


* YEIPLAKO TIPOYPA LA VI UTTOAOYIOUO TOU TT = 3.141592...

#tdefine N 512
float pi = 0.0, W = 1.0/N;

int main() {

int i;
O p for (i = 0; i < N; i++)
- YTOT”TEQ», pi += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);
EKTEAEONG KWOIKX printf("n = %F\n", pi);
return 0;
}
* ‘Otav popTtwbel Kat ekteAeital To TTpOypappa yivetal Sigpyacia
(process).

* KaBe diepyaocia ekteAeital o Evav eme§epyaotn)
— To Aeltoupylkd cuotnpa @povtidel yia auto
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* Mia diepyaoia amoteAeital (kat’ eAax1oto) amo dedopeva, KwOLKa (EVTOAES),
Hia otoifa (stack) kat évav petpntn mpoypdppatog (program counter)

— O petpntng tpoypappatog (PC):

#define N 512

= OElXVEL OTNV ETIOMEVN EVTOAN TOU KwOLKA TIoU Ba ekTeAETTEl Flost i - 0.0, W - 1.0/N;

— H otoifa xpetaletat yia: e
= amoBNKEUON TWV TOTILKWV LETAPBANTWV int i;

(ta «5edopévar» tng Siepyaciag Trou itape TapaTdve for (1= 05 s i)
IJ I'] pv u p pi += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);

A|Epvu0'|'sg 6- eivat ot global petaBAntég) printf("n = %f\n", pi);
> return 0;
VAHOTX }

* O ouvduaopog PC + otoifa Aéystal viipa ektéAeong (thread)

— AnAadn n diepyacia amoteleital amnod (global) dedopéva, amod kwdika kal
aTro £va VI UA EKTEAECNG TTOU TIEPVAEL ATIO TIG EVTOAEG TOU KWIKA

— Tovnpa givat auto Ttou ekTeAsital 0tav Ape otTL ekteAeital n diepyaaial

— To vpa auto Aéyetat apyiko viua tng dlepyaaciag

PARALLEL
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Alepyooieg &

VAHUOTX
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* Mia dlepyaaoia ptopei va dnpioupynoet Kt dAAa TtoAAd
VAHaTa EKTEAEONG:
— AnpoupywvTag TiTtote AAAO €KTOG aTto TIOAAEG oToiBeg kKal PCs

—‘OAa Ba TpExouv eVvIOAEG atto Tov 610 Kwolka (Oev dnploupyeitatl AAlo
aviiypago tou) Kat TEAOG

—'OAa Ba €xouv ta idia global dedopéva! AnAadr ot kaBoALkeg
uetaBAntég tng diepyaoiag eivat AYTOMATQX KOINEX petalu twv
VNUATWV TNG.

— X1nv kABe otoifa to kabe vipa Ba €xel Tig OIKEG TOU TOTILKEG
netaPAnteg

— KdBe vAua exteAeital og €vav eTteSepyaotn)

= To Aeltoupytkd ouotnua @povtidel yia auto (EKTOG aTtO HEPLKEG
TIEPITITWOELG)

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX



[TapAIAANAS

TIPOYPAMHOT
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* Emtopévwg, yia va eKpetaAeutoupe TtoAAaTIAOUG eTIESEPYAOTEG,
EXOULLE OUO PATIKEG TEXVIKEG:
— MoAAaTtAEg Siepyacisg

= Hdlepyaoia pag «yevvar» KL AAAeG Olepyaaieg kat KABe pia ekteAeital otov S1KO
g emegepyaotn (1. fork()

— MoAAaTAd vipata o€ pia diepyacia

= To apytko viua eKTEAETNG «YEVVA» KL AAAA vApaTa Kal KaBe éva ekteleital
otov OLKO Tou eTte€epyaatn)

* YTtapyouv dtagopég o€ tayxutnta Onpioupyiag, amaltrioels o
TIOPOUG (TT.X. LVAUN) KATT aAAd n Ttio onpavtikn dtagopd ivat oTt:
— Avdpeoa otig toAaTtAég diepyaaieg AEN YTIAPXEI kapia koivi petaPAntn.

Mpéttel va dnuioupynBouv «Ue To XEPL», EVW HETASU TwV TIOAAATIAWY
vnuatwv oAeg ot global petafAntég eival kowveg site 1o B€Aoupe eite O

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX



* Tixpelaletal Kaveig yia va TtpoypapHATioEl 0€ AUTO TO
LOVTEAO:

— OvtotnTeg EKTEAEONG (VApaTa, OlEpyacieg)
Shared address = Anpoupyia, Staxeipion
space / shared — Kowég petaBAntég petalu twv oviotntwv
variables = Oplopog petaPAntwv (Tt eivatl Kotvo Kat Ttwg opiletat)
= Tig dtafadouv Kal TIG TPOTIOTIOLOUV OAEG Ol SLEPYATIES
— ApotBaiog attokAelopog
= [1.x. KAe1dapiég
— YUYXPOVIOUOG
= [1.x. KAnoeig ppayng (barrier calls)
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ApXikd n Koivi petaPAntn A givai ion pe to o

