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Procesy

Vlakno (Thread) — nezavisly tok instrukcii

Funkcia beziaca nezavisle od hlavného toku
programu

Proces

o Objekt operacného systemu

o Informacia o programe, zdrojoch,stave
vykonavania programu:



Procesy

o ID procesu, skupiny, pouzivatefa (Process ID, process group ID,
user ID, and group ID)

Prostredie (Environment)

Pracovny adresar (Working directory)
Programové instrukcie (Program instructions)
Registre (Registers)

Zasobnik (Stack)

Halda resp. hromada (Heap)

Deskriptory suborov (File descriptors)

Akcie na signaly (Signal actions)

Zdielané kniznice (Shared libraries)

Medziprocesova komunikacia: rady spravy, rury, semafory,
zdielana pamat (Inter-process communication tools: message
queues, pipes, semaphores, or shared memory).
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Vliakna

Vlakna existuju v ramci procesov
Mozu byt planované a vykonavané OS
Vykonavané nezavisle

Duplikuju iba potrebné zdroje:

o Ukazatel na zasobnik

Registre

Vlastnosti pre planovanie (priorita, politika)
Mnozina signalov

C O O DO



‘ Vlakna
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Vliakna

Vlakno existuje v ramci procesu a pouziva
zdroje procesu

Ma vlastny nezavisly tok instrukcii

Duplikuje iba zdroje potrebné na nezavisly
beh

Zdiela zdroje procesu s ostatnymi vlaknami

,Lightweight Process” — vacsia Cast
inicializaCnej prace uz vykonana procesom



Vliakna

Vlakno zdiela zdroje procesu s ostatnymi

viaknami:

o Zmeny vykonané inymi vlaknami na zdielanych
systémovych prostriedkoch su viditelné ostatnymi
viaknami

o Dva ukazatele s rovnakou adresou ukazuju na to
Isté miesto v pamati

o Je mozné zapisovat a Citat z toho istého miesta v
pamati, potreba synchronizovat

0 Vlaknova bezpecnost (Thread Safeness)



Vliakna

Zdielana pamat — pristupna z kazdeho vlakna
Zasobnik, sukromna pamat vlakien — lokalna pamat
Logicky pamatovy model:

P M P
D) D)
Q Q
2 =3
P 7 M P 7
2] A
' 7o) 9]
= =
= =
= o
< <
i, i,
= =
< <
= =
n »n
P M P




Vliakna

Portabilita
o sekvencné aj paralelné pocitacové systémy

Zakrytie oneskoreni pri pristupe (Latency
Hiding)

o pamat, 10, komunikacia

o sekvencné aj paralelné pocitacové systémy
Jednoduché planovanie a vyrovnavanie zataze
o moznost definovat’ vacsi poc€et subeznych uloh

0 systém sa stara o dynamické planovanie vlakien

o maximalizacia vytazenia procesorov



Vliakna

Pouzitie vlakien:

d

d

d

Praca moze byt vykonana vo viacerych
subeznych ulohach

Udaje je mozné spracovavat viacerymi sibeznymi
ulohami

Nerovnomerné zatazenie procesora v réznych
Castiach programu

Potreba vykonavat asynchrénne operacie
R6zna dolezitost uloh v programe (priority)

V paralelnych aj sekvencnych prostrediach



Vliakna

Modely pouzitia vlakien:

o Hlavneé vlako — pracovne vlakna (Master —
Worker)

o Pradové spracovanie (Pipeline)
0 Seberovné vlakna (Peer)



POSIX Threads - Pthreads

Mnozstvo implementacii vliakien

POSIX Threads — standard na UNIX OS
Implementované ako kniznica funkcii

Na vacsine UNIX aj nie UNIX systémoch

Podobnost konceptov a konstrukcii aj s inymi
implementaciami vlakien aj v inych jazykoch
a prostrediach



POSIX Threads - Pthreads

Menezovanie — riadenie vilakien
Vzajomné vyluCovanie (Mutual Exclusion)
Podmienené premenné (Condition Variables)



Pthreads — riadiace funkcie

pthread_create (thread,attr,start_routine,arg)
pthread_exit (status)

pthread_attr_init (attr)
pthread_attr_destroy (attr)



