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Synchronizacia

Model vlakien — zdielana pamat
Komunikacia - viaceré vyhody

o Jednoduchost — ziadne Spec. API

o Rychlost

Vlakna — nedeterministické planovanie
o Problemy



Synchronizacia

Thread 1: x :=1;
Thread 2: x :=2;
X:=0;:

Thread 1: x := x+1;
Thread 2: x := x+1;

X:=0;
Thread 1: for (i=0;i<1000000;i++) X := X+1;
Thread 2: for (i=0;i<1000000;i++) X := x-1;



Synchronizacia

Synchronizacia
2 Ulohy vykonat v stanovenom poradi
o Ulohy nevykonat stgasne

o Kontrola pristupu do pamate
0 Vstupno-vystupné operacie



Vzajomne vylucovanie

Zabezpecit, aby sa ulohy A a B nevykonavali
,sucasne”
Mutex (Pthreads):

Init:
mutex_init(mutex);

Thread A: Thread B:
mutex_lock(mutex); mutex_lock(mutex);
// critical section A // critical section B

mutex_unlock(mutex); mutex_unlock(mutex);



Vzajomne vylucovanie

Semafory:

Init:
sem_init(mutex, 1);

Thread A: Thread B:
sem_wait(mutex); sem_wait(mutex);
// critical section // critical section

sem_signal(mutex); sem_signal(mutex);



‘ /abezpecenie poradia vykonavania -
signalizacia
= Semafory:

Init:
sem_init(sem,0);

Thread A: Thread B:

sem_wait (sem); // do some work B

// do some work A sem_signal(sem);




‘ /abezpecenie poradia vykonavania -
signalizacia
= Pthreads:

Init:
mutex_init(mutex);
cond_init(cond);

Thread A: Thread B:
mutex_wait(mutex); // do some work B
cond_wait(cond, mutex);
mutex_unlock(mutex); cond_signal(cond);

// do some work A




Vzajomne vylucovanie

Ak B signalizuje skor ako A - uviaznutie

Init:

mutex_init(mutex);
cond_init(cond);
work B done = FALSE;

Thread A: Thread B:
mutex_wait(mutex); // do some work B
if (! work_B_done)

cond_wait(cond, mutex); mutex_wait(mutex);
mutex_unlock(mutex); work_B_done = TRUE;

cond_signal(cond);
// do some work A mutex_unlock(mutex);



Vzajomne vylucovanie

if (! work_B_done) cond_wait(cond, mutex); - nestadi if
while (! work_B_done) cond_wait(cond, mutex); - spravna konstrukcia

“Spurious Wakeups” — ,falosné prebudenie”

o cond_wait(cond,mutex) méze skoncit' aj ked
podmienena premenna nebola signalizovana

o Dosledok narocnosti implementacie v
multiprocesorovom poc. systeme

Spravny styl programovania

o Po obdrzani mutexu moze byt uz podmienka
neplatna



/abezpecenie poradia vykonavania -
signalizacia
Spravne riesenie:

Init:

mutex_init(mutex);
cond_init(cond);
work B done = FALSE;

Thread A: Thread B:
mutex_lock(mutex); // do some work B
while (! work_B_done)

cond_wait(cond, mutex); mutex_lock(mutex);
mutex_unlock(mutex); work_B_done = TRUE;

cond_signal(cond);
// do some work A mutex_unlock(mutex);



Synchronizacné primitivy

Zakladné synchronizacné konstrukcie
Je mozné vybudovat zlozitejSie konstrukcie

Vzajomné vyluCovanie + signalizacia
o Mutexy + podmienené premenné
0 Semafory



Multiplex (Downey)

lba stanoveny pocet uloh v ,kritickej oblasti*
Semafory:

Init:
sem_1nit(sem, N);

Thread A: Thread B: Thread C:
sem_wait(sem); sem_wait(sem); sem_wait(sem);
// critical section A // critical section B // critical section C

sem_signal(sem); sem_signal(sem); sem_signal(sem);



Multiplex
Pthreads:

Init:
mutex_init(mutex)
cond_init(cond)
count := N;

Thread A :

mutex_lock(mutex)

if count == 0 then
cond_wait(cond, mutex)

count = count — 1

// critical section A

count = count + 1

if count == 1 then
cond_signal(cond)

mutex_unlock()

