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Announcements

o HW1 posted yesterday on BB
— Due end of Friday 09/20

o OS/161 PA1 (Synchronization) will be posted on
BB this Thursday 09/19
— Due end of day 10/18



Review: Condition Variables



Condition Variables

o CV: Queue of sleeping threads
o Threads add themselves to the queue with wait

o Threads wake up threads on the queue with signal



Condition Variables

o cond wait(cond t *cv, mutex t *lock)
— assume the lock is held when cond wait () is called
— puts caller to sleep + release the lock (atomically)
— when awaken, reacquires lock before returning

o cond signal(cond t *cv)
— wake a single waiting thread (if >= 1 thread is waiting)
— if there is no waiting thread, just return, doing nothing



Review: Join

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

void thread_join() {
Mutex_lock(&m);
Cond_wait(&c, &m);
Mutex_unlock(&m);

// X
/]y



Review: Join

Parent: x vy z

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/l € Mutex_unlock(&m);

// X
/]y



Review: Join

Parent: x vy z
. GOOD!
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/l € Mutex_unlock(&m);

// X
/]y



Review: Join

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

void thread_join() {
Mutex_lock(&m);
Cond_wait(&c, &m);
Mutex_unlock(&m);

// X
/]y



Review: Join

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/l € Mutex_unlock(&m);
} }

// X
/]y
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Parent: X

Child: a b c¢

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

Review: Join

y ... Sleeeeeeeeeep forever ...

void thread_join() {

// a Mutex_lock(&m);
// Db Cond_wait(&c, &m);
// C Mutex_unlock(&m);
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Review: Join

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

Parent: w X y
Child: a b
void thread_exit() { void thread_join() {
done = 1; // a Mutex_lock(&m); // W
Cond_signal(&c); i/ B if (done == 0) 1l X
} Cond_wait(&c, &m); // vy

Mutex_unlock(&nm); rk z
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Review: Join

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); i/ B if (done == 0) 1l X
} Cond_wait(&c, &m); // vy
Mutex_unlock(&m); rk z
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Review: Join

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); i/ B if (done == 0) 1l X
} Cond_wait(&c, &m); // vy
, Mutex_unlock(&m); rEz

How to fix?
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Review: Join

Parent: w X y ... Sleeeeeeeeep forever ...
Child: a b
N\u\exz\oc\«&m,
void thread_exj { void thread_join() {
done = 1; // a ~ Mutex_lock(&m); // W
Cond_signal(&c); 7L B while—tf—(done == 0) 1l X
} Cond_wait(&c, &m); // vy

Mut Mutex_unlock(&m); rk z
ex\ UnIOCk( 8 m )}
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Good Rule of Thumb
When Using CV

Always do wait and signal

holding the lock
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Good Rule of Thumb
When Using CV

Always do wait and signal holding the lock

Why? To prevent lost signals.
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Classical Problems of Synchronization

o Producer-Consumer Problem
— CV-based version

o Readers-Writers Problem

o Dining-Philosophers Problem



CV-based Producer-Consumer Implementation 1

Single CV and if statement @ int puster;
2 int count = 0; // initially, empty
3
4 void put (int wvalue) {
g & P 5 assert (count == 0);
cona_ CIREICE 6 count = 1;
mutex_ t mutex; 7 buffer = wvalue;
void *producer (void xarg) { 2 }
ok if : . 10 int get () {
for (1 = 0; i < loops; i++) {
Pthread_mutex_lock (&mutex) ; i Pl 1 assert (count == 1);
if (count == 1) /7 p2| 12 count = 0;
Pthread_cond_wait (&cond, &mutex); // p3 13 return buffer;
put (l); // p4 14 }
Pthread_cond_signal (&cond) ; £F 15 .
Pthread_mutex_unlock (&mutex) ; // p6 Put and Get routines

: Single buffer

void *consumer (void =xarg) {

int ij;
for (1= 8y & = loops: ‘ditt) |
Pthread_mutex_lock (&mutex) ; it el
if (count == 0) 1)l €2
Pthread_cond_wait (&cond, &mutex); // c3
int tmp = get(); // cd
Pthread_cond_signal (&cond) ; // ¢5
Pthread_mutex_unlock (&mutex) ; // cé6

pPElHEE("sd\n",; ENp);



CV-based Producer-Consumer Implementation 1

Single CV and if statement @ int puster; -
2 int count = 0; // initially, empty
3
4 void put (int wvalue) {
g & P 5 assert (count == 0);
con cond;
= 4 6 count = 1;
mutex_ t mutex; 7 buffer = wvalue;
8
void *producer (void xarg) { 9 }
il o O I 10 ke () {
for (i-= O 1 < loops; d#t+) { int ge ‘ £ == 1)
Pthread_mutex_lock (&mutex) ; 1/ Bl 1 s fcg?n == 1);
if (count == 1) /] p2| 1 count = U;
Pthread_cond_wait (&cond, &mutex); // p3 13 return buffer;
put (1) ; // pal ¥}
Pthread_cond_signal (&cond) ; LF PS5 .
Pthread_mutex_unlock (&mutex) ; // p6 Put and Get routines
. Single buffer
void xconsumer (void xarg) { L =
e 2 What’s the problem of this
for (i = 0; i < loops; i++) { approach?
Pthread_mutex_lock (&mutex) ; it el
if (count == 0) 1)l €2
Pthread_cond_wait (&cond, &mutex); // c3
int tmp = get(); // cd
Pthread_cond_signal (&cond) ; // ¢5
Pthread_mutex_unlock (&mutex) ; // c6

pPElHEE("sd\n",; ENp);



