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EINEEHI'HXEIX 2YMBOAIXMQN

Soumayég Xovraktikd Aévrpo (X.X.A) — Concrete Syntax Tree (CST)

2T YPOQIKEG OMEKOVIOES TV KOUPOV €VOC VLTOJEVIPOL, HE YKPL YPOUO
eupaviCovtor ot un teppoTikol KOUPOL, He TPAGIVO YPOUO Ol TEPLATIKOT KOUPOL Kot

LEe TOPTOKOA ypdpa ot avayveoplotég (identifiers).

jump statement

‘goto‘ ‘ label1 ‘ E




ITEPIAHYH

Ymopog MehoodPag tov  Boaotkeiov wor g [Mopaockevnc. MSe, Tunuo
[Tnpogopikng, [avemaotuio loavvivov, Oktdfprog, 2006. YAomoinon GuvIOKTIKOD
avaALT Yo TOV TapoAAnAomomTiko petoppooct) OMPi. EmpAiémovtag: Boaociielog

B. Anupaxomoviog.

H gpyacio avt peretd v vAomoinon evog LETOPPACTY TPOYPOUUATOV amd Tyoio
KOO 6€ Tyoio Kook (source to source) Tov cLUP®VEL pe 10 Tpodtvmo OpenMP
2.5.

O petappactg OMPI €xel vAomomBel maAidtepa og anin YAwoca C pe yprion evog
TePAGUATOG OvOAVONG KMOKa, pe tn Ponbewo towv epyodreiov GNU flex kou bison.
2V mopovoo HEAETN avoAveTo 1) AoToiNom €K véov Tov OMPi e ta idwa epyareio
oe yAwooo C++, dote va O0tevkoAvvlel 1 dnuovpyio €vOG CLVTOKTIKOD OEVTPOL
avdAvong Tov Kddka €16600v. Me JlEmOP TO GLVIOKTIKO OEVTIPO VAOTOLEITAL TO
JeVTEPO MEPAGILO TOV UETAPPOCTH, TO 00i0 Tapdyel, pe Paon tig 0dnyieg OpenMP
TOL KDOOIKO, TOAVVIUATIKO KOOKO 1IGOGVVOLO LE TOV apPYIKO GEIPLIKO KOOKA.

Ymv epyacio ovt) ovoOADOVIOL O AEKTIKOG KOl GUVTOKTIKOC OVOALTAG 7OV
vAomomONKe, TO EVOIAUESO ZVUTAYES ZVVTOKTIKO AEVTPO Kot Ol LETOCYNUOTIOUOT TOV
KOO €166000, doTe vo mopayfel TOAVVNUOTIKOC KOOKOG 1GOOVVOUOS LE TOV
aPYLKO.

Me v vAomoinon avty| givor TAEOV OLVOTOL TPOYMPNUEVOL LETOCYNUATIGHOTL KaBMG

Kol BEATIGTOTOUCELS GTOV TAPAYOUEVO KMIKA TPOG OOENOT TV ETOOCEMV.
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EXTENDED ABSTRACT IN ENGLISH

Melissovas, Spyros, V. MSc, Computer Science Department, University of loannina,
Greece. October, 2006. Syntax analyzer implementation for the OMPi parallelizing

compiler. Thesis Supervisor: Vassilios V. Dimakopoulos.

This thesis deals with the implementation of a source to source program compiler
which complies with the OpenMP 2.5 standard.

The OMPi compiler has already been implemented using a one-pass plain C language
analysis, with the GNU flex and bison tools. In this thesis a new OMPi
implementation is analyzed, using the same tools in the C++ language, so a syntax
tree creation becomes easier. Using the syntax tree as an interface, a second pass is
implemented, which creates multithreaded code equal to the initial serial code, guided
by the inserted OpenMP directives.

In this thesis there is an analysis of the lectical and syntax analyzer, the intermediate
Concrete Syntax Tree and the transformations of the input code, which produce
multithreaded code equal to the original.

Using this implementation it is possible to perform advanced code transformations as

well as optimizations to the produced code in order to maximize performance.



KED®AANAIO 1. EIZAITQr'H

1.1. Avaykaidtnta vTapéng Tov TPOoTHIOL

1.2."Evo amhd Topdoetyplo LETOTPOTNG KOOIKOL

1.3. Odnyiec mpog tov Tpoemesepyaot

1.4. Ztoyot

1.5. Aopn g Atatpipg

1.1. Avaykaotnta vraping Tov TPoTOTOL

Ta televtaio ypovio TopovctdleTon HioL CLVEXOUEVO OVOOIKN TAoN UETAROoNS amod

VTOAOYIOTIKG, CUOTAHOTO EVOG EMECEPYAOTY] OE LIOAOYIOTIKO GUGTNUATO TOAADV

eneepyactov. H 1don avt tpogodoteitatl amd ta eENG yeyovoTa:

H CMOS teyvoroyio @Tdvel ota Op1d TG ®G TPOG TNV TUKVOTNTO Kol TNV
ToyVTNTO PoAOYoD TV Tpaviictop mov pmopobv vo mopaybovv ce Eva
OAOKANPOUEVO KOKA®LAL.

H avénon ot ovyvotto poAoyoh &vOg OAOKANPOUEVOD KLUKAMUOTOG
ovvtelel € pouvopEVo LITEPBEPLLAVOTG, TOV AmoTOVV EOIKEG S1aTAEELS YOENC,
Kol EYEL OYETIKA LKpA Opta Pertivoong pe Pdon v mapovoa Texvoroyia.

Ta vmoAoylotikd cLOTAUATO TOAA®V emeepyaoTOV EXOVV Yivel OPKETA
TPOGITA OKOUT KOl Y10 YPNOT GE YDPOLS OTOL TPV NTOUV ATOYOPEVTIKO AOY®
OYKOL KOl KOGTOVG,.

H xatoaockev] oAOKANPOUEVOY KUKAOUATOV d00 1] KOl TOPATAVE® TUPNVOV
(dual core, quad core K.0.k) £xel YOUNAMGEL TO KOGTOG KINONG OKOUN
TEPLOCOTEPO Y1ATL TO VTOAOYIGTIKO GUGTILO EYKATACTOONG OEV OMOLTEL E1O1KY|
Katookevn (novo pio Béon vy emefepyacty avti yio VO Kol KO

OAOKANPOUEVE VTOGTNPIENG EnesepyaoTn).



H petapoon oe molvemeiepyaotikd GLOTUATO QEPEL TO TPOPAVEG OPEAOC TOL
TOAMATAQCIOCOUOD NG emelepyaoTikng 1oyxvoc. Mo omAoiky] okéyn elvol Tog
OmOOONTOTE VILAPYOV TPOYPOULUUO OVTOUATO EKUETOAAEVETOL QLT TNV EMTALOV
emeepyaoTiKy] oYL Kot exteAeital pe moAlomAdola tayvtnta, ion pe N @opég
HEYOADTEPN OO OTL GE Vol aVTIOTOLO0 GVOTNUA eVOG emeéepyaoth), av N o aplOudg

TOV eNECEPYOOTAOV.

Kdértt tétoto dev givan amapaitnto aindég kot e€aptdrarl amd Tov apliud Tov vuitov
HE Tov omoio Aeltovpyel 1o TPHypapLpa, KaBdS Kot TNV VAOTOINoT avT®dV. AV KAvouue
v mopadoy] OTL KATO0 GCULYKEKPIUWEVO TPpOYypoupuo Oo amotedel T pHOVOOIKN
dlepyacio Tov EKTEAEITOL GTO GVOTNUA, TPETEL O APOUOS TOV VIUATOV EKTEAECTG VOl
etvar i00¢ M| peyaAdtepog amd tov aplpd TV eneepyaoTdV TOV GLUOTHUOTOC. %€
omowadnNmote GAAN mepimtwon, N emrdyvven Oa  sivor  pkpdtepn omd TNV
avapevopevn. Ewdwad oty mepintmon mov 1o mpdypoppo dev eivat ypapuuévo doTe va
extedeitan pe mOALOTAG VLOTO, EKTEAEITAL LOVO UE €va, LE OMOTEAEGLO 1) TOYXVTNTO

ektéheonc va etvan idwa eite og évav glte oe TOALOVG emelepyaoTé.

Anpovpyeiton Aowwdv 1o {RTNUO. HETOTPOTNG TMV LIAPYOVIWV TPOYPOUUUATOV CE
TOAVVNUOTIKE, DOGTE VO UTOPOLV VO EKUETOAAEVTOVV TNV EMMAEOV EMEEEPYUCTIKNY
woyv. H petatpomn tov vmdpyovtog kdouo omoitel opketn HeAETn Kot dgv gival

TOVTO EOKOAN.

1.2."Evo anth mapdostypo pETATPOTIS KOOIKA
Ag Bewpnoovpe 10 amdd oepakd tpodypappe o€ yhowooa C (Ilivaxog 1.1), to onoio

avafétel og KAOe BEom evog Tivaka arr To TETPAY®mVO TNG TIUNG TOL oM ElxE.

[Tivaxog 1.1 Zepraxod npoypappa C

#include <stdio.h>

int main ()




int arr[100], i;

/* Apxlromolinon mivarka */

for(I = 0; I < 100; i++)

{
/* BEvnuépwon 6éong mivaxra pe 10 TeTpdywvo Tng TLuAC Tng */

AVTO TO TPOYPOULO EKTEAEL EKOTO EMAVUANWYELS Y10 VO EMTEAECEL TNV EPYOGIOL TOV.
Av petappootet pe évav Tomikd petagpoact C oe omolodnmote moAveneepyaoTikd
ovoTNUO, 0 KMOKOG mov Ba mopoaybei Oo exteleotel pe évo viua, omdte Oa

EKUETAAAEVTEL LOVO TOV éva emelepyaoTn.
To 1010 mpdypappa propei amromomuéva va petatpanel 6mwg deiyvet o livaxog 1.2,

10 omoio Oa ekteleotel pe mOAAOMAG vApoto (eKaTd OTNV MEPIMTMOOTN OVTN), TO

kaBéva amd Ta omoia B evnuepdvel Lo BEon Tov mivaka.

