1 1 1 1 1 5 5 5
Frame1| 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4
M M M H H H H M M M M
TPHUT U Wice = 8
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Ly (Advantages):
1. & GHAUY 3T SfReTHe Hrgel Y 31T,
2. IR NGRS B ATt
e (Disadvantages):
1. O BR gUTEt 16! IO WRIE ST d
2. RyeHe yd® e ¢ Saul AT 3
3. SIegl STYUT FIFO aTuRdTHT thHe ST dTaddl deg] SHTIUT YRS SHfdeh HHRt & S, WL,
U9 Wiec HH! QT UIfgsl, W IV UST Wiee dled!. a1 THRA dalsiol 3HHd! (Belady’s
Anomaly) ¥UIdId.
4. gphrr Rt Rasiges sl Wieedl &R digdl 10T TR TR Hardd.
4.9.2 3fifpua U= R@gde (Optimal Page replacement)
3HTPHd O N@aHe @iy WU Yaiad O R@ade @iy 318 HRUT a7 @NRyFTE HHid
HH! Ul Pieed JdTd. T SENRYAH, HiTHTd Jafd SR ®le aTiRed! SUIR ATgid 31=1 Uei Uory
Fead! STdrd. AT HISd, HiTsTd Jald SRd 166 - aqed] SITum=aT UoiHT a1 SI@RyAHS Feded
SITdTd.
ISV 1: UeT v €1 3, 1, 2, 1, 6, 5, 1, 3 3=t faaRTa s sumwed 3 9 W 3Ted. U Wieed!
TT TNT, (Consider page reference string 3, 1, 2, 1, 6, 5, 1, 3, calculate page fault with 3-page

frames.)
3TR:
PAGES ——» 3
FRAMES=:}>I
Miss Miss Miss Hit Miss Miss Hit Hit
THUT U Biee =5

. Jardid, 99 Wiie R SRIdTd T Uol Wieed 3,1,2 &R IdTd, WU US hiecd = 3
. SIRTUS 1 Idl degT ol HHRIAL 318 T US hiecd gid ATeId. TUMH US Hiecd = 3
. OgT O 6 A degT oY AHAHE AT 3101 O Bieey Bl . i) Red Tife e, 3o
U 2 P el A0 UST 6 CTehdl. IO, Ul Bhieed = 4
SegT O 5 3l degT o ST AHSHeR ATt 3M1fOT TeUH O Wiecd gial . U% 6 Bl <Iehd S
PR Al G8T ARTUMR Al 3101 U 5 Tlhal STd. WU, U Wiecd = 5
. SIgTUST 1 31O 3 Al AT o BHRIAE 318 IO US| Wiecd gid ATg!. WU, U Hhiecd = 5
JEEIUI2: SR U 7012030423032120170 131 HHM Ad 39 o) 3 U§ A eI
YR, SATRHE U Rwiade S@MRyHar aruR &+ THUT Ul Wieed! |&AT INYT.( Find out the

total number of page faults using optimal page replacement assuming 3-page frame. if the page are
comingintheorder70120304230321201701)
JTR: THUT U Biee = 9

Frame 2

7 0 1 2 0 3 0 4 2 3 0 3 2 1 2 0 1 7 0 1
IIIIIIEIEEIEIIIIIIIIIIIIII
o] [o] [of {o] [o] [o] [¢] [#][a] o] [o][e][o] [o][o][e][e] [e][e
IEEEEEEEEEEEEEE

Frame 3 .
Miss Miss Miss Miss Hit Miss Hit Miss Hit Hit Miss Hit Hit Miss Hit Hit Hit Miss Hit Hit
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IEIEIUT 3: A1 UST ThHTE WTeiel Uel YW= R S faamTa =
5678978597879656.

AT U9 Raade S@EMRYTET aTR & THUT U Wiced! W@ JMYUT. (Consider the

following page reference string arrival with three page frames56 7897859787 965 6 Calculate

number of page faults with optimal page replacement algorithms.)

JT: THUT U Biee = 9

5 6 7 8 9 7 8 5 9 7 8 7 9 6 5 6
Frame 3 AR AR AN AR AR AR AR AN R AN AR AR
Frame 2 6 6118 8 81181 |5]|5]1|5]]|8 8||8]]|6 6116

Frame1 |5 5 5 5 9 9 9 9 9 9 9 9 9 9 9 9
Miss Miss Miss Miss Miss Hit Hit Miss Hit Hit Miss Hit Hit Miss Miss Hit

T (Advantages)
. PIIfC! HHT 3Ta.
IHT B

3. T STl W aad TR SR HRUTRITS! W13t Hal Si1s> Wbl

4. gaid HH! U Wlee ¥e.

