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5) real-time OS
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interrupts
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Interrupt Interrupt Type Description Handler

Vector Address

Ox0E Floating-Point Triggered by an error in floating-point 0x1200
Exception operations, such as divide-by-zero.

0x14 External Raised by external events like a mouse 0x1400
Interrupt click, keyboard input, or hardware signals.
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1) first come first serve
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disadvantages

waiting time
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shortest job first

rule

waiting time
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priority scheduling
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waiting time end start
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time ready cpu shortestin updated ready next finish
queue (cpu, queue) queue arrival time time
0 p1(7) p1(7) empty 2 7
2 p2 (4) p1 p2 (4) p1(5) 4 6
(5)
4 p1(5), p3(1) p2 p3 (1) p1(5), p2 (2) 5 5
(2)
S p1(5), p2 P2 (2) p1(5) , p4(4) X 7
(2), p4 (4)
7 p1(3), p4(4) p4(4) p1(5) X 11
11 p1(5) idle p1(5) empty X 16
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time ready cpu shortestin updated next assumed
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process arrival time burst time priority

p1 0 7 3

p2 2 4 2

p3 4 1 4

p4 5 4 1

time ready cpu highest updated next assumed
queue priority (cpu, ready queue arrival finish time

queue) time

0 p1 p1(7) empty 2 7

2 p2 p1(3)  p2(4) p1(5) 4 6

4 p1, p3 p2(2) p2(2) p1(5), p3 5 6
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15 p3 empty p3(1) empty X 16

16 empty empty empty empty X X
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what is a thread?
single threaded vs multithreaded program
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public static void main(String[] args) {

SingleThreadRestaurant restaurant = new SingleThreadRestaurant();
while(true)

i

restaurant.takeOrder();
restaurant.cook();
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multi thread process
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1 Thread orderThread = new Thread(() -> { restaurant.takeOrders();});
2 Thread cookThread = new Thread(() —> { restaurant.cook();});
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Concurrency
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multitasking with single CPU (interleaved)
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without threading , waste resources, no multitasking------ >low performance
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with threading , full use of resources, concurrency(multitasking) ------ >high performance

MY MULTI-THREADED PROGRAM
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code segment :
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communication J) < processes Jl (e 2l agil ell sy 38 lie
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dispatching multi-threaded processes
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1 Thread orderThread = new Thread(() —-> { restaurant.takeOrders();});
2 Thread cookThread = new Thread(() —-> { restaurant.cook();});

solution
1 private static boolean orderTaken = false;
2
3 public static synchronized void takeOrder() {
it //take order processing...........
5 orderTaken = true;
6 }
7
8 public static synchronized void cook() {
9 while (!orderTaken) { wait(); }
10 // cook processing..................
1}
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Benefits of threads

1. responsiveness

83 (358 syl o 5, Alaiu¥ Ao yu
2. resource sharing
3. economy(full use of resources)

4. utilization of multiprocessor architecture



user level threads vs kernel level threads
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mutual exclusion
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concurrency
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1 int x = 20;

2 int main()

3 {

4 funcl();
5 func2();
6 1}

ey asid fUNC2 o, z 0355 lockerd) <o ki Lavia funct st WS 58 cas (e sequentially o2 258
locker J Jaxins
dals IS b Jany W jue (fnda (a B2a) s process Liaie o
shared resource (global variable x)
concurrency X
mutual exclusion J) @i Gpalisa (e UL



1 int x = 20;
2 Thread f1 = new Thread(() -> { funcl();});
3  Thread f2 new Thread(() —> { func2();});

Uar (e Guan 2 S processes 2 ) threads Laie sl oS

Aa2E gl Ao ju agin Jan (Sae G Galiaiie () gl & scheduling aclesst s Oalaiia (415 agili processor Ji .1
Jaiie cOre e 32al5 JSin parallel

shared resource (global variable)
concurrency

mutual exclusion J) @i Geablise Jull |
what can happen if didn't achieve mutual exclusion?