Thread B :

mutex_lock(mutex)

if count == 0 then
cond_wait(cond, mutex)

count = count — 1

// critical section B

count = count + 1

if count == 1 then
cond_signal(cond)

mutex_unlock()

Thread C :

mutex_lock(mutex)

if count == 0 then
cond_wait(cond, mutex)

count = count — 1

// critical section C

count = count + 1

if count == 1 then
cond_signal(cond)

mutex_unlock()



Multiplex

lba jedno vlakno pristupuje do ,kriticke]
sekcie”

Potreba uvolfiovat mutex
Falosné zobudenia — pouzit' ,while” cyklus



Multiplex
Pthreads:

multiplex_init(multiplex,N)
mutex_init(mutex)
cond_init(cond)
count := N;

multiplex_lock(multiplex) :
mutex_lock(mutex);
while (count == 0)
cond_wait(cond, mutex);
count = count — 1;
mutex_unlock(mutex);

multiplex_unlock(multiplex) :
mutex_lock(mutex);
count = count + 1;
if (count == 1) then
cond_signal(cond);
mutex_unlock()



Bariéra

Bod stretnutia
Kriticky bod

Ziadne vldkno neprejde cez kriticky bod skér
ako vsetky vlakna nedosiahnu bod stretnutia



Bariéra

Init:
sem_init(mutex, 1);
sem_init(barrier, 0);
count :=0;
n,

Thread:
sem_wait(mutex);
count :=count + 1;
sem_signal(mutex);
if (count == n) sem_signal(barrier);

sem_wait(barrier);

// critical point




Bariéra

lba jedno vlakno prejde cez bariéru, ostatné
uviaznu

Vzdy?



Bariéra

Init:
sem_init(mutex, 1);
sem_init(barrier, 0);
count :=0;
n,

Thread:
sem_wait(mutex);
count := count + 1;
sem_signal(mutex);

if (count == n) sem_signal(barrier);

sem_wait(barrier);
sem_signal(barrier);

/[ critical point




Bariéra

Problem odstraneny
Bariéra funkéna

Pristup k premennej ,count® mimo kritickej
oblasti



Bariéra

Init:
sem_init(mutex, 1);
sem_init(barrier, 0);
count :=0;
n,

Thread:
sem_wait(mutex);
count :=count + 1;

if (count == n) sem_signal(barrier);
sem_wait(barrier);
sem_signal(barrier);

sem_signal(mutex);

/[ critical point




Bariéra

Chyba — uviaznutie

Casta chyba — Cakanie na semafér +
uzamknuty mutex



Bariéra

Init:
sem_init(mutex, 1);
sem_init(barrier, 0);
count :=0;
n,

Thread:
sem_wait(mutex);
count :=count + 1;

if (count == n) sem_signal(barrier);
sem_signal(mutex);

sem_wait(barrier);
sem_signal(barrier);

/[ critical point




‘ Turniket

= Vzor ,Turniket* (Turnstile)

o Turniket je zafizeni, které funguje
jako brana, kterou maze v jednu
chvili projit pouze jeden Clovék.
Turnikety byly puvodné pouzivany
jako jiny druh ohrady, ktery mél
dovolit prlchod lidem, ale zabranit
ovcim a jinym zvifatim ohradu
opustit. Dnes se pouzivaji zejména
kK usmérnéni pohybu lidi. (Zdroj:
wikipedia)




‘ Turniket

Init:
sem_init(turnstile,1)

Threads:

sem_wait(turnstile)
sem_signal(turnstile)

Control thread:
sem_wait(turnstile) - vypnutie turniketu
sem_signal(turnstile) - zapnutie turniketu




/novupouzitel'na bariéra

Bariéra - spravne riesenie ale chceme
znovupouzitefnu barieru

Vlakna vykonavaju pracu v cykle

Threads:
while(do_loop) {
// some task

barrier();

}



‘ Znovupouéitel’né bariéra

Init: Thread:
sem_init(mutex, 1); sem_wait(mutex);
sem_init(turnstile, 0); count := count + 1;
count :=0; sem_signal(mutex);
n;

if (count == n) sem_signal(turnstile);

sem_wait(turnstile);
sem_signal(turnstile);

/[ critical point
sem_wait(mutex);
count := count - 1;

sem_signal(mutex);

if (count == 0) sem_wait(turnstile);




/novupouzitel'na bariéra

Mozné viacnasobné signalizovanie semafora
Jfurnstile”