CV-based Producer-Consumer Implementation 1
( 4mm C1 running

void xconsumer (void *argqg) void xproducer (void xarg) {

inE ass ATt A
for (i = 0; i < loops; i++) { for: (i = 0;: i < loops; d++) {
Pthread_mutex_lock (&mutex) ; e (el Pthread_mutex_lock (&mutex) ; //
if (count == 0) // c2 if (count == 1) il
Pthread_cond_wait (&cond, &mutex); // c3 Pthread_cond_wait (&cond, &mutex); //
int tmp = get(); // c4 pat (49 ; T
Pthread_cond_signal (&cond) ; 1L ©5 Pthread_cond_signal (&cond) ; //
Pthread_mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ; il
printf ("sd\n", tmp):; }
}
}
j State | Tco State T, State Count | Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
¢3 Sleep Ready Ready 0 Nothing to get

pl
P2
p3
p4
PS5
p6



CV-based Producer-Consumer Implementation 1

void *consumer (void *arg) { void xproducer (void xarg) { - P running
inE ass ATt A
for (i = 0; i < loops; i++) { for: (i = 0;: i < loops; d++) {
IPEHEEE MUt 8K TOCK Temut Ry ;™ """ e Pthread _MUtex_lock (&muLex); 77 PL
: if (count == 0) // c2: if (count == 1) // p2
.......... Bramedd cond Roic (sCotdn SMIcoxln. i e Pthread_cond_wait (&cond, &mutex); // p3
int tmp = get (); 1 e put (i) ; // p4
Pthread_cond_signal (&cond) ; Ll e Pthread_cond_signal (&cond) ; // p5
Pthread mutex_unlock (&mutex) ; fl &6 Pthread_mutex_unlock (&mutex) ; // p6
PELIRLE ("sdNn", tup); }
} }
}
Tad State i B2 State i 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




CV-based Producer-Consumer Implementation 1

void *consumer (void *arg) { void xproducer (void xarg) { - P running
inE ays int i;
for (i = 0; i < loops; i++) { for: (i = 0;: i < loops; d++) {
TP REFHY Ut S TEEK (ERETERY ™ 77EL Pthread_mutex_lock (smutex) ; // p1
: if (count == 0) // c2: if (count == 1) 1/ p2
.......... Pthread cond_wait (¢cond, &mutex); // c3 : Pthread cond wait (¢§cond, &mutex); // p3
int tmp = get(); // c4 pat (49 ; // p4
Pthread_cond_signal (&cond) ; 1L ©5 PLhnrcac_cond_stgnartxconcr, 77 Po
Pthread_mutex_unlock (&mutex) ; // cé Pthread_mutex_unlock (&mutex) ; // pb6
printf ("sd\n", tmp):; }
} }
}
Tad State i B2 State i 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




CV-based Producer-Consumer Implementation 1

void xconsumer (void xarg) {

void xproducer (void xarg) {

h P running
{

inE ays int i;
for (i = 0; i1 < loops; i++) { for: (i = 0; i < loops; d++)
g"?EHfégaiﬁﬁfgiiTéﬁEYEH&EE&T? """""""""" 77"51? Pthread_mutex_lock (&mutex) ; [/ Pl
: if (count == 0) // c2: if (count == 1) // p2
.......... Pthread_cond_wait (&cond, smutex); // c3: Pthread_cond_wait (&cond, &mutex); // p3
int tmp = get(); // c4 put (i) // D4
Pthread_cond_signal (&cond) ; Ll e Pthread_cond_sj_gnal (&cond) ; /o p5
Pthread_mutex_unlock (&mutex) ’ // cb PLNlead_NMULEX_UNLlOCK («MuULex) ; 77 DO
printf ("sd\n", tmp):; }
} }
}
Tad State i B2 State i 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




CV-based Producer-Consumer Implementation 1

void xconsumer (void xarg) {

void xproducer (void xarg)

{ h P running

ing as; int i;
for (i = 0; i < loops; i++) { for: (i = 0;: i < loops; d++) {
fUPthréad mutex Tock temutex)y ;T &l Pthread_mutex_lock (&mutex) ; L pil
if (count == 0) c2 [if (count == 1) // p2}
.......... B bmcacdeane Mooy (SIeesl 7 tes Pthread_cond_wait (&cond, &mutex); // p3
iRt " tmp = get () & put (i) ; // p4
Pthread_cond_signal (&cond) ; c5 Pthread_cond_signal (&cond) ; // p5
Pthread mutex_unlock (&mutex) ; c6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("$d\n", tmp); }
}
}
Tad State i B2 State i 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




CV-based Producer-Consumer Implementation 1

void xconsumer (void xarg) {

void xproducer (void xarg)

