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Condition Variables



Condition Variables (CV)

* Definition:
* An explicit queue that threads can put themselves

when some condition is not as desired (by waiting on
the condition)

~ Other thread can wake one of those waiting threads
to allow them to continue (by signaling on the
condition)

 Pthread CV

N, pthread_cond_wait (pthread_cond_t =xc, pthg_:gad_mutex_t *m) ;
-~y Pthread_cond_signal (pthread_cond_t =*c);

Y. Cheng GMU CS571 Spring 2022 3



CV-based Approach

clitd.

yvoil1d *child (Woid #drg) o
pEintf ("ehilld\a”);
—> | thr_exit(); ?7?
Yeturn NULL;

}

F,mr.

int mainfint arge, char zargv|l) |
printf ("parent: begin\n");
pthread_t p;
Pthread create (&p, NULL, child, NULL);
—i’ thr Jeini{); PP
Printf ("parent: end\n”);
¥etirn 0
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Broken Implementation 1
Y

volid *child (void #arg) 4 1 void thr exit{) 4
printf("Chilflﬁili/////////////;/> Pthread_mutex_lock (&m) ;
Ehy exik (}; 3 Pthread_cond_signal (&c) ;
recurn. NULLj; 4 Pthread_mutex_unlock (&m) ;
} 5 }
5 e
7 void €hr goin() 4

Pthread_mutex_lock (&m) ;
Pthread_cond_wait (&c, &m);
Pthread_mutex_unlock (&m) ;

i1nE mainfint arge, char
pribht TP pareits b
pthread_t p;
Pthread crea
Tl Jell) s
printfi("parents endNfi™);
return 0O;

(&p, NULL, child, NULL});

Y. Cheng GMU CS571 Spring 2022 5



Broken Implementation 1

volid *child (void #arg) 4 1 void thr exit{) 4
printf (" ChilM Pthread_mutex_lock (&m) ;
Ehy exik (}; 3 Pthread_cond_signal (&c) ;
recurn. NULLj; 4 Pthread_mutex_unlock (&m) ;
} 5 }
6
7 void €hr goin() 4

Pthread_mutex_lock (&m) ;
Pthread_cond_wait (&c, &m);
Pthread_mutex_unlock (&m) ;

i1nE mainfint arge, char
pribht TP pareits b
pthread_t p;
Pthread crea
Tl Jell) s
printfi("parents endNfi™);
return 0O;

If parent comes after child, parent

. I forever
(sp, NULL, child, NULL); Sccpsloreve
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Broken Implementation 1

Stk

void thread _exit() {
Mutex_lock(&m);
Cond_signal(&c);
Mutex_unlock(&m);

Y. Cheng

Fanmwfw
void thread_join() {
// a Mutex_lock(&m);
// Db Cond_wait(&c, &m);
// C Mutex_unlock(&m);
}

GMU CS571 Spring 2022
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Broken Implementation 1

wo\';'\';v\'-} R
Parent: x vy I / y4
Child: a b c
e )
void thread_exit() { void thread_join() {
Mutex_lock(&m); /| Mutex_lock(&m); //@
Cond_signal(&c); =% Cond_wait(&c, &m); g
Mutex_unlock(&m); Mutex_unlock(&m); Il zZ
} }

Y. Cheng GMU CS571 Spring 2022 8



Broken Implementation 1

Parent: x vy z
| GOOD!
Child: a b c
void thread_exitk { void thread_join() {
Mutex_lock(&m); // a Mutex_lock(&m); L X
Cond_signal(&c); // b = Cond_wait(&c, &m); /]y
3 Mutex_unlock(&m); I T Mutex_unlock(&m); I/ 2
}

Y. Cheng GMU CS571 Spring 2022 9



Broken Implementation 1

void thread_exit() { void thread_join() {
Mutex_lock(&m); // a Mutex_lock(&m); // X
Cond_signal(&c); // b Cond_wait(&c, &m); /]y
3 Mutex_unlock(&m); I T Mutex_unlock(&m); I/ 2
}

Y. Cheng GMU CS571 Spring 2022 10



Broken Implementation 1

Parent: X Yy

Child: a b c¢

.
void thread_exit() { void thread_join() {
Mutex_lock(&m); // a Mutex_lock(&m); /
Cond_signal(&c); // b Cond_wait(&c, &m); /
Mutex_unlock(&m); I T Mutex_unlock(&m); Vi
} }

Y. Cheng GMU CS571 Spring 2022 I



Broken Implementation 1

Parent: X Yy ... sleeeeeeeeeep forever ...

Child: a b c¢

void thread_exit() { void thread_join() {
Mutex_lock(&m); // a Mutex_lock(&m);
Cond_signal(&c); // b Cond_wait(&c, &m);
Mutex_unlock(&m); I T Mutex_unlock(&m);
} }

Y. Cheng GMU CS571 Spring 2022



Broken Implementation 2

void *child(void xarg) ({ 1. woid thr exiti() A
printf("chilEiﬂilillll,,,,,””ﬂr”’> Jdone = 1;
thy exit (3 Pthread_cond_signal (&c) ;

return NULL; }

el E R B
if (done == ()<t

Pthread_cond_wait (&c) ;

3
4
5
6
7
8

int mainf(int arge, char »*
printf ("parent: '
pthread_t p;
Pthread_creat NULL, child, NULL});
Ehr Jeind);
printEf("parents end\n");
return O;

Y. Cheng GMU CS571 Spring 2022 13



Broken Implementation 2

void xchild(void =*arg) { 1 void thr exikE ()
printf("chilEiﬂi)’;”’,,,,,,,””’12””—> done = 1;
thy exit (3 Pthread_cond_signal (&c) ;

return NULL; }

void Ehe Join()
if (done == 0)

Pthread_cond_wait(&il)

3
4
5
6
7
8

No mutual exclusion, hence child

int main(int argc, char =« { may signal before parent calls
printf ("parent: ‘h\n") ; cond wait (). Inthis case, parent

pthread_t p; sleeps forever!

