Xvuyypoviopnog threads
(Aopég ovyypoviopov Tov POSIX threads)
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2uyypovieuog threads

* Otov exTELOVVTOL GE OLUPOPETIKES [LOVOIOES EKTEAEGTC
KOl ToPOGTTEANDVODY. KOWOUG TOPOVG
[Ipémel va eCac@arileTor N ELEYYOUEVT) TPOGTELNGT) TOV
TTOPWV 0LTWV
* AVOUoVI] OTOTEAECUATMV — TEPUATIGLOD
TPONYOVUEVDV. QUGEMDY. VITOAOYIGLOD

O1 TapAAANAES EQOPUOYEC ATOTEAOVVTOL OTTO
EVOAAOCGOUEVOVC KOKAOVC LTTOAOYIGLOD (computation) Ko
AVTOALOYTIC 0E00UEVOY (Communication)

2uvnOmg amatteital cuyypoviouog tov threads petald twv
KUKA®V 00TV
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[TapaAAnAla Kot XvyypoviG oG

e O cuyypoviclos TmV threads kot 1 avepovi wow
GUVETOYETOL WELMVEL TOV. P00 mopaAANATG

O1 Aettovpyieg GLYYPOVIGULOV TPETEL VO YPTGLLOTOLOVVTOL
GTOV OMOAVTMOC avaYKoio (EAdyoto) Padbuod

Kot ommwconmote «EEm» amd KOUUATIO KOOTKO KPIGILLOL Yid
TNV ATOO0GT)
Oy néca 6e ecmTEPIKA loops OV EKTEAOVVTOL TOALEC POPES

Eav etvar e@iktd Ba mpémel va ypnoiLomolovvTol
aAYOpPLOLOl KOl OOUES OEOOUEVDV TTOV OEV OTTOULTOVV
cuyypovicuo (lock-free)

[I&vtote, BePaime, Oa vapyeL n avdykn Yo GUYYPOVIGUO,
£0TM KO G€ HUIKPO Pabuod
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‘Eupecoc cuyypovicuog oto povtero fork — join

* Y10 oynue “fork — join™

Metd 10 onueio “join”, 6Aa ta threads £yovv eyyunuéva
OAOKANPMOCEL TNV EKTELEGT) TOVG

Kot umopet va axorlovnoel omoroonmorte task mov
YPNOLUOTOLEL Ta, amoTteAEopata TV threads avtov

fork

%\\;
thread] Wihread2 ireadN

s

join
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Pthread Mutexes

* Ao GLYYPOVIGLIOD Y10 THV. GITOKAEIGTIKT TPOGHOIGH
(apo1Boio TOKAEIGIO) GE KPIGILEC TEPLOYES KMOTKO!

Kpiciun meployn: KOUUATL KOOIKO TOL TPETEL VO EKTEAEITAL
oo Evor wovotko thread kabe ypovikn Grryun

OAa ta threads pmwopodv va eKTEAEGOVY TOV KOOIKO GTIV
KPLo1UN TEPLOYT], TOTE OUMOC TAHVTOY POV,
* H ooun mutex emwpemel 10 KKAEIOMUOY KOUTH TV
£16000 GTNV. KPIGLUT TEPLOY

To thread mov exteAel KOOIKA GTNV KPIGIUN TEPLOYN TPETEL
Vo, «EEKAEIdMGE TO mutex Kotd TV €000 TOL amd TNV

TEPLOYN
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ANAmon evoc mutex

s ANA®on UeToPAnTc mutex
211¢ global petafintéc (Yo TpocPaomn amd GAovC)
Q¢ global opiCovtal kot o1 KOvEG LETAPANTES TTOV
TPOCGTATEVEL TO Mutex

pthread mutex t count mutex = PTHREAD MUTEX INITIALIZER;

PTHREAD MUTEX_ INITIALIZER — macro yio default
aPYIKOTOINGN
Yndpyel exiong n oOvvaTOTNTA Y10 APYIKOTOINGT UE

101K attributes (poTEPAIOTNTO KO TEPUOTICUOG
locking threads, avaopouuko locking)
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// lock count mutex
pthread mutex lock(&count mutex);

// ...Kb1kac¢ kplolung meploxAg. ..