G il gige e Jog in dess | il o agia 100 Llae B 2GY JB alae | 3L} 5 alaae dala (pual (e agdIAl oy Lixie
e 100d) @la 5 100 23 alaey 48 200 elliay iy 335 5 < gl eds s transfer oss) 5 cpilise cpjles

process 1
1 int essam_balance = 100;
2 int eyad_balance = 0;
3
4 void transfer(int amount,// from essam , to eyad)
5
6 if(amount >= balance)
7 1
8 eyad_balnce += amount;
9 essam_balance —-= amount;
10 ¥
11 1}
process 2
1 int essam_balance = 100;
2 int eyad_balance = 0;
3
4 void transfer(int amount,// from essam , to eyad)
5 {
6 if(amount >= balance)
7 {
8 eyad_balnce  += amount;
9 essam_balance —-= amount;



10 }
11 }

(sl o83 G transfer e b slac Glie) il (uéi <a J 52 processes 2 J <lils server & <l
timeslot J 2 processor J! ke Juis 1Y) processd « v scheduler J) 4>
plac Clua (e abiall (iaadia Ll 5100 2L g

1 eyad_balance += amount; (done)

Cuald Leieli timeslot s ol 100 bl @as 5 4l o clas <l ol condition ) <l Jad <l process 2 J)

1 eyad_balance += amount;(done)

essam_balance = 0 J) & &l cead execution J<SS process 1 JI <
essam_balance = -100 J & il il execution J«S5 process 2 s

s concurrency 4de duasy (Sas 5 shared resource e ol cajle @l paa lie dlile | Saum a5 abiac 335
mutual exclusion J! Jiisisa

how can we achieve mutual exclusion

09 alS aalay Sl & Ji iy as (ixdine W) code block ¢! Js8 53S 2SIl e

C.mgga
1 if(Camount >= balance)
2 {
3 eyad_balnce  += amount;
4 essam_balance -= amount;
- .

3 locker JI 45 52 critical section J) Leen! (s (s & (52 280 daa
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processes 1

O 00 9 66 o1 F W N B

=
(o)

void transfer(int amount,// from

i

take_key_and_lock();
if(amount >= balance)
{
eyad_balnce +=
essam_balance -=
¥

unlock_and_release_key();

essam |,

amount;
amount;

00F W 4l Jania

to eyad)

@2 functions J! o815 clile dlaiay e Dlad Juasy 035 2a) 5 concept J) o815 s (e 2 functions J) bk

{

adiaa 3,k implementations ldbasy

99¢ 13y (5 ,all 4yl

processes (il J creation des 5 s Lo 5 <5l (udi (o (45 e transfer bia sbac

void transfer(int amount,// from essam , to eyad)

take_key_and_lock();

if(amount >= balance)

1
eyad_balnce  += amount;
essam_balance —= amount;

}

unlock_and_release_key();

cuald timeslot J @il 5alalS slas Clua (e i) iiaada Ld 5100 24 sy process 1 @iy

eyad_balance += amount; (done)

process 2 3y 71 )5 leie 23l CPU JI (e



1 void transfer(int amount,

2 {

3 take_key_and_lock();

it if(amount >= balance)

5 {

6 eyad_balnce  += amount;
7 essam_balance —-= amount;
8 ¥

9 unlock_and_release_key();

10 1}

Ledall Lia

“take_key _and_lock()
L e waiting J) st b A Sl | & e s szl 5 Jsie Jocker J) sl | alae s process 1 < key JI
key J) cawsis, =l process 1

') sls mutual exclusion J < o

printer
3Sal) i e AU Uk 2aL

o (whadinl palsy SN o Jd resource Jl aadiey (iasa Jeg) mutual exclusion teles (palisae Al Slalall oe
printer
Juand (Sas concurrency s shared resource glie $69%4d 5 i L

Y& YL Y printer J) gsabise oY) file X aeki 3 le 456 process s file Y ki 3 e process S Jias
0 file Y e b aodai Al J 3 5 s Leallay CPU J) (s file X (e (b okl process i
Y asi

mutual exclusion JI Ul Jxiga Ul oalaidl (e hardware s2 (g2 <l dlicliy (i ol i la OS JI

Lol Galas Lo aal Lile Jiia J5Y) printer J) asbia () (558 alexsy US W G Jax
999 ialie Ll a5 cuals Ll timeslot J) sl b
printer & leeladiul aliiy U as jile aad dpis (e dadlh 4 5 lalee Uikl 23lia A5 61 Y

oX 2 &I J) ol

acquire_printer();
2 printing(Q);
releasing_printer();



i a3Y 5 AU 2 ae printer J) 33 46 process ¢l s

¢ deadlock JI bl aal mutual exclusion JI g ¢ & 4 < e
i adde |ock Jesia alds o sl 4pudia e resource Wl iy (Sas running gis § s process J) plie

if there is no lock, there is no deadlock

i b Slal deadlock 4 sz <ile (e

DEADLOCK

Dwumag\gﬁeﬁ;g\w&,mmgwwew,M%wmm@“@,uuuay\hig_a
A A A8 g Caaielh AllaW) iy aal g IS5 3aa) g Aiul 48 g ) gadAly pamy s il S 6 i) ) e ) g
) D39 3 b = Aal g o g edal g BERET NS O J SSOsR R