[Mivokag 1.2 Metatpomn TpoypapUOTOS GE TOAVVILOTIKO

#include <stdio.h>

#include <pthread.h>

int arr[100], 1i;

int myfunc(int num)

{
/* Evnuépwon Ing 6éong mivoaka mou avilotolxel otov oplBud

vAuatog */

}

int main ()




/* Apxlromolinon mivarka */

for(I = 0; I < 100; i++)
{
/* Anuloupyla vApaTog mou exteAel Tn ouv&ptnon myfunc */

}

for(I = 0; I < 100; i++)
{
/* AVOUOVH KOl KATAOTPOEH vNuiTwv */

}

O ITivokag 1.2 deiyvel éva mpOYpOULO TOV UTOPEL VO EKTEAECTEL GE VTOAOYIGTIKA
ocvotnuata &ite evog elte MmOV emefepyaoctdv. Xn dgbtepn mepimtmorn O
expetorrevtel péypt ko 100 emeepyactés, agov ypnotponotei 100 viuarta yuo va
KAVEL TOVG VITOAOYIGHOVE Tov. To vovuepo avtd givor paAlov vrepPoikd. Mo mo
Aoywn mopariayn Oo umopovoe vo ypnolponotet 4 vipata mov Ba evnuépmvay amd

25 Bécoe1g Tov mivaka to Kabéva.

H petatpony mov ypeldommke T0 OpyKO GEPLOKO TPOYPOUUO GCE YADOOO
npoypappoticpod C frav apketd pkpn. A@opodce 1 ONAMON TOL TIvaKe MG
KaBolkoh mote vo €ivar opatdg omd OAM TOL VAUOTO KOl TN Onpovpyion Hiog
OLVAPTNONG TOL TEPIKAEIEL TOV KMOIKO VTOAOYIGHOV 7OV OEAOVLUE VO, LOIPAGOLLE.
EmuAéov avdioyo pe v omaitnon pmopel va gicaydel kot kmotkag mov Oa dtonpel

mv gpyocio og 660 peydio n pikpd Tupoto BEAovE.

H petatpon| avt) amortel OPc and Tov TPOYPOUUOTIOT Vo YVOPILEL TIC TEXVIKEG
Aemtopépeleg vAomoinong TV viudtov, ol omoieg gival duvatd vo SlpEPoOVV amd
Aertovpykd cvoTNUO 6 AETOLPYIKO cvotnua. Av Anedel vToyn emmAéov OtL €va

TUTIKO TPOYPOUUO OPLOUNTIKGOV LTOAOYICUMV €lval duvatd Vo omontel OeKAOES



HETOTPOTEG e AYVOOTN EMNTMON OTIC ONA®UEVES Un KaboMkég petafAntég, Ommg
KOl 6€ GALEC TAPAUETPOVG TOL TPOYPALULOATOS, OVTIAMAUPAVETOL KAVELG TT™G amotteiton
N vapén evoc poakpoepyadeiov. Eva ochvoro epyaieimv mov amiomolovv ) petdfoon
amd CEPLOKO KOSIKO VOGS VILOTOG GE TOAVVIUOTIKO KOJIKA OV EKUETAAAEVETAL
KOAVTEPA TNV 10Y0 TOV TOAVETECEPYOUCSTIKMY CUOTNUATOV EIVOL Ol LETOPPUCTEG TOV

Bacilovton oto mpdTLTTO OpenMP.

1.3. Odnyiec mpog Tov mposmelepyaotn

To mpoétvmo OpenMP Kkdvel apketd €OKOAN TN HETOTPOM MO LAAPYOVIOS KAOIKOL
ypoppévov o  yhwooeg mpoypoappaticpov C, C++ xoauu FORTRAN. O
TPOYPOUUOTIOTNG OV ypetdletar va yvopiler OAeg TIG TEYVIKEG AEMTOUEPEIEG
YEPIGHOD TOL TOALVNUOTIKOD KMOKO, OAAG o GEPA amd odnyieg mov TPEMEL va

g1oay0ovV GTOV 0PYIKO GEIPLOKO KMOKO GTO KOTAAAN A onpeia.

Otav o kddwog pe evoopotopéves oonyieg OpenMP  odwPactel amd Evav
LETAPPOOTH GLUPATO HE TO TPOTVTO, TO, TUNUATO KOOIKO TOV TEPIKAEIOVTOL OO TIG
odnyiec avtég petaoynuatifovral KatdAAnAd, OOTE Vo EKTEAEGTOOV HE TOAAUTAG

viuato. H pébodog petaoynuatiopon ivor Bpa vAomoinone Tov HETOPPASTH.

Mo mapdderypa, o oepraxodg kmowkas (Ilivakag 1.1) Ba aroartovce povVo TG aAlAYES

nov anewovitet o [Tivaxkag 1.3.

[Tivaxag 1.3 Mpdypappa C pe odnyieg OpenMP

#include <stdio.h>

#include <omp.h>
int main ()
{

int arr[100], i;

/* Apxlxkomoinon mivaka */




#pragma omp parallel for
for(I = 0; I < 100; i++)
{
/* Bvnuépwon 6éong mivaxka pe 10 TeTpdywvo TNng TLUAC Tng */

Ot aAhayég mov Eyvay fTav ot
e 1pocHnkmM Tov apyeiov INAM®oE®Y omp.h GTNV KOPLPN TOV KMITKA KOl

e mpocHnkm evog #pragma omp parallel for axpifdg Tpv amd v emavainyn.

Otav 0 mpoemeepyaoTnG TOL HETAPPACTY] CLVOVTICEL THV 001 Yia avTr, avalapupdvel
aLTOHOTO VO TOPAYEL KMOOKO TETOL0 TToL O avaAdPel Tov Katapepiopd tov Bpodyov
emoavaAnyng oe tunuata epyoasiog To tpumqpota avtd Bo avateBobv oe o opddo
VUATeOV Yoo ektéAeoT, UExPL vo. ektehectobV OAa. Metd 10 TéAOC TOL PpdYOov
EMOVAANYNG Tov aKoAovBel tv odnyia #pragma, 1o TPOYpappo Oo ektedectel g

OEPLOKO KOl KOTO TOV TEPUATICHO TOV Ba KoTaoTpapel Kot 1 opddo vudtov mTov

onpovpynOnke.

O 1eMKOC KDOOWKOG oL HeTaPPAleTon TEPEYEL OAEG TIC OMOPOATNTEG OOMES KO

INADGELS KOl TO EKTEAECIUO TPOYPOLLLO EKTEAEITOL TTOAV VI LOTUKL.

1.4. X160

210x0¢ OovTNG ™S OwTPPNE eivar vo avadlopyOvdCEL KOL VO ETEKTEIVEL TOV
petappoot) OMPi, mopéyovtag pio evied®g véa Kot BEATIOUEVN OPYIKTEKTOVIKN 1|
omoio. &ivol €UKOAOL EMEKTAGIUN Kol TOPEXEL OLVOTOTNTEG Yo, PEATIOTOMOMGELS
napayopevov Kodka. O petappactic OMPi sivor éva epyareio petdopaong
TPOYPOUUATOV Yo KOIKO YPOUUEVO oTn YA®ooo mpoypaupoatiopod C  pe
EVOOUATOUEVES 00MYieg Tapaiiniomoinong cOpemvee pe 1o tpdtvmo OpenMP 2.0.
Me Baon 115 odnyieg avtég, éva amdd ceplakd mpdypappo oe yAwooo C umopet vo
LETACYNUOTIOTEL GE TOALVNUOTIKO KMOKO 7OV EKUETOAAEVETOL TIG OSVVATOTNTEG

CLOTNUATOV LE TOAOVG EMEEEPYUOTES.



Empépovg otdyot:

H ovoadopydvoon Tov CuUVIOKTIKOD OVOALTH] (OTE VO LRAPYEL TANPNG
ocvpupatomta pe to tpdtuma ANSI/ISO C99 [1] kar OpenMP 2.5 [7].
H vAomoinon and v apyn oe aviikeipevootpagpn kmotka C++ dote va ivat
duvartn N amopOVmoT TG avdAvong g 16650V and TV eneEepyacia g
H mopaywyn evoldpeong avamoapdotoons He ¥p1on ZuUmoyods XuVTaKTIKOD
Aévtpov (XXA) - Concrete Syntax Tree (CST).
H vlomoinon devtepov mepdopatog enesepyaciog Tov KMIKA €600V, TOV
neptlopPavet:
O TNV VAOTOINON T®V UETACYNUOTICU®V TOV OTOITOUVIOL Yo TNV
TOPOYOYT TOADVILOTIKOD KMITKO KOl
O TNV TOPAY®OYN €VOG HNYOVICHOD UETACYNUOTICUOV 7oL Bo  &ivot
€0KOAOG OTNV KOTOVONGT Kol KOTO GUVETELN Tr GLVINPNON Kol THV

EMEKTOON OTO TPITOVG TPOYPOUULOTIOTES

1.5. Aopi} ™ Awatpifig

H dwatpin mepiéyel mévte kepaiaio:

>10 KepdAoawo 2 avakeparoiwvetal To Tpotvmo OpenMP pe ddeg Tig 0onyieg
nov mepthopPdavet. Emiong yivetar  avackomnon tov OMPi kot GAAw@v
LETOPPOUGTAOV

>10 KeQAAOO 3 TEPLYPAPETAL O AEKTIKOG KOl GUVTOKTIKOG avaAvtng poll pe
L0 EL60YMYT 6TO ZVVTOKTIKO AEVTpo OV TapdyeTot

210 KeQAALO 4 TEPLYPAPETAL TO ZVUTAYEG ZVOVTOKTIKO AEvTpo Kot ot péEBodot
Yo TNV TPOGTELACT] TOV

210 KEPAANLO 5 TTEPLYPAPOVTOL Ol LETOCYNLOATIGUOL 01 0moiot EeKvdvTag amd

™V TANpo@opio Tov ZXA TapAyYOLV 1IGOSVVOLO TOAVVILOTIKO KOOUKO.






KEDAAAIO 2. TO NPOTYMNO OPENMP

2.1. Ewoayoyn

2.2. Mpoypappatiotikd poviéro tov OpenMP
2.3. Odnyiec OpenMP yio C/C++

2.4. AMot petagppactéc OpenMP

2.1. Ewayoyn

To OpenMP eivar o demopn epoppoydv mpoypoupdtov (Application Program
Interface - API) 1o omoio ypnouomoleitat yio vo TapoaAInMcove TPOYPAUUATO GE
OPYITEKTOVIKEG CLGTNUATOV KOWNG Uvnune. Amoteieital and tpio APl cvotatikd:
odnyiec vy TOV UETAPPOOTH, OCLVOPTNCELS PipAlodnkdv Kot  PeETOPANTEG
nepiPdArovtog. To API tov OpenMP éyetl opiotel yia T1G YADGGEG TPOYPALULOTIGLOV
C/C++ ko Fortran, evéd €yet vhomomBel yio Ti¢ TO GNUOVTIKES TAATQOPUES OTMOS TO
Unix kou too Windows NT, kdtt mov 10 Kdvel apketd eopnto. Exet opiotel amd kotvon
a0 TIG IO OTLLOVTIKES ETALPIEG VAIKOV KOl AOYIGUIKOD KOl AVOUEVETOL G Alya XpOVIaL
va amoteléoet ANSI mpotumo. Ilpémert va emonudvovpe 6tt to OpenMP dev
TpoopileTanl Yoo OPYITEKTOVIKEG GULOTNUATOV KOTOVEUNUEVNG HVAUNG, OVTE EYEL
vAomomBel amd OAeg TG eTapieg vAMKOV Kot Aoyiopikov. Eniong, dev €xel oyediaotel
Yo vaL otodioEL TaL HEYIOTO OTN YPNON TNS KOWNG LVIAUNG.