5. qdrsiel 3HIH (Belady’s Anomaly) GRUITHT Sefig! JMHT HR1dT ART 6.
e (Disadvantages)

1. HfasTd TR STofla $rEul ARy 3T, S Udd dool [ ATal

2. SR ded YUk

3. I g0 HATUT 3T,
4.9.3 foree et g8 (Least Recently Used - LRU)
WWH@%WW@WW@HWWWW %&mﬂﬁmw—ﬂeﬁ
BT TRaraR SMUTRT 3T o TR Bt WATEHS HH DHIenadid drd AR Ah el YR
JARIGTI RO <81 3. U YAPBIe8Td SR aTuRed] TeiedT Uolra HiqSTda! SR aTuR gIugT!
T SR 3. AT SANRYAHH, SigT US Wiee gidl, degl Adi faidl deiet Ul 1 Usid! ST o of
SR DI dIURe el ATal.
JEIERT 1: U1 ¥ 313, 1, 2, 1, 6, 5, 1, 3 3= faawTa = saraed 3 U W 3med. U Bleedt
T 2T, (Consider page reference string 3, 1, 2, 1, 6, 5, 1, 3, calculate page fault with 3-page

[\)»—

frames.)
3R
PAGES—» 3 1 2 1 6 5 1 3
] ] 2] 2] ] [
FRAMES — 1\ 1 ‘1 1 5\ 5 \5
13\ 3‘ 3 ‘3 6 6‘ 6 \3

Miss Miss Miss Hit Miss Miss Miss Miss

. goaKiie, 94 Wiie Rb™ Sdd U Usl Hlecd 3,1,2 &R Jdid, T U hieed = 3

. Slegl Ul 1 el degl ot HARIAY 318 WU U Whiecd 8id ATgld. U US Bieed = 3

. SIogT U 6 Tdl degl ol e AT8! IO US Wlecd Bldl . HIUde! Rad Tlc THedrgos, JTa0]
foree el I8 U 3 BigH cravdl 3101 USl 6 CTdhdl. UM, U Bhiecd = 4
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. QI US 5 Adl degl Al Gte AURIAE] ATg! SOl WUH US Whieed gidl . US 1 BlgH <l Sild
HRUT fere et T8 TS 3MTg AT O 5 eTdhd SiTd. TUH, Uof Hleed = 4
. OO 1 A AT o St A e ATg) Sfr UM U Whiecd Bial . US 2 SigH el ot
SR fere Jdeeh gog U 3T 10T Ul 5 STl SiTd. WU, Usl hiecd = &
. U1 O 3 U AT o St A e AT} Sfr UM U Whiecd gial . U 6 dHigH el offd
HRUT fere e I8 U 318 3101 U9 3 Tl Sild. U, Usl Wiecd = 7
TP U Wiee = 7
JEEIUN2: SR U 7012030423032120170 137 HAM Id 39 o) 3 U8 W eI
e, forve et gos Sreanfywar aTuR S+ THUT U Wieed! WSAT RMT.( Find out the total
number of page faults using optimal page replacement assuming 3-page frame. if the page are coming
intheorder70120304230321201701)
wwﬁwﬁﬁ:—lz

Frame 3
Frame 2
Frame 1

Mlss Mlss Mlss MISS Hlt Mlss H|t MISS MISSMISS Mlss Hlt Hlt Mlss Hlt Mlss Hlt |ss

(Advantages)

1. d qof fo=ciyumaTdt e o,

2. Y, YU Sfciidrs ferRe e gos USTd! ST Odl, A1ged Sdreisl SHaurg (Belady’s
Anomaly) gad gld.

3. MISUa IiU srcd UST o Whiee e 3MTg 3101 ST HISTIRIA daTuRd idl Ag! TUH Hfdd
BTIEH 38

dle (Disadvantages)

1. TrTa! HfaRad ST TR AT 300! 3TaRAH 8.

2. BTSSR UEHA 3d MAID 3T

3. 3fYe fed
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. https://www.youtube.com/watch?v=bK-VhQA512c - Fragmentation

. https://www.youtube.com/watch?v=8rcUs5RutX0 — Page replacement Algorithm
. https://www.youtube.com/watch?v=16kaPQtY 028 — Page replacement Algorithm

N O

©ooN kWD

el
[N )

el
B WM

Maharashtra State Board of Technical Education 87


https://www.youtube.com/watch?v=FrTttJLN7Kw
https://www.youtube.com/watch?v=W0068fRJTGQ
https://www.youtube.com/watch?v=FrTttJLN7Kw
https://www.youtube.com/watch?v=o2_iCzS9-ZQ
https://www.youtube.com/watch?v=NPhcwfnYZd8
https://www.youtube.com/watch?v=kCmu5k6jfXM
https://www.youtube.com/watch?v=6c-mOFZwP_8
https://www.youtube.com/watch?v=2pgI46Q72fA
https://www.youtube.com/watch?v=dz9Tk6KCMlQ
https://www.youtube.com/watch?v=Ge8Ix11rVMs
https://www.youtube.com/watch?v=ALahNOwrTvg
https://www.youtube.com/watch?v=bK-VhQA512c
https://www.youtube.com/watch?v=8rcUs5RutX0
https://www.youtube.com/watch?v=16kaPQtYo28
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gfe-5
BISd HASTHC
(File Management)