{ h P running

ing as; int i;
for (i = 0; i < loops; i++) { for: (i = 0;: i < loops; d++) {
fUPthréad mutex Tock temutex)y ;T &l Pthread_mutex_lock (&mutex) ; L pil
if (count == 0) c2 [if (count == 1) // p2}
.......... B bmcacdeane Mooy (SIeesl 7 tes Pthread_cond_wait (&cond, &mutex); // p3
int tmp = get(); cd put (i) ; // p4
Pthread_cond_signal (&cond) ; cS Pthread_cond_signal (&cond) ; 7/ 5
Pthread mutex_unlock (&mutex) ; c6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("$d\n", tmp); }
}
}
Tad State i B2 State i 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 ful
Ready Ready p5  Running 1 T.1 awoken
Ready Ready p6  Running 1
Ready Ready pl  Running 1
Ready Ready p2  Running 1




CV-based Producer-Consumer Implementation 1

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

int i int i;
for (i = 0; i1 < loops; i++) { for: (i = 0;: i < loops; d++) {
ITPEHreEd MUt EX  TOCK Teratex) ;™ i el Pthread_mutex_lock (&mutex) ; 7 pil
i &5 feopiie = ) ARE o et T B2
I DUhdcdc tonc Bolo(Ecoldy smEteXin d el L Pthread,cond.wait (scond... SMUEeX).i.. 4/ R3.
int tmp = get(); // c4 pat (49 ; // p4
Pthread_cond_signal (&cond) ; i a5 Pthread_cond_signal (&cond) ; 1/ ©5
Pthread_mutex_unlock (&mutex) ; // cé Pthread_mutex_unlock (&mutex) ; // p6
printf ("sd\n", tmp):; }
} }
}
Tad State i B2 State i 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




CV-based Producer-Consumer Implementation 1

void *consumer (void xarg) { - C2 running void *producer (void =xarg) {

int i int i;
for (1 = 0; i < loops; i++) { for (i = 0; i < loops; i++) {
| Pthread mutex_lock (&mutex) ; i el | Pthread_mutex_lock (&mutex) ; i
Lk leorne == 0 e B ot il i, D2
EEhReddL Cond WaE | Ceoidy EREEekys 1 (oo e BERERAACODD WRLE (00N, SINESX). .. 4L B3
int tmp = get(); // c4 put (i) ; // p4
Pthread_cond_signal (&cond) ; i a5 Pthread_cond_signal (&cond) ; 1/ ©5
Pthread mutex unlock (&mutex); // c6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("sd\n", tmp):; }
; }
}
Tad State i B2 State i 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 "@




CV-based Producer-Consumer Implementation 1

void *consumer (void xarg) { - C2 running void *producer (void =xarg) {

int i int i;
for (i = 0; i1 < loops; i++) { for: (i = 0;: i < loops; d++) {
Pthread_mutex_lock (&mutex) ; 1 el Pthread_mutex_lock (&mutex) ; 1/ pL
5. deeput == 1) e S o et SRS (1.2,
mLhaede Sone ol (colidy EmEteRliy, Jg i e BERERAACODD WRLE (00N, SINESX). .. 4L B3
Lint tmp = get (); //_c4 | put (i) ; // pA4
Pthread_cond_signal (&cond) ; i a5 Pthread_cond_signal (&cond) ; 1/ ©5
Pthread mutex_unlock (&mutex) ; // cé6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("sd\n", tmp):; }
} }
}
Tad State i B2 State i 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 c2 Running Sleep /|
Ready c4 Running Sleep 0 ... and grabs data




CV-based Producer-Consumer Implementation 1

void *consumer (void xarg) { - C2 running void *producer (void =xarg) {

int i int i;
for (i = 0; i1 < loops; i++) { for: (i = 0;: i < loops; d++) {
Pthread_mutex_lock (&mutex) ; 1 el Pthread_mutex_lock (&mutex) ; 1/ pL
S teonne = - O g e o ) T 2
EChigedel JSonE Rams(Ecelidy EmBtexip ¢ s e BERERAACODD WRLE (00N, SINESX). .. 4L B3
int tmp = get (); 1/ ed put (1) ; // p4
L Pthread _cond_signal (&cond); Ll 5 ] Pthread_cond_signal (&cond) ; t/ D5
Pthread mutex_unlock (&mutex) ; // cé6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("$d\n", tmp); }
} }
}
Tad State i B2 State i 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 c2 Running Sleep /|
Ready c4 Running Sleep 0 ... and grabs data
Ready €D Running Ready 0 T, awoken




CV-based Producer-Consumer Implementation 1

void *consumer (void xarg) { - C2 running void *producer (void =xarg) {

int i int i;
for (i = 0; i1 < loops; i++) { for: (i = 0;: i < loops; d++) {
Pthread_mutex_lock (&mutex) ; // cl Pthread_mutex_lock (&mutex) ; 4Pl
5. deeput == 1) e S o et SRS (1.2,
EChigedel JSonE Rams(Ecelidy EmBtexip ¢ s e EElIESRG CORDWRLE (00N, SIUESX). ., 4L R3.
int tmp = get(); // c4 pat (49 ; // p4
Pthread cond _signal (&cond); L ©5 Pthread_cond_signal (&cond) ; // p5
_Pthread mutex unlock (¢mutex); [/ c6] Pthread_mutex_unlock (¢mutex) ; // p6
printf ("sd\n", tmp):; }
J }
}
Tad State i B2 State i 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 c2 Running Sleep /|
Ready c4 Running Sleep 0 ... and grabs data
Ready €D Running Ready 0 T, awoken
Ready c6 Running Ready 0