// unlock count mutex
pthread mutex unlock(&count mutex);




// destroy mutex - should be unlocked

pthread mutex destroy(&count mutex);




Pthread Condition Variables

e ATVOLV T1) OVVOTOTTO Y10, CVOULLOVT] LWEYPL VO GUBET
KOUTL
Kdamoto dALo thread Ba mpémel va Onuiovpyncel Lo
«ELDOTOINOoT» EMAVEKKIVNONC

Meypt va £pBel 1 «E100TOINGM» TO AEITOVPYIKO GVGTNULO
apoatpel 1o thread wov wepuével amd v ovpd EKTELEGTC

* A&V ECOGQOATCOVY OYOBAT0 TOKAEIGLLO

O yepiopoc twv condition variables Qo mpémel va yiveton ce
KPIo1UN TEPLOYN UE TPOOTAGIO OO KATO10 mutex

To Aettovpyikd GOGTNUO POVTILEL TNV KOTAGTOCT] TOV
mutex otav Balet o thread ce avapovi kot 0ty 10 EEKIVA
TOAL
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ANAmon evog condition variable

* AnAmon petapAintnc condition variable
211¢ global petafintéc (Yo TpocPaomn amd GAovC)
[Ipocoyn: to condition variable gtvon porpalduevoc mOPoC
[IpEmel va mpooTUTEVETAL LEG® Mutex
pthread cond t msg out = PTHREAD COND INITIALIZER;

PTHREAD COND INITIALIZER — macro yio default
aPYIKOTOINGN
Yndpyel exiong n oOuvaTOTNTO Y10 APYIKOTOINGT UE
101K attributes (O1LOPAGLOG aVA O1EPYAGia 1] GE OAO
TO GUGTN L)
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// lock mutex TPOOTOTEVEL TN YPpNon TV KOIlvay Topwyv
pthread mutex lock(&mutex);
KO1VOG TOPOG

while (global availmsg=0) {

TO AEITOVPYIKO COOTHLA.
// mutex must be lockedshere 4~ Pdler o thread oe

pthread_cond_wait(&msg_out,&mutex); gvouowi kou Eexleiddver

TO mutex
CcVv

// useful work here, tected by mutex
work();

// unlock mutex Orav vropéer eidomoinon aro C
pthread mutex unlock(&mutex); msg_out, K6mwoio amo to, threads
mov mepruével to CV ovveyiel ue T
mutex KAE10WUEVO




// lock mutex
pthread mutex lock(&mutex);

Xpnon while kou oyt if:
otov to thread
while (global availmsg=0) { -« «EOTTVHOELY, OEV TPEYEL
ousowg!
// mutex must be locked here Lepruéver yia to mutex

pthread cond wait(&msg out,&mutex); zov aviiker oe 6moiov

ETTELAE TNV ELOOTOINTH
} oto CV.

Meypr vo. maper to mutex
// useful work here, protected by mute&dggwgTplrr’ggﬂmpgim

work() ; polafel va arrdlel To

// unlock mutex global availmsg!

pthread mutex unlock(&mutex);




pthread cond signal(&msg out);




// destroy CV - no process should be waiting on this

pthread_cond_destroy(&msg_out);




Pthread Barrier

* Ao GLYYPOVIGUOD TOV ECOGOPAAICEL TH GUVEYIGN
EKTELEGTNG WIOG OLG00G threads LOAIC GTAGOVY OAWX GE
KOTTO10 GTELD KM OTKO!