faug fArea=it (Course Outcome):
CO5: ORI Rieqaed quTd! BIgd HASHcHIS! <fa-Ta AR Hrl.
e frea=it (Theory Learning Outcome-TLO):
1. e g Rieds 9T 3aTeRUMNg T H.
2. WIS VRN Ugdid U2 WY &,
3. Sl SRS TR PRUAE! ST faeiedn Bied IR WRardT Gudrl Ufchan T &,
5.1 WwIsed (Files)
HBEAT (Concepts)
FIEd g1 Yafdd SRR A9 fGadl GUg 318 ol Ydhe] WIRSIAR Yhie bl Sid! o &I HAlcH
&%, Tafew <u onftr SHifPdd e, TaUIYRUMU, BIEd WU facy, a3y, T fdhal Ydhledl
TS oHH ST 3 wred Fafdr s goRgR aRHTRT Har ST,
5.1.1 BIgerd Tlesged (Attributes of a File)
W@%mqﬁm@ﬁmﬁa@a
919 (Name): 51 UhAd HIfgdl 318 St HHd-ara-1 W= UId 3HTs.
AMISRBTAR (Identifier): B12d WIsd ReHwed T A &1 (HHIP) gR @ S,
UPR (Type): ST YR BT 1 TH ST RReHT3 § Sawid 3R,
RIM (Location): FERTEHIR WM BIEd Ulse HRUANITA! Ulgex.
TP (Size) HIead T HHR.
TREUT (Protection): § aTa, TRaH, HIAdTe! HRUATH! Add! AT B 0T e Hal.
9%, ARG 3107 golk §Sfefba=I (Time, date, and user identification): TR&f0T, JRE&T
30T TR TERWTST BT ST 3178,
5.1.2 T3 TR (File Operations)
TR Rery e Wiell fdecl gayd thrgd SRR Hdl dd-
1. WISd d9R HU (Creating a file): BIEA IR HRUIMG! GHF W AT 3Med. TUH,
BI3d ReHAe BISadTa! SR Tl AT, GO UM, Tl HISaTd] SRRFC A Th Ul
HRId! AT
2. wrgaud fafdor (Writing a file): wsaHe fafguamre!, smaur Red &id Hdl sam e
WIIE A1d M1OT wresaHed fograd afget gt Ay Fa Srard. wigerd A1a foeum, Ry
BISd R MYTIHTST ARG VMYd. REHA BIareid I RIMER Teh SC Uigc (Write
Pointer) 3aaT IR ford Jeid WSe BIUR IR, Siagl Segl ST (Write) Blad degl I3¢ Uiaex
(Write Pointer) 3USc &al Ul
3. WISAHYH Ul (Reading a file): BIIOHY ArUATITA!, Y07 R Hidt ariRal S B
919 30T Bl eid sl (AHRIAE) $o sa/ddl § MfeP HRdl. T, SANdes] Jaied
TSNS YT STa ST RieAd Wrsaredd O RIFER Th S Uisex (Read Pointer) aaT
Ui ford gaéla 3 (Read) BIUIR 3HTe. Uhal dTaH STd i, IS Ulsex 3USC ohal Sl
4. wrgaas ROf3mif= &30 (Repositioning within a file): 7T TSATAT SRR RNec ST
3O He-BRA-UNHRH Uleck i Fgar NUIfgRA dar Ird. Beaqsl RafRe
PRGNS HIUTG! dRAA® 1/0 T AR HRUGME! HTaLISHdl ATe!. T BIgd IR BId
MY 3! WU,
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5. Tsd fSelie B0l (Deleting a file): BIEd fSdiic BRGNS, A9 fGded HIEaHd! SRR

6. REUT (Protection): Tg-deld HIfgcll § 3Rdd o1 ara- (Reading), Ta+ (Writing), Ui
DR DI HE Y.

7. WIgd gwbe BRI (Truncating a file): JoRAl B adeid It fHcauar ST SR RHd g
e Ufesgey 39 Tdhard. JoRal HIsd Geiquary N Ursvdnideil ST AR of g8T TR
FHUNGSN, g BT T4 Ufeagea srufkafda Ig 3 - Brserd! aielt avesdr - TR Wserd! aret
[T 31T e BTed WaHe $¥e 813 <.

5.1.3 BIIAI PR (Types of Files)

SHRFET Rear e, Breed gl AEFd: YR hrecd, [aRIY Bray Sfiftl fevaes! hreeawed &

SITd. WER HTeed Sl YUfed HRdTd, o &1 ¢aRe HIs, SagHcy fdhdl SHS Bredd, R fa-IY e

TS a3 fEREUTd Ul Hard ST fevaed! B Reardid SR B HaRIUd $HRdr.