NApa T1 | NAupa T2

A = A+l; ‘ A = A-1;

['1oTi opolf3aiog

OTTOKAEIOMOG;
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* \ETITOMEPELA EKTEAEDNG TNG EVTOANG A = A+1 0€ €vav eTIECEPYATTH:

a. O eme§epyaotng LETAPEPEL ATIO TN LVAKN TAV TILA TNG A

B. AuSavel/petwvel kata 1

V. ATtoOnkeUel 0T LV TNV VEA TIUA.

Xpovikn Tikaveto Tikavelo Xpovikn Tikdvelo Tikdvetlo Xpovikr | EvtoAr ou ektelei | EvToAn Ttou eKteAei
ouypun |eme§epyaotigi | emefepyactig2  otypn | emeSepyactict | eme§epyaotig2 ouypn | oemefepyaotigt | oemeSepyaotig2

t a = t = a i = a

t+1 B a t+1 a B t+1 - B

t+2 y B t+2 B y t+2 - v
t+3 - Vv t+3 ' t+3

I D | ¢

t+5

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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AnHioupyid
OVIOTNTWV

eEKTEAEONC — forR()
VIO OIEPYOOIEG

PARALLEL
PROCESSING
GROUP

(a)
(B)
(v)
(8)
(€)
(n)

X = fork();
if (x == 9)
Kwdilkac A;
else
Kwd1lkac B;

Kwdéikag T;

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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AnHioupyia

OlEpYOOIWV
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* Avtiypdgovtal ta Tavia:
— KaBoAikég petaPAntég
— Ywpog (ot exel yivet malloc())
— O kwdikag tng diepyaaniag (lowg va pn XpELAOTEL AUt n avtlypagn)
— Y10iBa (otnv Kataotaon Tou PpiokeTal eKeivn Tn OTIYUNA)

— Katayxwpntég (T1.x. program counter)
= Apa, ndlepyaoia tatdi ekteAei apéowg peta to fork()

= Apa, TiTtoTE KOO ot dlepyaacieg petasl Toug

* |dlaitepa ypovoBopo

— Me TeXVIKEG OTIWG TO COpy-on-write pttopei to AX va pnv avtypayet ta
Travta (1. Tig KaBoAlkeg petaPAnTEg) Ttapd Povo otav XpELaoTEl
(OnAadn TTOTE??), YAITWVOVTAG KATIOLOV XPOVO

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX



AnHioupyid
OVTOTATWV

EKTEAEONG —
VAMOTX (pOosiX)
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* AlagopETIKN AOYLIKN oTa vipata
— Aev dnuloupyeital avilypao ato TiToTeE
— Aev EeKIVAEL N EKTEAEDT TOU VIHATOG ATIO TO ONEIO dnpioupyiag tou
— Tovnua Ba ekteAéoel pia ouvaptnon mou Ba tou dobei kal Ba teppatioet

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX



Metappoon

TIPOYPOHHATWYV
LE VAUOTX
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* Mavta
- #include <pthread.h>

* Metappaon:
gcc -pthread <file.c>

— MaAaidtepa:
gcc <file.c> -D_REENTRANT -1lpthread

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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pthread_create(&thrid, attributes, function_to_call, function_parameter);
* Houvaptnon tou vipatog Taipvel Ttavia Hovo Eva oplopa
* Tovnua «e» PEXPL VA TEAELWOEL (ETILOTPEYEL) N ouvdptnan.

— DuUOoIKA N ouvApPTNON AUTH UTIOPEL va KAAEl KL AANEG oUVAPTHOELS

— MOAIG ETIIOTPEYEL TO VI A KATACTPEPETAL

Ar] HMIOU pyio( * O yoveag (apxtko vipa), ag@ou SnUOUPYAOEL TO VLA TUVEXILEl KAVOVIKA TNV
EKTEAEON TOU

VAHOTWYV

PARALLEL
PROCESSING MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX 12
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struct manyparams { int x; int y; double z; };

void *threadfunc(void *ptr);

int main() {
struct manyparams myargs;

/* Pass a pointer to the structure */

I_I(bg p‘rtop(_b VO pthread_create(&thrid, NULL, threadfunc, (void*) &myargs);

TiEpAow > |
TIOPAUETPOUG;

void *threadfunc(void *ptr) {

struct manyparams *s = ptr; /* Cast the pointer */

S->X += S->Yy;
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Teppotiopog

VAMUOTOG
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* AUo TpoTIOL:
— EITE ETNOTPEPEL ATIO TN GUVAPTNON TIOU TOU 00O NKE va EKTEAETEL

— eite kaAei tnv pthread_exit(&returnvalue) kai teppatilel apeowg

= OE OTIOLOONTIOTE ONUElO.