Ot otoyor 00 OpenMP elvar va moapdoyst éva mpdtuvmo mov Ba 1oyvEL Yo
OPYLITEKTOVIKESG Kol TAATQOpUES KON uviune. 'Eva mpotumo mov Ba eivon pikpod ko
ebKkolo Katovontd, omAadn Ba moapéyel éva amhd kol TEPLOPICUEVO GUVOAO Ot
odnyiec pe 1o omoio Ba pmopel va yivetar onuovtiky mopaiinAionoinon. Eniong, o
npEMEL va. eivol EDKOAO GTN XP1oT TOV.

To OpenMP mapéyet:
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T OLVVaTOTNTA TOPAAANAOTOINONG EVOG TTPOYPAUUOTOC oTadtakd (ev avTiféoel, yla
mopdaodetyua, pe 1o MPI 6mov kdbe popd yiveton include 6An n BAoOnK”) ko
™ duVOTOTNTA TOGO YOVOPOU OGO Kol Aentoy KOkKOL moporiiniioc. Télog, o

KupLoTEPOG 6T0Y0G Tov OpenMP eivan  popntoOTNTOL.

> ovvégewn Ba meprypayoovpe 10 povrédo tov OpenMP kar 0o ddoovpe v
oLVTaén TOV SOUOV/0M YLDV TOov. Oa dovpe Ta €10 TOV 0NV KOl TIG KOTAAANAES
ouvOnkeg v avtd. Emiong, 6o cuinmoovpe v €évvola TV TopdAANA®V TEPLOYDV
Kol TNV €vvoll TV TOPOAANA®V TEPLOY®OV Slapolpacuov epyacioc. To kepdioto
OAOKANPOVETOL UE MO OVOOKOMNON EUTOPIKMY KOL EPELVNTIKOV UETOPPOCTMOV

OpenMP.

2.2. Ipoypappatictiké povréro Tov OpenMP

To mpoypappatiotikd poviédo tov OpenMP eivan Paciopévo oe mapoaiinopd pe
vinoto. Mo depyocion KOwvng Hvnung omoteieitor amd TOAAG VAUATO KOl TO
OpenMP Baciletor 610 Yopakmplotikd avtd. Xto OpenMP o mpoypappatiotc
umopel va. eAEyyxel Ko va. av&dvel 1 va peidvel tov aplud tov vnuatov. H 6An
dwdwacio Bopiler To povréro fork-join mov ypnowonotei n C. Eva viua apynydg
(master) ektelel TIG EVTOAEG GEIPLOKA PEXPL VO QTACEL TNV TPAOTN TAPUAANAN TEPLOYN,
YEVWWAOVTOG opddeg amd viuoata otov ypetdletoar. H opddo towv vnudtov mov
mepiapPdvetol oe o TopAAANAN mEployn ekteAeiton mopdAinia. Otav 1 opdda
TEAEWDOEL TNV gpyocio NG, TOTE TA VNHATO ovyyxpoviCovior kol tepuatilovv,
aQNVOVTAG HOVO TO VIO apyn Yo Kot 1 dtadtkacio avth emavoloppdvetol 606G POpEg

yperdleTar.

Ta vipato emkotvovouy HETAED TOVG LE KOWVEG HETAPANTEC. 26T0C0, 0 SLOUOPAGHOG
TOV O00UEVOV UopEl va 00N yNoel 6 cuvONKeg avtaywviopov. [ va eAéyEovpe Tig
OUVONKEG OVTOY®VIGUOV, YPNOUOTOOVHE cvuyxpovicpd. O cuyypoviopds, O,
Kootilel, apa KABe @opd MOV TOPUAANAOTOLOVUE TPEMEL VO, OPYOVMOVOVLUE T

dedopéva Kot TETO10 TPOTO MGTE VO EAOYLGTOTOLOVLE TNV AVAYKT Y10 GLYYXPOVIGUO.
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INa va yivet n moparlinlonoinomn, o TPOYpaUHaTIoT S Bo mpémel vo ODCEL GTOV
LETOQPOCTY 00MYieg o1 omoieg evempoatdvovioar otov kKmdka g C/C++ 1 Fortran.
211 CULVEYELD, O PETAPPOOTNG UETOPPALEL OVTEG TIG 00T Yies Kol Tapdysl KANOES OE
ouvaptnoelg PPAodnkng €16t ®GTE Vo TAPUAANAOTOMGEL TUNHOTO TOV KOdKa. O
[Tivaxog 2.1 delyvel o oamAn LETUTPOTY) GEPLOKOD TPOYPAULOTOS GE TPOYPOLLLILOL LLE

ypron pag dopng OpenMP.

[Tivaxog 2.1 (o) Zepraxo mpoypappa C kot (B) Zepraxo mpoypaupa C pe oonyia

OpenMP
void main () void main ()
{ {
double x[10007; double x[10007];
for(int i = 0; i < 1000; i++) #pragma omp parallel for
{ for(int 1 = 0; 1 < 1000; 1i++)
big_calc(xI[i]); {
} big_calc(x[i]);
} }
}

O aplBudg tov vnuatov umopel va aArdéel dvvaukd, gite péoo amd to 1010 TO
mpdypoppo pe KANon ovvapmmong PiPprobnkne, elte péow ™ peTafAntig
nepipdirovtog OMP_NUM_THREADS. 't tov cuyypoviopd tov vnudtomv, Opog,
KoODG Kot yuoo TG €EAPTNOCES TOV OEOOUEVOV VTELOLVOG €lval OMOKAEIGTIKA O
npoypappotiotic. EEdAAov, 10 API tov OpenMP mopéyer v dvvardtta
TomoHETNONG TAPAANA®V TUNUATOV HEGH GE GAAL TOPAAANAL T LLOTO.

2.3. Odnyieg OpenMP ywa C/C++

e avtd 10 KEPAAUL0, B avapepBel 0 TPOTOG LE TOV 0010 GLVTAGGOVTOL Ol 0dNYiES
Kol O acyoAnfodue pe KATO0VG YEVIKODG KAVOVEG TAVE® GTNV YPNON TWV 00NYLDV
KaBmg Kot pe Tig TapaAinAeg meployés. Emiong, Oa meptypagotv ot cuvOnkeg (clauses)

odnyuwv Tov OpenMP kat Ba acyoAnBodpe pe t1g [eproyég Awaporpacod Epyaciog
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(Work-sharing Constructs), KaOdg kot e TIC TOUPAAANAES TEPLOYES OLUUOLPAGLOV

epyaciog. 1o 1€A0G, Oa avapepBode 6To GUYYPOVIGUO HETAED TV dEdOUEVAV.

2.3.1. 2ovraln douav xar oonyiwv OpenMP
O TITivakag 2.2 deiyvel meptypoeikd ) oOviaén pog odnyiog OpenMP.

[Mivakag 2.2 XHvtaén OpenMP odonyiov

#pragma omp Ovopo odnylog [cuvOnKn 1, cuvONKn2, ...]

Amonteitan yio 0heg T1¢ | ‘Eva vrapktd ovopa odnyiag. | [poarpetikd. Ot cuvOnkeg

odnyieg C/C++ TomoBeteiton peta To pragma | pmopei va eppoviCovron
KO TPV T1G GLVOTKEG pe kdOe oepd

[Ma mopdoetypa, o odnyia Oo prwopovoe va Nrav 1 eENg:

#fpragma omp parallel default (shared) private(beta,pi)

Ot odnyieg akorovBovv 115 cvpupdoelg Tov mpotvmov C/C++. H ypagn keporaiov 1
neldv éxel onuocio, TPETEL va VIAPYEL LOVO Eva Ovopa ava odnyio kot kdBe odnyio
epapuOleTon LOVO GTO AUECMG ETOUEVO GUVOLO EVIOAMY TO OTO10 TTPEMEL VoL elval Eval
dounuévo ovvoro (block) kmdwka. Emiong, poxpéc odnyiec umopovv vo GuveEXIGTOVV
o€ eMOUEVEG YPOUUES apKel 6TO TEAOG KAOE YPOUUNG Vo TOTOBETEITOL O YOPAKTHPOGC

™g avamoong kabétov (“\7).

2.3.2. Ilopdiinies Heproyés
M mopdAAnAn meployn etvan éva TuMpa KOO 10 omoio Oa ekteleostel avTOHG10

a6 moAhamAd vipata. H oovtaén pog mapdAAning meployng etvor n e€ng:

#pragma omp parallel
private (varl, wvarz, ..)

shared (varl, wvar2, ..)

= - -

firstprivate (varl, wvar2, ..)
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copyin (varl, var2, ..) \
reduction (operator: varl, var2, ..) \
if (expression) \

default (shared | none)

[dounuévo TuAua KOS LKA]

Otav éva vApa etacel oe pio odnyio mapoiinionoinong (#pragma...), onuovpyel
po opdda amd vipoTo Kot to 1010 yivetar apynyodg (master) g opddag. O apynyoc
etvat k1 0 1010¢ péEAog ¢ opddac. O KMOKOS TG TOPAAANANG TEPLOYNG OVTLYPAPETAL
TOGEG POPEG OGO TAL VILLOTO, KOt O1OETOL GE ALTA Y10 VO TOV EKTEAEGOVV. [evikd, dev
VILAPYEL CLYXPOVICUOC HETOEL TV vnudtov. Kdébe viuo umopel va @tdoel oe
omolodnmote onueio péca otn TaPAAANAN TEPLOYN, O aKOOOPLOTN XPOVIKN GTIYUN).
10 t€M0G NG TaPUAANANG TEPLOYNG LITOVOEiTOL Eva Ppdya, TEPA Amd TO 0moio Hovo
0 apynyos Ba cuveyioel Tnv extédeon Tov mpoypaupatos. EEdALov, to API mapéyet
dvvatotTo dnuovpyiog TOPAAANANG Teployng MEcO o€ o GAAN TopAAANAN
neployn. H poioopuévn avt) mapdAAnin meployr], KOTOANYEL GTN ONUIOLPYio Lo
KOvouplog opadog amd vipato 1 omoio amoteheiton epnunyv and €va vipa. Qotdco,
OLPOPES VAOTOMGELG UTOPOVV VO EMTPEYOLV TOPUTAVED omd €vo. VIO CE Lo
QPOAMOCUEVN TAPAAANAY TEPLOYN.
O op1Buog Tov VUdTemV Tov INUIOLPYOLVTOL KATA TNV €0000 Ge o TOPAAANAN
neployn umopel va kabopiotel omd tTpelg mopdyoviec, ot omoiot Kotd oepd
TPOTEPOLOTNTAG ElVOLL:

e 1 ypnon ™¢ cvvdptong PPrrodnkng omp_set_num_threads()

e 0 oplopdg g petafantig nepipdirovrog OMP_NUM_THREADS kot

e 1 ypnon g epaong default.