Pthread_creat NULL, child, NULL});
Ehr Jeind);
printEf("parents end\n");
return O;

Y. Cheng GMU CS571 Spring 2022 14



Broken Implementation 2

void thread_exit() { void thread_join() {
done = 1: // a Mutex_lock(&m); // W
Cond_signal(&c); 17 B if (done == 0) // X
} Cond_wait(&c, &m); // y
Mutex_unlock(&m); If z



Broken Implementation 2

Parent: w @ y

Child: a b
void thread_exit() { void thread_join() {
done = 1: // Mutex_lock(&m); /[ w
Cond_signal(&c); // 'lwb“ﬁiqg if (done == 0) /
} Cond_wait(&c, &m); // y
Mutex_unlock(&m); If 2

}

Y. Cheng GMU CS571 Spring 2022 16



Broken Implementation 2

Parent: w X y ... Sleeeeeeeeep forever ...
Child: a b
void thread _exit() { void thread_join() {
done = 1; // a Mutex_lock(&m); // W
Cond_signal(&c); // b if (done == 0) // X
Cond_wait(&c, &m); //(Q
" Mutex_unlock(&m); I 2

Y. Cheng GMU CS571 Spring 2022 17



Broken Implementation 2

Parent: w X y ... Sleeeeeeeeep forever ...
Child: a b
void thread_exit() { void thread_join() {
done = 1; // a Mutex_lock(&m); // W
Cond_signal(&c); // b if (done == 0) // X
} Cond_wait(&c, &m); // vy
" Mutex_unlock(&m); If 2
How to fix"?

Y. Cheng GMU CS571 Spring 2022 18



Broken Implementation 2

Parent: w X y ... Sleeeeeeeeep forever ...

Child: a b

10 ck(&m‘ ' \)
wareta

void thread_e { void thread_join() {
done = Mutex 1ock(&m) // W
Cond_s gnal(&c) while —r'f—( 0) // X

ond walt(&c, &m); // y
Mutex _unlock(&m); // z

MuteX —Unlocy
—~— (&m)

Y. Cheng GMU CS571 Spring 2022 19



Trap 1 When Using CV

» | thread

wait
Condition Variable wait

» | thread

Y. Cheng GMU CS571 Spring 2022
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Trap 1 When Using CV

wait

» thread

wait

signal o _
thread, Condition Variable
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» thread
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Trap 1 When Using CV

Condition Variable wait
» thread
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Trap 1 When Using CV

Condition Variable wait
» thread

Only one thread gets a signal

Y. Cheng GMU CS571 Spring 2022
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Trap 2 When Using CV

Condition Variable
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Trap 2 When Using CV

signal o _
thread Condition Variable
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Trap 2 When Using CV

Condition Variable
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Trap 2 When Using CV

wait
» thread
Condition Variable
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Trap 2 When Using CV

wait

» thread

Condition Variable

Y. Cheng GMU CS571 Spring 2022
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Trap 2 When Using CV

wait
» thread

Condition Variable

waits forever...

Signal lost if nobody waiting at that time

Y. Cheng GMU CS571 Spring 2022
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Guarantee

Upon signal, there has to be at least one thread waiting;
If there are threads waiting, at least one thread will wake

signal o _
thread Condition Variable

wait
» thread

wait

» thread

Y. Cheng GMU CS571 Spring 2022 30
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int done = 0;
pthread_mutex t m = PTHREAD_MUTEX_ INITIALIZER;

pthread _cond_t ¢ = PTHREAD_COND_INITIALIZER;

vold Ehr exie () {
Pthread_mutex_lock (&m) ; . .
dome = [ CV-based Parent-wait-for-child

Pthread. cond signal{&c);

Pthread_mutex_unlock (&m) ; Appr03Ch
}

void wchild(void #*arqg) {
prihteE (Mehlld\n™):;
thy exit ();
return NULL;

}

void Ehr “ein() |
Pthread_mutex_lock (&m) ;
while (done == 0)

Pthread_cond_wait (&c, &m);
Pthread_mutex_unlock (&m) ;

}

int mainéint argec,; char #*argvl]l) {
printf{"parents begin\xn");
pthread_t p;
Pthread_create (&p, NULL, child, NULL);
thr joini);
printf ("parent: end\n");

return 0;
} 31



O 00 N O G LN -

W W W N N N DN NN NN NN = e e e pd pd pd
N P © W 00 NI & U v W N B ©O O 0 NI O U i WO N = O

int done = 0;
pthread_mutex t m = PTHREAD_MUTEX_ INITIALIZER;

pthread_cond_t ¢ = PTHREAD_COND_INITIALIZER;

void Ehr exiE () {
Pthread_mutex_lock (&m) ; . .
dome = [ CV-based Parent-wait-for-child

Pthread. cond signal{&c);

Pthread_mutex_unlock (&m) ; Appr03Ch
}

void *ghild(vo%d xarg) { ]
S e Rule of using CVs
return NULL; =3 Always do 1. wait and 2. signal while holding the lock

} P— ———

void thr Tedn () |
Pthread_mutex_lock (&m) ; .
while (done == 0) Why: To prevent lost signal

Pthread_cond_wait (&c, &m);
Pthread_mutex_unlock (&m) ;

}

int mainéint argec,; char #*argvl]l) {
printE{"parents begin\n"j;
pthread_t p;
Pthread_create (&p, NULL, child, NULL);
thr joini);
printf ("parent: end\n");
return 0;



Classical Problems of Synchronization

* Producer-consumer problem

e CV-based version



CV-based Producer-Consumer Implementation 1

Single CV and if statement
T T

cond_Et. cond;
mutex_t mutex;

void *producer (void xarg) {
L A
for (i = 0; i < loops; i++) f{
Pthread_mutex_lock (&mutex) ;
== f (count == 1)
Pthread_cond_wait (&cond,
-’ put (i) s
Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ;
}
}

void *consumer (void xarg) {
int i3
for (i = 0y 1 < loops: i++) §
Pthread_mutex_lock (&mutex) ;
—> if (count == 0)
Pthread_cond_wait (&cond,
~> int tmp = get();
Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ;
BELIREE("SA\B",; tHp) )