* TIUA ETTLOTPOPNG:
— €lTE AUTO TTOU YiveTal return Ato T ouvApPTNoN TOU VAHATOG EITE TO
oplopatngpthread exit().

— KAl oTIg SUO TIEPITITWOELG, ivat dsikTng otnv TIpA auth (void *).

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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Avopovi
TEPHOTIOMOU
VAHOTOG:
pthread join()

To cast auto B€Ael
TIOAU Ttpocoxn!!
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[TopAOEIYHO
TIOPAAANNANG
EKTEAEONG
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* ATto Toug d1apopoug TPOTIOUG yia apolfaio aTtokAEIoUO, 0 cuxvoTEpPA
XpnotpototoUpevog givat ot KAetdaplég (locks).

* H kAe1dapid ivat eite avorxtn eite kKAgidwpévn.

* ‘Otav éva vApa kAeldwaoel tnv kKAeldapid, ottolodnToTe dAAo vipa
TipooTiabnoet va tnv kAeldwoel Ba amotUxel Kal Ba avaykaoTel va TLEpLUEVEL.

—‘Otav 1o viipa oAokANpwaoel Tn OouAeld Tou, EekAeldwvel TNV KAeLdapld Kal
€va amo ta vApata tou Teptpévouy Ba katopbwaoel va tnv KAEIOWOEL.

Apolf3aiog

O(T[OI()\EIO'IJOQ - * Emopévawg, pia kpioLpn TtepLoxn Tou TtpoypALaTog UTtopEl va TipootateuBei
|(A£|60(p|ég (apotPfaiog attokAEIoUOG) pe pia kAstdapla:
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IKAEIOOpIEC OTO

pthreads: mutexes
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*Avtiyiapthread mutex_init(), pmopouUpe va kavoupe
KQL OTATIKAY apyLkotroinon (apxLkotoinon xpstdadetal tavta):

pthread mutex_t mymutex = PTHREAD MUTEX_ INITIALIZER;

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX



2 VNHOTX
ouvepyalovial
VIO TOV JECO OpO
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* Race condltlons ouvOnKeg ouvaywkuou OTIOU TO TEAIKO ATIOTEAET A
eCaptatal amod TIg OXETIKEG TAXUTNTEG TWV VIHATWV

* OLOVTOTNTEG EKTEAEDNG TIPETIEL LEPLKEG POPEG VA gUYXpovilovTal.
— Oa TIPETIEL VA TIEPLUEVOUV LEXPL VA OUUPEL KATIOL0 YEYOVOG

* YuvnBelg unxaviopoi ota vpata:

— MetaPBAntég ouvOnkng (condition variables) — o Bacikog pnxaviopog

— @paypata (barriers) —o aTtAoUCTEPOG [ ONUOPIAETTEPOG UNXAVITUOG

~ KATIOLO VLA TIOU KAAE( pLid GUVAPTNON PPAYHATOG, UTIAOKAPEL KAL TEEPLHEVEL OAA
TA UTTOAOLTIA VI LATA VA (PTACOUV OTO PPAYLLA TIPIV TTPOXWPHOEI TTAPAKATW.

— MOAIG (pTaoel Kal To TeEAEUTAIO, «CEUTIAOKAPOUV» OAa Kal ouveXi{ouv TNV EKTEAEDT)
TOUG.

— pthread_barrier_wait()

= Agv €ival HEPOG TOU «KAATIKOU» otavmp Amtotelei eméktaon. Na va xpnotpototnBei ota
OUCTAUATA TIOU TO UTtoaTnpidouy, TipETel oTov KwoLKa va ptel #define
_XOPEN_SOURCE 600

2 UYXPOVIOHOG!
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MeTta3ANTeg

ouvonKkne
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* O Baotkog pnxaviopog ouyxpoviopou ota viapata POSIX.

* ‘Evaviua Ba tepipével o pua petapfAntn ouvbnkng €wg 0tou n petaBAntn
TO EVNUEPWOEL OTL UTIOPEL VA CUVEXIOEL

— Katolo dA\o vijpa onupatodoteitn petafAnti ouvOnkng, emitpemnoviag dAAa
vAHata va guvexioouv

— KdaBe petapfAnti ouvOnkng, wg dtapotpaldpevo 0edopEVo, cuaXeTideTal Kal pe Eva
OUYKEKPLUEVO mutex

* Metig ueraB}\nteg ouvBnkng cmocpsuyeral 0 ouveyxng éAeyxog (busy
waiting) Tng Kataotaong Twv 0ES0UEVWY

— 'Eva vrja TTOU TPOTIOTIOLEL TNV TIU TwV Oe6oUEVwY €100TIOLEL Ta evOlapepdpEeva
HEOW HLag petaPBAnthig ouvBnkng
. ﬂapa&slypa Y XAUa TTapaywyou — Katavalwtn e Xprnon oupdg
dedopEvwy