Vsetky vlakna mo6zu teoreticky signalizovat
semafor ,turnstile”



‘ Znovupouéitel’né bariéra

Init: Thread:
sem_init(mutex, 1); sem_wait(mutex);
sem_init(turnstile,0); count := count + 1;
count :=0; if (count == n) sem_signal(turnstile);
n; sem_signal(mutex);

sem_wait(turnstile);
sem_signal(turnstile);

/[ critical point

sem_wait(mutex);

count := count - 1;

if (count == 0) sem_wait(turnstile);
sem_signal(mutex);




/novupouzitel'na bariéra

Vlakno po prechode cez bariéru, vykona
pracu a znovu moze prejst cez bariéru



/novupouzitel'na bariéra

Init:

sem_init(mutex, 1);
sem_init(turnstilel, 0);
sem_init(turnstile2, 1);
count := 0;

n;

Thread:

sem_wait(mutex);

count := count + 1;

if (count ==n) {
sem_signal(turnstilel);
sem_wait(turnstile2);

}

sem_signal(mutex);

sem_wait(turnstilel);
sem_signal(turnstilel);

/[ critical point

sem_wait(mutex);

count := count - 1;

if (count == 0) {
sem_signal(turnstile2);
sem_wait(turnstilel);

}

sem_signal(mutex);

sem_wait(turnstile2)
sem_signal(turnstile2)



Bariéra

Riesenie s pouzitim Pthreads prostriedkov
Mutex
Podmienené premenneé



Bariéra

Init:
mutex_init(mutex);
cond_init(cond);
count :=0;

n;

Thread:
mutex_lock(mutex);
count := count + 1;
mutex_unlock(mutex);

if (count ==n) {

cond_signal(cond);

}

cond_wait(cond, mutex);
mutex_unlock(mutex);

/[ critical point



Bariéra

lba jedno vlakno je prebudené a prejde
bariéerou
Nespravna praca s podmienenou premennou

Osetrenie pristupu k premennej ,count”



Bariéra

Init:

mutex_init(mutex);
cond_init(cond);
count :=0;

n;

Thread:

mutex_lock(mutex);
count := count + 1;
mutex_unlock(mutex);

if (count == n)
cond_broadcast(cond);

cond_wait(cond, mutex);
mutex_unlock(mutex);

/[ critical point

Thread:

mutex_lock(mutex);
count := count + 1;
mutex_unlock(mutex);

if (count ==n)
cond_signal(cond);

cond_wait(cond, mutex);
cond_signal(cond);

mutex_unlock(mutex);

// critical point



Bariéra

Signaly sa nezachovavaju pre nasledujuce
pouzitie

Uviaznutie

Nespravna praca s podmienenou premennou

Osetrenie pristupu k premennej ,,count®



Bariéra

Init:
mutex_init(mutex);
cond_init(cond);

count :=0;
n;
Thread: Thread:
mutex_lock(mutex); mutex_lock(mutex);
count :=count + 1; count := count + 1;
if (count ==n) if (count ==n)
cond_broadcast(cond); cond_broadcast(cond);
else else
cond_wait(cond, mutex); while (count !=n) cond_wait(cond, mutex);
mutex_unlock(mutex); mutex_unlock(mutex);

/[ critical point /[ critical point



‘ Znovupouiitel’né bariéra

= Vlakna vykonavaju pracu v cykle




/novupouzitel'na bariéra

Init:
mutex_init(mutex);
cond_init(cond);

mutex_init(mutexI); if (count ==n) {
cond_init(condI); in_barrier := TRUE;
count := 0; cond_broadcast(cond);
in_barrier := FALSE; }
n; else
while (!in_barrier) cond_wait(cond,mutex);
Thread:

mutex_lock(mutexI); // critical point
while (in_barrier) cond_wait(condl, mutexI);
mutex_unlock(mutexI); count := count - 1;

if (count == 0) {
mutex_lock(mutex); in_barrier := FALSE;
count := count + 1; cond_broadcast(condl);

}

mutex_unlock(mutex);



/novupouzitel'na bariéra

Chyba — uviaznutie, nutnost osetrit
nastavovanie premennej ,in_barrier*



/novupouzitel'na bariéra

Init:
mutex_init(mutex);
cond_init(cond);
count := 0;
in_barrier := FALSE;
n;