&mutex) ;

gmutex) ;

il
/.
4
1k
1
//

L/
L
//
//
¥
4

P2
P33
p4
PS5
pPo6

el
c2
&3
c4d
cH
cb6

O 0 N O U W N

el
= W N = O

int buffer;

int count = 0; // initially,

void put (int wvalue) {

assert (count == 0);
count = 1;

~> puffer = value;

}

int get () {
assert (count == 1);
count = 0;

return buffer;

empty

Put and Get routines
Single buffer

34



CV-based Producer-Consumer Implementation 1

Single CV and if statement

cond_t
mutex_t

cond;
mutex;

void *producer (void xarg) {

LN
for

}

iy
(1 = 0; 1 < loops; i++) {
Pthread_mutex_lock (&mutex) ;
if (count == 1)
Pthread_cond_wait (&cond,
put (i) ;
Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ;

&mutex) ;

void *consumer (void xarg) {

e
for

1y
(1 = 0; 1 < loops; i++) {
Pthread_mutex_lock (&mutex) ;
if (count == 0)
Pthread_cond_wait (&cond,
int tmp = get();
Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ;
BELIREE("SA\B",; tHp) )

gmutex) ;

il
/.
4
1k
1
//

L/
L
//
//
¥
4

P2
P33
p4
PS5
pPo6

el
c2
&3
c4d
cH
cb6

O 0 N O U W N

el
= W N = O

int buffer;
int count = 0; // initially,
void put (int wvalue) {

assert (count == 0);

count = 1;
buffer = value;
}
int get () {
assert (count == 1);
count = 0;

return buffer;

empty

Put and Get routines
Single buffer

What’s the problem of this
approach?

35



CV-based Producer-Consumer Implementation 1
void xconsumer (void =*arg) { - C1 running

void xproducer (void xarg) {

int 4 int a;
for (i = 0; i < loops; i++) { for (i = 0; i < loops; d++) {
Pthread_mutex_lock (&mutex) ; i el Pthread_mutex_lock (&mutex) ;
if (count == 0) 14 €2 if (count == 1)
Pthread_cond_wait (&cond, &mutex); // c3 Pthread_cond_wait (&cond, &mutex);
int tmp = get(); 1l el put (i) ;
Pthread_cond_signal (&cond) ; L s Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ; ¥l Eb Pthread_mutex_unlock (&mutex) ;
printf ("$d\n", tmp); }
} }
; y &/
.9 State | ) State | T, State | Count | Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Y. Cheng GMU CS571 Spring 2022
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CV-based Producer-Consumer Implementation 1

void xconsumer (vo

id xarg)

void xproducer (void xargqg)

{ - P running
{

int 4ij; int 1;
for (i = 0; i < loops; i++) { for (i = 0; i < loops; d++)
R R SR T B (TR e 7y — =T
if (count == 0) (o €2 : if (count == 1) AL P2
............. Prhmead cond Molie (Scond, emucex)y 1/ €8 1 Pthread_cond_wait (&cond, &mutex); // p3
int tmp = get(); // cé put (1) ; // pé
Pthread_cond_signal (&cond) ; 1/ eh Pthread_cond_signal (&cond) ; 1/ ©5
Pthread mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("$d\n", tmp); }
} }
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready p2  Running @

Y. Cheng

GMU CS571 Spring 2022




CV-based Producer-Consumer Implementation 1

void xconsumer (void xarg) void xproducer (void xarg) { - P running
int 4 int a;
for (i = 0; i < loops; i++) { for (i = 0; i < loops; d++) {
T A A 77t s e R 1) o
if (count == 0) (o €2 : if (count == 1) // p2
............. Pthread cond wait (&cond, smutex); // c3 | Pthread cond wait (§cond, &mutex); // p3
int tmp = get (); // c4 | put (i) ; // p4 |
Pthread_cond_signal (&cond) ; 1/ eh Pthread_cond_signal (&cond) ; // 5
Pthread_mutex_unlock (&mutex) ; 7L en Pthread_mutex_unlock (&mutex) ; /] P6
printf ("$d\n", tmp); }
} }
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready 2 Running
Sleep Ready @ Running Buffer now full <&—

Y. Cheng
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CV-based Producer-Consumer Implementation 1

void xconsumer (void xarg) { void *producer (void xarg) { - P running
int ij; ITE .k
for (i = 0; i < loops; i++) { for (i = 0; i < loops; d++) {
PUBEhrEdd  MuteX U ISEK (MUt EX) T77€ETL™ Pthread_mutex_lock (&mutex) ; L il
! if (count == 0) (o €2 : if (count == 1) 14l P2
............. Bthnene eand neplecondy, Subrenli 1 B0 Pthread_cond_wait (scond, &mutex); // p3
int tmp = get (); // c4 et {0 [/ p4
Pthread_cond_signal (&cond) ; L/ eb I Pthread_cond_signal (&cond) ; // 5 I
Pthread mutex unlock (&mutex); // c6 Pthread_mutex_unlock (&mutex) ; LL B6
printf ("$d\n", tmp); }
} }
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Ready pl  Running 0
Ready p2  Running 0
Ready Running 1 Buffer now full
Ready Running 1 T.1 awoken

Y. Cheng GMU CS571 Spring 2022



CV-based Producer-Consumer Implementation 1

void xconsumer (void xarg) {

void xproducer (void xarg) {

- P running
{

int 4; int 1i;
for (1 = 0; 4 < loops; it+) { for (i = 0; i < loops; d++)
S RS LSRR (BRI 77t O i o Bt -
i if (count == 0) /] c2 [if (count == 1) AT P2 |
- oo i sl e e R Pthread_cond_wait (&cond, &mutex); // p3
int tmp = get(); e put (i) ; // p4
Pthread_cond_signal (&cond) ; L s Pthread_cond_sj_gnal (&cond) ; sl p5
Pthread mutex unlock (&mutex); // c6 Pthread_mutex_unlock (&mutex) ; 4L P6
printf ("$d\n", tmp); }
J }
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready p2  Running 0
Sleep Ready p4  Running 1 Buffer now full
Ready Ready p5  Running 1 T.1 awoken
Ready Ready 6  Running 1
Ready Ready pl | Running 1
Ready Ready 2 | Running 1
Y. Cheng GMU CS571 Spring 2022