— Tovnpa-katavaAwtng e€ayel kat eme€epyadletal oToIXEA TNG OUPAG EPOTOV AUTH
dev eival adela, S1aopeTIKA UTTAOKAPEL

- TovApata-tapaywyog TpocBETEL oToIXEIQ OTNV OUPA Kal EIOOTIOLEL LE TN
HetaPAnTi ouvOnKnG TO VIHa — KATAVAAWTI) TIOU TIEPIUEVEL

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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* YTATIKN apyilkotoinon:
- pthread_cond_t condition = PTHREAD_COND_INITIALIZER;

* Auvaplkn apyikotoinon:
- pthread _cond_init(&condition);

* Mia petaPAntr ouvBnkng ouoxetideTal TTAVTOTE PE Eva mutex

* Avapovn Ue:
pthread_cond_wait(&condition, &mutex);

— TovAua avaoTteAeL TNV eKTEAEDN TOU HEXPL vVa anpatodotnBei n petapfAntn
ouvOnKng

— TovAua tpEmel va €XeL NON KAEIOWOEL TO oUOXETI{OPEVO mutex

— TovApa avaoteAeTal evw To mutex SEKAEIOWVETAL AUTOUATA WOTE Vd
ETUTPATIEL N XpriON TOU ATIO AAAa vApata

— ‘Otav 1o viua evepyoTtolnBei pe tnv €100TI0lNoN ToU LECW TNG LETAPANTNAS
ouvBnkng, autopata to mutex eivat KAEIOWPEVO ato To id1o

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX

22



2 NHOTod0TNON
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pthread_cond_signal(&condition);

pthread_cond_broadcast(&condition);

— Me tnv pthread_cond_signal éva vijpa eidoTtolei katoto aAAo viua
TIOU TIEPLUEVEL O€ KATToLla PetafAnti ouvOnkng

— Me tnv pthread_cond_broadcast, éva vrjpa sidotolei 0Aa Ta vijpata
TIOU TIEPLUEVOUV O€ KATTold PeTaBANTr ouvbnkng

— To vjpa Ttou TIPOKELTAL VA ONUAToO0TACEL pia LetafAnTr ouvOnkng
ouvnOwg €xet KAeIOWOEL TO mutex Ttou cuoxeTideTal LE AUTH. TNV
TIEPITITWON AUTH TIPETIEL VA EAEUDEPWOEL TO MUteEX WOTE VA CUVEXIOTEI
n ektéAeon tng pthread_cond_wait

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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AI10OIKOOTX
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* YTtapyel kamola ouvlnkn r) KATtolo yeyovog Ttou BéAloupe va
eAéyCoupe (€0Tw TL.X. €dv count >= N).

— Attarteitat pia condition variable (cond) kat pia kAetdapid (mut)
* O £AeyX0G TOU YEYOVOTOG YiveTal HOVO agou TIpWTA TO VI Ha
KAE1OWOEL TO mut.
— Av 10 yeyovog/ouvBnkn toxuel (tr.x. count >= N) 101e
= TovAua SekAetdwvel To mut Kat
= Yuveyidel Tnv eEKTEAEDN TOU

* Av 10 yeyovog/auvBnkn dev loXUEL TOTE
— Toviua avaotéAetal kalwvtag tnv pthread_cond_wait(&cond,&mut)
= TO mut EekA1dWVETAL AUTOPATA ATIO TO CUCTNUA

* Karoto aAo vAua Ba kaAéoel tnv pthread_cond_signal(&cond)
otav n ouvlnkn yivet aAnbng

— Totpwto vApa SuTtvdel aTtd TRV avapovn £Xovtag 1o mutex autopata
KAEIOWUEVO Kal EKTEAEL TN OOUAELA TOU

— TovAua SekAEIOWVEL TO mutex 0tav £XEL OAOKANPWOEL

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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[TopAOEIYHO
OVOHOVNG |
VAMOTOG
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ovopovng N
VAHOTWYV
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/* THREAD B
*/
if (something_happens) {
pthread _mutex_lock(&lock);
flag = TRUE;
pthread cond_signal(&condvar);
pthread_mutex_unlock(&lock);

}

* Natin kAsdapid;

OpOOG TpOTIOC

) — Aot to pthread_cond_signal() eivat memoryless: av éva signal atadei alAd dev
XPNONG UTTAPXE! KATT010 VA|d TTOU Kdvel wait(), TOTE To OHpa XAveTal.

= Avapéowg petd to while kat tpiv tpoAd et va kavet wait(), to vipa B kavel
singal(), T01e To orjua Ba xabei kat to vijpa A Ba Ttepipével yia Ttavra.

* Mlatito while;

— A6t ptopei peta to flag = TRUE va Sumtvnoe to vijpa A, aAAd va tpoAafe Eva
aA\o vrpa va to €kave TtaAl FALSE. ETtiong ptopel HepIKEG (POPEG KATTOLO VA
va uttvroel atto to wait() anpoopeva,

= OTtoTE TIpLV TIpoXwprocet Ba tpémel va EavaeAéyet av oviwg to flag eivat TRUE.