Thread:

mutex_lock(mutex);
while (in_barrier) cond_wait(cond, mutex);

count := count + 1;

if (count ==n) {
in_barrier := TRUE;
cond_broadcast(cond);

}

else
while (!in_barrier) cond_wait(cond,mutex);

/[ critical point

count := count - 1;

if (count ==0) {
in_barrier := FALSE;
cond_broadcast(cond);

}

mutex_unlock(mutex);



FIFO Mutex

Mutex, Semafoér — nie je urCene, ktore vlakna
budu po signalizacii prebudené

Implementacia FIFO dat. struktury - frontu
Prebudzanie vlakna na ¢ele frontu



FIFO Mutex

Init:
sem_init(mutex, 1);
fifo_init(fifo);

Thread_init:
sem_init(mysem,0);

Thread:
fifomutex_lock()

sem_wait(mutex);

if (fifo_isempty()) {
fifo_add(mysem);
sem_signal(mutex);

}

else {
fifo_add(mysem);
sem_signal(mutex);
sem_wait(mysem);

}

fifomutex_unlock()
sem_wait(mutex);
fifo_remove();
if (Mfifo_isempty()) {
sem = fifo_top();
sem_signal(sem);
}

sem_signal(mutex);



FIFO Mutex

Init:
mutex_init(mutex);
fifo_init(fifo);
for (1=0; i<n; 1++) cond_init(cond][1]);

Thread_init:

tid
Thread:
fifomutex_lock() fifomutex_unlock()
mutex_lock(mutex); if (Mfifo_isempty())
if (!fifo_isempty()) { cond_signal(fifo_top());
fifo_add(cond[tid]); mutex_unlock(mutex);

while (fifo_top() !=cond[tid])
cond_wait(cond[tid], mutex);
fifo_remove();

}



FIFO Mutex

lba jedno vlakno sa dostane za mutex
Vo fronte ziadna hodnota



FIFO Mutex

Init:
mutex_init(mutex);
fifo_init(fifo);
for (1=0; i<n; 1++) cond_init(cond][1]);

Thread_init:

tid
Thread:
fifomutex_lock() fifomutex_unlock()
mutex_lock(mutex); mutex_lock(mutex);
fifo_add(cond|[tid]); fifo_remove();
while (fifo_top() != cond[tid]) if (Mfifo_isempty())
cond_wait(cond[tid], mutex); cond_signal(fifo_top());

mutex_unlock(mutex); mutex_unlock(mutex);



Producers - Consumers

Producenti a konzumenti

Producenti vytvaraju polozky a umiestnuju ich
do datovych struktur

Konzumenti vyberaju polozky z datovych
struktur a spracovavaju ich



Producers - Consumers

Synchronizaéné obmedzenia
Datova struktura — bufer — je pocas
zapisovania alebo Citania polozky v
nekonzistentnom stave

Ked v dat. strukture nie je ziadna polozka,
pripadny konzument zacne Cakat’



Producers - Consumers

Init:
sem_init(mutex, 1);
sem_init(items, 0);
fifo_init(buffer);

Thread Producer: Thread Consumer:
item = produce_item(); sem_wait(items);
sem_wait(mutex);
sem_wait(mutex); item = fifo_remove();
buffer_add(item); sem_signal(mutex);

sem_signal(items);
sem_signal (mutex); process_item(item);



Producers - Consumers

Drobné zlepsenie v Producer vlaknach

Consumer je okamzite zablokovany na
semafore ,mutex” ak Producer signalizuje
cez semafor ,items”

Zobudzanie a uspavanie vlakien — drahé
operacie



Producers - Consumers

Init:
sem_init(mutex,1);
sem_init(items,0);
fifo_init(buffer);

Thread Producer: Thread Consumer:
item = produce_item(); sem_wait(mutex);
sem_wait(items);
sem_wait(mutex); item = fifo_remove();
buffer_add(item); sem_signal(mutex);

sem_signal(items);
sem_signal(mutex); process_item(item);



Producers - Consumers

Chyba — uviaznutie
Consumer ziska mutex a Caka na semafoére
Producers nemozu vkladat polozky



Producers - Consumers

Init:
sem_init(mutex,1);
sem_init(items,0);
fifo_init(buffer);

Thread Producer: Thread Consumer:
item = produce_item(); sem_wait(items);
sem_wait(mutex);
sem_wait(mutex); item = fifo_remove();
buffer_add(item); sem_signal(mutex);

sem_signal (mutex);
sem_signal(items); process_item(item);