Gos S Y 5 alill il o) J J 5 Aoy Ay 48 5 i a8 dlac
Al de Y1 g 38 gl il cla 4l ol

lac

07 Ay 485 olae

K o8 e

Aals dery e (e 3

AL

G 5 ke

XK AL 48 )5 (i sena

s dals Jany o md (e B

338 U Lo Lo 5 ) Aala Gl i ag8AT ()Y slae ) (e L agad 2 Jiaiose i) o )T



deadlock conditions
1) mutual exclusion

) problem discerption:
A process J s )ualss SUll 2 Ji resource saaie 3 Jiadine( S mutual exclusion Ji o) <l @ Ll Sl
ralds Ll W) 4anuda (s resource J acquire Sl

JI oS Apll resource J G agd saal 5 ) (San i dala Gl (e ) 308 2 5 abiae @DIAT 40l 0 daal)
wialias paldy sal s JS W e resource J) Ghsas pele Siafh (Aala el Jie JI 334Y1) mutual exclusion

@ solution:

p U leaading aa adid (es la e (e 33a) 5 printer daie 4y Jesis Jual | mutual exclusion &V ds (e
oaliy Al

2) hold and wait

) problem discerption:
resource 4w 5 resource Wl Aw process JS Jix leanl (e
48 ) gl slaa g alil) il S 5485l Thia g alil) olae 35 pliac (5 )

solution:
O Laaalia (e | 4yl L Jaxd ALY 48 5 5 2alia | al8 clles (e Lallla M8 (1S o) () jall (e
Gl Ll )

slae ) Lgwad e | Y Al g #lie G 2a) 5 twO resources dalise o) | 4l dalise process Jl <o i OS JI52
saa ol dala d Jead (o yaia e LY

3) no pre-emption

) problem discerption:
dala | sam agdl ad s 38 (hase (Y

solution:
il CuilS 4Ll 0 8 palig as Wl B Sl adlal 948 ) ol cila sliae J JB Gl ) ) s e

blocking J « iiul L séin s process J) ¢ resources J 2alw OS J1os |
¢ ), scheduling algorithms J g% preemption J' ¢ Ua preemption J) <t s

process J! (= o CPU J 2aly Sy, CPU Jl s 5 e Jasy 03 scheduling J) g% preemption J!
lales Juniy resource gl ales o Ll

oS process J) o« resources J! 2l o3 deadlock solution J! ¢ preemption JI



4) circular wait

) problem discerption:
Sl e 3l g IS GY loop ! circle 4 (st 33S Leand (1

Al il 1 alac
435l il cla ;oL

Al S il 1 alac
434l cul cla cal

em\‘;_gau spbac
4855l el cala Al

solution:
2 pby cllicia (e, 1 a8, JiiSlies 5l ey i il 2¢Shiai process J 5 resources J! linear order Jei 4

(51 230) o8

(s 1 2e) 48 ),

48 ) elliay 5 Blad) canSan A g8 J5Y) Al ellia) ) 0 € 4y Jiantia e A1)
e Gl circular wait g oY) 5 48 sl clliag a5 olal) Gl aa lgan) dala 408 Giline

deadlock recovery

= asaall victim e 52 AW process JV, process s
Lelasty
lalee Il resources JI «ud glie abort W

JI a3l Le U8 sl 4 aa yu process J) < progress Ll 51 2y 35S database J gl ) rollback sl
resource