PARALLEL
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AeUTEPOC

HNXOVIOUOG:

barriers
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* ®paypata (barriers) — o attAouoTEPOG / SNUOPIAEGTEPOG
LNXAVIOROG

* Kattolo vijpa Ttou KaAei pia cuvdptnon gpdypatog,
UTIAOKAPEL KAL TTEPIUEVEI OAd Ta UTTOAOITIA VAUATA VA (pTATOUV 0TO
PPAYUA TIPLV TLPOX WP OEL TIAPAKATW.

* MOALG TAoel Kal To TEAeuTalo, «SEUTTAOKAPOUV» OAA Kal
ouvexi{ouv TNV EKTEAEDT) TOUG,.

* pthread_barrier_wait()

— Aev gival HEPOG TOU «KAAOLKOU» otavtap. ATtoteAei eTtékTaon (Ta
Aeyoueva real-time extensions).

— [Na va xpnowototnBei ota cuotrpata mou to uttootnpidouy,

TIAAALOTEPA ETIPETIE GTOV KWOLKA TOU XpROTN VA UTIEL
#define XOPEN_SOURCE 600

— XTA TIEPLOCOTEPA CUOTAHATA TIAPEXETAL TIAEOV EVYEVWG.

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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Xpnon barriers
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* OplouOG:
pthread_barrier_t bar;

* Auvaplikn apytkotoinon:
pthread_barrier_init(&bar, NULL, N);

— YInv apyikottoinan divetatl to mAnboc twv viypdtwy (N) Ttou Ba TtpETiel va ouyxpovioel

* Avapovn pe:
pthread_barrier_wait(&bar);

— TovAua avaotéAeL TNV eKTEAEDN TOU PEXPL TA UTtOAOLTIA N-1 vApata va kavouv tnyv idia
KANon.

* Tov XpnOLUOTIOIOUE OOEG POPES BEAOUHE XWPIG VEQ apyLKoTIoinan.
Ettiong, véa apxtkottoinon pe dtagopetiko N dev emtitpemnetat!
— Emopévwg, av B€Aoupe va Tov ETTavaxpnoLLLOTIOICOULE YId VA GUYXPOVIOOULE
S1a@opeTIKO TTANB0G VN UATWY, TIPETIEL TIPWTA VA TOV «KATACTPEYOULES LIE:
pthread_barrier_destroy(&bar);

= ToVvAUa avaotéANEL TNV EKTEAEDH TOU PEXPL TA uTTOAoLTTa N-1 vijpata va kavouv tnv idta kKAnon.

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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ouvepyalovial
VIO TOV JECO OpO
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OfpoTa
UAoTtoIiNONG

OHolIf3xiou
OTTOKAEIOHOU
/OUyXpoVviouou
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* ‘Otav éva vipa Bpet tnv KAEOapLd KAEWOWUEVN TLViVETAL
— Nuon 1 (queue locks): To cUoTna TO ATtOCUPEL O€ pHid oUPd KAl TO
«KOLWICe pexpt va EekAeldwbei n kAeldaptd kat va 1o «§UTIVoEL

= EAeuBepwvetal évag upnvag / eme§epyaotng (WoTe va UTIOpEl va EKTEAETEL
AaA\a xproua Tpdypata)

= Euyevikn / kaAn / dikala cuptepipopd

= Xpovofopo! ATtooupaon-Koiplopa-TtposTolpacia-emavagopd A‘" —
EXEL KOOTOG dlaxeiplong! A

— NUon 2 (spin locks): evepyog avapovn (busy waiting)
= «MovoTmiwAeitals o tupnvag oe eva while loop (evw Ba ptmtopoloe va ekteA€oel
AaMa xpnotpa pdypata)
= Kakn oupttepipopd, alld tayutato ©

= To npouyaye pETHY npounoesan otiol KplO’lM£(,' EPIOXEG swat HIKpEG 0€ S1dpKEla
Kdl 0TI TO CUGTH A EIVal «APIEPWHUEVO» OTH SIKN HAG EQAPHOYA.

* AvTioTolXd Kal 0 GUYXPOVIOUOG — UTtOPEL va UAOTIOLNOEL e OUpEG
AVApOoVAG 1 EVEPYO avapovi

* KAeibapieg + ouyxpoviapoc = Baaikéc aitiec kabBuotépnang atnv mapdiinin
EKTEAEON

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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YTtoAoyIouOG Tou

T =3,14...
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* Ap1Bpuntikn oAokAnpwon

j-l—
1X
O

o 1 2 3 4 5 6 7 8 9 10

didoTnua i
(T Adrog diaoTnuatwy W =0,1)

NZl+[(1+/)W]2

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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YTtoAoyIouOG Tou
Tt =3]4.. pe 1l vijucx
OV ETIOVOANYN
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* Y1epPoAikd TToANd vApata (TtoAAd cuoTtrpata eV ETIITPETIOUV TIAV® aTto Alyeg
XIALAdeg)

— KOl ETTOPEVWG UTIEP LOALKA «AETITOKOKKOG» TIAPAAANALoUOG (fine grain)

° AkOua Kal av TITPETIOVIAV TOOA TIOAAA VA LATA, O CUVAYWVICHOG yid TNV
KAldapld eival TepAoTiog.