CV-based Producer-Consumer Implementation 1

void xconsumer (void xarg) {

void xproducer (void xarg) {

- P running
{

int 4; int 1i;
for (i = 0; i < loops; i++) { for (i = 0; i < loops; d++)
PUBEhrEdd  MuteX U ISEK (MUt EX) T77€ETL™ Pthread_mutex_lock (&mutex) ; “d Pl
: if (count == 0) (o €2 : |if (count == 1) 1l P2
............. oo i sl e e R Pthread cond wait(&cond, smutex); // p3
int tmp = get(); // cé put (1) ; // pé
Pthread_cond_signal (&cond) ; // ¢5 Pthread_cond_signal (&cond) ; 7l PS
Pthread_mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("$d\n", tmp); }
}
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready p2  Running 0
Sleep Ready p4  Running 1 Buffer now ful
Ready Ready p5  Running 1 T.1 awoken
Ready Ready p6  Running 1
Ready Ready pl  Running 1
Ready Ready p2  Running 1

Y. Cheng
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CV-based Producer-Consumer Implementation 1

void *consumer (void xarg) { - C1 runnab|e void *producer (void =*arg) {

int dj;

AL .k

for (1 = 0; 4 < loops; it+) { for: (4 0; 4 =< loops; d4++) {
IUPthread mutex " Tock (amutex)y ;T P el Pthread_mutex_lock (&mutex) ;
i if (count == 0) {4 e2 : if (count ==
g ADLIIEE /OO AL IS Oy, SMTECI: () (65 o biizead cond wall (scond, $mutex)i // 3]
int tmp = get(); il ¢ put (i) ;
Pthread_cond_signal (&cond) ; L s Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ;
printf ("$d\n", tmp); }
} }
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready p2  Running 0
Sleep Ready p4  Running 1 Buffer now full
Ready Ready p5  Running 1 T.1 awoken
Ready Ready p6  Running 1
Ready Ready pl  Running 1
Ready Ready 2 Running 1
Ready Ready @ Sleep 1 Buffer full; sleep

Y. Cheng
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CV-based Producer-Consumer Implementation 1

void *consumer (void *arg) { - C2 running

void xproducer (void xargqg)

{

int 4; int 1i;
for (i = 0; i < loops; i++) { for (i = 0; i < loops; d++) {
| Pthread_mutex_lock (émutex); v el | Pthread_mutex_lock (&mutex) ;
1f (count == 0) 1 €2 if (count ==
Pthread_cond_wait (scond, smutex); /) c3 o BChread ond WALk (EESRE BRIERIT
int tmp = get(); Wl Ed put (i) ;
Pthread_cond_signal (&cond) ; // ¢5 Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ;
printf ("$d\n", tmp); }
}
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready p2  Running 0
Sleep Ready p4  Running 1 Buffer now full
Ready Ready p5  Running 1 T.1 awoken
Ready Ready p6  Running 1
Ready Ready pl  Running 1
Ready Read p2  Running 1
((Ready \_—ﬁl p3 Sleep 1 Buffer full; sleep
Ready cl  Running Sleep 1 @

Y. Cheng

GMU CS571 Spring 2022



CV-based Producer-Consumer Implementation 1

void *consumer (void =*arg) { C2 runnin void xproducer (void =xarg) {
int dj; - 8 AL .k
for (1 = 0; 4 < loops; it+) { for (i = 0; i < loops; d++) {
Pthread_mutex_lock (&mutex) ; // cl Pthread_mutex_lock (&mutex) ; /L pl
Ak (eoing == () 1d €2 DAELSGOUNE =2 1) rereeesaseensesssrssssses ez /1.2,
BCEe I iatio e e jecondy, STREcR: /g co E.......bthread cond wait (scond, &mutex);.// P3.:
| int tmp = get(); Ll ¢4 | put (i) ; ff ph
Pthread_cond_signal (&cond) ; L/ eb Pthread_cond_signal (&cond) ; // 5
Pthread mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("$d\n", tmp); }
} }
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready p2  Running 0
Sleep Ready p4  Running 1 Buffer now full
Ready Ready p5  Running 1 T.1 awoken
Ready Ready p6  Running 1
Ready Ready pl  Running 1
Ready Ready p2  Running 1
Ready Ready p3 Sleep 1 Buffer full; sleep
Ready Running Sleep 1 Tc2 sneaksin ...
Ready Running Sleep 1
Ready Running Sleep 0 ... and grabs data
e

Y. Cheng GMU CS571 Spring 2022



CV-based Producer-Consumer Implementation 1

void *consumer (void *arg) { - C2 running

int dj;

for (i = 0; 1 < loops; i++) {

AL .k

void xproducer (void xargqg)

{

for (i = 0; i < loops; d++) {

Pthread_mutex_lock (&mutex) ; olil Pthread_mutex_lock (&mutex) ;

AL feoung, ~= 0) £ o ool S . . - 8
REbiECacl sene-pade (Gebuc: SImecxiy 11 =2 o BERESRD COND wall (§cond, smutex) ;. /[/.P3.]

int tmp = get (); c4 pet i)

[ Pthread_cond_signal (&cond) ; c5 | Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ; c6 Pthread_mutex_unlock (&mutex) ;
printf ("$d\n", tmp); }