Pthreads — riadiace funkcie

Vytvorenie vlakna

o Funkcia main() je vykonavana v ramci jedného
predvoleného viakna

o Ostatné vlakna je potrebné explicitne vytvorit

o pthread_create vytvori nové viakno
thread: identifikator viakna
attr: atributy pre vldkno, NULL ak Standardné

start_routine: C funkcia, kt. sa bude vykonavat v ramci
vlakna

arg: jediny argument pre C funkciu



‘ Pthreads — riadiace funkcie

time




Pthreads — riadiace funkcie

Atributy viakna
o pthread_attr_init - inicializacia atributov
o pthread_attr_destroy — odstranenie atributov

o Iné funkcie pouzité na nastavenie alebo Citanie
atributov



Pthreads — riadiace funkcie

Ukoncenie vlakna

o Skonci C funkcia vlakna

o Vlakno zavola 1. pthread_exit

o Iné vlakno zavola pthread cancel

o Cely proces je ukonCeny volanim exec alebo exit



Pthreads — riadiace funkcie

#include <pthread.h>
#include <stdio.h>
#define NUM_THREADS 5

void *PrintHello (void *threadid) {
long tid;
tid = (long)threadid;
printf ("Hello World! It's me, thread #%1d!\n", tid)
pthread_exit (NULL) ;

int main (int argc, char *argv[]) {
pthread_t threads[NUM_THREADS];
int rc;
long t;

for (t=0; t<NUM_THREADS; t++) {
printf ("In main: creating thread %1d\n", t);
rc = pthread_create(&threads([t], NULL, PrintHello, (void *)t);
if (rc){
printf ("ERROR; return code from pthread_create() is %d\n", rc);
exit (-1);

}
pthread_exit (NULL) ;




Pthreads — riadiace funkcie

Joinable“ viakno

pthread_join (threadid,status)
pthread_detach (threadid)

pthread_attr setdetachstate (attr,detachstate)
pthread_attr getdetachstate (attr,detachstate)



Pthreads — riadiace funkcie

,Joinable” vlakno — hlavné vlakno moze
pocCkat na ukoncCenie vytvoreného viakna

Spbdsob synchronizacie vlakien
Moznost ziskat vysledok ukonceného vliakna

Pre dané vlakno je mozné iba jedno volanie
pthread_join()

Musi byt Specifikovaneé pri vytvoreni vlakna v
atributoch

Moznost' ,odputat” ,joinable” viakno -
pthread detach()



‘ Pthreads — riadiace funkcie
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Pthreads — riadiace funkcie

#include <stdio.h>
#include <pthread.h>

void *function( void *ptr) {
char *message = (char *) ptr;
printf("%s \n", message);
pthread_exit(0);

int main(void) {
pthread_t thread1, thread2;
char *message1 = "Thread 1";
char *message?2 = "Thread 2";
int iretl, iret2;

iret1 = pthread_create( &hread1, NULL, &function, (void*) message1);
iret2 = pthread_create( &hread2, NULL, &function, (void*) message2);

pthread_join( thread1, NULL);
pthread_join( thread2, NULL);

printf("Thread 1 returns: %d\n",iret1);
printf("Thread 2 returns: %d\n",iret2);
exit(EXIT_SUCCESS);



Pthreads — riadiace funkcie

Menezovanie zasobnikov

pthread_attr _getstacksize (attr, stacksize)
pthread_attr _setstacksize (attr, stacksize)

pthread_attr _getstackaddr (attr, stackaddr)
pthread_attr setstackaddr (attr, stackaddr)



Pthreads — vzajomné vylucovanie

Mutex — Mutual Exclusion

Synchronizacia vlakien, ochrana premennych
v zdielane) pamati

Zamok na ochranu zdielanych zdrojov

lba jedno vlakno moze vlastnit’ (uzamknut)
mutex v danom case

Ak sa viacere vlakna pokusia obdrzat
vlastnictvo, iba jeden ho ziska

Az ked ho vlakno uvolni, méze ho ziskat iné



Pthreads — vzajomné vylucovanie

Uprava globalnej premennej — zabranenie
sutazenia o prostriedky

Kriticka sekcia — takto chranené globalne
Postup pouzitia

Vytvorenie a inicializacia mutexu

Vlakna sa pokusaju uzamknut mutex

lba jedno vlakno uspeje a vykonava mnozinu akcii

Vlastniace vlakno uvolni mutex

Iné (alebo aj to isté) vldkno sa zmocni mutexu a vykonava akcie

o O 0O 0O O o o

Mutex je destruovany



Pthreads — vzajomné vylucovanie

Pri ochrane zdrojov kazdé vlakno musi
pouzivat mutex — uloha programatora
Vlakna, ktoré neziskaju mutex, su uspateé, a
ked je mutex vlaknom ¢o ho ziskalo
uvolneny, dalsie vlakno je prebudené a ziska
mutex



