OPERATING
SYSTEM

Lecture Notes
dilasleall and

Gyl Aauui



Unit-5
Process Synchronization
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do

{
acquire lock

critical section

release lock

remainder section

} while (TRUE) :
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register;=counter
registery = register;+1
counter =register;
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register,=counter
register; = register,-1
counter =register;

To: producer execute register: = counter {register: = 5}
Ti: producer execute register, = register;+1 {register; = 6}
T2 consumer execute register, = counter {register, = 5}
Ts: consumer execute Register, = register,-1 {Register, = 4}
Ta: producer execute counter= register; {counter=6}
Ts: consumer execute counter= register; {counter=4}
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Process B

next_free slot

Process A

next_free slot

Spooler directory

0
J4 L °
[<3]
: = M
| reads IN and stores the value, 7 | _i out —» ert 4
| CPU switches to process B> fi 5
3 also reads in, and also gets a 7 zam 6
0B stores the name of its file in slot 7 and .
< = updates in to be an 8. mn - —» 7
g goes off and does other things. 8
CPU switches to process A Z
looks at next_free_slot, finds a 7 there, E u 0
and writes its file name in slot 7, erasing % g Contents of slot 7 depends on
the name that process B. e s A and B order.
increase next_free slot+ 1 £ g
sets iN to 8. ﬁ 5 > out- points to the next file to be printed;
» in —points to the next free slot in the
In the result directory.
printer daemon will not notice anything wrong, but process B
will never receive any output.
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' / C blocked C in critical region
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N
Flag array

True | False | False | True False

Process 1 2 3 4 n
do{
//A process Pi wants to enter into the critical section

//The ith index of flag is set
Flag[i] = True;

Turn = 1i;

while (Flag[i] && Turn == 1i);

{ Critical Section };

Flag[i] = False;,
// another process can go to Critical Section
Turn = j;

Remainder Section

} while ( True);

o)) el AU<aa Ul alpll Jle adiny Js 120 o

Al dpsalal)l Sl e Jany Y o

ddead) a PL o Gaghs - hisall pdlly onll anadl) (o 2l GLgli (fidee Jal (e daliad s gaw o
Al dalead) o P2 5 oY)

coandl lguans ae il peaie lulead) @bl of cny @

intturn o
Boolean flag [2] o

) e 3 Jas o g A Bkl ) ety TUm e



G Pidded ) flagfi] e cpadl ewd ) Jsdall sals ddeedl clS 13 L Uyay iflag e
calS 1) P deall ) flagj] edss -zoa) leand & 2anll Bals Process Pi @ flag[i]=TRUE
ol lgand & danll ala Pj Lleall o) flag[j]J=TRUE 4kl

COsain ) lsd e Bl (2l Lses Y)

Peterson's Solution
while (true)
{
flag[i] = TRUE;
turn = 3j;
while ( flagl[j] && turn == 7j);
//CRITICAL SECTION
flag[i] = FALSE;
//REMAINDER SECTION

}
While(true){ While(true){
flag[i] = true; flag[j] = true;
turn = j; turn = i;
while(flag[j]&& turn==j); while(flag[i]&& turn==i);
/I Critical Section /I Critical Section
flag[i]= false; flag[j]= false;
/I Remainder Section /I Remainder Section
} }
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boolean flag = false;
int x = 0;
Ulall Threadlduns oy Cus
while (!flag)
print x;
2 gyasall 35
x = 100;
flag = true
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while (!flag)
memory barrier();
print x;
e astr U Glasadil) G BRI fals Uaiag 13 cJiadly ox Aad U8 alall Zed Jaesd (el (a3
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x = 100;
memory barrier () ;
flag = true;
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Synchronization Hardware Lilpdl 4.l Ao slaie ¥l il
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TSL Instruction
boolean TestAndSet (boolean *target)
{
boolean rv = *target;
*target = TRUE;
return rv:

}

Mutual Exclusion implementation with TSL
while (true)

{

while ( TestAndSet (&lock )) /*1. copy LOCK to register and set LOCK to 1
2. was LOCK zero?