* ATtotéAeopa: apyn EKTEAEOT Kal LOVO yid 1N akpLfr Ttpooéyylon Tou Tt.

1t e 1 vipa avd emavaAnyn
[1pofAANUOT 2

10

Xpovog (sec)

L N N = e 5]

N = 20000 N = 10000 N = 5000 CELPLAKO
(N=100.000.000)

* MdBnua: n kaAutepn taktiky gival ouvOwg va dnpuioupyoUps Tooa vipata oool gival
Kdl 01 EMEEEPYATTEG TOU GUCTHHATOG

PARALLEL
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dual core pe 2 vapata

Xpovog (sec)

Moipoopo TnG
OOUAEING O€ AiyX
VAHOT ,

Ti Ttéel otpof3;
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dual core pe 2 vijpata

45

e
w

NIy vApOTS —
OTTOPUYN
OUVOYWVIOUOU

Xpovog (sec)
o
N

OELPLOKO 2 VAT
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ApopuoAoynaon

ETIOVOANWEWV LIE
OAUOT
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#tdefine NPROCS 2
#tdefine N 10000000
#define WORK N/NPROCS
double pi = 0.0, W = 1.0/N;

pthread_mutex_t lock = PTHREAD MUTEX_ INITIALIZER;

/* dual core */

/* Ta okpifela (161a pe ogiploko) */

void *thrfunc(void *iter) {
int i, me = (int) iter;
double mysum = 0.0;
for (i = me*WORK; i < (me+1)*WORK; i++)
mysum += 4*W / (1 + (i+0.5)*(i+0.5)*W*W);
pthread_mutex_lock(&lock);
pi += mysum;
pthread_mutex_unlock(&lock);

int main() {
int i;
pthread_t tids[NPROCS];

for (i = @; i < NPROCS; i++) /* vAipota = # eme&epyoatwv */
pthread_create(&tids[i], NULL, thrfunc, (void *) i);

for (i = @; i < NPROCS; i++)
pthread_join(tids[i], NULL);

printf("pi = %.101f\n", pi);

return 0;

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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for (i = @; i < N; i++) {
for (j = 0; j < N; j++) {
for (k = sum = @; k < N; k++)
sum += A[i][k]*B[k]I[]];
C[i][3] = sum;
}

[TIiVOKO(G €TTI

TUVOIKO

: * MapaAAnAotoinon:
(TETPOYWVIKOI) . 101

— Evog Bpoyou (i)
= Uolpaopa twv emavainPewv tou Ttpwtou for oe vijpata
= Agv OoUAeUEL KAAA TtdvTa, TLY. TLYiveTatl av # ete§epyaotwy > N ?2?
— Auo Bpdxwv (i katj)
= Checkerboard partitioning: tapalAnAottoinon Kat twv dUo Bpoxwv
= Mrmopw evarAaktikd va mapaAAnAomoinow tov Bpoxoj kai k?
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AIOXWPICHOC

OKOKIEPOIG
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Coo co1 Co(s—1) coS Co(N—1)
Co G Gl Gs GiN-y
-1

czo c21 COO cz(S—1) czS c,',., ('ﬂ(M- \ Cz(N—1)
Cso | Csq Csisy] Css )

10 11 =1(M-1)

A \ 7

C C C
"(M-1)0 ~(M-1)1 (M-1)(M-1)
| [N EN C(N-1)s

MYYQ23 -- MTAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOX

YTroTtivakeg
dlaotaong SxS

Apa
M=N/S
UTTOTTIVAKEG
optlovtia /
Kabeta:

M2 uTtoTtivakeg



Cnn Cn1 (:n(M— )
Av toug
aplbunooupe
amo 0 Ewg M2-1,
0i-00TOG
- ~ UTTOTTIVAKAG
AlotXwPICHOG Co G Crovn civat oG, ormou:
OKOKIEPOIG —
apiBunaon _—
UTTOTTUVAKWYV C. y=i%M

c‘(M_ﬂ (-‘(M_1 1 C(\A-ﬂ( A-1)
A=ty A=A N LVAY v
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Aev uTtapyel avaykn apotPaiou
ATIOKAELOHOU

Embarrassingly parallel
AIOXWPICHOC
OKOKIEPOG — TO
TMPOYPAHHA
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double A[N][N], Vv[N], res[N];

for (i = 0; i < N; i++) {
[TiVOIKO(G €TTI res[i] = @.0;