}
}
Ted State Tea State Ty State Count Comment

cl Running Ready Ready 0

c2 Running Ready Ready 0

¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready p2  Running 0
Sleep Ready p4  Running 1 Buffer now full
Ready Ready p5  Running 1 T.1 awoken
Ready Ready p6  Running 1
Ready Ready pl  Running 1
Ready Ready p2  Running 1
Ready Ready p3 Sleep 1 Buffer full; sleep
Ready cl Running Sleep 1 T2 sneaksin ...
Ready 2 Running Sleep 1
Ready c4 Running Slee 0 ... and grabs data
Ready c5 Running Ready 0 T, awoken

Y. Cheng

GMU CS571 Spring 2022




CV-based Producer-Consumer Implementation 1

void *consumer (void xarg) { C2 i void *producer (void =xarg) {
o ingoij er (vo arg - running ini e g
for (1 = 0; 1 < loops; i++) { for (1 = 0; i < loops; i++) {
Pthread_mutex_lock (&mutex) ; 1 el Pthread_mutex_lock (&mutex) ; T
Lk feomnt == O i, &2 oL Rl 52
BChEECLIsatid Wae[Echndy: SIREeR)l: (i o E.......bthread cond wait (scond, &mutex);.// P3.:
int tmp = get(); it el put (1) ; // p4
Pthread_cond_signal (&cond) ; 4 e5 Pthread_cond_signal (&cond) ; /7 Pb
| Pthread mutex unlock (&mutex) ; // c6 | Pthread_mutex_unlock (&mutex) ; // p6
printf ("$d\n", tmp); }
} }
}
Ted State Tea State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get
Sleep Ready pl  Running 0
Sleep Ready p2  Running 0
Sleep Ready p4  Running 1 Buffer now full
Ready Ready p5  Running 1 T.1 awoken
Ready Ready p6  Running 1
Ready Ready pl  Running 1
Ready Ready p2  Running 1
Ready Ready p3 Sleep 1 Buffer full; sleep
Ready cl Running Sleep 1 T2 sneaksin ...
Ready 2 Running Sleep 1
Ready c4 Running Sleep 0 ... and grabs data
Ready c5 Running Ready 0 T, awoken
Ready cb Running Ready 0
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CV-based Producer-Consumer Implementation 1

void *consumer (void *arg) { - C1 running

void xproducer (void xarg) {

int i; int 1;
for (1 = 0; 4 < loops; it+) { for (i = 0; i < loops; d++) {
Pthread_mutex_lock (&mutex) ; // cl Pthread_mutex_lock (&mutex) ;
if (count == 0) 14 €2 if (count == 1)
Pthresd_cond wait (scond, emutex); // c3 o BChread ond WALk (EESRE BRIERIT
| int tmp = get(); // _c4 | put (i) ;
Pthread_cond_signal (&cond) ; // ¢5 Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ;
printf ("$d\n", tmp); }
J }
}
Ted ate Tea State Ty State Count Comment
unning Ready Ready 0
c2 Running Ready Ready 0
@ Sleep Ready Ready 0 Nothing to get
Sleep Ready Running 0
Sleep Ready Running 0
Sleep Ready Running 1 Buffer now full
Ready Ready Running 1 Tc1 awoken
Ready Ready Running 1
Ready Ready Running 1
Ready Ready Running 1
Ready Ready Sleep 1 Buffer full; sleep
Ready cl Running Sleep 1 T2 sneaks 1=
Ready 2 Running Sleep 1
Ready c4 Running Sleep 0 ... and grabs data
Ready c5 Running Ready 0 T, awoken
Ready cb Running Ready 0
c4 Running Ready Ready 0 Oh oh! No data

Y. Cheng
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CV-based Producer-Consumer Implementation 2

cond © cond;
mutex_t mutex;

void xproducer (void =*ar
1Tk 2
for (i = 07 1 < loo

Pthread_mutex_lock (&mutex) ;

while (count ==

Pthread_cond_wait (&cond,

put (1) ;

Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ;

}

g) {
Pop k)

1)

void *consumer (void =xarg) {
e A
for (i = 0; i < loops; i++)

Pthread_mutex_lock (&mutex) ;

while (count ==

Pthread_cond_wait (&cond,

int tmp = get ()

Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ;

pEinkEE (“Sd\n",;

)

14

tmp) ;

{

{

Single CV and while

&mutex) ;

&mutex) ;

L
//
L
17
i
//

Ly
L
44
Ly
L
L

48
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CV-based Producer-Consumer Implementation 2

cond © cond;
mutex_t mutex;

void xproducer (void =*ar
1Tk 2
for (i = 07 1 < loo

Pthread_mutex_lock (&mutex) ;

while (count ==

Pthread_cond_wait (&cond,

put (1) ;

Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ;

}

g) {
Pop k)

1)

void *consumer (void =xarg) {
e A
for (i = 0; i < loops; i++)

Pthread_mutex_lock (&mutex) ;

while (count ==

Pthread_cond_wait (&cond,

int tmp = get ()

Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ;

pEinkEE (“Sd\n",;

)

14

tmp) ;

{

{

Single CV and while

&mutex) ;

L
//
L
17
i
//

What’s the problem of this

approach?

&mutex) ;

Ly
L
44
Ly
L
L

€l
&2
e3
cé
é5
cb6

49



void *consumer (void *arg) { - C1 running void sproducer(void xarg) {
int i; 1Intg 1,t . .
for (i = 0; i < loops; i++) { for (i = 0; i < Jleooeps; d#+) {
Pthread_mutex_lock (&mutex) ; [/ ¢l Ptk.lread_mutex_lock (&mutex) ;
while (count == 0) L] &2 while (count == 1) _
Pthread_cond_wait (&cond, &mutex); // c3 ?thread_cond_walt (&cond, &mutex);
int tmp = get (), /] cd put (1) ; _
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ;
printf ("$d\n", tmp); }
} }
J Ten State | Tec2 State | Tp State | Count | Comment
el Running Ready Ready 0
2 Running Ready Ready 0
e3 Sleep Ready Ready 0 Nothing to get