3. if it was non zero, LOCK was set, so loop

4. return to caller; critical region entered*/
/* do nothing

//critical section
lock = FALSE; //store a 0 in LOCK
//remainder section //return to caller

}
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Compare and swap Jsy o6
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Swap Instruction
void Swap (boolean *a, boolean *b)

{
boolean temp = *a;
*a — *b;
*b = temp:

}

Mutual Exclusion implementation with Sawp
while (true)

{
key = TRUE;
while ( key == TRUE)

Swap (&lock, &key );
//critical section
lock = FALSE;
//remainder section

}

while Zils 35 Yol gt Ll cralinl) (e ol adll P1 ddee Jas Laxie codlel 2601 b
while ( key == TRUE)

Swap (&lock, &key );
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Mutex

wait wait
Process A )< > < Process B
release release

Shared resource
Mutex alasials @l idal 3ysall ) Jseagl 25 J<a)

wait (mutex),

signal (mutex);
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LSl
e O ASHAe Al e dasia Aol Lt LlaaY) 4 juie s giladd) (Bl dbws GllS
t Al sl e Jesd Alls cwait and signal 2 ae ¢ 20l Al
P(S): if S >> 1 then S := S -1
else <block and enqueue the process>;
V(S): if <some process is blocked on the queue>
then <unblock a process>
else S := S + 1;
: 6 wait and signal 1 sul&l) Cauyanl)
o e S Al ezl O e g Laldll S dagl) dad Galal e dleadl 230 Jex3 swalt @
Al Als 8z pall andl) 8 Le dage J10) G aSaill e cald O€5 Blaal) 228 dlaelis (1 (gl
posls Lol Capel N ¢ P s Jua) 8 Bulead) cilS WaiL() WAdee (6 285 o Y cpjaall f L)
fob LS U] dlee (e LP(S) ddes
wait (S)
{
while (S<=0);//no operation
S-=7;
:ddagala
A gl Gai & ot o ] dilee (Y 0 D silanad) dad Jaaety Clhilaall (gaa] agi Letie
S 58 Y Jaind) el GlISS S (S <=(0) Ammeal) aill) 25 oy oDl 5580l Allal) 8 L Lgusti |y silased)
- Ui @l s -
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padind LU A6 b 5yshane dulae lia 2a3 ol Cun clgy Laldll S dassl) dad e w3 isignal() e
V (8) dkee auly Liad Capad Gl L mpall ol (e La dage zosd (o pSaill ol (<50 dilanl) o3
s Jal sl e signal duee cioyas
signal (S)
{
S++;
}
J<é signal() s Wait() bles 8 5L danall dall e cDaetl) anes 205 iy 4l Liad LY
Ayaall L e

Semaphores (ailai I

dAlle e maaia 230 A il Ll Aava L)

cllaall e aall g Jany

Adhde L) ae dilide dags oLl L) 06 of oS

B Jsuay ) Al mya and S

e Ggya @y (S 13 cBanly dba goal) anadll (b Baaie Slblany mens of oSa

it g1 |

:Binary semaphore svliJ/_a9loaud/ ‘

g 45 Mutex and W ade sl o (s cJobiall slatia) 3l axdien silewd) (e als JSE 4

Y «Binary Semaphore (3 .6 JSall (& WS malill bain ol i 1 5 0 ol 3aby 1 ) S )silasnd)
2 005010 = psilasad) e (55 Losic BLEY) dulee eniy o] = pgilascd) o culS 13 ) Uiy ) Adae Jasd
calanl) eilasadl (pe dail) 8 Jgad Aslal culysilasad)

Wait Binary signal
— Semaphore —
) = —
signal Wait
v
Shared
Resource

S silescd) 16 (<
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:Counting semaphore s/i2// _j99lowss/

0555 e s ol Upaasll b pSatl Lealitind (Karoniia 5 Jlae e 2al) lygilos ol o (S

G 13 L Aabiall Dlgall 2ae I 5L GhlaY) sae alasial) g Us L7 IS (8 LS 3)lsall (10 250k 230 (e

Alefid angr VLIS 2aall (ald] Sad c3lgall AN cadi 1]y GHlAL il yglasall ae B2l i ¢2)lsall dilia)
call @lysilase (A Jaliie