OIXVUOUO — TUO for (j =05 J < N; J++)
OTTAO? res[i] += A[1][3]*v[]];

* MapaAAnAoTtoinon tou Bpoxou i, potpdlovtag Tig
eTTavaAnyeLs ota vipata

PARALLEL
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[TIiVOKO(G €TTI

OIVUOUO —
TIOPAAANAC (1)
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int main() {
int i;
pthread_t tids[NPROCS];

for (i = @; 1 < NPROCS; i++)

pthread_create(&tids[i], NULL, thrfunc, (void *) i);
for (i = @; 1 < NPROCS; i++)

pthread_join(tids[i], NULL);
return 0;

* Kahog kwdikag, 6tav NPROC < N.
— Tiylvetat otav, opwg, Exoupe NPROC> N ?

* HmapaAAnAoTtoinon tou Bpdyou, tote, v Ba dSouleUel KaAd.

— Oa umtapyouv dilepyaacieg Ttou dev KAvouv Tittote!

~ mapaniotoinon Kal Twv dUo Bpoxwv (i katj) padi

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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int main() {
int i;
pthread_t thr[NPROC];

for (i = @; i < N; i++)
res[i] = 0.0;
for (i = @; i < NPROC; i++)
pthread create(&thr[i], NULL, matvec, (void *) i);
for (i = @; 1 < NPROC; i++)
pthread_join(thr[i], NULL);
show_result(res, N);
return 0;

[TIiVOKO(G €TTI
OIVUOUO —
TIOPAAANAC (1)

MapdAAnAn apxikomoinon;;

KdBe opdda vnudtwy va apxLKoTIolEl To
O1KO TNG resi]

M.x. To Tpwto vipa (me%TPR==0) va
Kavel res[i]=0.0.

* YrtoB€toupe o6tito N dtatpeito NPROC
* ATtatteital, TAéov, apolfaiog atokAEIopOG. YTtdpyeL KaTroto TtpdPANLG:;

* [poooxn otnv apylkotoinaon tou res[].
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int main() {
int i;
pthread_t thr[NPROC];

pthread barrier_init(&bar, NULL, NPROC);
for (i = @; i < NPROC; i++)
pthread create(&thr[i], NULL, matvec, (void *) i);
for (i = @; i < NPROC; i++)
pthread_join(thr[i], NULL);
show_result(res, N);
return 0;

2 UYXPOVIOUOG:
owaoTth
TIOPAAANAN
opXIKOTIoIiNoN

‘O\a ta vApata otov ibto barrier! ®

AN 16€q;

To TtpwTo vAa plag opadag va
dnuioupyel ta uttoAolTta, apéowg
LETA TNV apXLKOTIOiNON

(apa =>TapdAAnAn dnuioupyia
VNUATWVY)
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* Mg umopw va e§acpaliow o0tt katt Ba yivel amo povo Eva
VUG
— M.x. 'Exouv non dnuioupynBeita vauata kat BEAw va apXLlKoToLow

AUO OKOMX uia kotvA petaBAnTy.

OEpOTa UE T

VAHOTO * Mwg purropw va £xw WO1wTikéS global petaAntéc ota vipata;

—M.x. @s}\m va EXW }.llCl uetaPBAntn global wote va pnv mny Tiepvdw atod
ouvapmcn o€ oguvaptnon, aAld dev BeAw va ival kov petadu twv
VNHATWV.

— “thread local storage”- TLS

PARALLEL
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pthread_once_t once block = PTHREAD_ONCE_INIT

pthread mutex_ t mutex;

/* It is guaranteed that this will be called only once */
void routine(void) {
pthread mutex_init(&mutex, NULL);

pthread_once: 5 Thread */
EKTé)\EGn l_“(xg void *threadfunc(void *arg) {

74 pthread_once(&once block, routine); /* KAAqon poutivag */
(POPGIG

int main() {
pthread_create(&t, NULL, threadfunc, NULL); /* Néo vAua */

pthread_once(&once_block, routine); /* KAjon poutivag */

PARALLEL
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pthread specifics:

[OIWTIKS
(IKaBoAIKK)

AedolEVD
Noupoatwyv
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* TpoTt0G 1% (EUKOAOG, YPRYOPOS, OHWG OOUAEUEL LOVO HE OpLOUEVOUG compilers kat
LOVO O€ OUYKEKPLUEVA AEITOUPYIKA CUOTAUATA KATT)

__thread int x; /* Global, but each thread has its own copy of the variable */

* Tpomog 2° (POSIX, portable): thread-specifics
pthread_key t key;

main() {

pthread_key create(&key, NULL); /* Initialize the key -- should be done
once! */

pthread_create(&t, NULL, thread_routine, ...);