Y. Cheng
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void *consumer (void *arg) { - C2 running void *producer (void xarg) {
int .ij; ime, i
for (i = 0; i < loops; i++) for (1 = 0; i < loops; it+) {
Pthread_mutex_lock (&mutex) ; Fl el Ptk.lread_mutex_lock (¢mutex) ;
while (count == 0) L] &2 while (count == 1) _
Pthread_cond_wait (&cond, &mutex); // c3 Pthread cond_wait (&cond, &mutex);
int tmp = get (), /] cé put (1) ; _
Pthread_cond_signal (&cond) ; il &b Pthread cond_signal (&cond);
Pthread_mutex_unlock (&mutex) ; // cb6 Pthread mutex_unlock (&mutex) ;
printf ("%$d\n", tmp); }
} }
I Te1 State T o State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
e3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep &2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Y. Cheng GMU CS571 Spring 2022

1/
iy
s
//
//
e

pl
P2
p3
p4
j<}S)
p6



void xconsumer (void *arg) { void *producer (void *arg) { - P running

int .ij; int i;
for (i = 0; i < loops; i++) { for (i = 0; i < Jloops; dA#++) {
Pthread_mutex_lock (&mutex) ; /1 ¢l Pthread_mutex_lock (&mutex); // pl
while (count == 0) Ll €2 while (count == 1) // p2
et TR R AT TSR R R T T Pt e, cont WAt ety Enutess 7/ B8
T e SR S AR A T ]
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ; // p5
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); \ J
}
J Tet State ) State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
c3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Sleep Sleep p2  Running 0
Sleep Sleep p4  Running 1 Buffer now full < = —
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void xconsumer (void *arg) { void *producer (void *arg) { - P running

int 1i; int i;
for (1 = 0; i < loops; i++) { for (4 = 0; i < loops; d++) {
Pthread_mutex_lock (&mutex) ; /1 ¢l Pthread_mutex_lock (&mutex); // pl
while (count == 0) Ll e2 while (count == 1) // p2
et TR R AT TSR R R T T Pt e, cont WAt ety Enutess 7/ B8
T e SR S AR A Sk s W ol
Pthread_cond_signal (&cond) ; // c5 | Pthread cond signal (&cond) ; //_p5]
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (émutex) ; // p6
printf ("$d\n", tmp); ; }
}
I Te1 State T o State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
c3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Slee Sleep p2  Running 0
Sleep p4  Running 1 Buffer now full
Sleep p5 Running 1 T.1 awoken

Y. Cheng GMU CS571 Spring 2022



void consumer (void xarg) ({ UG FEmOHRCR (Ve wng) - P sleeping

int .ij; int i;
for (i = 0; i < loops; i++) { for (i = 0; i < Jloops; dA#++) {
Pthread_mutex_lock (&mutex) ; /1 ¢l Pthread_mutex_lock (&mutex); // pl
while (count == 0) pL ez while (count == 1) [/ p2
g ............ .P.Eh.fé.éa:a.o.ﬁ.a:%.é:i:‘.ﬁ.z.&.aa.r.].a;....é}ﬁﬁ,ﬁ.é.}.{.)..;....7.7...6.3.5 I Pthread cond wait (&cond, &mutex); 1/ p3|
T e SR S AR A — Wi ol
Pthread_cond_signal (&cond) ; i/ =5 Pthread_cond_signal (&cond) ; 17/ p5
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); \ J
}
J Tet State ) State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
c3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Sleep Sleep p2  Running 0
Sleep Sleep p4  Running 1 Buffer now full
Ready Sleep p5 Running 1 T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep 1 Must sleep (full)
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void *consumer (void *arg) { C1 running void producer(void *arg) {
int .ij INE, 2
for (i = 0; i < loops; i++) { for (i = 0; 1 < loops; i++) {
Pthread_mutex_lock (&mutex) ; {1l el Pthread mutex_lock (&mutex) ; // pl
[While (count == 0) 77 <2 Lhile (count == 1) s [l.R2,
Pthread_cond_wait (&cond, &mutex); // c3 H— Pthread cond walt(&cond,. smutex)i../[.R3:
int tmp = get(); // cé4 put (i) ; // ph
Pthread_cond_signal (&cond) ; i/ =5 Pthread_cond_signal (&cond) ; 17/ p5
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); \ J
}
J Tet State ) State Ty State Count Comment
cl Running Ready Ready 0
Running Ready Ready 0
¢ Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Sleep Sleep p2  Running 0
Sleep Sleep p4  Running 1 Buffer now full
Ready Sleep p5 Running 1 T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep 1 Must sleep (full)
2 Running Sleep Sleep 1 Recheck condition

Y. Cheng GMU CS571 Spring 2022



void *consumer (void *arg) { - C1 running void xproducer (void *arg) {

int .ij; int i;
for (i = 0; i < loops; i++) { for (i = 0; 1 < loops; i++) {
Pthread_mutex_lock (&mutex) ; {1l el Pthread mutex_lock (&mutex) ; // pl
while (count == 0) /1 €2 e —— 11 B2
Pthread_cond_wait (&cond, &mutex); // c3 — Pthread cond walt(&cond,. smutex)i../[.R3:
[ int tmp = get(); /7 cd put (i) ; // p4
Pthread_cond_signal (¢cond) ; Pl e5 Pthread_cond_signal (&cond) ; 17/ p5
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); \ J
}
J Tet State ) State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
c3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Sleep Sleep p2  Running 0
Sleep Sleep p4  Running 1 Buffer now full
Ready Sleep p5 Running 1 T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep 1 Must sleep (full)
2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 Tc.1 grabs data
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void *consumer (void *arg) { - C1 running void xproducer (void *arg) {