Wait Counting Wait
— Semaphor —_
— ]| ~
Release #1 Release
#2
#3
Wait #4 Wait
—_ #5 —_
© 2\ 2 (@
#7
Release | Release
Shared
Resource

Jaxdl jgilasad) 17 U<

rolidf piage 38 LisSemaphores pliiiul s

cDlsall dpe Byla) llia ¢ jsilased) Baclas @

el (8 Jtisall 28l 8 Lehiadi g ihagadll (o Alfie cigilasddl @

ol aadll 8 Jeaall saaie cilileal Semaphores meas Y o

) pl) ) Jgaasll aaly i lliaa (1oAY mans gl @

AV Lialiall (33l (mm e Aile i ST 025 el yemy Jabiiall dleia) fase i chgiladl of Gin e @

bl g ) wn Y G Shyiland & Jsrdall HU1 e @b Ghsilasadl B3l H% amn Ve e
o)) adl) ) Jseasils Lbaall = Lacdl Jal o 4 clisll o5 o8 Loyl (ol IS 13) Law (aaill gla (90

o s silasead G5 glens

Labdiall Loglg¥) il cildaal) Joa 28 G ¢ Auslg¥) (ul€adl ) (s058 38 llaY) o o8 25l < oaf o
JEaY mal) anl) ) Al LglgY) il clbead) Jes 285 Yl oad) sl )
el il HLaYls Y] Silee 38 Gy gilandl 3 deadlocks asesll Vs cunil e
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385 modularity ddaaill ()a ) (s35 lealadind Y . Jae s aaly Glat Lo cygilad) plasial e
Al e (il aliie Jadads £l aic Wait and signal cllee oY Gy
. deadIOCkSJ}A.L“ (s @4}5\ faa Jia P W d;i ‘_,,Jl Alaal) a8 gty N8 ‘(.:A“J\ B e\.\';:\mY\ e o

qiolial] N Ol 9Slowud] pliziwl Jo> ) los|

(Mutual Exclusion) Jslis) slesiuy/ -1

Bya IS b Baaly dlee V) Anldall p235 YT Gamg (AS 5 Al pleadied liles
Jal)

1 = 4lxl day Semaphore aaiis

semaphore mutex = 1;
Process A:
while (true)}

walt (mutex),;
ﬁlgUd\A;&Lﬂ

signal (mutex);
{
Process B:
while (true)}

walt (mutex),;
ﬁlgdd\gasuﬂ

signal (mutex);

J)}d\ JOCN] Walt()
-sall )0 Signal()
e o 13a)g 1350e o)) a3 | el
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daly pilas o83l Cplides )i 2

statement2 Ja statementl % s

semaphore s = 0,

PI1:
statementl,
signal(s);
p2:

wait(s);
statement?Z2;

:chbﬂ

e

wait(s) die gl P2

il P2 1 encd signal(s) i PL elgiil an

cllae EX iy .3

P1— P2 —P3

semaphore sl 0
semaphore s2 = 0;

Pl:
statementl;
signal (sl);

P2:

wait (sl) ;
statement’2;
signal (s2) ;

P3:
wait (s2) ;
statement3;

(Producer-Consumer) digiua)y ziiall .4

O Buffer I G (e yealiall aodicg igiud) .5 danns Buffer ()de (A lgacasy jealiall gin mise
ace bl aal dllgiad) plaw s Giaall S Cpag aSlla gaa) gl i) iy Uhee Qi (5S
Oyl (B driagy s

dal)
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(G

semaphore mutex

Ne

semaphore empty

7

semaphore full = 0;

while (true) {
produce item();

wait (empty) ;
walt (mutex) ;

insert item();

signal (mutex) ;
signal (full);

while (true) {

wait (full) ;

walt (mutex) ;
remove item() ;

signal (mutex) ;
signal (empty) ;

consume item() ;

.z\.éjl.ﬁ\ QSL})“ e = empty °
. SJ).;}AS\ ).A.al.uj\ ANe = full ®
buffer.d) d';\d d';\i\l\ &\A:} mutex °

(Readers-Writers) <l ¢/ii) .5

Jal)