Pthreads — vzajomné vylucovanie

pthread _mutex_init (mutex,attr)
pthread_mutex_destroy (mutex)

pthread _mutexattr_init (attr)
pthread_mutexattr_destroy (attr)

pthread_mutex_lock (mutex)
pthread _mutex_trylock (mutex)
pthread _mutex_unlock (mutex)




Pthreads — vzajomné vylucovanie

Mutex musi byt inicializovany

0 Staticka inicializacia pri jeho deklaracii
pthread_mutex_t mymutex = PTHREAD_MUTEX_INITIALIZER;

o Dynamicka inicializacia
pthread_mutex_init(mutex, attr)
pthread_mutex_destroy(mutex)

pthread mutexattr_t attr;
pthread_mutexattr_init(attr);
pthread_mutexattr_destroy/(attr);



Pthreads — vzajomné vylucovanie

Atribut
o Attr méze byt NULL — standardné hodnoty

o Protokol — politika na zabranenie zmene priorit
o Prioceiling — maximalna priorita
o Process-shared - zdielanie procesmi

Nemaju vsetky implementacie



Pthreads — vzajomné vylucovanie

pthread_mutex_lock (mutex)
pthread_mutex_trylock (mutex)

pthread_mutex_unlock (mutex)



Pthreads — vzajomné vylucovanie

pthread_mutex_lock() - pokus ziskat mutex,
ak uz ziskany inym vlaknom, uspatie viakna
(blokovanie), az kym nie je mutex uvolneny

pthread _mutex_trylock() - pokus ziskat
mutex, ak uz ziskany inym vlaknom, okamzity
navrat z volania funkcie so zodpovdajucou
navratovou hodnotou

pthread_mutex_unlock() - uvolnenie mutexu



Pthreads — vzajomné vylucovanie

#include <stdio.h>
#include <stdlib.h>
#include <pthread.h>

pthread _mutex_t mutex = PTHREAD_MUTEX_ INITIALIZER;

int counter = 0;

void *function() {
pthread_mutex_lock ( &mutex );
counter++;
printf ("Counter wvalue: %d\n", counter) ;
pthread_mutex_unlock ( &mutex );
pthread_exit (0);

int main(void) {
int rcl, rc2;
pthread_t threadl, thread2;

pthread_create( &threadl, NULL, function, NULL);
pthread_create( &thread2, NULL, function, NULL);

pthread_join( threadl, NULL);
pthread_join( thread2, NULL);

exit (EXIT_SUCCESS) ;




Pthreads — podmienené premenné

Dal$ia moznost synchronizovat vldkna

Synchronizacia na zaklade hodnoty dat,
testovanie splnenia podmienky

Polling — obsadzujuce Cakanie
Vzdy pouzité sucasne s mutexom



Pthreads — podmienené premenné

Dal$ia moznost synchronizovat vldkna

Synchronizacia na zaklade hodnoty dat,
testovanie splnenia podmienky

Polling — obsadzujuce Cakanie
Vzdy pouzité sucasne s mutexom



Pthreads — podmienené premenné

pthread _cond_init (condition,attr)
pthread_cond_destroy (condition)

pthread_condattr_init (attr)
pthread_condattr_destroy (attr)

pthread cond_ wait (condition,mutex)
pthread _cond_signal (condition)
pthread cond_broadcast (condition)




Pthreads — podmienené premenné

Podmeinena premenna musi byt

inicializovana

o Staticka inicializacia pri jej deklaracii
pthread_cond_t myconvar = PTHREAD_ COND _INITIALIZER,;

o Dynamicka inicializacia

pthread_cond _init (condition,attr)
pthread_cond_destroy (condition)

pthread_condattr_init (attr)
pthread_condattr_destroy (attr)



Pthreads — podmienené premenné

Atribut
o Attr méze byt NULL — standardné hodnoty

o Process-shared - zdielanie procesmi



Pthreads — podmienené premenné

pthread _cond_wait(condition,mutex)

o Blokuje volajuce vlakno, az kym nie je podmienka
signalizovana

0 zodpovedajuci mutex musi byt uzamknuty a pri
blokovani je uvolneny

o Po prijati signalu uzamkne mutex
0 Mutex musi byt exlicitne uvofneny



Pthreads — podmienené premenné

The pthread_cond_signal(condition)