CV-based Producer-Consumer Implementation 1

void *consumer (void xarg) { - C1 running void *producer (void =xarg) {

int i int i;
for (i = 0; i1 < loops; i++) { for: (i = 0;: i < loops; d++) {
Pthread_mutex_lock (&mutex) ; 1 el Pthread_mutex_lock (&mutex) ; 1/ pL
5. deeput == 1) e S o et SRS (1.2,
mLhaede Sone ol (colidy EmEteRliy, Jg i e EElIESRG CORDWRLE (00N, SIUESX). ., 4L R3.
Lint tmp = get (); //_c4 | put (i) ; // pA4
Pthread_cond_signal (&cond) ; i a5 Pthread_cond_signal (&cond) ; 1/ ©5
Pthread mutex_unlock (&mutex) ; // cé6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("sd\n", tmp):; }
} }
}
Tad ate i B2 State i State Count Comment
unning 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 c2 Running Sleep /|
Ready c4 Running Sleep 0 ... and grabs data
Ready €D Running Ready 0 T, awoken
Ready c6 Running Ready 0
c4 Running Ready Ready 0 Oh oh! No data 5
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CV-based Producer-Consumer Implementation 2

ConiEl. &
mutex_t

cond;
mutex;

void xproducer (void =xarg) {

int
for

}

i;
(i =@ 3 < Joo

Pthread_mutex_lock (&mutex) ;

while (count ==

Pthread_cond_wait (&cond,

put (1) ;

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

ps: i4+)

)

void *consumer (void =xarg) {

ink
for

i;
(i =0 5 < 16O

Pthread_mutex_lock (&mutex) ;

while (count ==

Pthread_cond_wait (&cond,

int tmp = get ()

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

printE ("sdn”;

B L)
)

¥

tmp) ;

{

{

Single CV and while

&mutex) ;

&mutex) ;

i
//
il
//
i
4

//
//
//
L
/L1
L
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CV-based Producer-Consumer Implementation 2

eond € ‘cond;
mutex_t mutex;

void xproducer (void =*ar
1TE a8
for {1 =i 2 < o0

Pthread_mutex_lock (&mutex) ;

while (count ==

Pthread_cond_wait (&cond,

put (1) ;

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

}

volid *consumer (void =xar
it a3z
Far—4i: =0 & < 1060

Pthread_mutex_lock (&mutex) ;

while (count ==

Pthread_cond_wait (&cond,

int tmp = get ()

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

printE ("sdn”;

g) {

ps: i4+)

)

gy i
B L)

)

¥

tmp) ;

{

{

Single CV and while

&mutex) ;

What'’s the problem of this
approach?

&mutex) ;

i
//
il
//
i
4

//
//
//
L
/L1
L

cl
€2
c3
cé
&5
od

35



void *consumer (void *arg) {

void xproducer (void =xarg) {

= C1 running Wig
for (i = 0; i < loops; i++) { for (i = 0; i< .looeps; ditt) {
Pthread_mutex_lock (&mutex) ; // cl Ptbread_mutex_lock(&mutex);
while (count == 0) // c2 while (count == 1) _
Pthread_cond_wait (&cond, &mutex); // c3 ?thread_cond_walt(&cond, &mutex) ;
int tmp = get(); 7/ ca put (i) ; .
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ; // c6 Pthread_mutex_unlock (&mutex) ;
printf("sd\n'", tmp); }
}
J T State | Tec2 State | Tp State | Count | Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get

)6

il
!/
s
//
4 i
i

pl
P2
p3
p4
p5
P6



void xconsumer (void xarg) : void *producer (void *arg) {
A C2 running Wig
for (i = 0; i < loops; i++) { for (% 0; i< Joopsy di+t) |
Pthread_mutex_lock (&mutex) ; // cl Ptbread_mutex_lock(&mutex);
while (count == 0) // c2 while (count _
Pthread_cond_wait (&cond, &mutex); // c3 ?thread_cond_walt(&cond, &mutex) ;
int tmp = get(); // ci put (1) ; .
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ;
Pthread_mutex_unlock (&mutex) ; // cé Pthread_mutex_unlock (&mutex) ;
printf ("%d\n", tmp); }
}
) f State Teo State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 Running Ready 0
Sleep c3 Sleep Ready 0 Nothing to get

37

il
!/
s
//
4 i
i

pl
P2
p3
p4
p5
P6



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

int 1i; int i;
for (1 = 0; i < loops; i++) { foxr (1= 0; i< loops; d++) |
Pthread_mutex_lock (&mutex) ; il €l Pthread_mutex_lock (&mutex); // pl
while (count == 0) Ll €2 while (count == 1) // p2
T R E Y SO WATE (RESHA, T RRUEER) Y7 S Pthread_cond wait (scond, smutex); // p3
....j._ll'{‘.t...*t.ﬁ{f)...:...g.'.eli.z.).;t -------------------------------------- 77“84’ I put(i) ; // p4|
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ; “ po
Pthread_mutex_unlock (¢mutex) ; // c6 Pthread_mutex_unlock (&mutex) ; // p6
printf ("$d\n", tmp); ) J
}
s 1.4 State i P State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 /| Buffer now full

