IHoaporiiniopog og erineoo threads
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Thread — (o AEEN pe TOAAEC YpNGELC

EQPOPLOYEC KO Wwork,
threading task,
frameworks
user-space user-level threads,
software fibbers,
kernel-space kemel threads,
(OS) threads,
pthreads, ...
l/sv: thead.,
hardware execution thread,
CpU, ...
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Ta enineon vAomoinong twv threads

» Hardware threads

MoOVAOEC EKTEAEGTC «PODV» EVIOAMV, LE CEXMPIGTO
program counter Kol Kooy mpPnTes

‘Evog mupnvag (core) 1 LEPOG TOL TLPNVOL GE TEPUTTWCELS
“hyperthreading” (1] o emotnuovikd, “simultaneous
multithreading™)

* OS threads
EAappiéc dtepyooie, LOPACOVTOL TN VU KoL TO apyEiol
LLLOG KOVOVIKTG O1EPYAGLOC

To Aettovpyikd GOGTNUO EVOALAGGEL TNV EKTEAECT] TOVG GTA
owafcoua hardware threads

Ka0e thread &yel 01k6 Tov stack, dpa EEYOPIGTES TOMIKEC
HeTaPANTEG
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Ta enineon vAomoinong twv threads

 User level threads

YAomotovvtal GE pia olEpyacio ympic To AEITOVPYIKO
GUGTNUO VO, EYEL YVOGCT TNG VITOPENS TOVC

Koo yapaxtnpltotiko givol o un tpoektomicuos: evo ULT
O dmaGel Tov ELEYY0 o€ AALO LOVO OTav BELEL

Extelovvton o€ Eva n meprocotepa OS threads

. “Work”, “task’”

Etvon xoppdtio epyociog yio Ty VAOTOINoN EVOG
aAyopifuov, e TapAAANAN 1] EVOAOGGOUEVT] EKTEAECT)
Avaroya pe ta owbéoiua hardware threads

H epapuoyn 1 éva threading framework Qa ta avabécerl o
user-level ko OS threads
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POSIX threads (pthreads)

 Eivar OS threads

[Tapéyoviar amd 10 AEITOVPYIKO GVGTNUA, TO OO0 Kol TO
otayepiletan

POSIX &gtval Eva TpOTLTO Yo TNV VAOTOINGT OAPOP®V
APIs vnpectdv TOV AEITOVPYIKOV GUGTNUATOV

KaBe Aettovpyikd cvotnua otaf€TeL T 01KT) TOL VAOTTOIN O
tov POSIX threads pe tn popoen kowvng Pipitodnkmc
(shared library)

 Pthreads API

[Tapéyer nebodooLE Yo TN ONUIOVPYid, TOV TEPUATIGUO, TOV
GUYYPOVIGUO KOt YEVIKG TN oloyeipton Twv threads evoc
AEITOVPYIKOV GLGTNUATOC
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[Ipoypaupatiopnoc POSIX threads

* Include headers
#include <pthread.h>

Opiopoi tov API tov POSIX threads (cuvaptnoelg,
oTa0EPES KOl OOUES OEOOUEVMDV)

* Compiler flags
I1.x. gcc -02 -Wall -pthread one-thread.c -o one-thread

Ewomnotiel tov petaylAottiot (6to otdoto tov linker) va
GUVOECEL TO EKTEAEGIUO TPOYPOLUUE LOC LE AVOPOPES OTNV
Ko BiProdnkn tov cvetriuatog mov vAomolel ta POSIX
threads

) /usr/bin/ld: /tmp/ccUR1fAh.o: in function ‘main':
one-thread.c:(.text.startup+0x27): undefined reference to "pthread create'
/usr/bin/ld: one-thread.c:(.text.startup+0x42): undefined reference to “pthread join'
collect2: error: 1d returned 1 exit status
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[epieyer tnv epyacio (Work) evog thread
|

void *thread func(void *args) {

// useful work here
printf("Child thread working..\n");

// terminate and let be joined
pthread exit(NULL);




pthread t pid; // the thread's "handle"

// create a thread - non-blocking call

if (pthread create(&pid,NULL,thread func,NULL) !=0) {
printf("Error in thread creation!\n");
exit(1l);




// wait until thread terminates - blocking call
if (pthread join(pid,NULL)'!'=0) {

printf("Error in thread join!\n");
exit(1);




Tpomoc ypnonc twv pthread create() kou
pthread join()

* To oynuo “fork — join™
‘Eva “master thread” (mt.. 10 «Kvpi®C TPOYPOLLLLO)
onuwovpyet (“fork™) pe tnv pthread create() wa cepd amod
threads yia va epyactoVv TapAIAAAQ KOl TEPIUEVEL VOL
OAOKANPOCOVV TNV €pYacio Tovg (“j01n’) pe TNV
pthread joimn()

fork

%\\;
thread] Wihread2 ireadN

s

join
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:Tmmmmpammd%:

pthread t pid[THREADS]; // the threads' "handles"

for (int i=0;i<THREADS;i++) {
// create thread i - non-blocking call
if (pthread create(&pid[i],NULL,thread func,NULL) !'=0) {
printf("Error in thread creation!\n");
exit(1);
}
}

// useful work here
printf("Main thread working..\n");

for (int i=0;i<THREADS;i++) {
// wait until thread 1 terminates - blocking call
if (pthread join(pid[i],NULL)'!=0) {
printf("Error in thread join!\n");
exit(1l);




] [ 2 1 ¢ C)ra threo | 9 y CK7 ror\ CreC o Y 1)\ r\< <|(~/',
__Q)g KOG UIcad Uil cKTe/AcOGl ILLQPDC LTS U /D/JLJ\_f]Cj

// struct of info passed to each thread ) )
struct thread params { OOUN (G «TTOKETO» TTOPOUETHWV

int id; thread's id (for demo purposes)
};

void *thread func(void *args) {

uetatponn (cast) aro void ptr — struct thread params ptr
// get arguments

struct thread params *tp = (struct thread params *)args;

int id = tp->id;
~ XPNON TOPOUETPWV

// useful work here ~—~
printf("Child thread %d working..\n",1id);




OLOPOPETIKES

struct thread params tparm[THREADS]; // array of info structs
‘Vk\\\n //(one per thread)
IVOKOC UE «TTOKETOY TOPAUETOOV
// for all threads oK PEHE

for (int 1=0;i<THREADS;i++) {
// fill info of tparm[i]

tparm{il.1d = 1;w—  gpvikomoinon «maxétovy yia thread i

// create 1-th thread, pass ptr to tparm[i]
if (pthread create(&pid[i],NULL,thread func,&tparm[i]) !=0)

printf("Error in thread creation!\n"):
exit(1); mepooua otny pthread create()
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