Mia (5 alae Ay d 4d i Laliie) victim process J) Jbiad e

cost effective in oY 55 lind J5Y) (e (53l s abort Lelele a5 adiy 488y Leloald § el Aol i Lty o
g_u...n.acﬂaf\\.@_a\ process Jl pudi e cﬁjkﬂ\sfdsjléaﬁlal\q}}'aﬁ priorityd\g._u;‘;r_ L s (Saa
resources J! ke s> (0 Ggals S starvation Lewl Aals Joass low priority baie ¢



logical address vs physical address

1 int sum(int x, int y)
2 {
3 return x + y;
L

C Jb sia 35S ol e palla J oY) (e dils  slaa 22l e 96 50 5 <U (ol
1 50 %% binary code J s> 33 2 < J) J s compiler JV, == compiler J) o ke LIS
L aal gla

execution Jexs A CPU JV J st (palisa
Q CPU L

XXXXXXX o2 address JI (s I 483 el instructions J)

aee lie S5 base address 4e) program J 4 faw U address J |

)0 U A0 4
s iske compiler JI oY S 0x5555 ol siadl (e lasia el instructions JI CPU J' J s compiler JI isdise
Y'Y 5l xnlées address d oS 13 (i e 5, memory JI e

geee Lﬁ\,}\ Lelsia b
gdie S pa il

Symbol Size Address (Logical) base address
50 bytes (approx.) 0 XXXX XXXX
4 bytes (int) 50 XXXX XXXX
4 bytes (int) 54 XXXX XXXX

ssaxa I base address J! oS bl memory allocation lexi a5 W OS JV J s

(3l function Jsl &Y address J) s i) 0 < »2 address JI 2 & sum J) e
(sum J) aed i3 50 J) glie) 50« o2 address J) a0 (a8 x J e
(4 @3 x 550 @ sum glile) 54 @ ex address J) am Gy J) e

concept J i oSV Jaudally Joanyy ) o3 e |

physical address = base address + logical address (offset address)



s execution J aie Lled 4cdiva M physical address J

Ju CPU &3 Sas) compiler ¢ saxia M Jogical address J) + OS L 238 Il base address J)

(compiler JVaals A 2 & o fetch 2 CPU J) o) Jkie) e compiler

memory manage unit sl MMU 4} hardware 2 aeal) alee Jaryy S

CPU

relocation
register

logical physical

address address
ar - memory
346 14346

MMU

CPU J! 4iliaalll processes J s <aa glie i algorithms exie oIS OS J CPU scheduling J) s

memory 4ilisdll processes J) s <m Glie s algorithms zUs« OS Jl memory allocationd! & La

-



1) contiguous Allocation

1.1) single partition reallocation
partition o) J Wliewd leany e LIS memory J) La

OS J! partition s =3~ «

user process J s> o
U 323l 5 PrOCESS e 4 b Jixdie user processes Jl gl ¢ jall oY Jigl) dad o2 ik

998 4l o slac Ja )
| slazd memory J) < pars e cpadbs a8 o Ja user process Jl ge OS JI 1 sbasy ¢ jale 16818 axill 348 6 e ) o)
»3 model J

998 31 Jai

limit register Lxe &

limit J' o= Sl access memory & 5 <akin <l s process J o 52 process J gl limit J) 48 ¢ 3k e
Liall Jagw s processor Jinterrupt <es 5 LSy limit register J Ldie

limit relocation
register register

logical physical
address address
CPU memary

trap; addressing error




1.2)multiple partition reallocation
1.2.1) fixed partitioning

partition e JiSi J memory J) audi Lixiy) Lis
protection Ji clie process o Sl e s sini iiisa 3251 I partition J) Lk

equal sized partitions

Operating System
M

3M

M

3M

disadvantages:

8M e SI s el process J (Sae

sl 5 process 2l partition JV Wk a o) gliie) addly 7M Lile gla A | 1M Lelis size J) process !
(Lo OIS L) G

internal fragmentation agenis J52 7M JI

== partition J) & A e ala il I dsluall o 52 02 ¢4 (Lie internal 4 b



unequal sized partition

Operating Svilem
Al

2M

M

M

M

M

12M

laM

advantages
ild A el disadvantages J) bala

5_,x8) processes J! S size gdie S
internal fragmentation J! Jligé i partition < Lkasa 5 aa process !

disadvantages

22a. partitions 2aa aie <l ) L
a0 25 s duad o ol internal fragmentation J Jisia 3 a4l process JI



1.2.2) dynamic partitioning

process J «asin OS JI L
Ll 20M JI el jaae 20M daliae
Ll 14M JI el aas 14M daliase

