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1l int count;

2

3 wvoid buy (void)

4 {

5 if (count == 0) {

6 error ("None left!'\n");
7 return;

8 }

9 count = count - 1;
10 }
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1l int count;

2

3 wvoid buy (void)

4 {

5 if (count == 0) {

6 error ("None left!\n");
7 return;

8 }

9 count = count - 1;
10 }
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Time Thread Line Count
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3 2 5 0
4 2 6 0
5 2 7 0

1 int count;

2

3 wvoid buy (void)

4 {

5 if (count == 0) {

6 error ("None left!\n");

7 return;

8 }

9 count = count - 1;

10 }
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1 1 5 1
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1 int count;
2
3 wvoid buy (void)
4 {
5 if (count == 0) {
6 error ("None left!'\n");
7 return;
8 }
9 count = count - 1;
10 }
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1 int count;

2

3 wvoid buy (void)

4 {

5 if (count == 0) {

6 error ("None left!'\n");
7 return;

8 }

9 count = count - 1;

=
o
—




Y 90 Jle

g;"’b) Caax0g

D oo lis ) olas S (635790 Copie oy Jlo o @

1l int balance;
2
3 wvoid deposit (int x)
4 {
5 int n = balance + x;
6 balance = n;
7 1}
8 void withdraw(int x)
9 {
10 int n;
11 if (balance < x) {
12 error ("Account balance too low\n");
13 return;
14 }
15 n = balance - x;
16 balance = n;
17 }
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1 1 11 50
2 1 15 50
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1l int balance;
2
3 wvoid deposit (int x)
4 {
5 int n = balance + x;
6 balance = n;
7 1}
8 wvoid withdraw(int x)
9 {
10 int n;
11 if (balance < x) {
12 error ("Account balance too low\n");
13 return;
14 }
15 n = balance - x;
16 balance = n;
17 }
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[remainder section: .5 glecwd plu]

[entry section: v sa>basgyl

[critical section:  Jlz>u sa>U]

[exit section: _lou caxllzgs]

[remainder section: o5 gslacwd o]
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Zewd Mutual Exclusion caase Mutex caols ®

Mutex

lock() unlock()

L release() qobs (w5 o)l (90,5 J48 6l lock() L acquire() b (call 105l xols go Mutex gl Jos  ®
ol 9,5 5L gl runlock()

(0SS oo J48) 0,05 oyl o 1) T oS o Sles18 [y Mutex SO 1ock() qobs dus, o oS 39 @
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1 wvoid acquire (Mutex *lock)
2 {

3 while (*lock == 1)

4 ;

5 *lock = 1;

6 }
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7 void release (Mutex *lock)
8 {

9 *lock = O;
10 }




\ ¥

o sl galins J>

Jol Jlwo yo a8 5l eolasiul

el o slmyl sl e 55 25 ol yis MuteX glo L5 SaS b 8, Corniog 00 o 3l gl ®

1l int count;

2 Mutex lock;

3

4 void buy (void)

5 {

6 acquire (&lock) ;

7 if (count == 0)

8 error ("None left!'\n");
9 release (&lock);
10 return;
11 }
12 count = count - 1;
13 release (&lock);
14 }
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int balance;
Mutex balance_lock;

void deposit (int x)
{
acquire (&balance_lock);
int n = balance + x;
balance = n;
release (&balance_lock) ;
}
void withdraw (int x)
{
int n;
acquire (&balance_lock);
if (balance < x) {
error ("Account balance too low\n");
release (&balance_lock) ;
return;
}
n = balance - x;
balance = n;
release (&balance_lock) ;
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Semaphore

wait() signal()
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1 wvoid signal (Semphore sem)
2 {
3 sem = sem + 1;
4 }
A2 oo plio |y wait ;b )l w2 oyl @
5 wvoid wait (Semaphore sem)
6 {
7 while (sem == 0)
8 ;
9 sem = sem — 1;
10 }
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Thread #1