Eniong, éivetan n duvatomta omd 1o APIL, va mpocappdletor Suvopikd o aptOpdc twv
ynudtev yuo pion cuyKeKpluéVn mopdAANAn meployn. Avtd pmopei va emitevydel pe
ToVG €€NG OVO TPOTOVG:

® LE TN XpNon g ovvaptnong Piprtodnkng omp_set_dynamic() ko
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e e Tov opiopd g petaPintg nepdrioviog OMP_DYNAMIC.

H apiBunon tov mudtov Eekivdel and tov apBud 0, omoiog divetor otov apynyo
K@Oe opddog kot etéver otov apBud N-1 o6mov N o apiBudg tov vnudtov. H
ToutoTNTo. KGBe vNpatog umopet vo Ppebel ypnoyomolidviag TN cuvVApPTNON
BpAoOnKng omp_get_thread_num(), evd 0 cLVOAMKOG aplOUOC TV VUdTemV puropel
va PBpebet pe m ypnon g cvvdptnong Piprodrkng omp_get_num_threads(). Av kou
TO VAUOTO EKTEAOVV TO 1010 KOUUATL KMOWKO, ®oTOco, Ba Bélape vo ektelécovv
SPOPETIKA LOVOTTATIO. oVTOD TOL KMOWKO. AVTO emttvyydvetal pe 1o vo divovue
SLPOPETIKO KOUUATL KDOKa o€ KaBe viua (Yo Tapadetypa, pe t xpnon if-else) 7,

OT®G Bo SOV UE TOPAKATE, LLE TN YPTOT] OONYLOV SOUOPAGHOD EPYUCIOGC.

O Ilivaxog 2.3 mapaBéter tov kodka tov Hello World otov omoio avabétovpe
JLPOPETIKEG £PYOACIEC GTO VIO OpYNYO Kol GTO LTOAOUTO. VIUOTO. XTOV KOOIKO
avto, OAa Ta vijpota tvmvovy 1o Hello World kat tov apBud tovg, evd o apynyog

TUTIMVEL TO GLVOMKO aPlOUO TOV VUATOV.

[Tivaxog 2.3 [Moapdderypo kodwko pe po dopry OpenMP

#include <omp.h>

main ()

{
int nthreads, tid;

/* Anuioupyla opddag vNUATOV HEe LOLOTLKEQ PeTaBANTEC vNuATwY */
#pragma omp parallel private(tid)
{

/* EUpeon Kol €uedVvVLOn TOU OVAYVWPLOTLKOU vAiuatog */
tid = omp_get_thread_num();
printf ("Hello World from thread = %d\n", tid);

/* Mévo o apxnydg exktedel autd 1o TpAHRA */

if (tid == 0)




15

}

nthreads = omp_get_num_threads();

printf ("Number of threads = %d\n", nthreads);

/* 0N TO VAUATX €VHVOVINL Pe TOov apxnyd ral tTeppatilouv */

2.3.3. @paoeis oonyiwv oo OpenMP

O1 ppdoeig mov ypnoomrolovvtol oo OpenMP givar ot €€ng:

shared(varl,var2,...): KaBoAwéc petafintég (varl,var2,...) ot omoieg 0o
npoonelafovy and Olo To VApoTa (To VIHOTO TPOSTELAUVOLY 101eg Baelg
HVAUNG).

private(varl,var2,...): Kédfe vijua €xet to 0kd T0L WOTIKO avIiypapo omd
avtég TG petoPAntég (varl,var2,...), yioo T OUWIPKEWL TNG EKTEAEONG NG
ToPAAANANG TEPLOYNC.

firstprivate(varl,var2,...): Idwwtikég petapintég  (varl,var2,...)  mov
OPYIKOTOLOVVTOL LUE TNV TN TOLG TPV otd TO SOUNUEVO TUNLO KOJIKA OTOV
EGAYETOL LI TOPAAANAN TTEPLOYT.

lastprivate(varl,var2,...): Idwwtkég petapintég (varl,var2,...) ot omoieg
EMOTPEPOVV TIG TWWEG TOVG oTlG eEmTepkég peTtafAntég petd omd Tov
TEPUATIOUO EVOC TOPAAANAOL TUNIATOC.

if(expression): H mapaiinionoinomn yivetoar povo 6tov 1 EKQPACT] OTOTLATOL
®¢ aAnOnc.

default(sharedlprivatelnone): KaBopiler v gupéieln tov petapfintov oty
TopAAANAN Teproyn (av Bo eivarl Koweg, 101mTIKESG, 1| av dgv Ba Exovv euféieila
avtiotoiywg). loydel yio tig petafAntég yio tig omoieg dev opiletar pntd
euPérerd tovg amd GAAN epdon).

schedule(type [,chunk]): EA£yyetl Tov TpOTO e TOV OTTOIO O1 EMOVOANWELG EVOG
Bpoyyov Ba S10101paGTOVV GTO VILATO KO YPTGLUOTTOLEITOL LOVO GTnV 0dnyia

for. O TOmog Tov schedule pmopel va eivar:
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o STATIC: Ot eravoAnyelg evoc Ppoyyov dtapolpdlovtol 6 KOUUATIO
peyébovg chunk kot avatifevion otatikd ota vijpata. Av to chunk oev
&xel xobopiotel, 10T Ol emavaAyelg Olapotpalovtal ouep®s (av
avtd elvar Suvatd) Kot GLVEXOUEVA HLETAED TOV VIUAT®V.

o DYNAMIC: Ot emavainyelc &vog Ppdyyxov owapopdlovtol oe
Koppdrtio peyéboug chunk kot avariBevron svvapikd oto vijpoto. Otav
Eva VIO TEAELDOEL e Vo KOUUATL ovolopBaver duvapukd évo dAro.
To epnunv péyebog evdg xoppatiov sivar 1.

o GUIDED: To péyebog tov KOUUOTION HEIDOVETOL SVVOUIKE pE KAOE
KOUUATL TOL YDPOV EMAVOANYEWDV TOL ATOCTEAAETAL GTA VApATA. To
péyebog chunk kabopiler tov ehdyioto apBpd emavarnyedv mov o
TPENEL VO 0O TaAOVV KAOe popd. To eprunv péyebog evdg koppatiod
etvan 1.

o RUNTIME: H oandépoaon Olapolpoacpod, ovofaiietor péxpt v
EKTEAEON TOL TWPOYpAppaTog, pHe TN Pondbewr ¢  peTafAnTig
nepipdArovtog OMP_SCHEDULE. Amnayopgbeton va  kabopiotet
péyebog chunk ywo avti) ™ cLVONK.

e reduction(operatorlintrinsic:varl,var2,...): E&acpoiiler 6tt o reduction
Aertovpyiar (tov TEAeoTn)) upeTOED TV petaPAntov varl, var2, ... 6o
exTeELEOTEL LE ao@aAEL (Yo Tapadetypa £vo Kabolkd afpoioua).

e copyin(varl, var2,...): Avtiypdoel 11 petapintég varl, var2, ...oto Tp€Yov
vina. H petafAnt) tov vAuoTtog apynyod YPNOWOTOlEiTol GOV 1 TNyY
avtiypaens. H opdda tov vnudtov apylkomoleitol He ot TN TIUA HE TNV

€10000 0T TOPAAANAN TTEPLOYT).

2.3.4. Ileproyéc Mopopoouov Epyaciog

Mo meployn dapolpacpov epyaciog ywpilelt Tov KOJKO TOv TEPIKAEieTOl otV
TOPAAANAN TePLOY] HETOED TV VNUATOV NG opddog g mepoyns. Ot meproyés
SLHOPaGHOD gpyaciog OV ONUIOLPYOHV KOvoUPlo VILOTO KOl OEV VITAPYEL KATO10G
OLYYPOVIGUOC KaTA TNV €16000 GE U0 TETOLN TTEPLOYT], VTLAPYEL OUW®G GLYYPOVIGUOG

Katd TV £€£000. YTAPYovV TPELG TOTOL TEPLOYDV SLOUOIPOCHOD EPYACTG:
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e Odnyia for: Awpopdler Tic emovaAnyelg evog Ppdyyxov otnv opdoda g
TPEYOVOAG TAPAAANANG TEPLOYNG.

e Odnyia sections: Atapolpdlel v gpyacia o EexOPLOTE, SOKPITA TUNLLATO.
Ka0e tunpa extedeiton amd S1a@opeTied viua.

e Odnyia single: To tunua ektedeital pdvo and Eva viua.

Onwg ko 011G TapUANAEG TEPLOYES, £TOL KO OTIC TEPLOYES OLOUOPACHOD EPYOTINg,
VILAPYOVV KATOL01 TEPLOPIGLOTL TOL TPEMEL VO, IKOVOTTOINH0VV:
® via va extelechel mapdiinio g odnyia, O TpEmeL N TEPLOYN OOUOIPOUG OV
gpyaciag va ecwkAgieTol Suvapkd Héca e o ToPAAANAN TEPLOYN.
e 01 TIeployég Slapopacpov epyaciog Bo mpémet va dtapotpalovv ta dedopéva
(M TV epyacio) oe OAa TO VAALOTO 1] OE KAVEVQ.
o  J1000Y1KEG TEPLOYES OLOUOIPAGHOL EpYaciog o TPEMEL VO TPOSTELNVVOVTOL

Ao o, LEAT oG opddag e v 1o Gepd.

2.3.4.1. Odnyia for

H odnyia for kaBopiler 6TL ot emavarqyelg tov Ppodyyov mov akoAovBel mpémel va
ekteAesovv TapdAnia and Ty opdda. Avtd Tpodmobitel 6Tt 1| TaPAAANAN TEPLOYN|
&xel NoN apytkomombel, aAAdg ekterel oelprokd tov Kodwka. H cdhvragn g odnyiog

for etvon 6mwg deiyver o Tivaxag 2.4.