)8



id * id * vold xpr r (void =*ar .
v01dimc;ori1§umer(v01d arg) { o dins (i)c;iuce (void *arqg) { - P running
for (i = 0; i < loops; i++) { for/(i= 0; i< loops; d++) {
Pthread_mutex_lock (&mutex) ; il €l Pthread_mutex_lock (&mutex); // pl
while (count == 0) I c2 while (count == 1) // p2
T N SR WATE (KCORA, R ERY Y e S Pthread_cond_wait (&cond, &mutex); // p3
....j._.l'{‘.t...*t.fr{f)...:...g.'.eli.z.).;t -------------------------------------- 77“84’ put (i); // p4
Pthread_cond_signal (&cond) ; 1l €5 [ Pthread _cond_signal (&cond); 77 Po]
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (s&mutex); /7 pb
printE ("sd\n"™, tmp); } }
}
J Te1 State i P State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 /| Buffer now full
Ready Sleep p5 Running d Tc1 awoken
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id * id * vold xpr r (void =*ar .
v01dimc;o;1§umer (void *arg) { o dins (iac;iuce (void *arg) { - P Sleeplng
for (i = 0; i < loops; i++) { for (1 = 0; i < loops; i++) {
Pthread_mutex_lock (&mutex) ; f/ el Pthread mutex_lock (&mutex); /7 pl
while (count == 0) 1 2 while (count == 1) [/ _p2
e S O WAL (RO, R ERY Y 7 [ Pirezd cond woiv roond o 77 o)
g T L T yreor el 0 ol
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ; i/ (i o)
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); ) J
}
J Te1 State i P State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 /| Buffer now full
Ready Sleep p5 Running d T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep k Must sleep (full)




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

int i; Int, i
for (i = 0; i < loops; i++) { for/(i= 0; i< loops; d++) {
Pthread_mutex_lock (&mutex) ; il €l Pthread_mutex_lock (&mutex); // pl
[“hilc (count == 1) 77 <3 P e LT (ot e {/..RZ,
Pthread._cond_wait (&cond, &mutex); 77 c3 I PLhread.cond . vait (&cond .. &MWESX )i AL R3S
int tmp = get(); // c4 put (i) ; // ph
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ; i/ (i o)
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf("sd\n'", tmp); } }
}
J Te1 State i P State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 /| Buffer now full
Ready Sleep p5 Running d T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep k Must sleep (full)
c2 Running Sleep Sleep 1 Recheck condition




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

int i; Int, i
for (i = 0; i < loops; i++) { for (1 = 0; i < loops; i++) {
Pthread_mutex_lock (&mutex) ; f/ el Pthread mutex_lock (&mutex); /7 pl
while (count == 0) /] 2 Suhile.(count 2. D (.22,
Pthread_cond_wait (&cond, &mutex); // c3 I PLhread.cond . vait (&cond .. &MWESX )i AL R3S
[ int tmp = get(); 77 c4 put (i) ; // p4
Pthread_cond_signal (&cond) ; 7/ cb Pthread_cond_signal (&cond) ; i/ (i o)
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); ) J
}
J Te1 State i P State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 /| Buffer now full
Ready Sleep p5 Running d T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep k Must sleep (full)
c2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 Tc.1 grabs data




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

int i; Int, i
for (i = 0; i < loops; i++) { for (1 = 0; i < loops; i++) {
Pthread_mutex_lock (&mutex) ; f/ el Pthread mutex_lock (&mutex); /7 pl
while (count == 0) /] 2 Suhile.(count 2. D (.22,
Pthread_cond_wait (&cond, &mutex); // c3 I PLhread.cond . vait (&cond .. &MWESX )i AL R3S
int tmp = get(); // cé4 put (i) ; // ph
| Pthread cond signal (&cond) ; // cH Pthread_cond_signal (&cond) ; // p5
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); ) J
}
J Te1 State i P State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 /| Buffer now full
Ready Sleep p5 Running d T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep k Must sleep (full)
c2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 T.1 grabs data
c5 Running Ready Sleep 0



void *consumer (void *arg) { void *producer (void *arg) {

am sleeping

int i; Int, i
for (i = 0; i < loops; i++) { for (1 = 0; i < loops; i++) {
Pthread_mutex_lock (&mutex) ; f/ el Pthread mutex_lock (&mutex); /7 pl
while (count == 0) /] 2 Suhile.(count 2. D (.22,
[ Pthread_cond_wait (&cond, &mutex); // cJ I PLhread.cond . vait (&cond .. &MWESX )i AL R3S
int tmp = get(); // c4 put (i) ; // ph
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ; i/ (i o)
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); ) J
}
J Te1 State i P State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 /| Buffer now full
Ready Sleep p5 Running d T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep k Must sleep (full)
c2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 Tc.1 grabs data
cb 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 *consumer (void *arg) { - C2 running void *producer (void *arg) {