1. W[ER WIS (Regular Files): 31 30T Y@h3y TUfRd HRUARITST aToRed STOm=A1 a1 Faid
TR UHReA BRI 3Hed. A cae B, IR B, Uaiagedd U faar sifoRfe
ey T9 H& YHUMAT SR DHIVATE! YHRAT Sl Y ehdld.

3313?‘?[:

éwtb—l%?ﬂ (Text files): .txt, .doc, .docx, .pdf

S Bl (Image files): .jpg, .png, .gif

ercl\ﬁldgeqm Unl'-:fc'ﬂ (Executable files): .exe, .com, .sh, .drv

UH e SeT Bl (Application data files): .dat, .db

3R Bre Bl (Source code files): .c, .cpp, .java, .py

HIfSAT (Media): img, mp3, mp4, jpg, png, flac, etc.

2. ey 1 Bl fhfored gréasRr fEweay fhar $exthy xRiddrd, e greaareh

TRIERIATE F1ydT Al Fil fS 2T Breed gl TUrdd.

mﬁ:

1. fiiex f$a29 WT2d (Printer device file): /dev/Ip0

2. DS fSarsy Hied (Keyboard device file): /dev/input/by-id/usb-0900.0000-event0O

3. BT &% f&a1sy WIsd (Hard disk device file): /dev/sda

4. <fHq feasy wRa (Terminal device file): /dev/tty

3. f&¥acdt wIse: fevaedl BRI IR SR BIREHT UhT Aufiag WHd Saafd HRuarTdt bal
ST, T SR BISA HTIOT Fafeaesol T6quaIa! dheR TUH B HRdld.
IEIET0N:
UNIX B

1. /home/user/documents

2. /usr/bin

3. /var/log
fdsiome

1. CAWINDOWS\SYSTEM32

. DATCC
3. E:\TASM

S S o e
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5.1.4 BTsd Rew ICHEY (File System Structure)
TR R WIsd dheudi=aT &ETd 3 avaied] Blsd RIS 3fed Sl FH=Ia: Sy
SR Rtag el araRe Sidrd.

1.

2.

TRic BIsd RITEH (Flat File System): T 14T 94T fold T4 BIsc UahTd UIdaia) Aroded!
STATd, PTG fSXaes! BTeIch I, 81 U - U 318 HTIOT JMHTI: aruRel! SiTd -Tgl.
B'I?RTWW Rt (Hierarchical File System): Jaid IHE I, o1 LAESS] 3T
fE¥aediel & URve WU afyd el SIdId. § Y T HEeRE Sfir Afeiiem sHrua
3T <, IS uRE snyfie SiToRfeT RIE™ NTFS SMfdT Linux I1 TRT-HT aTWR ext4
IE BRI

. ¥Acd® PIgd Rt (Network File System-NFS): U Ul Sff Sedhaed g ﬁ?ﬂﬁﬂ

PHROGTH URATTIT G, SO e T STORICT R i e R 3MTea.
f&deges wiga R (Distributed File System): BIS® 3% ARI~qAE fqdikd wen
ST, ST HHRRT 30T Biee Tler-4 3R HTae fesdrd.

. A BIsd S (Virtual File System-VFS): T SIRCaRM IR ol AR Rcaar

AT Ted RICTHE THIHM U= B HRUAR 3HdT od, dafadbdl ST Thafafere!
UG $d.

Isd R SeTevu:

1.

2.

3.

4.
5.

FAT (BTSd AR ead): [dSIS Sftr SR R ior=an - sigiaed araRaen o1 \isd
s

NTFS (g caHraren wigd Rew): f[dSiogR aRdd e snyfFie wisd Rred, S wigd
30T WieeR RGN, HIRIR TOT Tfh = TR dfRregi=r @ 4.

ext (TFACSS WIsd ReH): R ST gHa-snenid SfuRfeT Rredar Immad: arRet
SR Bred Ried.

HFS @RI od BIgd RIveH): HH3TUgR arRad Hied RIREH.

APFS (309 B1Ed RIReH): 7 3111 i0S fEsaaard! Tud gR IR Had U T4 BIsd
ey

TrIgeral ATl YhRITHR T fafRry gy =T 3.

TR B BUN A4 A AR dHaiedl didesdl .

IR BT3d SUS MRSR 10T taRr=ae .

Sieotae TIgd IS AR TH] JGUIT sl e TafRyd deiedl dTscadl HH.

SiegT SHTIRfET Red avTaTTe Bigd Iy URHING #d, dag] ITd a1 BIed Taad-T Juie
HRUNIS! DI G 3l I+, THTH-B (MS-DOS) fhaM g d ICa-T TaIc Hd.

BRI T 3% THR Bl Id ML 1 TG TR I Sfa quHre Qe foer Sied.

1.

2.