}

void *thread_routine(void *) {
long *value;

mydata = malloc(sizeof(long)); /* Allocate space */
*mydata = ...;

pthread setspecific(key, value); /* Store *my* data at this key */

mydata = pthread getspecific(key); /* Get *my* data */

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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AUVOUIKN

OUUTTEPIPOPA
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* H uéxplLtwpa dlaomacn o€ «epyacies» Ntav otatikh dSnAadn eixape
TipokaBopioel akpifw¢ L Oa ekteAEoel To KABE vAua.
— TL.X. OTO TT, N 0 OLAXWPLOUOG OKAKIEPAG OTOV TIOA/HLO THIVAKWV

* Qg yvwpova eiXaLE TNV I00KATAVoUn @OpToU WOTE OAA Ta vApaTa va
EKTEAEOOUV TIAPOLOLO €pYO Kal dpa va OOUAEPOUV yia (510 XpOoVIKO
dtaotnua (Ttou gival to 1daviko).

* Trylvetal OpwG av KATIOLOL ETIECEPYAOTEG
— Elvai o apyoi amd toug dAoug iy

— l'a 10 oUYKEKPIUEVO SLACTNHA EIVAL TIEPLOTOTEPO POPTWHEVOL ATIO TOUG
AaAoug (BLOTL TL.X. EKTEAOUV Kal KATIOLA AAAN EQApHoyNn)

* Y€ autA TNV TIEPITITWON, N tooTtoon dtapoipacn twv epyactwv AEN
EINAI OTI KAAYTEPQ!

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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AUTOOpOOAOYNO

N (self-scheduling)
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* Eqpappodetal o€ AUTEG TIG TIEPITITWOELG.

* Auvapikd (6nAadn Kata tny wpa tnG EKTEAEONG), TA IO «apya»
vipata 0a ekteAéoouv Alyotepo £pyo.

* Mwg;
— Aev tpokaBopiloupe Tt Oa ekteAéoel To kKABe vipa
— Apnvoupe kdBe vrpa va {ntdet SouAELd va KAavel

—'0go TT10 Ypryopa TEAELWOEL pia GOUAELD, TOOEG TTEPIOCOTEPEG OOUAELEG Ba
TIAPEL VA EKTEAEDEL

while (there-are-things-to-calculate)

{
Task = get-the-next-task()

execute(Task);

}

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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AUTOOpOOAOYNO

N — KWOIKOG
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* 'Eotw otL kaTIwg £xoupe Xwpioet tn douletd oe NTASK epyaaieg,
atto 0 €wg NTASK—1.

* 'Eotw OTL N t-00TN epyacia ekteAeital wg taskexecute(t)

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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AutoOpopoAdYNaonN,

OUVEXEIX
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* MNa omrotadnmote epappoyn, AKPIBQX to idlo tpoypappa

* Apkei povo va B€ooupe to NTASK o€ owoth TILUn Kat va
uAoTtotfjooupe Tn KataAnAn taskexecute()

* Ta tayutepa vipata «<kAEBouv» TIG TTI0 TIOANEC pyacisg Kat dpa
KAAUTEPN KATAVOUH (pOPTOU

" Im VEVIKOTEPN HOPWPI TNG, UTIAPXEL Lia oupd attd epyacieg Ttou
TIPETIEL VA EKTEAETTOUV.

— TavApata «tpafoulv» epyacieg atod tnv KEQAAR TNG oupdg

* Av dev U‘I'[Clp)(El HeydAn dlapopd otig TaxutnTeg (Tr.X. To oUoTN pa
EK‘[E)\E[ uovo N 81K pag scpapuoyr]) N auroSpouo)\oynon dev eival
TIAvTa OTL KAAUTEPO HLAG Kal EXEL Guvaywvmuo yia tnv kAewdaptd (i
NV Tpocfacn otnv oupa), yia kabe epyaaia.

MYYO023 -- MAPAAAHAA ZYZTHMATA KAI TIPOFPAMMATIZMOX
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int taskid = 0; /* the next task id to execute */
pthread_mutex_t tlock = PTHREAD MUTEX_INITIALIZER;

void *thrfunc(void *arg) {
int t;

while (1) { /* forever */
pthread_mutex_ lock(&tlock);

|_|O(p(§(6£|V|JO( t = taskid++; /* get next task */

pthread mutex_unlock(&tlock);

UTTOAOYIOHOG TOU [IEEMSEaRe

break; /* all tasks done */

T[ HE taskexecute(t);

outoopopo/an

PARALLEL
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int taskid = 0; /* the next task id to execute */
pthread_mutex_t tlock = PTHREAD MUTEX_ INITIALIZER;

void *thrfunc(void *arg) {
int t;

while (1) { /* forever */
pthread_mutex_lock(&tlock);

t = taskid++; /* get next task */
> pthread_mutex_unlock(&tlock);
[lapaOEIyHOL: P (t >= NTASK)

break; /* all tasks done */
checRerboard + S

OUTOOPOHOAOYNOT I

PARALLEL
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