int i; Int, i
for (i = 0; i < loops; i++) { for (1 = 0; i < loops; i++) {
Pthread_mutex_lock (&mutex) ; f/ el Pthread mutex_lock (&mutex); /7 pl
while (count == 0) /] 2 Suhile.(count 2. D (.22,
A Prhread cond wait {&cond, &mutex); /77 ¢% CR Prhread.cond. . vait.(&cond... &nwhex).i.. L. R3:
....j._H‘.t...*Eﬁ{f)...:...g.'.e.E.z.).;- -------------------------------------- 77“84’ put(i) ; // p4
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ; i/ (i o)
Pthread_mutex_unlock (&mutex) ; // c6 Pthread mutex_unlock (&mutex) ; /] p6
printf ("%d\n", tmp); \ J
}
J Te1 State <\Tc2 Stat Ty State Count Comment
¢l Running - Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 d T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep k Must sleep (full)
c2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 T.1 grabs data
cb 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 c2 Running Sleep 0 5
Sleep c3 Sleep Sleep 0 Everyone asleep...




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

int i; int i;
for (i = 0; i < loops; i++) { for (i = O; i°< Joopsy di+t) |
Pthread_mutex_lock (&mutex) ; it Bl Pthread_mutex_lock (&mutex) ; il
while (count == 0) // c2 while (count == 1) L
Pthread_cond_wait (&cond, &mutex); // c3 Pthread_cond_wait (&cond, &mutex); //
int tmp = get(); // c4 put (i) ; //
Pthread_cond_signal (&cond) ; // c5 Pthread_cond_signal (&cond) ; V4
Pthread_mutex_unlock (&mutex) ; // cé Pthread_mutex_unlock (&mutex) ; £r

printf("sd\n'", tmp); }

J Te1 State i P State Ty State Count Comment
cl Running Ready Ready 0
c2 Running Ready Ready 0
<3 Sleep Ready Ready 0 Nothing to get
Sleep cl Running Ready 0
Sleep c2 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 d T.1 awoken
Ready Sleep p6  Running 1
Ready Sleep pl  Running 1
Ready Sleep p2  Running 1
Ready Sleep p3 Sleep k Must sleep (full)
c2 Running Sleep Sleep 1 Recheck condition
c4 Running Sleep Sleep 0 T.1 grabs data
cb 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 c2 Running Sleep 0 — 6
Sleep c3 Sleep Sleep 0 C\Everyone 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
IHE ‘a3
for {1 = B 1T = 'loeeps; 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) {

IRE 1

for (1 =10; 1 < loops; 1t+] 4
Pthread_mutex_lock (&mutex) ;
while (count == 0)

Pthread_cond_wait (&fil1ll, &mutex);

int tmp = get();
Pthread_cond_signal (&empty) ;
Pthread_mutex_unlock (&mutex) ;
prancE ("t \n; Emp);
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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
IHE ‘a3
for {1 = B 1T = 'loeeps; 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) ;

Using two CVs to distinguish two

} types of threads; in order to properly

void xconsumer (void *arg) f{ signal which thread should wake up
e b =i B < Siveney e - Producer waits on empty
Pthread _mutex_lock (&mutex) ; « Consumer waits on full

while (count == 0)

Pthread_cond_wait (&fill, &mutex);
int tmp = get();
Pthread_cond_signal (&empty) ;
Pthread_mutex_unlock (&mutex) ;
prancE ("t \n; Emp);



Readers-Writers Problem



Readers-Writers Problem

o A data object (e.g. a file) is to be shared among
several concurrent processes/threads

o A writer process/thread must have exclusive
access to the data object

o Multiple reader processes/threads may access
the shared data simultaneously without a
problem
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Reader-Writer Lock

typedef struct _rwlock_t {

sem_t lock; // binary semaphore (basic lock)
sem_t writelock; // used to allow ONE writer or MANY readers
ANt readers; // count of readers reading in critical section

} rwlock: t;

void rwlock_init (rwlock_t *rw) {
rw—>readers = 0;
sem_init (&rw—>lock, 0, 1);
sem_init (&rw—>writelock, 0, 1);

void rwlock_acquire_readlock (rwlock_t xrw) {
sem_wait (&rw—>1lock) ;
rw—>readers++;
if (rw—->readers == 1)
sem_wait (&rw—>writelock); // first reader acquires writelock
sem_post (&rw—>1lock) ;

void rwlock_ release_ readlock (rwlock_t =xrw) {
sem_wailt (&rw—>1lock) ;
rw—>readers——;
if (rw—->readers == 0)
sem_post (&§rw->writelock); // last reader releases writelock
sem_post (&rw—>1lock) ;

void rwlock_acquire_writelock (rwlock_t x*rw) {
sem_wait (&rw—>writelock) ;

}

void rwlock_release_writelock (rwlock_t =xrw) {
sem_post (&rw—>writelock) ;
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Reader-Writer Lock

typedef struct _rwlock_t {

sem_t|lock; — £ Binary semaphore (basic lock)
sem_t writelock; // used to allow ONE writer or MANY readers
ANt readers; // count of readers reading in critical section