[Tivaxog 2.4 H odnyia for

#pragma omp for [clause [clause] .. ]

for loop

omov KaOe clause givor pio amwd TIg TOPAKATO GLVONKES:
e private(list)
e firstprivate(list)

e Jastprivate(list)
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e reduction(operator: list)
e ordered
e schedule(type [,chunk] )

e nowait

Ot ouvOnkeg private(list), firstprivate(list), lastprivate(list), reduction(operator: list)
katl schedule(type [,chunk] ) meprypdonkav otnv Evotmta 2.3.3.

H ovvOnin ordered mpémer va vmdpyer 6tav odnyiec ordered cvumepiroppdvovron
péoa oe pa for odnyio kot kabBopilovv kdmola TUAKOTE TOV TPEMEL VAL EKTEAECTOVV
aKOAOVO10KAL.

H ovvOnkn nowait ypnoipomoleiton yio vo ETITPEYOLLE GTO VILATO VO GUVEXIGOVV
TNV EKTEAEGT TOLG YMPIG VO TEPIUEVOVY TOV TEPUOTICUO KO TOV VTOAOUT®V VIULATOV

070 T€A0G TOL TAPAAAN A0V BPOYYOUL.

Ot epropiopol mov 1eyvovv gival ot eENG:

e 1 opBoTTO VOGS TPOYPAUUATOG Oev Ba Tpémel var eEAPTATAL GO TO TOLO VILLOL
Oo eKTELEGEL P10 GLYKEKPULEVT] ETOVAANYT).

®  OmOYOPEVETAL [0 SLOKAGOWON Vo KatoAnyel £E® amd éva Ppoyyo o omoiog
oyetileton pe pia odnyia for.

e 10 péyebog evog koppatiov mpémel vo Kabopiletoar cav otabepn Ekepaom
axKepaiov evog Ppoyyov, apov dev VIAPYEL GLYXPOVIGUOG YO TNV GIOTIUNOoN
oL peYEBoLg amd T VIHOITOL.

e 0 Bpdyyog for Ba mpémel va glvor CLYKEKPIUEVNG LOPPTG, OTTMG TTEPTYPAPETL
GTO TPOTLTO.

o o1 ppacelc ORDERED kot SCHEDULE mpénet va. eppaviovtal to moAv pio
Qopa 1 kodepio.

2.3.4.2. Odnyia sections

H odnyia sections eivor pior pun €mOvVOANTTIKY] TEPLOYY] OLOUOIPAGHOD €PYACIOG.
KoBopiler 611 100 ecorAeidpeva TURate KOOWo 0o Sopolpacstovy Hetalld Tov

ynuatov g opddas. Mo odnyia sections umopet va mepiéyel meplocdtepesg and pia,
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avedptntec, odnyiec section. Kabe tunuo exteleiton o gopd amd €vor vipa g

opdoag. Tn obvragn pag oonyiag sections detyvet o Iivokag 2.5.

[Tivakag 2.5 H odnyd sections

#pragma omp sections [clause [clause ..]]
{
#pragma omp section
dounuévo TuAPRX KOO LK
[#pragma omp section

dounuévo TPAPRX KOO LK

Ot ppdoeic pmopovv va givar ot €€1g:
e private(list)
e firstprivate(list)
e Jastprivate(list)
e reduction(operator: list)

e npowait

Om®G avTtég meprypaenkov ot mapaypdeovg 2.3.3 kot 2.3.4.1. 1o 1téhog KdOe
odnyiog section vmovoegitol kdmoto Epayua mov Ba Bondnoel 610 GLYYPOVICUO TV
VUATOV, eKTOC KL av ypnolwonombel n ocvvOnkn nowait omdte TA VAUATO OEV

TEPLUEVOLV Y10l GLYYPOVICUO LETO TO TEPAS TNG EPYOCIOS TOVG.

O mepropiopol mov woyvovy oty odnyia sections givar ot €€1¢:
e Omwg Kot oty odnyia for, amayopedeTon po S1UKAAIMOT) VO ELGEPYETOL GE £V
JoUNUEVO TUNILO KOJIKA 1] VOL KOTOANYEL £E0 amd avTo.
e o1 odnyleg TUAUOTOG TPEmEL vo Aaupdvovv ympo péoco G pwol oomyia
TUNUATOV.

e uévo pio cuvOnkn nowait pmopel vo TEPIEXETOL GE it 0ONYio TUNUATOV.
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2.3.4.3. Odnyia single

H odnyia single kaBopilel 60TL 0 K®OKAG TOL EGOKAEIETOL OO OLTY, B exTEAETTEL
puévo amd éva vipa. To vApa mov Ba @tdcel mpdto oty single odnyia, avtd Oa
ekteréoel Tov k®dwo. H odnyla avtn, elivar ypnoiun o0tov £Movpe TUNUOTO OO
KOO ov 0ev €£apTOVTAL OMOKAEICTIKA OO TO VAUATO OTMOC Yo TOPASELYLOL

Aertovpyieg €10000v-eE0600v. H cvvtaén pag odnyiog single osiyvet o Ilivakag 2.6.

[Tivakag 2.6 H odnyia single

#pragma omp single [clause [clause..]]

dounuévo TuHua KOS LKO

O ppacelc pmopovv va givot o1 TopoKaTm:
e private(list)
e firstprivate(list)

e nowait

OmWG aVTEG TEPLYPAPNKAY OTIG Tapaypapovg 2.3.3 kot 2.3.4.1. Ta viuota mov dev
eKTEAODV TNV 0dNyia, TEPIUEVOVV GTO TEAOG TOV ECMOKAEIDUEVOL KOOWKO, EKTOC KL oV
ypnoporombei n ocvvOnkn nowait omdte ta viuota dgv Ba mEpUEVOLY Yo vo

GLYYPOVIGTOVV.

Ot epropiopol Tov 1eyvovVv givarl ot eENG:
®  mayopeVETAL [0, SIUKAAOMOT) VO EIGEPYETOL G £Vl SOUNUEVO TUNLO KOOUKOL
oonyiag single 1 va kotaAnyel €€ amd avTo Ko

e uovo pio cuvOfkn nowait pmopel va ypnoyoronei oe kaOe odnyia single.

2.3.5. 20vO0oouEves ToOPaAANLES TEPLOYES OLOUOLPATLOD EPYATIAS
O1 Zuvovoouéveg TapIANAES TEPLOYES OLOUOIPACHOD EPYOCING EIVOl GUVTOUEVCELS
vy va koBopicovpe o TopdAANAN TEployn M omoio mepEyel POvVo pio mEPLOYN

dwapopacpov epyaciog (éva mapdiinio for 1 TapdAinia sections). ZnNUOCIOAOYIKAL,
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01 GLVOVOCUEVEG TAPAAANAES TEPLOYES SLAUOPACUOD EPYOsing, EIvol 1000VVAUES, LE
™ OMNAON HOG TAPAAANANG TEPLOYNG, OUECMS akoAlovBoduevng amd pio meploym
SLUOPACHOD EPYAGIag.
Emutpénovtar 6hec or vmopktég cLVONKEG Yo piot TOPEAANAN TTEPlOY Kol Yo THV
OYETIKN TEPLOYN OLOAUOPACUOD EPYCInG, EKTOC amd TN nowait apov, £T61 Kt OAAMG,
0710 T€AOC KGBe TOPAAANAOL TUNUOTOG LITOVOEITAL £VOL PPAYUO Y10l TO GLYYPOVIGUO
TOV VILATOV.
Ynrdpyovv 300 TOTOL TETOLWV 00N YLOV:

e 00nyia parallel for kou

e 00nyia parallel sections.

2.3.5.1. Odnyia parallel for

H oonyia parallel for xaBopiler pio mapdAAnin meploy mov mepiéyetl pwo amhr for
oonyia. H oonyia for Ba mpémel va elvar n apéowg emdpevn evioln (peto ) onimon
™G TOPAAANANG TepLoyng) Tov kddwka. H ovvraén piag parallel for odnyiog sivor

omwg deiyvet o [Mivakag 2.7.

[Tivaxag 2.7 H odnyia parallel for

#pragma omp parallel for [clause [clause..]]

Bpdxog emovaAnyng

Ol epacEeIC TOL HTOPOLV VO YPNOILOTON B0V Elval ot €ENG:
e private(list)
e firstprivate(list)
e lastprivate(list)
e reduction(operator: list)
e schedule(type [,chunk] )
e if(expression)

e default(sharedlprivatelnone)
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e copyin(list)

O™ OVTEC TEPLYPAPN KOV 0T Topdypoo 2.3.4.1.

Ot epropiopol mov 1oyvovv oty amin odnyia for woydovv ki £d® (BAEnE Topdypapo

2.3.4.1).

2.3.5.2. Odnyia parallel sections

H odnyia parallel sections xaBopilel g mopdAANAn meployn 1 omoia mePLEYEL Lo
amAr] odnyia sections. Avtr 1 odnyia sections, Ba mpémet va gival 1 AUECHS ETOUEVT
evioA (HeTa T ONMA®ON TG TOPAAANANG TEPLOoyNG) Tov kmdka. H ocvvraén pog

oonyiag parallel sections givor 6mwg deiyvet o [Tivaxag 2.8:

[Tivaxag 2.8 H odnyia parallel sections

#pragma omp parallel sections [clause [clause..]]

{

[#pragma omp section]
dounuévo TUAPUX KOO LK

[#pragma omp section
dounuévo TpHua KOS LKO
]

Ot ppacelc mov pHmopovv va ypnoiporomfovy ivor ot
e private(list)
e firstprivate(list)
e lastprivate(list)
e reduction(operator: list)
e default(sharedlprivatelnone)
e copyin(list)

e ordered
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O™ OVTEC TEPLYPAPNKOYV OTN Topdypopo 2.3.4.2.

O1 epropiopol mov 1oydovv oty amin odnyia for woydovv ki £d® (BAEnE TOpdypapo

2.3.4.2).

2.3.6. Oonyies ovyypoviauod yio. C/C++
Ot Odnyiec GLYYPOVIGUOV YPNGLULOTOLOLVTAL Yo V. EAEYEOVUE TN GEPA EKTEAEONC
TOV VINUATOV HOG OHAd0S, €Tl MOTE VO €E0CQPOAIGOVUE TNV OKEPOLOTNTO TMOV

dedopévav. Ot 0dnyieg ouyypoviopov mov pag diver o API elvan ot e€nc:

e master
e critical
e barrier
e atomic
e flush

e ordered

ot omoieg Ba TEPLYpaPOHV GTIG EMOUEVES TTAPAYPAPOVG.