int .ij; int i;
for (i = 0; i < loops; i++) { for (i = 0; 1 < loops; i++) {
Pthread_mutex_lock (&mutex) ; {1l el Pthread mutex_lock (&mutex) ; // pl
while (count == 0) /1 €2 e —— 11 B2
Pthread_cond_wait (&cond, &mutex); // c3 H— Pthread cond walt(&cond,. smutex)i../[.R3:
int tmp = get(); // céd put (1) ; // pé
| Pthread cond signal (&cond) ; // c§ Pthread_cond_signal (&cond) ; // P5
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); \ J
}
J Tet State ) State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
c3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Sleep Sleep p2  Running 0
Sleep Sleep p4  Running 1 Buffer now full
Ready Sleep p5 Running 1 T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep 1 Must sleep (full)
2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 T.1 grabs data
«S5_  Running Sleep 0
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void xproducer (void =xarg) {

void *consumer (void *arg) { - C1 sleeping

Y. Cheng

GMU CS571 Spring 2022

int .ij; int i;
for (i = 0; i < loops; i++) { for (1 = 0; i < loops; it++) {
Pthread_mutex_lock (&mutex) ; {1l el Pthread mutex_lock (&mutex) ; // pl
while (count == 0) // c2 Lhile (count == 1) s [l.R2,
| Pthread_cond_wait (&cond, &MULex); 77 CJ  feeeeeeeesedd Pthread. cond. wait (scond,. . smutex) ./l .R3i
int tmp = get(); // c4 put (i) ; // ph
Pthread_cond_signal (&cond) ; i/ =5 Pthread_cond_signal (&cond) ; 17/ p5
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); \ J
}
J Tet State ) State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
c3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Sleep Sleep p2  Running 0
Sleep Sleep p4  Running 1 Buffer now full
Ready Sleep p5 Running 1 T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep 1 Must sleep (full)
2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 Tc.1 grabs data
eb Running Ready Sleep 0 Oops! Woke T2
c6 Running Ready Sleep 0
cl Running Ready Sleep 0
c2 Running Ready Sleep 0
c3 Sleep Ready Sleep 0 Nothing to get



void xproducer (void =xarg) {

void *consumer (void *arg) { - C2 running

int .ij; int i;
for (i = 0; i < loops; i++) { for (1 = 0; i < loops; it++) {
Pthread_mutex_lock (&mutex) ; {1l el Pthread mutex_lock (&mutex) ; // pl
while (count == 0) // c2 Lhile (count == 1) s [l.R2,
S Pthread cond walt{&cond, "&mutex); /7/77"¢c% if....d Pthread. cond wait(&cond.. . .smutex)..//.R3:
T e SR S AR A e i i
Pthread_cond_signal (&cond) ; i/ =5 Pthread_cond_signal (&cond) ; 17/ p5
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); \ J
}
J Tet State <\TC2 Stat Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
c3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Sleep Sleep p2  Running 0
Sleep Sleep p4  Running 1 Buffer now full
Ready Sleep p5 Running 1 T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep 1 Must sleep (full)
2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 Tc.1 grabs data
eb Running Ready Sleep 0 Oops! Woke T2
c6 Running Ready Sleep 0
cl Running Ready Sleep 0
c2 Running Ready Sleep 0
c3 Sleep Ready Sleep 0 Nothing to get
Sleep ( :; ) Running Sleep @
Sleep c Sleep Sleep 0 Everyone asleep...



void xconsumer (void =*arg) { C2 sleeping void xproducer (void xarg) {

int i; IHE, i
for (i = 0; i < loops; i++) { for (i = 0; 1 < loepsy dt+) |
Pthread_mutex_lock (&mutex) ; (1 el Pthread_mutex_lock (&mutex) ; //
while (count == 0) // c2 while (count == 1) 1/
Pthread_cond_wait (&cond, &mutex); // c3 Pthread_cond_wait (&cond, &mutex); //
int tmp = get(); // cé4 put (i) ; 1
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ; //
Pthread_mutex_unlock (&mutex) ; // cé6 Pthread_mutex_unlock (&mutex) ; i

printf ("$d\n", tmp); }

J Tet State ) State Ty State Count Comment
cl Running Ready Ready 0
2 Running Ready Ready 0
c3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep 2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get
Sleep Sleep pl  Running 0
Sleep Sleep p2  Running 0
Sleep Sleep p4  Running 1 Buffer now full
Ready Sleep p5 Running 1 T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep 1 Must sleep (full)
2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 Tc.1 grabs data
eb Running Ready Sleep 0 Oops! Woke T2
c6 Running Ready Sleep 0
cl Running Ready Sleep 0
c2 Running Ready Sleep 0
c3 Sleep Ready Sleep 0 Nothing to get
Sleep 2 Running Sleep 0 —
Sleep c3 Sleep Sleep 0 CJvewone asleeID
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CV-based Producer-Consumer Implementation 3

cond_t Cempty, filli::)
mutex_t muteX;

void xproducer (void =xarg) { TWO CVS and Whlle
O &2
for (i =0z 1 < leepsy i+t] 4
Pthread_mutex_lock (&mutex) ;
while (count == 1)
Pthread_cond_wait (&empty, &mutex);
put (1) ;
Pthread cond signal {&fill);
Pthread_mutex_unlock (&mutex) ;

}

void *xconsumer (void xarg) {
ARC 13
for 1 =08 1 © loepsy 1++) 4
Pthread_mutex_lock (&mutex) ;
while (count == 0)

Pthread_cond_wait (&fill, &mutex);
int tmp = get();
Pthread_cond_signal (&empty) ;
Pthread_mutex_unlock (&mutex) ;
princt ("sa 0", tmp);
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CV-based Producer-Consumer Implementation 3

cond_t Cempty, filli::)

mutex_t muteX;

void xproducer (void *arg) ({ TWO CVS and Wh||e
O &2
for (i =0z 1 < leepsy i+t] 4

-T§>

}

Pthread_mutex_lock (&mutex) ;
while (count == 1) )

Pthread_cond_wait (|sempty
pak ()5 -

Pthread_cond_signal (&fill);
Pthread_mutex_unlock (&mhtex) ;
Using two CVs to distinguish two

types ‘of threads; in order to properly

&mutex) ;

void *consumer (void *arg) { signal which thread should wake up

int
ToE

1y
(1 =0F 1 & loeps; L1+t+) |4
Pthread_mutex_lock (&mute¢x) ;
while (count == 0) {L