} rwlock: t;

void rwlock_init (rwlock_t *rw) {
rw—>readers = 0;
sem_init (&rw—>lock, 0, 1);
sem_init (&rw—>writelock, 0, 1);

void rwlock_acquire_readlock (rwlock_t xrw) {
sem_wait (&rw—>1lock) ;
rw—>readers++;
if (rw—->readers == 1)
sem_wait (&rw—>writelock); // first reader acquires writelock
sem_post (&rw—>1lock) ;

void rwlock_release_readlock (rwlock_t *rw) {
sem_wailt (&rw—>1lock) ;
rw—>readers——;
if (rw—->readers == 0)
sem_post (&§rw->writelock); // last reader releases writelock
sem_post (&rw—>1lock) ;

void rwlock_acquire_writelock (rwlock_t x*rw) {
sem_wait (&rw—>writelock) ;

}

void rwlock_release_writelock (rwlock_t =xrw) {
sem_post (&rw—>writelock) ;
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Reader-Writer Lock

typedef struct _rwlock_t {

sem_t|lock; — i Binary semaphore (basic lock)
sem_t writelock; // used to allow ONE writer or MANY readers
ANt readers; // count of readers reading in critical section

} rwlock: t;

void rwlock_init (rwlock_t =*rw) { Inltla”y, # readersis 0
rw—>readers = 0; i
sem_init (&rw—>lock, 0, 1); bln_ary SEm lOCk Set tO 1
sem_init (¢§rw—>writelock, 0, 1); writelock setto 1

}

void rwlock_acquire_readlock (rwlock_t xrw) {
sem_wailt (&rw—>1lock) ;
rw—>readers++;
if (rw—->readers == 1)
sem_wait (&rw—>writelock); // first reader acquires writelock
sem_post (&rw—>1lock) ;

}

void rwlock_ release readlock (rwlock_ t =*rw) {
sem_wailt (&rw—>1lock) ;
rw—>readers——;
if (rw—->readers == 0)
sem_post (&§rw->writelock); // last reader releases writelock
sem_post (&rw—>1lock) ;

}

void rwlock_acquire_writelock (rwlock_t x*rw) {
sem_wait (&rw—>writelock) ;

}

void rwlock_release_writelock (rwlock_t =xrw) {
sem_post (&rw—>writelock) ;
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Reader-Writer Lock

typedef struct _rwlock_t {

sem_t|lock; — i Binary semaphore (basic lock)
sem_t writelock; // used to allow ONE writer or MANY readers
ANt readers; // count of readers reading in critical section

} rwlock: t;

void rwlock_init (rwlock_t =*rw) { Inltla”y, # readersis 0
rw—>readers = 0; i
sem_init (&rw—>lock, 0, 1); bln_ary SEm lOCk Set tO 1
sem_init (¢§rw—>writelock, 0, 1); writelock setto 1

}

void rwlock_acquire_readlock (rwlock_t xrw) {
sem_wailt (&rw—>1lock) ;
rw—>readers++;
if (rw—->readers == 1)
sem_wait (&rw—>writelock); |// first reader acquires writelock
sem_post (&rw—>1lock) ;

}

void rwlock_ release readlock (rwlock_ t =*rw) {
sem_wailt (&rw—>1lock) ;
rw—>readers——;
if (rw—->readers == 0)
sem_post (&§rw->writelock); // last reader releases writelock
sem_post (&rw—>1lock) ;

}

void rwlock_acquire_writelock (rwlock_t x*rw) {
sem_wait (&rw—>writelock) ;

}

void rwlock_release_writelock (rwlock_t =xrw) {
sem_post (&rw—>writelock) ;
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Reader-Writer Lock

typedef struct _rwlock_t {

sem_t|lock; — i Binary semaphore (basic lock)
sem_t writelock; // used to allow ONE writer or MANY readers
ANt readers; // count of readers reading in critical section

} rwlock: t;

void rwlock_init (rwlock_t =*rw) { Inltla”y, # readersis 0
rw—>readers = 0; i
sem_init (&rw—>lock, 0, 1); bln_ary SEm lOCk Set tO 1
sem_init (¢§rw—>writelock, 0, 1); writelock setto 1

}

void rwlock_acquire_readlock (rwlock_t xrw) {
sem_wait (&rw—>1lock) ;
rw—>readers++;
if (rw—->readers == 1)
sem_wait (&rw—>writelock); |// first reader acquires writelock
sem_post (&rw—>1lock) ;

}

void rwlock_ release_ readlock (rwlock_t =xrw) {
sem_wailt (&rw—>1lock) ;
rw—>readers——;
if (rw—->readers == 0)
sem_post (&§rw->writelock); |// last reader releases writelock
sem_post (&rw—>1lock) ;

}

void rwlock_acquire_writelock (rwlock_t x*rw) {
sem_wait (&rw—>writelock) ;

}

void rwlock_release_writelock (rwlock_t =xrw) {
sem_post (&rw—>writelock) ;
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Reader-Writer Lock

typedef struct _rwlock_t {

sem_t|lock; — i Binary semaphore (basic lock)
sem_t writelock; // used to allow ONE writer or MANY readers
ANt readers; // count of readers reading in critical section