Readers- Writers

Citatelia — pisatelia

Citatelia &itaju z ,kritickej oblasti

Pisatelia zapisuju do kritickej oblasti
Viaceri Citatelia mozu subezne Citat

lba jeden pisatel mo6ze zapisovat (nikto iny
nemoze ani Citat’ ani zapisovat)



Readers- Writers

Init:

sem_init(mutex, 1);
sem_init(room_empty, 1);
count = 0;

Thread Reader:

sem_wait(mutex);

if (count == 0) sem_wait(room_empty);
count ++;

sem_signal(mutex);

// reading

sem_wait(mutex);

count --;

if (count == 0) sem_signal(room_empty);
sem_signal(mutex);

Thread Writer:
sem_wait(room_empty);
// writing

sem_signal(room_empty);



Vypinac

Vzor ,Vypinac® (Lightswitch)

o Vypinac€ svetla v miestnosti, prvy
Clovek, ktory vojde do miestnosti ho
zapne a posledny Clovek, ktory
vychadza z miestnosti ho vypne.

OFF




Vypinac

Init:
sem_init(mutex,1) ;
counter :=0;

Threads:

lightswitch_lock(sem)
sem_wait(mutex)
if (counter == 0) sem_wait(sem)
counter ++;
sem_signal(mutex)

lightswitch_unlock(sem)
sem_wait(mutex)
counter --;
if (counter == 0) sem_signal(sem)
sem_signal(mutex)



‘ Readers- Writers

Init:
sem_init(room_empty,1);
lightswitch_init(Iswitch);

Thread Reader: Thread Writer:
lightswitch_lock(Iswitch,room_empty) sem_wait(room_empty);
// reading // writing

lightswitch_unlock(Iswitch,room_empty) sem_signal(room_empty);




Readers- Writers

Pisatelia ¢akaju, pokial je v oblasti nejaky
Citatel

Citatelia mozu spdsobit, Ze pisatelia sa
nedostanu do ,kriticke] oblasti*
Vyhladovanie - Starvation



Readers- Writers

Init:
sem_init(room_empty,1);
lightswitch_init(Iswitch);
sem_init(turnstile,1);

Thread Reader:

sem_wait(turnstile);
sem_signal(turnstile);

lightswitch_lock(Iswitch,room_empty)
// reading

lightswitch_unlock(Iswitch,room_empty)

Thread Writer:
sem_wait(turnstile);
// writing

sem_signal(turnstile);



Readers- Writers

Zapisovatel vypne turniket aby Citatelia
nemohli vstupit do ,kritickej oblasti”

Nepocka, kym vsetci Citatelia odidu



Readers- Writers

Init:
sem_init(room_empty,1);
lightswitch_init(Iswitch);
sem_init(turnstile,1);

Thread Reader:

sem_wait(turnstile);
sem_signal(turnstile);

lightswitch_lock(Iswitch, room_empty)
// reading

lightswitch_unlock(Iswitch,room_empty)

Thread Writer:

sem_wait(turnstile);
sem_wait(room_empty);

// writing

sem_signal(room_empty);
sem_signal(turnstile);



Readers- Writers

1st Readers — Writers Problem

o Readers Preference — uprednostnenie Citatelov
o Viaceri Citatelia mézu Citat

o Vyhladovanie pisatelov

2nd Readers — Writers Problem

o Writers Preference — uprednostnenie pisatelov
o Pisatel nesmie Cakat' dihsie ako je nevyhnutné
o Vyhladovanie Citatelov

3rd Readers — Writers Problem - rovnovaha



Readers- Writers

Init:
sem_init(hall_empty,1);
lightswitch_init(hall_lswitch);

sem_init(room_empty,1);
lightswitch_init(room_lswitch);

Thread Reader: Thread Writer:
sem_wait(hall_empty); lightswitch_lock(hall_lswitch, hall_empty);
lightswitch_lock(room_lswitch, room_empty); sem_wait(room_empty);

sem_signal(hall_empty);
// reading // writing
sem_wait(hall_empty);

lightswitch_unlock(room_lswitch, room_empty); sem_signal(room_empty);
sem_signal(hall_empty); lightswitch_unlock(hall_lswitch, hall_empty);



Readers- Writers
Pthreads — Readers Preference

Init:
mutex_init(mutex);
cond_init(cond);

count =0;