19



semaphore wrt = 1;

semaphore mutex = 1;

int readcount = 0;

walt (mutex) ;

readcount++;

1f (readcount == 1)
walt (wrt) ;

signal (mutex) ;

/* el x/

walt (mutex) ;

readcount--;

if(readcount == 0)
signal (wrt) ;

signal (mutex) ;

walit (wrt) ;
/LS *

signal (wrt) ;

semaphore sl1 = 0;
semaphore s2 = 0;
P1
A;

signal (s1);

20
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wait (s2) ;
B;

P2
wait(sl) ;
c;

D;

signal (s2) ;

(Dining Philosophers) auwuwox)l asw i)/ .7

A YN |
semaphore fork([(5] = {1,1,1,1,1};
i Cigealedl
while (true) {
walt (fork[1]) ;
wait (fork[ (i+1) %$5]) ;
// eating
signal (fork[i]) ;
signal (fork[ (i+1)%5]) ;
// thinking
}
PALEAA|]
Baaly ASsd Cagudd S 321 13 Deadlock sy 3
Juadly) Jal)
:LAMAQL&A&LD&‘lJCLu&
semaphore room = 4;

walit (room) ;

wait (fork[1i]) ;

wait (fork[ (i+1) %5]) ;
// eating

signal (fork[i]);
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signal (fork [ (i+1)%5]) ;
signal (room) ;

(Barrier) /il jals .8

A et L Y Al pal] ililanl) ren 45 O cun Cpiils pe i JS 355 Clalee 4 L

dall
int count = 0;
semaphore mutex = 1;
semaphore barrier = 0;
ddes g3

/* AN Aasall */

walit (mutex) ;

count++;

if (count == 4)
signal (barrier) ;

signal (mutex) ;

walt (barrier) ;

signal (barrier) ;
/* Al dajal) */

Al Guslhaal) ol L) adalis

Jal)

semaphore road = 1;

ciafdled Gk

walt (road) ;
/* bl e */

signal (road) ;

E[E 4 Gk
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walt (road) ;
/bl jape ¥/

signal (road) ;

iy itiis) .10

danay Ml 35S0 b Uadll Cain)

3es)
semaphore mutex = 0;
walt (mutex) ;
/* critical section */
signal (mutex) ;
sy

0 ety 1 55S5 o oy 4100Y) dasil)
ity

2ol el Y asl dan oy wait () de Cigie cilled) S

i)
semaphore mutex = 1;
Deadlock iai.11
Pl:
walit (S1)
walit (S2)
P2:
walit (S2)
walit (S1)

fdall salas ¢ Deadlock sy Ja
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k)

S1 »lLP1

s2 abLp2

S2 kPl

S1 kP2
(2sen SGang) . liadeal) i gisd
Jal)
Pinge S (s
52 & s1 b el <

el e Gulasg Sl Sleall b cdadl aclie 3 g angy Sl dde 3 L3 Gasla adat Cslladl)
I3 oS G AR A el iy aclid) s s

semaphore seats

walt (seats) ;

/* 8 jaa ¥/

signal (seats);

3;
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Seox// > .13

spaadl Gian Eumy AT Ly asenll Gy Camy ols3idl L o (ASiA lse 02808 Slilee EDE Ly
SN A aladtil
agaall Alla

Semaphore S1 = 1;

Semaphore S2

Il
=
~Ne

Semaphore S3 = 1;

Process P1

wait (S1);
wait (S2);
Critical Section
signal (S2);
signal (S1);

}

Process P2

wait (S2);
wait (S3);
Critical Section
signal (S3);
signal (S2);

}

Process P3

wait (S3);
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wait (S1) ;
Critical Section
signal (S1);
signal (S3);

}

Pl holds S1 and waits for S2
P2 holds S2 and waits for S3
P3 holds S3 and waits for S1

:gﬂﬂ\ggymgdﬂu@qyd\Néilu\gyg.gueci4§ﬂ'égagc*auﬂ\ggbﬂ\gA;ﬂ

Process P1
wait (S1);
wait (S2);
Process P2
wait (S1);
wait (S2);
wait (S3);
Process P3
wait (S1);

wait (S3);
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