Operating } aM Operating Oiperating Operating
System System System System
Process 1 l 20M Process 1 20M Process 1 20M
} S6M Process 2 14M Process 2 14M
b 36M
23M Process 3 18M
] J am
(a) (b) (c) (d)
partitions with variable length and number <ll s 3.5 (Lie
$99¢ disadvantages 4 4 sixa sal Gu S sl o il
g_q...n;;] Bﬁ\
Operating Operating Operating Operating
System System System System
Process 2 14M
Process 1 20M Process 1 20M 20M
&M
14M Process 4 aM Process4 am Process4 BM
&M &M &M
Process 3 18M Process 3 18M Process 3 18M Process 3 18M
am am 4M am
(e) (f) (@) (h)

memory J) (= z 335 p=ldh W processes J) e JS)
() s> Ui partition J) s olie external Ls) external fragmentations s



femaly b
J olie process J L o ymia (e Ll Y1 cpald 16M Laie W (e a2 1L 16M el size J) process Laie
Cald il a5 e a8 (S cONtIQUOUS) L s aalaliss process

9¢¢ Jally il
ann Je pSblock Ay pan o geati (50 agtn A clabiadl Susy aghiiai | compacting lees! dala Jas

il performance J) Gle il 5 00 dessa 1 58 processor J) cawdl G
placement algorithms
@) drid UL o s 4) Jany 9 L8 L

first fit
Aol (ya
4al38 caulia block Jsl Q& a 2a1  memory J! <@ block Js! o= = liner search ) scan Jex

best fit
e block cpeal e ) ga 3
6M J s (6M 12M 20M) s 5M J allocation dse! e
dala sl Sllddy glic memory J <@ block s2Y memory J) < block Jsl (= scan Jesy 43 4ilKie

worst fit

best Jl (sSe o2
block Si) dala T sul llad lie memory J) < block LAY memory J! < block Js) = scan Jexs
20M JI Jtisa (BM 12M 20M) clxic 5 2M gline sl giny (i o lia

aiin Jshle (g od g oa Sl block J) <@ 3 sea process 1S cllaeay 431 4 s odic 5o Lk



2) non-contiguous allocation

2.1) paging

Laie S Ll S8 o s 2 contiguous leany 1 )5 Jaadia 3¥ memory Jaal glie oY oS il L.;SI &}ﬂ\ -
(compacting Jes Ul 4 5) Leia aléius (5L y2e block 138 e 48 jiie il lie (g 23818 dalus

9¢ non contiguous blocks licly <a process J! allocate memory ¢ Ll (i jSiie 4l il
partitions J Wiclh memory J) aui o Ju

frames sl <) 32l U memory J) asiia
<l el size J) 2 frames J)

pages e ol J ey process JI audia g
s bl el size J) s2 pages J!

frame J ¢ size J = page J\ g size JI

four pages L=l size JI A processd! 88
memoryd) < ualé four frames dabiss

Frame

nurmbes Main memory Main memory Main memory
0 0 AD 0 A0
1 1 A 1 A
2 2 A2 2 A2
3 3 A3 3 A3
4 4 4 AN A0 NN
5 5 5 AR NN
6 6 6 RNNNN B2 0NN
7 7 7
8 8 8
2 9 9
10 10 10
11 11 1
12 12 12
12 13 13
14 14 14
(a) Fifteen Available Frames (b} Load Process A {c) Load Process B
e@m}i Cayma i Y 099 bl frame ¢ Ll Bl page JS dad zlisa lia A5 Lllaia
page table

memory J! <& frame ¢ < 4k ghaas clicliy process J! o« page JS el su daluw J o 02



Page Number
0
1

Frame Number

3

5
8
2

:physical J logical J! s s\

algiia ¢ S0 o ol gelis a1 (i ym oS Al ) |y il | dada 500 QS Laie o) J) e il J5Y1

09560‘1;1@}Og§50a;§m&£dj&j‘41}§3by;kj)‘5@\

E@NONARNO

003 3~Fe-TQ020CTH

logical memory

O
1
=2

3

O
1l i
i
5 K
(= |
1 8 m
- n
o
page table P
12
16
20 a
b
c
d
24 e
f
g
h
28

physical memaory

999aald e



physical J! s <a, J (virtual) dl <) (e Walilss lakally QUK 65 Lxie page )
base JI sl sl il o) o I saal s daglas je zlise (i il i 52 page J) < byte ) <ie) Jlie <
address

p J <~ 48 15 43 [ogical address e
(G A Aan N (0) 4B Lelis size J) Seli page J) o) —le Ul