}- ‘Ewliock: By

void rwlock_ init (rwlock t xrw) { Inltla”y, # readersis 0
rw—>readers = 0; i
sem_init (&rw—>lock, 0, 1); bln_ary SEm lOCk Set tO 1
sem_init (¢§rw—>writelock, 0, 1); writelock setto 1

}

void rwlock_acquire_readlock (rwlock_t xrw) {
sem_wailt (&rw—>1lock) ;
rw—>readers++;
if (rw—->readers == 1)
sem_wait (&rw—>writelock); |// first reader acquires writelock
sem_post (&rw—>1lock) ;

}

sem_wait (&rw—>lock) ;

if (rw—->readers == 0)
sem_post (&§rw->writelock); |// last reader releases writelock
sem_post (&rw—>1lock) ;

}

rw->readers——; /v readers are!

void rwlock_acquire_writelock (rwlock_t x*rw) {
sem_wait (&rw—>writelock) ;

}

void rwlock_release_writelock (rwlock_t =xrw) {
sem_post (&rw—>writelock) ;

}

\ Writer cannot

void rwlock_ release readlock (rwlock_ t =*rw) { be in CS When



Readers-Writers Problem:
Writer Thread

rwlock acquire writelock(rw);
write is performed

rwlock release writelock(rw);



Readers-Writers Problem:
Reader Thread

rwlock acquire readlock(rw)
read is performed

rwlock release readlock(rw)

Well, is this solution Okay?



Readers-Writers Problem:
Reader Thread

rwlock acquire readlock(rw)
read is performed

rwlock release readlock(rw)

Well, is this solution Okay?
A: Technically it works. But

starvation may happen



Starvation

o A process/thread that is forced to wait
indefinitely in a synchronization program is said
to be subject to starvation

— In some execution scenarios, that process does not
make any progress

— Deadlocks imply starvation, but the reverse is not true
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Dining-Philosophers Problem



Dining-Philosophers Problem

f? Philosopher 0 while(food available)
{pick up 2 ad,j. forks;
eat;
put down forks;
think awhile;

Philosopher 4

ﬂ }
5 Q Q Philosopher 1
Philosopher 3 %QK ™ « 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

« A philosopher may pick up only one

Shared data fork at a time, and cannot pick up a
sem t forks[5]; fork already in use. When done, he

the other o2



Dining-Philosophers Problem

o The basic loop of a philosopher

while (1) {

think () : o
getforks () ;[— "
eat () ; — Critical section
PlIEEoERS ()2 — 29




The Helper Functions

10E deft(int p) { .Feturt ©s 4
1hE ‘erght (int pP) 4 reeurn (g + 1) 3 5; }

sem t forks[5]

— Each fork initialized to 1

void getforks () {
sem_wait (forks[left (p)]);
sem_wait (forks[right (p)1);
}

| Is this solution correct?
void putferks() A

sem_post (forks[left (p)
sem_post (forks[right (p
}

1);
) 1);

O 0 N O O b WO N =

64



Simplest Example of A Deadlock

Thread O

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

Interleaving

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

Thread 0

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

Interleaving

sem wait(fork[0])

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

Thread 0

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

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

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

Thread 0

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

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

sem wait(fork[0])

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

Thread 0

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

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

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

sem wait(fork[1l])

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

Thread 0

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

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

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

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

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

Q: Would the previous 5DP implementation cause
exactly the same form of a deadlock as shown below?

Thread 0

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

Interleaving

sem wait(fork[0])

sem wait(fork[1l])

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

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

Thread 1

sem wait(fork[1l])
sem wait(fork[0])
sem signal(fork[1l])
sem signal(fork[0])
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Review: Conditions for Deadlocks

o Mutually exclusive access of shared resources
— Binary semaphore fork[0] and fork[1]
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Review: Conditions for Deadlocks

o Mutually exclusive access of shared resources
— Binary semaphore fork[0] and fork[1]

o Circular waiting
— Thread 0 waits for Thread 1 to signal(fork[1]) and
— Thread 1 waits for Thread 0 to signal(fork[0])

o Hold and wait

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

o No preemption

— Neither fork[0] and fork[ 1] can be removed from
their respective holding threads



Why 5DP is Interesting?

o 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)

o Why starvation exists and what we can do about
it?



Why 5DP is Interesting?

o H 4 ol . .
deadloeks— 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)

o Why starvation exists and what we can do about
it?
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Dijkstra’s Solution:
Break the Circular Wait Condition

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

o Assume PO — P4, 4 is the highest number

1 void getforks () {

2 if (p == 4) {

3 sem_walt (forks[right (p)]);
4 sem_wailit (forks[left (p)]);
5 } else {

6 sem_wailt (forks[left (p)1]);
7 sem_wailt (forks[right (p)1]);
8

9
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Again, Starvation

o Subtle difference between deadlock and
starvation

— Once a set of processes are in a deadlock, there is
no future execution sequence that can get them out
of it!

— In starvation, there does exist hope — some execution
order may be favorable to the starving process
although no guarantee it would ever occur

— Rollback and retry are prone to starvation

— Continuous arrival of higher priority process is
another common starvation situation



Building a Semaphore w/ CV
Worksheet