BISd WFR 1: Y, S g1 Fig. 5.1 (a) I UIE Wehdl, IS o SI3cHdl Uh 3 Tads HH
3{T8. T, OS T BIRaHed BT 3MTg AT Ual A9d , HRUT d Had dscy UTe.

PISH ITCFR 2: 3T, S gl Fig. 5.1 (b) 9 UIE Xl of WISad! gail I+ aidd, ford
BIEd & fhas -didi Ydbisdl HH 31 1Y Udd! H1e! Sdiid R 3Id. BIgd Ibiedl
HH 3T T Hed-Td BHEag Ul 1S (Read) TR YbTS URd B HTMOTIZC (Write) STIRME
ad YIS SllSd.

BISH WCaR 3: AT Fig. 5.1(c) AL TR [CHUMT BIsa Yacl WaaRAe, HIsaaed
OId YHISTdl U 1 (Tree) 3d], T4 Wial JHM S0 IAH ATel. YD IBIGHE THI
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firre fYAId T B (Key) BiTe 31 T fARIY &1 (Key) ST MUTARTS! ¢ (Tree) IR
greaa ord.
1 Record

A=

| ant | Fox | Pig |

[ cat | cow [pog] [Goat] Lion [ owl || [Pony ]| Rat [[ worm]]

[Hen | 1bis | Lamb |

(@) (b) (c)
Fig. 5.1: BIgd R ¥ RR (File System Structure)

5.2 Il T qa¥rd (File Access method)
B T Hoh 9 U Bl YHISHY U= H1 Hdl Ad! Il g, B TR Hudrd
3 AT 3MTed -

1. RyerfRrara Tl (Sequential access)

2. STRae/sH U (Direct/Random access)

3. Soye RuyeRraral TRy (Indexed sequential access)
5.2.1 RysrfRrara TR (Sequential access)
RpfRre@ (TRY B SHd YS9 $lel HAM Gy Hal oidl, BUleig, HrRaddd Arfgd
Fig.5.2 A% GRAGeATHI0 THTHNL Udh Xahls SHH Uichal ol oild. BT YR Ugd vard e o1g.
e fRIsId TR ot ST eI ¢ Hisadr JHTURd 31 St U Ris s Ty feagy e
RyefRre@ TRy Ugd aaH 3e HRUI BRaHdd dgd® Ybis Uihdl BRG] dId o &
JETERUT: HURITR (Compiler) g1 IT U< WIACH Gy Hdld.

End

Block-1 | Block-2 | Block-3 | Block-4 | Block-5 | Block-6

Beginning
Fig. 5.2: R R T (Sequential Access)
YISHTd:
. B DIeAMR g IBIadR STl AR HX0! 8T T 16X 3.
. IS (Read) HHTSHS Uiger UHMNH U Yo TR,
. 13T (Write) HHIS YBISTIA! ST ATeY R 30T Uigexa Ad1H Braaredl Qac] gadd.
. CUYTAT =M Ugd areid TG,
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R T wrag (Advantages of sequential access)

1. URITH R0 AU 31707 fE38 0 i 3.

2. TR W3t Res I3 Brgerdm aiad o gl
R fRrera T di¢ (Disadvantages of sequential access)

1. RyefR1e/d B13d 81 9@, Uil e,

2. a3 ST RS 3.

3. YSH ufh 3 g
5.2.2 STONGE/38H TaRH (Direct/Random Access)
FHfieth BrRaTdd Td® YPlsar Uihdl HRUI SHTIRID A9d. T4 YhIe AUAS T HHM Med ol
HH fehaT B0 AALID T, 3R T YHIUHL, Fig. 5.3 HeH TRITITIHIU STREE YR aroRal
STl f&% § STRae TR fERT8Y 3118 & SHTUedTal HIvdTe! Hisd saidbedl (e Gaiad! fayraear
T mrsane, fhfored safeq 3for & sifaT=ar Yl ad TUg 3l
JEIEIUT: ST Jgadal 1 YR Al HRUI d I (Query) Uihad TR ¢drd SATHE Higdl
TN ATfed! @Rd TR THIfay Srdl. Jd SR YuMer (Reservation System) IT Juftd adTd.

End

Block-1 | Block-2 Block-3 ' Block4 Block-5 | Block-6

| |

Current
GotoN )

Fig. 5.3: STR&e/IsH TaY (Direct/Random Access)

YIS
8 U fEpurdt Suged 3.
I3d Al fhdl YPIauedT g hHT UTiger ofrdl.
. DIV sdley Irarga/ AR AR BIvde! deH ATg], o HIUTATE! SHH Bl Ud.
"n" BT WAl GoalaiRi Haferd U HHid 3], IRYU hied fewm aihusi e e,
TS (Advantages)
1. SHRGE TR BIRd S Yo 3REUT YUMHIREHAT 3HHems ¢ ik fifen
(OLTP) A& Hgd .
STAvaE U BIsaH e, Yhied qidhRul STaRad 9.
d 3fesd YP18 @Ra TR o,
d 3P B Odg HTST DR,
5. YPIe SAIBRFER dTd el 0T 3R,
die (Disadvantages):
1. SRNGE R WIsd a3y AT UM od -Tgl.
2. Ry RIS Brger= qomd Ard SH! WIS WY 3.