Pthread_cond_wait (&fil1l, tex) ;
int tmp = get(); __
Pthread_cond_signal[&empty);
Pthread_mutex_unlock (&mutex) ;
princt ("sa 0", tmp);

* Producer waits on empty
« Consumer waits on fill

62



Dining-Philosophers Problem



Dining-Philosophers Problem

1;? Philosopher 0 while(food available)
{pick up 2 ad,. forks;

eat;

put down forks;

think awhile;

Philosopher 4

}

» 5 philosophers share a common circular
table. There are 5 forks (or chopsticks)
and food (in the middle). When a
philosopher gets hungry, he tries to pick
up the closest forks

Philosopher 3

« A philosopher may pick up only one fork
Shared data at a time, and cannot pick up a fork
~sem_t forks[5]; already in use. When done, he puts

Initially all semaphore v‘a‘lues are 1 gfhvgp both of his forks, one after the

Y. Cheng GMU CS571 Spring 2022 64




Dining-Philosophers Problem

* The basic loop of a philosopher

while (1) {

~>

}

Y. Cheng

Ehink (] ;

getforks();

eat () ;

putterks{j;

7

— Critical section
T 27

GMU CS571 Spring 2022
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The Helper Functions

{iint left (1int p) { return p; }

int Tight (int p) 4 return

sem t forks[5]
« Each fork initialized to 1

void getforks () {
sem_wailit (forks[left (p
s

)
sem_wailt (forks[right (p
} ‘

vold putferksi()] 4
sem_post (forks[left (p)
sem. ‘post (forks [tight (P

}

1);
¥1¥;

1);
Y1)

(p + 1) % 5; }

Is this solution correct?

Y. Cheng GMU CS571 Spring 2022 66



Simplest Example of A Deadlock

W/ only two philosophers and two forks

Thread O

sem wait(fork[0])
sem wait(fork[1l])
sem signal (fork[0])
sem signal (fork[1l])

Y. Cheng

i

Interleaving

GMU CS571 Spring 2022

Thread 1

sem wait(fork[1l])
sem wait(fork[0])
sem signal(fork[1l])
sem signal(fork[0])

67



Simplest Example of A Deadlock

W/ only two philosophers and two forks

Thread O

sem wait(fork[0])
sem wait(fork[1l])
sem signal (fork[0])
sem signal (fork[1l])

Y. Cheng

Interleaving

sem wait(fork[0])

GMU CS571 Spring 2022

Thread 1

sem wait(fork[1l])
sem wait(fork[0])
sem signal(fork[1l])
sem signal(fork[0])
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Simplest Example of A Deadlock

W/ only two philosophers and two forks

Thread O

sem wait(fork[0])
sem wait(fork[1l])
sem signal (fork[0])
sem signal (fork[1l])

Y. Cheng

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

GMU CS571 Spring 2022

Thread 1

sem wait(fork[1l])
sem wait(fork[0])
sem signal(fork[1l])
sem signal(fork[0])

69



Simplest Example of A Deadlock

W/ only two philosophers and two forks

Thread O

sem wait(fork[0])
sem wait(fork[1l])
sem signal (fork[0])
sem signal (fork[1l])

Y. Cheng

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

sem wait(fork[0])

GMU CS571 Spring 2022

Thread 1

sem wait(fork[1l])
sem wait(fork[0])
sem signal(fork[1l])
sem signal(fork[0])
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Simplest Example of A Deadlock

W/ only two philosophers and two forks

Thread 0

sem wait(fork[0])
sem wait(fork[1l])
sem signal(fork[0])
sem signal(fork[1l])

Y. Cheng

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

sem wait(fork[0])
wait...

sem wait(fork[1l])

GMU CS571 Spring 2022

Thread 1

sem wait(fork[1l])
sem wait(fork[0])
sem signal(fork[1l])
sem signal(fork[0])
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Simplest Example of A Deadlock

W/ only two philosophers and two forks

Thread 0

sem wait(fork[0])
sem wait(fork[1l])
sem signal(fork[0])
sem signal(fork[1l])

Y. Cheng

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

sem wait(fork[0])
wait...

sem wait(fork[1l])
wait...

GMU CS571 Spring 2022

Thread 1

sem wait(fork[1l])
sem wait(fork[0])
sem signal(fork[1l])
sem signal(fork[0])

72



Review: Conditions for Deadlocks

* Mutually exclusive access of shared resources
« Binary semaphore fork[0] and fork[1]

« Circular waiting
» Thread O waits for Thread 1 to signal(fork[1]) and
« Thread 1 waits for Thread O to signal(fork[0])

 Hold and walit

* Holding either fork[0] or fork[1] while waiting on
the other

* No preemption
* Neither fork[0] and fork[1] can be removed from
their respective holding threads



Why 5DP is Interesting?

* How to eat with your fellows without causing
deadlocks
« Circular arguments (the circular wait condition)
« Not giving up on firmly held things (no preemption)
* |Infinite patience with half-baked schemes (hold some
& wait for more)



Why 5DP is Interesting?

._I=|r\\l\l Nt vanth v follonwazo vanthou it cnticiNA
\WAA R O AL GIR'A'ANE | YUU| IV vvo VVIILT IVUL UGAU VI |3

—deadioeks— How to mess with your fellows!
« Circular arguments (the circular wait condition)

« Not giving up on firmly held things (no preemption)
* |Infinite patience with half-baked schemes (hold some
& wait for more)
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Dijkstra’s Solution:
Break the Circular Wait Condition

« Change how forks are acquired by at least one
of the philosophers

* Assume PO — P4, 4 is the highest numlber

Y. Cheng

void getforks () {

n o

}

b ==4) {

sem wailt(forks[right(p)1);
sem_wailt (forks[left (p)]);
else {

sem_wait (forks[left (p)]);
sem_walt (forks[right (p)]);

GMU CS571 Spring 2022
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