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Unit-5
Process Synchronization
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Read Shared Write
Process 1 i ; Process 2

Read

Process 3
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register;=counter
register; = register;+1
counter =register;

registerp=counter
register, = register,-1
counter =register;
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To: producer execute register: = counter {register; = 5}
Ti: producer execute register, = register;+1 {register; = 6}
To: consumer execute register, = counter {register, = 5}
Ta: 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 A

next_free slot

Process B

next_free slot

Spooler directory

0
4 L ;
5 ’ 3
| reads IN and stores the value, 7 | §%) out —» et 4
0
| CPU switches to process B fi 5
3 also reads in, and also getsa 7 zam 6
= stores the name of its file in slot 7 and i
< 2 updates in to be an 8. mn —» 7
é goes off and does other things. 8
0
CPU switches to process A .
looks at next_free_slot, finds a 7 there, 0

and writes its file name in slot 7, erasing
the name that process B.

increase next_free slot+ 1

sets iN to 8.

Contents of slot 7 depends on
A and B order.

B is interrupted
or waiting or...

> out- points to the next file to be printed;

> in—points to the next free slot in the
In the result
B

directory.
printer daemon will not notice anything wrong, but process
will never receive any output.
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do

{
acquire lock

critical section

release lock

remainder section

} while (TRUE) :

Process

< \ A in critical region

Process

m / B blocked B in critical region /
>

' / C blocked C in critical region
T

1 T2 T3 T4 T5 T6
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do{

}

2l

Flag array:

True | False | False | True False

Process 1 2 3 4 e e e e n

//A process Pi wants to enter into the critical section
//The ith index of flag is set

Flag[i] = True;

Turn = iy,

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

{ Critical Section };

Flag[i] = False;

// another process can go to Critical Section

Turn = j;

Remainder Section

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

}
do { do {
flag[i] = true; flag[j] = true;
turn = j; turn = i;
while(flag[j]&& turn==j); while(flag[i]&& turn==i);
/| Critical Section /| Critical Section
flag[i]= false; flag[j]= false;
/| Remainder Section /| Remainder Section
} While(true); } While(true);
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boolean flag = false;
int x = 0;

’

cblull Thread dus M G
while (!flag)
print x;

x = 100;
flag = true
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while (!flag)
memory barrier();
print x;
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x = 100;
memory barrier () ;
flag = true;
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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*/
g /* do nothing
//critical section
lock = FALSE; //store a 0 in LOCK
//remainder section //return to caller
}
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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

}
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while ( key == TRUE)

Swap (&lock, &key );
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Mutex

e B
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release release

shared resource

Y

walit (mutex) ;

signal (mutex);
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P(S): if S >= 1 then S := S - 1
else <block and engueue the process>;
V(S): if <some process is blocked on the queue>

then <unblock a process>

else S := 8 + 1;
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wait (S)

{
while (S<=0);//no operation
5--;
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signal (S)
{
S++;
}
signal() , Wait() wllee 8 5L daaal) dadll Lo cOball puen 20 aay 4 Lo sy
Al LB e S0
Semaphores jailai
.qu)p@maamwté\JL@J}E\MMI °
Adide @ld) e ddide dags aladl W) 05 o (Ko o
.53:1)5 d}.«AJ th&ldcpMdS [
b Gg ya @y (S 13 Banly dads goal) andll 8 Baastie Clhilany e of S @
sdlasd) £ lsif
1osvilid] 9.9 lownd)/
g o5 Mutex aul Wle ade gl 5 ey eJalitall alafin) 2enl aadiin Hshlawd) (e pald (5 43
idee Jas3 ¥ (Binary Semaphore & .zelinl i ol it 1 5 0 ofeidl) 33by 1 1) A ) silasd)



Cysilased) 35 05K 0 = silascll dad (355 Lavie LAY lae iy o] = ysilasud) dag sl 13 V) Uy
claall sl e il 8 Jgud Al
i)l je9lowud/

oSl Lgaladnud (Ko 2ie g Jlae e 2all lysilos 2sh8 o (e - 2ganall il Bkl pa5 o3a
Dlgall 220 ) 5L hLEY) sae aladiul Lo s Llsall (e dgane 230 (e O5ST (are 3yse ) Jsaasl) (8
Y LEGE 2aell (all] st c3)lsall D) 13l LAl ) gilasad) 2o 5aly) aad ¢)lgall ddlia) i 1) LAaliall
Led) @l gilas & Jaliie alaticd 2ag