Rl
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5.2.3 Soas R fR13ra@ T (Indexed sequential access)

TR ISR TR 7Y & Skae Ty AysH Ue guTid gl ome. &) RissfRisa
TTOT SRRGE TRy T Glo1d U UhRd YIS T8, AT Ugdid! G Sl IS UYH Bhied AT Ty
H0! SIOT FR o RSB RIST TaIY HRdl. I TR HYSHY, Fig. 5.4 A SRATATIHI SR IRJ0!
YIS TR HIUMTS! Bl o). AT Traqayd R Wit Bred ey HRUANITo! aroRe! i,
FHfiwth TSR QU NS AT, U Seau I1 94 geRlichd] oaHTd HRUINIG! 3R TR &l Srd
Y U] SSaal SERGC TR guT o0 URINd! A1fget gdl. o Rieh=R1sd TaRiv= &) sied
SId. d IS TR ST Uiy MafAd HRUNIE §sad aTuRd.

Secondary Storage

Index File

5

Fig. 5.4: Seas Ry fR13ra Ta8¥ (Index Sequential Access)
WTae (Advantages)
1. gsaus R Rierd TRy wisane, R RIsid wisd Sl &0 hRd Ty U 313,
2. R 330 29T TR Sgafyd el 3T R o YPIeHE JU Salg Yoy .
3. YPIS Hra AT $RIC ddl oS> Jdhard.
4. RafRsra Sfor Yeu NIRRT A Sae TR UaH HRd.
5. ¢ Rirea wod foth &t &,
die (Disadvantages)
1. gsaus R Rierd Uy wisad gAE &1 (Key) ST Faaewiiad TAaHT Saad S,
2. 3¢ YR fhar UTiire! SSo Temamme! Soaus R Risid TRy Wwisadl SRd 46
SIGIH
3. N3 3ifeeh WRS WY A 3.
4. 4 TRURIE 3RId HRUT ARITS! fIRIY WHred 3R avadh 3
5. IR BIIW IR Jod o TR W<l JToRTd HH! HRIEH TR,
5.3 WBIsd EBRI Ud (File Allocation Method)
RIS RCHgR B % WY a1y &hd Si1did. RIS Rey wigeH few WY drey
HROGTATS! WAl - g AR aTaR T,
1. DICY3RT b= (Contiguous Allocation)
2. fdids 3feib =M (Linked Allocation)
3. SSRS 3MaIHA (Indexed Allocation)
5.3.1 I3 AAIBR (Contiguous Allocation)
g1 <o A, TS HIsd (SWhaR saiaadl U HI-ergS ¥d ATId. IaTex0ny, SR TR Breadl n
ST AT SRS SO AT FHaTd T AR U i b e 3, dR Wisadl Hgad bad
AR 3 ST b, b+1, b+2,......b+n-1. AT 3 31 B Fearddl scllep Ay 30T HrIer arat
(I sATRTeAT STediId) TTgdT, U0 BISa- aTdaia sciad (Afd o Q). Bieig3ry aldh
SR HISATa! fevaeyt teae
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1. goardian saiedl fgd

2. 3fdidbc Hoiedl YT il
Fig. 5.5 At WIsd ‘'mail’ sdid 19 TR didl = 6 sia¥g = sid. WU, df 19, 20, 21, 22, 23, 24
TR AT,

Directory
file start length
count 0 2
ir 14 3
mail 19 6
list 28 4
f 6 2

Fig. 5.5: PIT-eT3RT BRI (Contiguous Allocation)
Id® Blad [SWhar Ue! Jad 399 ol o &mva; fFgad feww digq  fafHeR ®am srdl. |
SRaTc HRO Y T8 30T TaIe-id IWITHCRM &1 a1 YHReT dled clahae Uh U0 JHRT 3176
TS (Advantages):
1. argR fRaefRrem it srRee TRy gie! JAlfd 3ed. SrRae TRaHre!, e b IR g&
BV BISAaA kth il 31g¥ (b+k) TUM Jgoruu! fAesadr Adl.
2. fAd SIdIG 318 HRUT HISd STl -3 cllhRIHes e AT HHT 3HTa.
dle (Disadvantages):
1. B USd Sea N Ui d et THTHRRI TR 318, A1es AAR) aTURT=H STedid ot 3rbrdem
.
2. BI3d 3MHR dTGd0l Holul 3g HRU d ThT ARy BHl Hiergsmy ARl Iudsidax
ST 3.
5.3.2 feigs Sreid = (Linked Allocation)
1 T A, Td® HIsd (3 sl U [oas foRe 3Md St e ig3y YU TR g, fewm
I [SXPaR Poo! ARGl 31 JPbdld. [Seaes] UeHed Jardredr 3for Aaca bisd saldhdl b
Tigex ). Ud® sl WIga sadded] YeId salhall UigeR 3ial. Fig. 5.6 Athd ®ga i
e A HY YSH! fadkd Hd SdTd o gRadd 31Tg. Vde sdld (25) A -1 318 S 9d Uigex
SIS 3M1fYT SR PIUIATE! ST Giae HRd e Tdd Braadd &% salara fofad! ardl srya
Ry TR1sra T WIsawed THIT0 aTiRa Sid TR SRS TR WISawl aTedd Abaed 3.
TS (Advantages):
1. TIRd MHR MG FHRUAM! Saadhdl AT,
2. UacHd WIHCRH AT,
die (Disadvantages):
1. o RiepfRrer Tty Srdeman $Rd 31 SRREE Ta=INre! ATar.
2. UdD AIhHE T Ulge 3, TS SN 1T Sild.
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3. Al Fa fagRelc SRIard 10T HidaT T &% 2y a=adh 3Ry W,
4, fasyg-gar SR uideR gad fdhar TWRTe el R e