2.3.6.1. Odnyio master

H odnyia master kaBopiler o meproyn n onoio Oo ektedeotel poOvo amd to master
viua ¢ opddag. Oha tor GAAGL VIHOTO TNG OHAONS OEV EKTEAOVV GLTO TO TUTLLOL
KOdwa. [ v odnyla avtr, dev vrdpyel Kamowo @payua mov va vrovoeital. H

ovvtaén g master odnyiag ivor dmwg deiyvet o [Mivaxag 2.9:

[Mivakag 2.9 H odnyio master

#pragma omp master

dounuévo TUAPRX KOO LK
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2.3.6.2. Odnyia critical

H odnyia critical kaBopiler pio meproyn n omoia wpémetl va ektehectel poévo omd Eva
viua Kabe @opd, opiloviag €161 o Kpioiun Teployn. L& (o Kpioyn meployn, Hovo
o depyacio pmopel va eyyphwer M va SwPdost po kown  peToPAnTm
dtcearilovtog €161 TV akepaldTNTO ALTNG NG HETaPANTC. H ovvtadn g odnyiog

critical etvon 6mw¢ deiyvet o Iivokag 2.10:

[Tivaxog 2.10 H oonyia critical

#pragma omp critical [<bévouo>]

dounuévo TpHpa KOS LKO

6mov Ovopa gival Eva avoyvoploTikd OVopa TG KpIoIUNg meployng mov kabopilet v
oonyia critical (ka0e kpioun meployn TPEMEL va. EXEL LOVAIIKO OVOyVOPLOTIKO GVOLLL).
Ot kpioipeg meproyég mov dev Exovv dvopa Bewpeitor 6Tl £govv TV 1010 TOWTOTNTO,
EVD O1POoPETIKEG critical odnyieg mov €yovv 10 1010 dvopa, Bewpeital OTL avapEpovTal
omv 0w kpion weproyn. Av évo vipa ekTeAel po kpioun mepoyn kot Eva GALo
VIO QTAGEL GE AT TNV KPIGIUN TEPLOYN Kol TPOSTAONGEL VO TNV EKTEAEGEL, TOTE TO
devtepo Vo B avaykaotel var TEPUEVEL UEXPL TO TPMTO VAU VO QUYEL omd TNV

Kpioun meployn.

2.3.6.3. Odnyia barrier

H odnyia barrier cuyypovilel 6 o T VjROTA TNG ORASOS OmoTOVTOS omd KAOe vipa
VO GTOUOTNOEL, TPOCOPIVO TNV EKTEAECT] TOV, OTO onNueio 6mov vmdpyel N barrier
oonyia, uéxpic 6Tov OAN TA VLLATO PTAGOLY GE AVTO TO ONELD. XTN GUVEXELN, OAOL TOL
vinoto EEKvouV mopdAANAa omd ekeivo TO oMUEID TNV EKTEAECT] TOL KAOJIKO TTOL

axolovBei. H oOvtaén g odnyiag barrier givar 0nwg deiyvet o Iivaxoag 2.11.
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[Tivaxog 2.11 H odnyia barrier

#pragma omp barrier

[Tpokepévou va epappoctel cwotd n 0dnyia barrier mpénetl va 1oybovv ot akdAovHol
TEPLOPICLLOL:
e kd&Oe odnyia barrier oe pia TopAAANAN TEPLOYN, TPETEL Vo GuVAVTNOEL Ad OA
TOL VIJLLOLTOL 1) 0T KOVEVOL KOl
® 1 oglpd Le TNV OMOilo TO, VIULOTO, TPOCSTEANVVOVV TIG TEPLOYES OLOUOLPAGHLOV
gpyaciag kot Tig odnyieg barrier 6e po TOPAAANAN TEPLOYN, TPEMEL Vo Eivan

010 yuo kéBe vipa TG opadog.

2.3.6.4. Odnyia atomic

H odnyio atomic xaBopiler 6Tt 1 cvykekpipévn tomobecion ot Uviun mTPENEL va
OVOVEDVETOL OTOMKA (00 KABe Vo), UN EMTPETOVIONG TOAAG VILLATO VO, KAVOLV
gyypapn tavtdypova otn ovykekpiuévn tomobecio. 'Etol anayopedel og omotodnmote
Vina vo StokOpeL Kamoto dAlo vijpa mov BpiokeTon ot d1adiKacio TPOSTEANGNS 1
aAAOYNG TNG TIUNG (oG HeTafAntig kowvhg pvnung. H odvtaén g atomic odnyiog

elvan 6nwg detyver o Iivaxog 2.12.

[Mivakag 2.12 H odnyio atomic

#pragma omp atomic

EXQPOON

OOV £KPpaoT) UTOPEl va efvat piol omd TIG TAPAKATO EKPPACELS:
e X binop = expr
* X++

°  ++X
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211G TPONYOVUEVES EKPPAGELS TO X lval piol LeTafAnTn, To expr eivon o EKQpaomn M
omoia dev ePIEYEL TO X Ko binop givort Kamo1og amd Tovg €€NG (UN LIEPPOPTOUEVOVG)

TeEAEOTEG: +, *, -, /[, &, 1, |, <<, >>.

2.3.6.5. Odnyia flush

H oonyia flush xaBopiler éva onueio cvyypovicuod oto omoio m vAOmOINGM TOL
KOOI TPETEL VO TOPEYEL £V CUVETEG GTLYLMOTVTO TNG UVIAUNG. € avTd To onueio M
TPEXOVON TN MIOG KOWNG HETAPANTNG eyypapeTon apéoms otn pvhun. H ocovraén
g odnyiog flush etvan dnwg detlyver o IMivakag 2.13.

[Mivakag 2.13 H odnyia flush

#pragma omp flush (varl [, var2]..)

o6mov varl, var2, ...glvar po Mota amd kowég petoffAntég or onoieg Ba eyypapovv
OTN UVAUY] TPOKEWEVOD VO OTOQVYOVUE VO EYYPAWOVLE OAES TIG KOWVEG UETAPANTES.
Av kdémowo and ta varl, var2, ...etvoun dgiktng, 101 £yypageTan 0 dEIKTNG KO O)L TO

OVTIKEILEVO GTO OTO10 dElyVeL.

O mepropiopoi mov woyvovy yio v odnyia flush givau:
® 0l VAOTOMCELS TOV TPOYPOUUUATOV TPEMEL VO, EYYLAOVTIOL OTL OTOEGONTOTE
aAlayég oe petaPAntéc opatég and ta vipate Bo givol opatég oto VLot
HETA amd avtd TO onueio
e 1 odnyia flush vrovositan yio T1g axdAoVOEC 0dNYieg (eKTOG OV VITAPYEL GTOV
KOO 11 cuvON K™ nowait):
o barrier (6tnV €i6060 ka1 oTNV ££000),

o critical (otnV €ic0d0 ka1 otV ££000),
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o parallel sections (Lovo otnv ££000),
o parallel for (uovo otnVv ££000),

o for (uévo otV ££000),

o sections(puovo oty ££000),

o single (uovo otV ££0060).

2.3.6.6. Odnyio ordered

H oonyia ordered xoBopiler 611 ov emavoiqyels tov mepiPdiiovtog Bpodyxov Ba
EKTEAEGTOVV HE TN OEpd OmmG Bo exteAOVVIOV G €vo oelPloKd vmoloylotr. H

ovuvtaén g ordered odnyiog eivan 6w deiyvet o livakag 2.14.

[Mivokag 2.14 H odnyio ordered

#pragma omp ordered

dounuévo TuHpa KOS LKO

Otav éva vijua, To 0moio TPOKELTOL VO, EKTEAEGEL TV TPAOTN EXAVAANYN TOV BPOYYOL,
ocuvavtioel po 0dnyia ordered, tote exteAet tnv ordered meployn y®PIC vaL TEPLUEVEL.
AvtiBeta, dtav VIHOTO TOV EKTEAOVV EMOUEVEG EMOVOAYELS, CLVAVINGOLY TNV 1010
oonyla ordered, t0Te mepuévovv otV apyn TG mepoyng ordered uéypt va
TEAEUDGOVY OO VTN TNV TEPLOYN OA TO. VIUOTO 7OV €KTEAOVV TPONYOVUEVESG

emavaAnyelg (€1ot, povo éva vipa emtpémeton va givan o€ po ordered meployr| KdaOe

Popd).

Ot mepropiopol mov 1oyvovy og pia odnyia ordered sivat:
e o ordered odnyio pmopel va epgoavifeton poévo oe o for 1 parallel for
odnyia.
o ¢vag PBpoyyxoc o omoiog mepiéyer pwoe ordered odmyio, Oa mpémer va eivan

Bpoyyog pe o ordered @pdon.
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* o emavaAnym evog PBpoyyov dev mpémetl va ektedel v 161 0dnyia ordered
TOPATAV® omd pio. eopd Kol dgv mPEmeL va ektedel Thveo amd pio oonyia

ordered.

2.3.7. E¢eioikeouévny Oonyia: threadprivate

H odnyia threadprivate kaBopilet 6Tt kaBoiwkd avtikeipeva (] petafintés) pmopovv
va yivouv 110TIKA Yo Kamolo vipa. Me avtd tov Tpdmo, UTOpOVUE VO, OPIGOVLE
KaBoAkd aviikeipeva, aALd vo LETOTPEYOLUE TNV EUPELELD TOVG KO VO TOL KAVOLLE
TOTIKA Yo kdmoto vipa. Ot petafAntég yio T1g omoieg woyvel  odnyia threadprivate
ovveyilovv va givor 101mTIKES, Yoo KAOE Vo, oKOWO KoL GE O10POPETIKES TOPAAANAES

neproyéc. H ovvtaén tng threadprivate odnyiog eivan 0nwg doeiyvet o Iivakag 2.15:

[Tivaxag 2.15 H odnyia threadprivate

#pragma omp threadprivate (varl [, var2, ..])

H odnyla mpéner vo epgoviletor opéomc HETA TIG ONAMCE TOV KAHOMKOV
petafintav (dpa mptv ) main()). Metd v odnyio, 1 cVYKEKPUEVT LETAPANTNH TOV
&xel oplotel wg threadprivate, aviypagpetol og ka0e vipa Kot ke vipo Kpatdel to
OO TOV avTiypao, £T61 MoTE dedopEva Ta OToio EyypapovTal amd Eva VIO VO UV
etvar opatd ota vdrowma. o v cuveyicovv ot petafintég va eival WOIOTIKEG Yo
OAEG TIC TAPAAANAEG TTEPLOYES, OOl TPETEL VAL IGYVOVV Ol TOPAKATMO GLVONKEG:

® VO UnV VIApYEL TAPAAANAN TEPLOYN LEGA OE [0l GAAN TaPAAANAT TEPLOYY].

e 0 0plOUOC TV VNUATOV OTIC TAPAAANAES TEPLOYES VO Elvar 0 1d10C.