ol iapa 34 LisSemaphores /i) s
cygall Al ya Byla) cllia ¢ Hgilasad) sac lioas
Bl 8 Jaad) 358 3 Lol Gaass ligadl) G Aliiss )ygilasd) ¢
ol pudl) & Jedall saxae Slleal Semaphores zawi Y
) pedll ) Jgaasll aaly i lliss (0 FSY ans sl @
oAV Lyl Gyl pmns e ddels ST o34 Ay Jalisall alafin¥) Tase i cygilasad) o Cus @
Fllad) iy )13 w Y s hgiland) & Jgrdall HUEEY] e w2l ygilasd) 3 3lsall 508 2as Y ¢
o))l Y sl dglanll = Laaall Jaf (o d clisll @3 a8 oy (ol IS 13) Law (aaill £la (90
P S silasd] 25 gla
Labdiall Zoglg¥) ) calbeal) o 38 Gum ¢ Auglg¥) al€ai) 1) (g5 28 i) o 5o 2l T asl e
AEaY zoall pel) ) Adlad) gl gV 3 illaadl Jesi 385 Yl pall pdl 1)
essall il HLEY N HUSEY) Julee 25 Cano ¢ gilasall & deadlocks ageadl cYls il ¢
a5 modularity ddaaill lai ] (a5 lealadind Y - ae e auly i e @lygilaal) aladia) ¢
Aadal) oda Jid alaie Laglads oLis) aic wait and signal cildee Y Gosy
. deadlocksasenl) o auagll 138 in .+ caa e dal ) dolend) Cign 38 cailud) yue aladiu) aa s



m-

p—

gl ey Lglatial) lileall 2 ol o jal) acdl) A< Lam of oKay

AS e 3lgas Al lleall i Lavie bl bl aial diada) ) dalad) Las .2

m-

Grangud asall Guti (g 3l (Gl dilee lglag BSIAN 3 adge e el Lo dilee cilsla 1) .3
giialie o ol 1] deddieal) bl & )l

Lglaie (Al dilee llia € 1Y) oyal) adll g Ly Lgaladl (0 6l 25 o ddee Y S0 Y 4

Jekeill e 13Lie) saniall llliall 2 cililand Algil) Aaitll Cibias Lovie el Alla Giaas .5
i il i 2y (53

bl At i alfie IS Lgiallany llall a1 Usamslls bl (0 3ol a5 cpm -6
cJgeagl) 4d Gaasgy (A el i pll e adiad

A Alee alasialy daall Lgalel ) Jsaally cilead) B0 DS (o GBland) Al ins 1y .7
LAdjanll dLie

I Jala signal( ) gl JEd) due e signal() 5 wait( ) Jie clelss aladia) s .8
Al mdl (e zg A wat( ) (st iy onll adl) ) DY) ae ol

ol aeadl) b i) a8 dlee @llia <l 13 4 Mutual exclusion dabaal slesud) e .9
Ll elld bl 13 b il dilee 4 ehals 2 lead) o U

o sl by o ST clllad) 5 cilbdaall g (ol ki Y1 delae Cipan pie Glaa Sias.10
Ngabiag ) 3))eall

e gy e gl o a0 o G opoad) lead ) Jseasll Gl Lo Llee p08 Ladie .11
Lol zoal) sl ) Jgeaslls Lol zgansall 9V cibilanl

m-

clallaa) Ay (A daad) Ghglall e (g da 2aiey 12

i (gl Gt bzl el ) Joaall Pj P e JS clgla 13 48l (gain s e 13
OSal A Y el

Glalad) saes o BN & @huss @ i G of oSe @lliy) el e igs.14
AV lallad) e Jexd ) @lllall 4550 5,911 cLa3 058 o Glaa Ul ¢ 53 Y)

ol 2w )laadly Jleal) paes JLaS) Glaca alaill (Ko Y <IN Sals ciladad b xie .15
LAYy u:\_);:i }i (L\A}.l_ X Q\,A.A.:;

ehal U8 GAY) Clalleall djas 5N & cilal) 8 i) il o 58U Sala ey 16
dgiedl Gl ol Jaesll clilee

Ofnald o) onlee P e Y] Semaphore msall el ) Jeadll (Sa V.17
wait and signal

cgl) i 8 golad) gilasnd) A il Adee e SV (K018

Banly A goal) anil)  saawie Clhlaas e O oS andl ysilasad (S .19




A g a0l o slaal) sl a8 336.20

gl OOl A Eigas ade lygilasal) (aai 21

.22