Thread Reader: Thread Writer:

mutex_lock(mutex); mutex_lock(mutex);

count ++; while (count != 0) cond_wait(cond, mutex);

mutex_unlock(mutex); s
// writing

// reading

s mutex_unlock(mutex);
mutex_lock(mutex);

count --;

if (count == 0) cond_broadcast(cond);

mutex_unlock(mutex);



Readers- Writers

Pthreads — Writers Preference

Init:

mutex_init(mutex);

cond_init(r_cond); count =0;
cond_init(w_cond); i1s_writer = FALSE;

Thread Reader:

mutex_lock(mutex);

while (is_writer) cond_wait(w_cond, mutex);
count ++;

mutex_unlock(mutex);

// reading

mutex_lock(mutex);

count --;

if (count == 0) cond_signal(r_cond);
mutex_unlock(mutex);

Thread Writer:

mutex_lock(mutex);

while (count != 0) cond_wait(r_cond, mutex);
1s_writer = TRUE;

mutex_unlock(mutex);

/l writing

mutex_lock(mutex);
1s_writer = FALSE;
cond_signal(w_cond);
mutex_unlock(mutex);



Readers- Writers

Uprednostnenie pisatefov — pisatel, skor ako
zacne Cakat musi ,upovedomit® Citatelov

0 is_writer = TRUE pred while() cond_wait
Posledny pisatel odchadza — ktory je
posledny?

o pocitat si pisatelov

Ochrana oblasti pred viacerymi pisatefmi
0 Ochrana mutexom

Zobudzanie vsetkych ¢akajucich

o cond_broadcast namiesto cond_signal



Readers- Writers
Pthreads — Writers Preference

Init:

mutex_init(mutex); mutex_init(w_mutex);
cond_init(r_cond); r_count = 0;
cond_init(w_cond); w_count = 0;

Thread Reader: Thread Writer:

mutex_lock(mutex); mutex_lock(mutex);

while (w_count!=0) cond_wait(w_cond, mutex); w_count ++;

r_count ++; while (r_count != 0) cond_wait(r_cond, mutex);
mutex_unlock(mutex); mutex_unlock(mutex);

. mutex_lock(w_mutex);
/l reading /] writing
mutex_unlock(w_mutex);

mutex_lock(mutex); mutex_lock(mutex);
r_count --; w_count --;
if (w_count == 0) cond_broadcast(r_cond); cond_broadcast(w_cond);

mutex_unlock(mutex); mutex_unlock(mutex);



Readers- Writers

Symetrické riesenia?

Thread Reader:

A — povodné rieSenie

mutex_lock(mutex);

while (w_count!=0) cond_wait(w_cond, mutex);
r_count ++;

mutex_unlock(mutex);

B - r_count pred while

mutex_lock(mutex);

r_count ++;

while (w_count!=0) cond_wait(w_cond, mutex);
mutex_unlock(mutex);

C — w_count za while

mutex_lock(mutex);

while (w_count!=0) cond_wait(w_cond, mutex);
r_count ++;

mutex_unlock(mutex);

Thread Writer:

mutex_lock(mutex);

w_count ++;

while (r_count != 0) cond_wait(r_cond, mutex);
mutex_unlock(mutex);

mutex_lock(mutex);

w_count ++;

while (r_count != 0) cond_wait(r_cond, mutex);
mutex_unlock(mutex);

mutex_lock(mutex);

while (r_count != 0) cond_wait(r_cond, mutex);
w_count ++;

mutex_unlock(mutex);



Readers- Writers

Riesenia preferencie
Thread Reader:

A — writers preference

mutex_lock(mutex);

while (w_count!=0) cond_wait(w_cond, mutex);
r_count ++;

mutex_unlock(mutex);

C - no starving

mutex_lock(mutex);

while (w_count!=0) cond_wait(w_cond, mutex);
r_count ++;

mutex_unlock(mutex);

D — readers preference

mutex_lock(mutex);

r_count ++;

while (w_count!=0) cond_wait(w_cond, mutex);
mutex_unlock(mutex);

Thread Writer:

mutex_lock(mutex);

w_count ++;

while (r_count != 0) cond_wait(r_cond, mutex);
mutex_unlock(mutex);

mutex_lock(mutex);

while (r_count != 0) cond_wait(r_cond, mutex);
w_count ++;

mutex_unlock(mutex);

mutex_lock(mutex);

while (r_count != 0) cond_wait(r_cond, mutex);
w_count ++;

mutex_unlock(mutex);