4 ¥ @ el base address J! 2, page & < s cael e ) Ay

a)15/4 =3
b)15% 4 = 3

page J ¢l base address J a5 (Sl 0 g faw gliie) 3 Leeliy pSai¥) Jipage J) < o2 address JI i
3 s oOffset

sl L s frame JI 4 s el page table J' - 58 , page J ¢ base address J) <a el Sl Ulas 288 3 35 s
frame J! ¢ base address J! 5w ¥ page J! ¢ base address J

9 5 )
2 acly size J) < frame J) oSl @ s

4B 4exx 50 8, frame
0 Soluws frame 0 JI g by base address Jl (sé,0=40

2 o9, frame ¢/
8 ¢stw frame 2 J' ¢ base address J) (828 =4 2

physical address = base address of page + offset =8 + 3 = 11
11 st physical < <& 15 55l logical < p J Slad 30
shared pages

$99ma code J (i agd aglS | (s in 50k 3 8 Apulall AV Cad
mlS aged 2 Sl ey page J) A3l 8aa) s frame <o adaa) 5 e S memory J) s &l e <3 allocate kel 2 Jx
¢ frame J) e i



2.2) segmentation

agalls
o R IS sy (Kl | Lpany e daal 5 Aia (o haain i eXecute alexd s ram J) < adaas lie b Lieliy 3 K1) Lnie
segment

code segment <------ leanl 2580 ey functions JI sl instructions JI e st segment 4

data segment <-------------—--- el 2 Sl el global variables JI d sty segment 44

stack segment < Leen) 2 Sl ey Jocal variables J) e bai segment 4.

.pages J! usSe aaall (a4, 5luia i segments J Wiels process J) audia
(external frags 4 2ued dynamic J) « & San (fia) Lenwis frame d memory J) audia Gie

segment JSI Jaul zliss

base address

Js) address o o oaie iz L
limit(size)

I sl e 4 383 3als 4 address

<l Leelis size J) oS frames JI oY page table J < size J) daiy (ilSa
e el size J) segments J) Lia (S

Segment No Base Address Limit
0 1000 500
1 1500 300



segmentation with paging

frames e 2 pages J! 0 A (e s pages J segmentation JI asiin La
3X G
page | <------ segment JS
frame X <----page S
external fragmentations J! Jla -2
Here are the tables without any text:

Segment Table:
1000 Page Table O
1 2000 600 Page Table 1

Page Table 0 (for Segment 0 - Code):

0 5
1 8
2 12

Page Table 1 (for Segment 1 - Data):

0 15
1 18
2 22



virtual memory

Sl sl pointers J Gk oe , hardware J) e direct a5 dlisais cpp J) 5 ¢ J o slsin oS
15y 48 oS0 W) 4yl protection s, (b )5 OS JI dles) 99 13l @l

1 int *ptr = 0x3u34;
2 *ptr = 45;

$E0 55 zrm o2 5l 4l b i) address ol ole Jad s dals JS Ll (Sae U538 63 (53 258 o ) slina 0
Y

has ala dgle |l g (g3l pall (U min 5 ia S Gl SIN ael il lidie el g (i 4 Y Al @ o 8
..... el g plae o LA AL Gu aall 1 sal ) 3Ll 5 pliae

"lia 2lidl) dlllaaia Ualy | 100 J 1 o 4und a8y sl a1 S5 100 Laie Lal |58 g kit cla”

ezl llal s 5 la) alac

sl RERE Jaa
"lia 2didl) @lllaaia Ualy | 100 J 1 o 4und a8y sl a1 S5 100 Laie Lal |5 6S g clilais cla”
ddaidll alla) g ddaally 5 sl ol

0098513 b | (sole Ailais anl g JS 52 Jal W &1 S a8y (i oy jlida agdl | sial) | Cng e ad g

100 Liie Uials 998 (g13) b | S5 1508 aglS 5| i gl) i o sl 5 200 4 (i (See apnd) Ay je U6 dals lilaay

$95 L Sl
Janiaally 42l Cpsiala Jaign 851 anal)

(o LU Jsana o Sl alliha 3 e (inda) 100 JV e S 6) JUR Ha8 2 ()
DS 2 e T Gl dd ) o e i gl Gl S BB (W) S

998 513l 03 b

S5 100 saic 4l clagia aall
(Ui 500 I sms vy ) S 1000 4 33 oie Ol Ui sgd e M )(
BEEENPRENARIPREN |

NEBI R MRS P Bl EL Rt YR I



(s JUA) jganaon Slll allin & yo (faia) 100 I (e S8l ) Ly )l as (gl ) )