® 0 &omMTEPIKOS, OLVOUIKOG UNYOVICUOS TV VNUATOV, TPEMEL Vo &lval

OTTEVEPYOTIONUEVOG KATH TNV TPMTN KPIGUN TEPLOYN KoL VO TAPAUEVEL O 110G

OTIG VITOAOITEG TOPAAANAES TEPLOYEC.

Kotd v mpdtn €ic000 o€ o TapAAANAN TEPLOyn, Ol TIWES TOV UETARANTOV
threadprivate Bempovviot axabdpioteg, eKTOG KL av £xel ypnolponondel otnyv parallel

(section 7| for) odnyia, n epdon copyin (BAEne mapdypago 2.3.3).
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Ot epropiopol wov 1eyvovy Yoo Ty odnyia threadprivate ivat:

po odnyia threadprivate mpénet va gppaviCetar petd t1g KaBoAkég dSNADGELS
KOL TPV TNV TPMTN XPNON TOV HETAPANTOV.
pwo petafAnty threadprivate umopel voa epeaviCetor pdévo otig ocvvOnkKeg

copyin, schedule kau if.

2.3.8. Kavoveg gupmiioouod

Koatd ™ ovyypaen mpoypappdtov OpenMP, 1oybovv ot €€1¢ Kavaoveg yia 0,TtL apopd

TOV ELPOALICUO OOUDV KOl OONYLOV:

M mopdAAnAn meployq péoa o€ o GAAN, Aoyikd opilel po véa ouddo
VNUaTeV N omoio amoTeEAEITOL OO TO TPEYOV VILLOL.

Ot odnyieg for, sections ko single mov Bpiokovtal pésa otnv 1010 TOPEAANAN
TEPLOYN OEV EMTPEMETAL VO, QOALAGOVLY HETAED TOVC.

Ot oonyieg for, sections ko single dgv emrpémovion HEGa oTIC OOWES critical,
ordered, master.

Odnyieg critical po to 1010 dvopo dev emTPENETAL VoL POAAGOVY M pia péoa
otV GAAN.

Odnyieg barrier oev emtpémovron péca otig douég critical, ordered, master, for,
sections, single.

Odnyiec master dev emtpénovtal péca otTic Oouég for, sections, single.
Odnyiec ordered dev emtpémovion pEca o€ dOpEG critical.

Kabe odnyia m omolo emtpémeron OTOV eKTEAEiTON SLVOUIKE HEGO GE O
TOPAAANAN TTEPLOYN, EMTPEMETOL KL OTAV ekTEAEiTON €€ O LU TOPAAANAN
nepoyn. Otav extedeiton €€ amd por mTopdAANAN TEepLoyn, TOTE M 0dNyia

ektedeitan o€ pio opdoa VHATOV amoTEAOVUEVT LOVO ot TO VL 0PN YO.

2.4. Metagpaotés OpenMP

[Tépa amd tov OMPi vrépyovv Ko kdmoleg GAAeg mpoomadeileg yia T dnuovpyia

HeTAPPaoTOV cLUPTOV pe To TpdTLTo OpenMP. Ba avaeéphBodv o1 KuplLOTEPEC.
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2.4.1. Eumopixoi uetappootég

2.4.1.1. Fujitsu/Lahey
‘Evag petagpactig mov vrootnpilel YAdooeg mpoypappaticpod FORTRAN, C kot

C++ y1a Aettovpywkd cvotpota Linux kot Solaris.

2.4.1.2. Hewlett-Packard

O petagpactéc FORTRAN, C kot C++ v 10 Astrtovpyikd ocvotmuo TRU6G4

vrootnpilovv to mpdTLTTO OpenMP.

2.4.1.3. Intel
Metagpaoctéc C++ kat FORTRAN yuo ovotuata IA32 kot Itanium ota Asttovpyikd

ovotnuota Linux kot Windows

2.4.1.4. Portland Group, Inc

O petagpaoctég PGF77 kor PGF90 (FORTRAN) ywa Asttovpyikd cvotipota Linux,

Solaris kot Windows.

2.4.1.5. SGI
O petagppaoctg SGI MIPSpro yiwo ovomiuota IRIX kot yAoooceg C, C++ ko
FORTRAN.

2.4.1.6. IBM
O petagppaotég IBM XL C/C++ kan Fortran, ot onoiot vrootnpilovv kot poAocpuévo

TOPOAANAIOUO.
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2.4.1.7. Sun

O petagppaoctég Tov Sun Studio vrootnpilovv YAwoaoeg Fortran 95, C kot C++.

2.4.2. Epgvvnuikoi uetappootés

2.4.2.1. GNU C Compiler

H £éxdoom 4.1 tov petappact| C g GNU neprhapfdvel 010KOTTEC TOL EVEPYOTOL0VV
™  HETOYADOTTION KOO pe odnyleg OpenMP. Ymoompiler epeoievuévo
noparlinAiond (doun parallel péoa oe doun parallel).

2.4.2.2. OdinMP

O OdinMP eivon emiong ypoppévog oe C++, 0mwg Kot 1 véa vAomoinon tov OMPi.
Xpnoomolel EVOLAUEST avamopdoTaoT KOOKA e APNPNUEVO ZVVTOKTIKO AEvTpo
(Abstract Syntax Tree). ['la v mopaywyn €vOG «KOVOVIKOU» GUVTUKTIKOD OEVIPOU
yivovtor mpocOnkeg otov KddKA €10600V, OT®G Y. TOPAdEYHO. 1 TPOGOHNK
ovuvBeTov cuVOAOL evioAdv (compound statement) ce o evtoAn if mov Oev €yet,

EMELON TTEPLEYEL LOVO LLLOL EVTOAT].

2.4.2.3. Omni
O Omni meprAapPavel ektdc amd TOV HETAPPACTN Yo YAOCOH Tpoypoppaticpod C
Katl Tov petaepactn v yYAwoooa FORTRAN77. Eivan ypoppévog oe C ko Java kot

0KOTOG TNG OULAONG VAOTOINGNG ivat 1] POPNTOTNTA GE TOAAEG TAATPOPLEC.

2.4.2.4. OMPi
O OMPi givar ypappévog oe yAwooa mpoypappatiopod C Kot VAOTOmUEVOS yop®
and ta epyareio GNU flex kou bison. Eival o mpdtog petappaotig mov vrootipiée

v ékdoon 2.0 tov tpotdmov OpenMP.
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KEDAAAIO 3. ANAAYZH KQAIKA EIZOAQY

3.1. Ewcayoyn
3.2. O Aektikdg avolvTig

3.3. O oVVTOKTIKOG OVOAVTNG

3.1. Ewsayoy
[Ma va pmopécel vo PETAGYNUOTIOTEL O KMOKAG €16O00V CUUP®VA UE TIG 0ONYiES
OpenMP, npénet mpdta vo ovolvBel ota empuépovg otoryeio Tov, TPMOTO AEKTIKE Kot

EMEITOL CLVTAKTIKG KOl GNUAGIOAOYIKAL.

H vrépyovoa éxdoon tov OMPi givar Kodikomompévn HOVOAOIKA e ¥p1oN TOV
gpyodeiov bison. O K®OKag avdAlvong g €10600V0 Kol HETAGYNUOTICUAOV gival
JIOTOPTOG GTOVG GLVTOKTIKOVG kavoves. To amotédeopa eivar 0Tt 1 aAloyn, Yo
TOPAOELY LD, GTOV KMOIKO KOTO0V UETUCYNUATICHOD amottel KOAOOAIKY YvdoN Tov
KOOIKO TOL HETOPPOAOCTH, DOCTE VO Yivouv aAhayég o€ OAOVLG TOVG EUTAEKOUEVOLG

GUVTOKTIKOVG KOVOVEC.

Kotéom Aowmdv amopaitntn n TUNUOTOTOINGT] TOV KOOIKO TOL UETOPPOCTH. Mia
néEB0S0G TUNATOTOINGNG ival O 1Y WPICHOS GTO, EMYUEPOVS TUT LOTOL:

e AEKTIKY], GUVTOKTIKN KOl CUAGIOAOYIKT OVOALGN

e Metaoynuoticpoi

e H wxown Oowmagn petald tov Vo tunpdtov  elvor  po eVOLAUEST)

OVOTOPAGTACT] TOL KOOIKN EIGOJ0V, UE TN YPNOTN ZVVTOKTIKOD AEVTPOV.

H oamoitmon yw ™ onpovpyio evoldueons avamopdotacng Tov KMOKO GTOV
LETAPPOOTH 00NyNoE 6T ¥PNoN TS YAOooag tpoypappatiopod C++ yuo Tovg eENg
Adyovug:
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e Evkolio ot Onovpyio Tov Xvumayods Xvvroktikov Aévipov (ZXEA —
Concrete Syntax Tree).

¢  BoMKkOTEPOC YEPIGUOG TOV TOPAYOUEVOL OEVIPOV GE GYECN WE TNV EMAOYY|
H0G U1 OVTIKELEVOSTPAPOVS YADGGOS TPOYPOUUOTIGOD.

e [0 cvumayng Ko EVKOAOTEPOC GTIV KATOVONGT KOJIKOGS.

e Evkolotepog otV enépuPaon Kot ETEKTOCT KOOKOGS.

H yAdowooa C++ ypnoyonombnke oe cuvovaouod pe to. GNU gpyaieia flex ko bison.

Yo TNV aVAALGT TOL KOSKA ELGOJ0V KOl TNV TOPAy®Yn ToL LXA.

To epyaieio flex mapéyet AeKTIK) avAALGT TNG E1GOO0V. XPNCLUOTOIMVTOS U0 GEPA
amd KOVOVEG TTOL £XOVV GUVTAEN KOVOVIK®V EKPPACEWDY, TOPAYEL TEPUATIKA GUUBOA
ue Bdon v gicodo.

To epyadeio bison Topéyel GLVIOKTIKN Kol GNUOCLOAOYIKY] OVOAVLGY TNG €16000V
YPNOLUOTOIDVTOS T TEPUATIKE cOuPora Tov mapéyet o flex oe avtd. H yAdoca tov
bison amoteleitar omd por P omd YPOUUATIKOVS KAVOVEG TOL LITOKOVOLV OTN

YPOUUOTIKN TNG YADOOOS E1GOJ0V.

3.2. O AeKTIKOG aVOAVTHG
O AekTkOg avaAvtig mopdydnke pe ypnor tov epyaieiov GNU flex. H gpyacio mov
extelel elvar n avayvoplon AeKTik®V @pdoewv (tokens) kol 1 UETOTPOTNY| TOLG GE

KOUPBOVG-QVAAL TOL GLVTOKTIKOV OEVIPOV.