0 Signalizacia na zobudenie vlakna Cakauceho na
podmienenu premennu

o Zodpovedajuci mutex musi byt pred volanim
uzamknuty

o Zodpovedajuci mutex musi byt uvolneny aby
pthread _cond_ wait() funkcia pokracovala



Pthreads — podmienené premenné

The pthread_cond_broadcast(condition)

o Ak viac vlakien je v stave Cakania na podmienenu
premennu

Volat pthread _cond_signal() pred
pthread _cond_wait() je logicka chyba, signal
sa nezachovava



Pthreads — podmienené premenné

#include <pthread.h>

int conditionMet = 0;

pthread_cond_t cond = PTHREAD_COND_INITIALIZER;
pthread_mutex_t mutex = PTHREAD MUTEX_ INITIALIZER;
#define NTHREADS 5

void *threadfunc(void *parm) {
pthread_mutex_lock (&mutex) ;
while (!conditionMet) pthread_cond_wait (&cond, &mutex);
pthread_mutex_unlock (&mutex) ;
return NULL;

int main(int argc, char **argv) {
int 1i;
pthread_t threadid[NTHREADS];

for (i=0; 1<NTHREADS; ++i) pthread_create(&threadid[i], NULL, threadfunc, NULL);
pthread_mutex_lock (&mutex) ;

conditionMet = 1;

pthread_cond_broadcast (&cond) ;

pthread_mutex_unlock (&mutex) ;

for (i=0; i<NTHREADS; ++i) pthread_join(threadid[i], NULL);

pthread_cond_destroy (&cond) ;
pthread_mutex_destroy (&mutex) ;

return 0;




Pthreads — podmienené premenné

if (! conditonMet) cond_wait(cond, mutex); - nestadi if
while (! conditonMet) 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



Pthreads — podmienené premenné

#include <stdio.h>
#include <stdlib.h>
#include <pthread.h>

pthread_mutex_t count_mutex

pthread_mutex_t condition_mutex

pthread_cond_t condition_cond

int count = 0;
#define COUNT_DONE 10
#define COUNT_HALT1 3

#define COUNT_HALTZ2 6

void *functionCountl () {

void *functionCount2() {

int main(void) {
pthread_t threadl, thread2;
pthread_create( &threadl,
pthread_create( &thread2,
NULL) ;
NULL) ;

pthread_join( threadl,
pthread_join( thread2,

exit (EXIT_SUCCESS) ;

NULL,
NULL,

PTHREAD_MUTEX_ INITIALIZER;
PTHREAD_MUTEX_ INITIALIZER;

PTHREAD_COND_INITIALIZER;

NULL) ;
NULL) ;

functionCountl,

functionCount2,




Pthreads — podmienené premenné

void *functionCountl () {

for (

i) |

pthread_mutex_lock( &condition_mutex );
while( count >= COUNT_HALT1 && count <= COUNT_HALT2

}

pthread_cond_wait ( &condition_cond, &condition_mutex );

pthread_mutex_unlock ( &condition_mutex );

pthread_mutex_lock( &count_mutex );

count++;

printf ("Counter value functionCountl: %$d\n",count);

pthread_mutex_unlock ( &count_mutex );

i

f (count >= COUNT_DONE) pthread_exit (0);

void *functionCount2() {
for(;;) |

pthread_mutex_lock( &condition_mutex );

if ( count < COUNT_HALT1 || count > COUNT_HALT2 ) {
pthread_cond_signal( &condition_cond );

}

pthread_mutex_unlock( &condition_mutex );

pthread_mutex_lock ( &count_mutex );
count++;
printf ("Counter value functionCount2: %d\n",count);

pthread_mutex_unlock( &count_mutex );

if (count >= COUNT_DONE) pthread_exit (0);

Vystup:

Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter

value
value
value
value
value
value
value
value
value
value
value

functionCountl:
functionCountl:
functionCountl:
functionCount2:
functionCount2:
functionCount2:
functionCount2:
functionCountl:
functionCountl:
functionCountl:
functionCount2:
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Pthreads — podmienené premenné

Init:
mutex_init(coun_mutex);
mutex_init(cond_mutex);
cond_init(cond);