Directory

file start end
jeep 9 25

]
//

e BIAT] |

Bl Jee[Jeo[Jea[]

Fig. 5.6: féigs 3rai®=™ (Linked Allocation)
5.3.3 SSES 3MAIBRIA (Indexed Allocation)
1 e T8, TS slid BU STl ST Uen faRIY saleHe Bga- e 94 saidad

Uiy SdId. Udd BIeddl Wd:dT o4 &iidh 3Rdl. Soa saldHHd ith TS ith BIed sl
&% 3Ig¥ 3l Fig. 5.7 A8 TRATTIHIU! SRARGCR] U Sod sl gl SRd. Bl g3
ATOT feiFe St =aT T FRIARTT Hd. Id Uiecig Uh Sodd sldh daR dhdl Sidl. Tl
racdl WAd:dl Sodd i 3dl ol Blead el oW Wod feuy Wedd). ey
e SR SIhd gUy ST

Directory

file index block
jeep 19

eCee[eo[Jea[]

Fig. 5.7: $39s @B (Indexed Allocation)
TTIe (Advantages):
1. T PR YA siiaue dc Taty HRug T <d S0 Ie hisd salaqHe Sag
TR UgH .
2. B URICHd IHCReT YHWER HATd .
die (Disadvantages):
1. SSRE DI UISeR HIgRes foids SelbRI-TUET SR 3T,
2. gU W8M BIREUS], IRy [ BiEe Bad 2-3 SIaY dieddld, SR8 3alhyH
Uigcaurdl U AUl sid (Sodd sld) ¢ad of HHRI aTuRTAT dI6dId SBraed 8. IuTf,
foide sraihmAe MUl Uit sild had 1 Uigexd! Sff T THIad!.
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5.4 f&vaedt (Directory)
TRET Rrerrdia feaed 8 te oy UeRE HeR/BIey 3d ot 3Md B 3 Bied

IfRYAUUY YISTUITTST AR ST, fahaT STI0T 31 T8 0] Xehall Bt o U] dre-IR UM HTH HRd SHed
B 3T SR fERFediel [@e fRaedh) A<l Sadr Idid, STHS Th FRRIGHA AR 2,
fS¥aedS gorAT Sftr UmT 818 SR fhal TUUHE! (SSD) IREHT Wil fS@RIaR Sl
DrigmEa Ty, WeR 3MfUT SIS HRua™ Hed Hrdrd. fevaediorm grRifhdd T ¥
XTI & 814, ST BIsed Y0 AT s RerHed YoqawyT I[o I g1,
5.4.1 fevaedt @R (Directory Structure)
HTRFET Requeid fSvaeiid TR BUN BrRd RReqaed e il f$eaess &1 gaR
TS dhedl SITaTd Il TgH. & RS fSRTear Sel Hu1 Wiied dbar wrdl, T e sirdl ST
HAS BT STl 8 URHTIT B, T UbR FSHTgT dbetell el IR Bri&H Wigel THEuRH,
Y AfGTRE 3101 dlecn Serrd! Whafaferct GAfa oxd. iRfd Rien fafay ger=an fevaedt
IR TS Hd ATl T SR

1. e degd feeaedt (Single-Level Directory)

2. Q-@@ﬂ &t (Two-Level Directory)

3. 'gpf R & (Tree Structure Directory)
1. e aga fevaed (Single-Level Directory)
T TR Rienmed RiTa degd fevae) € gafd Mt usre feaest T 3. a1 [WaaRued, ¥d
Frac Uhd fexaeiHe Wt Hedl STard ST Fig. 5.8 U GRIGATIHIU HIUATG! 9§ favaest
TIATd. ord STI0T Red qrog! THM fEaes] ST /ISR HRdTd. T, Siegl B o IReAT dTed fahar
SigT ReHAe THTUET SRd Joi 3RIdTd dagl RiTTd dagd Seaesid aeuita Fafel $/d. ¥d B
T fexaedld SRIeM, T g A1d 3RO TaRad 3R, SR G Jord Jil SeRic arauiiel Hid