Synchronizacia

Sutazenie - Race Hazard, Race Condition
Uviaznutie — Deadlock
Vyhladovanie — Starvation



'Dining Philosophers

while (true) {
think();

eat();




Dining Philosophers

Filozof striedavo mysli a je

Ak chce mysliet — ziaden problem

Ak chce jest potrebuje paliCku (chopstick) po
svojej pravej aj lavej strane

lba jeden filozof m6ze mat paliCku v danej
chvili



Dining Philosophers

Nesmie nastat uviaznutie
Nesmie nastat vyhladovanie

Cas ¢akania na jedenie (koniec myslenia a
zaciatok jedenia) — Cas blokovania nech je
minimalny

Spravodlivy pristup k jedlu




'Dining Philosophers

while (true) {
think();
get_forks();

eat();
put_forks();




'Dining Philosophers

Init:

for (1=0;1<5;1++) sem_init(forks[i],1);
Thread Philosopher Init:

tid

left = tid

right = (tid+1) % 5

Thread Philosopher:

get_forks()
sem_wait(forks[right]);
sem_wait(forks[left]);

put_forks()
sem_signal(forks[right]);
sem_signal(forks[left]);




Dining Philosophers

Jedna paliCka pre jedného filozofa — OK
Moze nastat uviaznutie



Dining Philosophers

Blokovanie celého stola
Dlhy Cas Cakania na jedenie



'Dining Philosophers

Init:
sem_init(table,1);

Thread Philosopher Init:

Thread Philosopher:
get_forks()
sem_wait(table);

put_forks()
sem_signal(table);




Dining Philosophers

Narusenie symetrie — jeden filozof favak

Sused lavaka — najlepsie sance ziskat
paliCku — nespravodlivé riesenie



Dining Philosophers

Init:
for (1=0; 1<5; 1++) sem_init(forks[i],1);

Thread Philosopher Init:
tid

left = tid

right = (tid+1) % 5

Thread Philosopher:

get_forks()
sem_wait(forks[right]);
sem_wait(forks[left]);

put_forks()
sem_signal(forks[right]);
sem_signal(forks|[left]);

Thread s tid=0 Philosopher Leftie:
get_forks()
sem_wait(forks[left]);
sem_wait(forks[right]);

put_forks()
sem_signal(forks[left]);
sem_signal(forks[right]);



Dining Philosophers

Ak povolime iba 4 filozofov, aby sa snazili
ziskat palicky, uviaznutie nenastane

Obsluha (,Footman®) obsluhuje iba 4 filozofov



Dining Philosophers

Init:
sem_init(footman,4);
for (1=0; 1<5; 1++) sem_init(forks[i],1);

Thread Philosopher Init:
tid

left = tid

right = (tid+1) % 5

Thread Philosopher:

get_forks()
sem_wait(footman);
sem_wait(forks[right]);
sem_wait(forks[left]);

put_forks()
sem_signal(forks[right]);
sem_signal(forks[left]);
sem_signal(footman);



‘ /. droje

= Allen B. Downey. The Little Book of Semaphores

» Linux Man Pages. sem_overview




Ako sa pripravit’ na 1. ulohu

Jednoduche priklady

o vytvaranie vlakien, mutex, semafér, podm. premenné, ...

Jednoduchsie synchronizacné problemy

o VyluCovanie, signalizacia, barierova synchronizacia,
znovupouzitefna bariéra

o Pomocou semaforov, pomocou mutexov + podm. premennych

Klasické synchronizacné problémy
o Producent — konzument
o Citatelia — pisatelia

Uprednostnenie Citatelov

Uprednostnenie pisatelov
Bez vyhladovania

o Obedujuci filozofi



Témy na projekt

Najst’ a spracovat synchronizaény probléem
o Popis problému — zadanie

o RieSenie aj s chybami a postupnymi opravami

o Dokument + priklady v C

Vytvorit simulaciu zvoleného synchronizacného problému

o Projekt v C + dokument popisujuci pouzitie a rieSenia

o Oddelit implementaciu problému od implementacie pomocnych funkcii
o Viaceré rieSenia

Vytvorit simulator na overenie rieseni (inspiracia simulator Sync)