Thread A cyklus:

mutex_lock(cond_mutex);

while (count>=3 && count<=6)
cond_wait(cond, mutex);

mutex_unlock(cond_mutex);

mutex_lock(count_mutex);
count := count + 1;

mycount := count;
mutex_unlock(count_mutex);

// do work with my_count

Thread B cyklus:

mutex_lock(cond_mutex);

if (count<3 Il count>6)
cond_signal(cond);

mutex_unlock(cond_mutex);

mutex_lock(count_mutex);
count := count + 1;

mycount := count;
mutex_unlock(count_mutex);

// do work with my_count



Pthreads — podmienené premenné

V Case prace s premennou ,count® moéze byt
podmienka neplatna

Prerusenie toku vykonavania pred
uzamknutim ,,count_mutex®



Pthreads — podmienené premenné

void *functionCountl (
for(;;) {

pthread_mutex_lock( &condition_mutex );

I

while( count >= COUNT_HALT1 && count <= COUNT_HALT2 ) {

pthread_cond_signal ( &condition_cond );

pthread_cond_wait ( &condition_cond,

}

pthread_mutex_unlock( &condition_mutex

// Count
count++;

printf ("Counter value functionCountl:

void *functionCount2 () {
for(;;) {

pthread_mutex_lock( &condition_mutex );

&condition_mutex );

)i

%d\n", count) ;

I

while( count < COUNT_HALT1 || count > COUNT_HALTZ2 ) {

pthread_cond_signal ( &condition_cond );

pthread_cond_wait ( &condition_cond,

}

pthread_mutex_unlock( &condition_mutex

count++;

printf ("Counter value functionCount2:

&condition_mutex );

)i

%d\n", count) ;

Vystup:

Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter

value
value
value
value
value
value
value
value
value
value

functionCountl:
functionCountl:
functionCountl:
functionCount2:
functionCount2:
functionCount2:
functionCount2:
functionCountl:
functionCountl:
functionCountl:
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Pthreads — podmienené premenné

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

Thread A cyklus:

mutex_lock(cond_mutex);

while (count>=3 && count<=6) {
cond_signal(cond);
cond_wait(cond, mutex);

}

mutex_unlock(cond_mutex);

count := count + 1;
mycount := count;

// do work with my_count

Thread B cyklus:

mutex_lock(cond_mutex);

while (count<3 || count>6) {
cond_signal(cond);
cond_wait(cond, mutex);

}

mutex_unlock(cond_mutex);

count := count + 1;
mycount := count;

// do work with my_count



Pthreads — podmienené premenné

V Case prace s premennou ,count® moéze byt
podmienka neplatna

Prerusenie toku vykonavania po
inkrementacii premennej ,,count”



Pthreads — podmienené premenné

void *functionCountl (
for(;;) |
pthread_mutex_lock( &condition_mutex );
while( count >= COUNT_HALT1l && count <= COUNT_HALT2 ) {
pthread_cond_signal ( &condition_cond );

pthread_cond_wait ( &condition_cond, &condition_mutex );

count++;

printf ("Counter value functionCountl: %d\n",count);

pthread_mutex_unlock ( &condition_mutex );

void *functionCount2 () {
for(;;) |
pthread_mutex_lock( &condition_mutex );
while( count < COUNT_HALT1l || count > COUNT_HALT2 ) {
pthread_cond_signal ( &condition_cond );

pthread_cond_wait ( &condition_cond, &condition_mutex );

count++;

printf ("Counter value functionCount2: %d\n",count);

pthread_mutex_unlock ( &condition_mutex );

Vystup:

Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter
Counter

value
value
value
value
value
value
value
value
value
value

functionCountl:
functionCountl:
functionCountl:
functionCount2:
functionCount2:
functionCount2:
functionCount2:
functionCountl:
functionCountl:
functionCountl:
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Pthreads — podmienené premenné

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

Thread A cyklus:

mutex_lock(cond_mutex);

while (count>=3 && count<=6) {
cond_signal(cond);
cond_wait(cond, mutex);

count := count + 1;
mycount := count;

}

mutex_unlock(cond_mutex);

// do work with my_count

Thread B cyklus:

mutex_lock(cond_mutex);

while (count<3 || count>6) {
cond_signal(cond);
cond_wait(cond, mutex);

count := count + 1;
mycount := count;

}

mutex_unlock(cond_mutex);

// do work with my_count
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