Directory
D1 D2 D3 D4 D5 D6 D7 D8
Files
Fig.5.8: RifTa dga f&¥aet (Single-Level Directory)
TS (Advantages)

1. B Ud fevaesl sream, fod Sfiade axu gu Iiv .

2. SR B AHRM deH 3 R MY STde gad.

3. 3N fEaesl Wk BIgd dIR &I, YU, §CdUl, HUST BV AIRE! HTH U GG gidd.
dle (Disadvantages)

1. G IS Uhd ATd 31 ][hd ATg! BUH H1d Pii-Ueide g1udrd! edl 3.

2. R fEacd Mt orid R MYTATd ded drl.

3. W?ﬁf Uanld Uap R D[R] U Tlcdg drdl aﬂ'ﬂsnld.
2. g-ﬁw f&¥aest (Two-Level Directory)
R Aeg fS¥aeige JTTavTe gori Hed WIgeredT rai My gial, UM a1 THWR fAR1eH0 Bu
TS JoliuTe! wWas fS¥aed! dar .
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¢-dgd Sl IWaRAY, Fig. 5.9 A SRITITYHTT Udd Jord -9} JoR BIeed ¢-awd SXdest
(UFD) 3/d. UFD A% T Xaad 31dld, TRg TAHHE Had UehTd okl hreead! ardl 3.
SiegT SicgT Ad1H goR TS AN 34 el STall degT RieHd! HReX Hisd SRREEY] (MFD) RNed. Joikad
fhar srpide AR, 31 YA Ut 1 gok A3t UFD &8 Ulse &Rd MFD. I MFDs goR-H fdrar
3HIIC FRER TSHIS Dl S o goked] Ydeh Ut Uigedg UFD &S Ulsc bl Sifdid. g-degd
e TR el MD iR Y gd SR Bad Thd IoRe! Ae! 3-d, St Yd® HIIadrst
/User-name/directory-name/ IR UG S0 HAIS 3d o T g TRYTNT del 3.

Master D1
directory

User D11 D12 D13 D14
directory

Sololclolole

Fig. 5.9: ¢-d@d f$¥ael (Two-Level Directory)

TS (Advantages)
1. 34T /User-name/directory-name/ SR gUi U1 &3, b,

2. AavTeH goled WhIsd AIaTHT fevaes Guid S Y.
3. Uy SRS fthT gob wiged Q4o 9 g,
die (Disadvantages):
1. JoRdl IR Jordad HIeed QSR HIUGTE! TRA .
2. R d BRY Ihddd ATgl, ThM UHRAT G B3 UhTd JoRHY Thd Hedl SIS, dbd
1.
3. &Y waaR f&¥aedt (Tree-structured directory)
3T Jufddes s SfoRfeT Rert ¢ SrRees) TR Fald SR aTaRa oifd. Joiy BIee
30T E-fEvaediel THid TR & Wbl off Anfia fevaes) Waemed Teh TR Bl gt fevaed
TR IAcT ¢l ¥UM 3d, Y e fevaes! RRRIER od. a1 werdd Ul goidie! 9d
fSYaedior 3drd. gory Fafevaesiel quR & Yddld ST Ii fevaeiiie B ol d18q,
RTehdTd. goRdl ¥ fSyaedindia Ser Uy SHdl dd ATg! 01 ot df Sae] Ahd ATg!. T fSeae’iasd
W o 3R Jorid fevaedormed YR ATet. ¢t fevaesieh Taer @rah faeh g Sft udies gorien
ST B SN0 HafSiaes Hd 3Ted 3 aRiad. Fig. 5.10 A GRAGeATIHT0! ¢ ¥aeR &l qaid
AT S WaeR 3MTg. Tia & e fevaet 3d ST ReHreid U Bigeral s g I SR,
TS (Advantages)
1. WY IR, R YUl gru= 19 fd SIS b,
2. g4 Whalad, A1dd diciie gIuard! [adl HH 3.
3. XMYU QU Y gid, 307 3EdIege A7 aod Rafeeg Uy gigl aTae bl
dle (Disadvantages)
1. TS BISd giRRIbdhd AleaHe aXd ATel; BRI 3Hd fexdeisl e S dbedl SIS, Ydhdld.
2. 3T BISe VSR B Yebd Ao,
3. O ABHTEH 38, HRUI IS TR IO 3HH fevaeiiel A TS, Xabv.

Maharashtra State Board of Technical Education 97



Operating System-315319 STRfe faffew - 315319

Root D1
User D11 D12 D13 D14
directory

Files and Sd1 Sd2
subdirectories @

Fig. 5.10: g1 ¥R f&¥aet (Tree-structured directory)
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