 Jstall oo DI (G (e llaiing) o e il U1 e s ile 5 ) Sl o adanys | 4umd U1 Sl o elia sila
eiia e cl g @il 5 Llad G il A g8 Cagdy Jsaall o pans | dliala allad o Wl

20 < ha s a0 8 Jlial A L
30 <o lghs & 5 28 JWAIB

name num of locker he picked num of actual locker
A 8 20

B 8 30

C 9 1

o2 100 0o S, 5850 a3 a S aanll o 1 i 013

name num of locker he picked num of actual locker
A 8 20

B 8 30

C 12 storage (0_3<l)

O oAl Gidasy Tay Goamy | e S61100 J) e

G & O o

s U Al allays 100 JI e S 51 Jlidn

(swapping) Sl (e Lealls ) ddaill) LilSa Jaay 5 cllia (e clilaid Cusy 53 500 o3l 7z 50w
Sl gy elihaih ol oo G Ll ol el I Adasdl) | J sl e update Jaxas

e il 5 Ll ) (e Al allay

Ol Gl ) ashaid adla o C 53X s
5 s Jsaal

name num of locker he picked num of actual locker
A 8 20
B (LlSe cad il A daidll) 8 storage



name num of locker he picked num of actual locker

C 12 30

<l iy d b, ¢ g o swapping Jea

virtual memory J W <o sl Ja anall Luals

process J <----- Gk Jala A

virtual memory <----- peie AT Gl Jsha palidl <1100 J)
ram <---- Ll=s anll 152 A <4100 J)

hard disk <--------- Ol

Lst address space ol s ls) das 5l il LIS ram J) Wl sis OS J), Lxie process !
variable X 4 lal gddress 0x3434 J) & ule Ul (=34 41585 process J)

0x2222 ¢S5 4al e e dia Calgdaay X JIadly 5 bk ¢l caa Ll 530 OS J)
table J) «aodic Jauun g

variable virtual address physical address
X 0x3434 0x2222

997 LadA ram Jl < S iube il
disk JI <8 i) gaie Jsaall s Jad 5 disk J) <o lehasa (DA

variable virtual address physical address
y 0x5912 disk

(«3a3 byte 4 alw 2a) 5l address J)) G address Jbk 1 Jxram 4GB Laie
AS) Girdine 035 G Js2all 1GB Gaaline Jsan <o aalilas ]

338 Jsall By s pages J physical memory J\s pages J virtual memory J) audia 335 liad

page virtual address page physical address

Oxe234 0x3000



page demanding and page fault
disk J <@ Wl Jgaall o 42y OS JI5 address o« & <l process Jl «hb

# &) DISKJ
oalld Al pa Sy 5l 500 ¢dl) 8B 1 disk J) (e Aals cunl 7)) Gldie 35S Anuan (o0

page fault 4o disk Jle gijae S Aala 4 cual 75 ) slaaty ) 5 Ll
e ans 48 I page J allay (P e (i) ram J) <@ g8 )3 OS JI

hard disk J' (e (52 &l il Bl 2 3Y | disk J Ao gaie M Asudll ge 5t Wb deas ey dirty page !
ramd) o Leladl o J8 J5Y)

o 383X 5) YA s ramd) (e el &y | disk ) e gaie A Aadll ge (45 uaia Jxa clean page s
(disk ) <& (& & Axil) Llaay (5 e

ram J < slinsd Lal I oS J disk JI e Lelisy 5 Ll processd) U page J) 1l OS JI
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page replacement algorithms
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file management

file allocation
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1) contiguous allocation
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2) linked allocation
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3) indexed allocation

dala G Calidy Gl I 4a 0

Jl 4aul 25 block < 52 pointers J) laea | file J) el blocks J) s (38 k)5 ) shaiie <ilS pointers J) » dx

index block
3 Jale 483

1st block of file ------
2nd block of file -----
3rd block of file ------
4th block of file ------
5th block of file ------
6th block of file ------

filename

jeep

. o,
m,___‘__________.__‘__,,«-’
o] 101 2] 3]
4] s_| 7L

ealJ2gl laol la1[]

L=

?9473\ sliza
> is block 9

----> is block 16

---> s block 1

---> js block 10

---> js block 25

---> is block -1 ----- > indicate end of file

index block
19

file J <l blocks J) <elis pointers JI 4 &3 A 54 53 19 &8, block JI



free space management
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