Thread #2

£(); g();
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Thread #1 Thread #2

£(); wait (sem) ;

signal (sem) ;

g();
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error ("None left!\n");

1 int count;

2 Semaphore sem = 1;

3

4 void buy (void)

S {

6 wait (sem) ;

7 if (count == 0)
8

9 signal (sem) ;
10 return;
11 }
12 count = count - 1;
13 signal (sem) ;
14 }
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1 wvoid producer (void) {

2 while (1) {

3 Item x;

4 # produce item x...
5 queue. append (x) ;

6 }

7 '}

8 wvoid consumer (void) {

9 while (1) {
10 Item x;
11 X = queue.remove () ;
12 # consume item x...
13 }
14 }
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1 Queue queue;
2 Semaphore queue_lock = 1;
3 Semaphore full = O;
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5 wvoid producer (void) ({

6 while (1) {

7 Item x;

8 # produce item

9

11 wait (queue_lock) ;
12 queue. append (x) ;

13 signal (queue_lock) ;
14 signal (full);

15 }

16 }
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17 wvoid consumer (void) {

18 while (1) {

19 Item x;
20 wait (full);
21 wait (queue_lock);
22 X = queue.remove();
23 signal (queue_lock) ;
25 # consume item
26
27 }

28
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Semaphore lock;
int rcount = 0;

Semaphore rlock;
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wait (lock);
# write to resource
3 signal (lock) ;
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1 wait (rlock);
2 rcount = rcount + 1;
3 if (rcount == 1)
4 wait (lock);
5 signal (rlock);
6 # read from resource
7 wait (rlock)
8 rcount = rcount - 1;
9 if (rcount == 0)
10 signal (lock) ;
11 signal (rlock);

(pylez g pow ba) 0iS oo a8 1) mio cuiiles (gl aS conl ol aS ashad ol o Lol gonsl @
ulfd.u'g}g Cewl oals J.cﬁ e od.u|9_> U"Jﬁ‘ .’a.ws.a O¥ A.»..SJ.@ |) e b\.o)k\.’ Lg)Lu ) ulf..\.u'g} b
St slodiuns U (e kas) m@oljil)woalpngwcmﬁww)&uxlp)lS@% o

[ ]

X558 oo lyrlock Ja8 s wyiws gl o Basilys acount ase gl 0l Cunig 5l 6 uSel> ol



Y4 S yS

RN o)|5 6)i'° ulf..\.u'g} (g ‘oLo.: u»)lf od..u|9.> U")}T dS.u' )| J.d o)|9.o.a: Muojﬁ L4

o el

J.SGA b‘j l) lock J.O.‘? od...s‘g? u.:).>T O% M)GA.: ulfwy A Cogh oli?r.u’b O y900 u.:‘ 5 L4
gy g0 axdS (Starvation) Kiw S L Jasd slsl opla, @
Wles Hlatie x5l BaisS oolawl 51 SO sl ails Sl 1S aos oo ) S8y e 5gds Lo, @

g ples L) g oS oolasw] a3l algn G0 ledien Buis solaswl s



Y. Wi yS ladganlid

el (g9 50 350 4 0l a5l gl Jl 51 S, Dining Philosophers galiw. @

WAl 055 a0 S je0 Spedid Ty S 28 @

SG 13,18 3929 e (89 w92 g Lo ailiwlio Lol w95 o 1dé (Chopstick) wgz g0 SWS L lacdguls @
o2 LS Boalid 90 o g

S8 s |y Cesly o 92 e 13,10 o0 | e o g2 il i )T Bgunkid S ST ¢l ol

o3 oo 58 (Lo gl | Doz 90 58 e 995 (0 142



| Wi yS ladganlid

S (5 A 50 Syndie galable o [ o (Ge) e ol b @

Mutex sticks|[5];
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while (1) {
# think
acquire (&sticks([i]);
acquire (&sticks[(i + 1) % 51);
# eat
release (&sticks[i]);
release (&sticks[(i + 1) % 5]1);
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