XpNnoio otav £vag aAyoplBuog ektedeiton amod Evav aplopuo
threads ce Puata ko Tpémel vo COGPAAIGTEL N
OAOKANP®GT] TOL TPOTNYOLUEVOL PBALOTOS 0tO OAOVG

Oa uwopovoe va, yivel pe moAlomAd fork — join aAAG 1
eMPAPLVOTN TNG ETAVOANTTIKNG OT|LLLOVPYIOG KOl OOy POLPTC
threads €tval moAD peyain
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ANA®GC™N Kol 0pyIKOTOING™ EVOC barrier

* AnNAmon ueTaPAntnc barrier
Q¢ global petafint (yio tpocPfacn and OAOLG)

pthread barrier t barrier;

Emeon to barrier mpémel va apytkomomOet pe tov aplOpo
toV threads mov Ba tepuévovy e avtd, dev vapyel default
apyLKomToinon!
[Ipémel va yivel péca e cuvdptnon (m.y. 6To main)
* Apykomoinon barrier
Me tov ap1Buo tov threads yia avapovn cto 3° Opiouo

pthread barrier_init(&barrier,NULL, THREADS);

To 2° 6piopa emtpEnel TpOGHETA YO PAKTNPLOTIKA
(OLLLOLPAGLOG OVAL O1EPYAGIN 1] GE OAO TO GLGTILLO)
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Avapovn 6e €va barrier

» Exreleiton amo 1oV kdouko kabe thread wov wpemet va

TEPLUEVEL
[Ipocoyn: mpeEmeL va @TAGOVY GTO GNUEIO AVTO O T
eumAekouevo threads

ATOQLYT OVOUOVIC GE KOUUATLO, KOOIKA VIO GLVONK

pthread barrier wait(&barrier);

H cvuvdptnon oev emotpiépel mapd LOvo Otav o
TPOGOLOPICUEVOC OTNV apylkomoinot aptOuog threads
PTAGEL GTO GMNUEID0 OVTO KO TNV KOAEGEL

Auécmc petd tnv emavekkivnon tov threads to barrier
EMIGTPEPEL OTNV OPYIKT) KOTAGTOCT KOl UTOPEL VoL
ypnolpomon el ova
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/

[VTTIKOL GTOI TEAOG TOV. TPOYPOLL

// destroy barrier - no thread should be waiting on it

pthread barrier destroy(&barrier);




Hapdéewua' Preﬁx sum (scan)

\
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Prefix sum

* XPNGIUOTOLEITOL MG POGTKO OOLIKO GTOLYEIO GTNV.
TOPAAANAN ETECEPYOGIOL EDPVTEPM®V. TPOPAN LTV

* [lwc pmopel va mopaririniomoin el pe threads;

Xopic mv vmEPpUETPN ADENGT TOV EKTEAOVLEVOL £PYOV
(work)
Aaupdavoviog voyn

Tov apOuo tov dwwbéouwv hardware threads

To K66TOC EMKOVOVIONG — GUYYPOVIGLOV Yia TN UeTaPifoon
TOV UEPTKMOV ATOTEAECUATOV

Tnv exkpetdAlevon TG TOTIKOTNTOC TOV KPVP®OV UVI|LLOV
Tnv mBovn emPdpovon twv software threads (Aettovpyiko
GUGTN Q)
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Prefix sum otnv npdén

* [IpaKTIKEC VAOTOMGELS

[TapoaArdlayéc Tov OempnTik®V AVGE®V TOL AapuPdvouv
EMLOMN G LTTOY

Tov apOud tov owwbéoiumv hardware threads

To kO66tOC emkovmviac yia t petaBifacn tov LepIKOV
OTOTEAEGULATOV

Tnv expetdArlevon e TOMKOTNTOS TOV KPLP®DV
LV OV

Tnv mBavn emPapvvon tov software threads
(Ae1ToLPYIKO GLGTNUA)

* Ylomoinon prefix sum pe blocks

CPU — shared memory
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Mrnopei va exteleotel pe threads 0mme to dbpoioua;

BEDODDDOD

To amotéleoua etvar AdBog! (ta pepikd abpoicuota oev petadioovtot

oo UTAOK GE UTAOK)
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Av VTTAPYEL AVATPOPOOOTNOT| LEPIKMV 0OPOICHATMV;

[+ ) [+ )

p— N ~
() N -+ |

BEODODDDOD

To amotéleoua Oa eivar cwotd
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A’ paon (0Aa ta threads, ektOG amtd TO TEAELTOLO)
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B” ¢don (éva povo thread)
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I'" don (0Aa ta threads)

BEODODDDOD
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