3.3. O oVVTUKTIKOS OVAAVTIG
O ocvvtakTiKdg avaAvtig mapdydnke pe ypnon tov gpyaieiov GNU bison. H gpyacia
oL emteAel amoteleiTon amd TIC ENG LITOEPYACTEG:

®  ZUVTOKTIKOG EAEYYOG TNG €1GO0V

® 2NUOCLOAOYIKOG EAEYYOG TNG E1GOS0V

e Anovpyio KOUP®V SoKAASDCEMS TOV EVTPOV

Avoivtikdtepa:
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3.3.1. 20vtaxtikog EAeyyos TS 16000V
Ol KavOVEG YPOUUATIKNG TOV YPNGLLOTOIOVVIOL GTNV TOPAY®YT) TOV GUVIOKTIKOV
AVOALTI OTOTEAOVVTOL OTTO:
e Koavoveg ypappotikng amd6 ANSIIEC ISO 9899-1999 vy ™ yAdooo
npoypappaticpov C [1]
o [IpocHnkeg ypappotikng OpenMP pe Baon to pdtumo Ekdoong 2.5 [2]
e Emmiéov kavdéveg POMP mov apopoldv Tr ypovopeéTpnon Katd TV EKTEAECT)

TOV TPOYPAUUOTOC [4]

Me Baon Tovg YPOUUOTIKOVUG KOVOVES €lval duvatn 1 emoA0eVoN TG GLVTOKTIKNG

opBdTTOC TG E1GOJ0VL.

O ITivaxag 3.1 deiyvel éva mapddetypa ypappoatikod kavova. O kavovag ovopdleton
labeled_statement kot pmopel va tapldéetl po amd Tig TEPMTMOELS TOV 0KOAOLOOVV,
yopilopeveg pe tov yoapoktipa pipe «». Kotd ocouPaor, pe keporoio ypdppato
epoaviCovror to teppatikd otowyeion eved pe meld to pn teppotikd. O Kavovog

@,

teppotiCel pe Tov xapaktipa “;” LOVO TOV GE L YPOULUN.

‘Etot yuo mapdderypo o kavovoag «IDENTIFIER ;7 statement» toipidlel 1o teppotikd
otoyyeio IDENTIFIER, onAadn «dmowo oOvopo opwopévo omd TO  YpNoTh,
akolovBovpevo amd 1o yopoktpa ‘:’, akolovBolduevo omd €va pn TEPUOTIKO
ovpPoro statement. Ilpdkertor Yoo TV €TIKETA HOG EVIOANG goto, M omoia
aKoAlovBeitan amd TUNHO KOOKA, TOV TEPIAAUPAVETOL GTO Statement.

Avtictoyya n ypopun «DEFAULT “’ statement» touptdlel T0 TEPUOTIKO GTOUXELO
DEFAULT axolovBovpevo amd 1o tepratikd otoryeio :°, axkolovBovpevo amd 1o un
Teppatikd otoryeio statement. Ed® mpoxettan yio tnv éxppaon “default: kddwkog” mwov

OCUVOVTOVE GTNV EVTOAN switch.

[Tivakag 3.1 [Mapdderypo ypoppotikon Kovova

labeled_statement:

IDENTIFIER ':' statement
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| DEFAULT ':' statement

3.3.2. Znuacioloyikog Eleyyog e 16000

To epyaieio bison ypnoipomolel kmOKA YpNoTn MOV TAPEUPAAAETOL  GTOVG
YPOUUOTIKOVG KOVOVES MOTE VO YIVEL O GNUOGLOAOYIKOG EAEYYXOG TNG ELGOO0V.

‘Etor elvar dvuvatd o avoivtig voa eréyEer ywoo v Omapén pETAPANTOV 7OV
YPNOLOTO0VVTOL YWPIg v Exovv dNAwBel Tponyovuévmg, OTMG Kot Yo Tn OmAn
dNiwon petafAntdv oto 1010 eminedo opatdTnTag (visibility scope).

Emiong yivetar éleyyog vy tumovg opiopévoug amd 1o ypnotn (typedef), ®ote va

UTOPOLV Vo, xpNoHomoinfodv o¢ THToL HETAPANTOV HEGO GTO TPOYPOLLLLAL.

3.3.3. Anuiovpyio un tepuoTIK®Y KOUP@V TOL OEVIPOD

Aopupavovtog to TEPUATIKO OVTIKEIHLEVO a0 TOV AEKTIKO OVOAVTY], O GLVTOKTIKOG
avaAvTig mpoomabel va Tapla&el v 16000 HE TOLG YPOUUOTIKOVG KOVOVEG TOV
yvopilet

Y kd0e eminedo TopldopaTog dnuovpyeitat Evag pn TepROTIKOG KOUPOG TOL GLVOEEL
TO TEPUATIKE KO U] TEPHOTIKG avTiKeipeva mov €yovv ypnoyoromndel. O kdépupog
avtog Ba ypnoipomombel dote va ompovpyndel €va vmodévipo. To vmodévipo
otadlakd o evoopatmbel 010 0AKO, OTOV TO EMIMESO TOUPLAGUOTOS PTACEL GTO

KatdAAnAo onpeio.
O Ilivaxag 3.2 osiyver por amh mepintoon kovova. Av Bempnoovpe OTL €xovue

ocuvavinoel Vv &icodo “goto labell;”, tote eivor mpogavéc OTL av VTAPYEL

Kataywpnuévo to labell wg etikéta, Ba Taptd&el o TpM®TOG KOVOVAGS.

[Tivakag 3.2 [Mapdderypo amAol ypoppatikod Kavova

jump_statement:

GOTO IDENTIFIER ';'
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CONTINUE ';'

\

| BREAK ';'°
| RETURN ';'
\

RETURN expression ';

Ta tpila teppatikd avrikeipeva mov £yovpe dnuovpynoet (“goto”, “labell” kot ;) Oa
ouvevmbovv pe T xpnon €vog Un tepUATIKoy KOUPov, Tov omoiov Ba yivouv maidid.
Onwg gaivetor oto Zyfua 3.1, £xet dnuovpyndet Evag un tepuatikdc képPog “jump

statement” 0 omoiog mMEPLEXEL MG KOUPOVG TAdId TOVG TEPUOTIKOVS KOUPOLG TOv

TEPLYPAPNKOLV.

jump
statement

‘gclto‘ | labelt | m

Zymua 3.1 Tlapaderypo KaTaoKELNG LITOJEVTPOL

3.3.3.1. An66061M YVOPIGUAT®V GTOLC UN TEPUATIKOVC KOuBove

Katd ) dnuovpyia tov un tepuatikdv kOppov, avatifevrol kdmola yvopiocpoto o€
QVTOVG, Y10 TOV EVKOAGTEPO YEPIGUO TOL XXA 0T0 deVTEPO TEPAGILO TOV LETAPPOOT).
Avtd gtvou:

‘Evoc amoapiBuntig mov ameikovilel Tov Kavova mov ONovpyNcee T0 GUYKEKPLUEVO

k6pupo (PR_TRANSLATION_UNIT oto mopddetypo, PR = Parser Rule).
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[Mivakag 3.3 [Tapdderypo xprong amaptOun o€ YPOUUATIKO KOvOva,

translation_unit:
external_declaration

{
$$ = new genblock (PR_TRANSLATION_UNIT, ..);

Avopopég oe y0pTEG ONADCEWV HETARANTAOV KOl TOTOV XPNOTN Yo KOUBOLG oL
nepEyovy ovvbeteg ekepdcel (compound statements) ®cote vo gival duvatdg o

ELeYX0G 0paTOHTNTOG LETAPANTOV.

translation < num, ch, ptr, arr

uTM
external external external external
decla‘fation declar‘yation declar‘yation declal‘yation
[ \ [ \ [ \ [ \
‘ int ‘ ‘ num ‘ ‘ char ‘ ‘ ch ‘ ‘ int ‘ *ptr ‘ ‘ int ‘ ‘ arﬂ10]‘

ymua 3.2 Athomompévo moapdoetypa xaptn HeTafANTOV

Evdwgpépov mapovcidler 1 mepimton ToL YAPTN ONADCE®V UETAPANTOV LI0G
oLVAPTNOTNG, OOV O AVAYVOPLGTHG TNG GLVAPTNONG Eival INA®UEVOG GTOV KOBOALKO
Y®Opo SlevhhvoewV, VO Ol TOPAUETPOL TNG GLVAPTNONG OMMG KOl Ol TOMKES
HETOPANTEG TNG GLVAPTNONG Elval INA®UEVEG GTNV TOTIKT EUPEAELR TG CLVAPTNOTG.

[Ma mv mpnon MMADdce®V PETAPANTOV HIOG GLVAPTNONG YPNoltomoleitar 1 dw

dopn| He ot TOV KOABOMKOV LETAPANTOV.

‘Eva yvopiopo emmédov eUOAACHOD Yoo Tovg KOUPOVE TV 00NYIdV TPOG TOV
npoenelepyootr| (parallel_level), to omoio av&aveton xotd 1 amd 10 0 Yy kabe

EMINEDO ELPOALOGLOD TOV GLUVOVTATAL.



38

3.3.3.2. Amlomoincn 6svOPIKNc dOUNC

Ot ypappatikoi kavoves g C99 kar tov OpenMP mepiéyovv kdmowa onpeion 6mov
avadpouUIKa emavorlappdvovtal un teppoTikd ototyeia, 6mwg delyvetl o IMivakag 3.4.
Av16 ocvpfaivel dote vo kKaAv@Oel GLVTOKTIKG OTOCINTOTE aPLOUOG EKPPAGEDY

HEGO GTOV KMOKA E1GOJ0V.

[Mivakag 3.4 [Tapddetrypo avadpoptKoy YPOUUATIKOD Kavova,

translation_unit:
external_declaration

| translation_unit external_declaration

14

210 OULYKEKPIUEVO TOAPAOELYHO EMAVOLAUPAVETOL OVOOPOUIKE TO U1 TEPUOTIKO
otoyeio translation_unit. To mapaydpevo vtodévipo £xel onpovpyndel cwotd, yoti
yiveton cmotog Eleyyoc ¢ ovvtaéne. H devrpikn dopn dpmg mov moapdyston sivor un

GUUUETPIKY], OT®G PaiveTal 6TO TapAdEya 6To Zyfua 3.3.

translation
unit
[ - 1
translation external
unit declaration
[ - 1
translation external
unit declaration
[ 1
translation external
unit declaration

external
declaration
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Zynua 3.3 Yodévpo KoTaoKELAGUEVO OO aVAdPOUIKO KovOvVa,

Emiong n doun awtn mepiéyetl mepirtong un tepUATIKOVS KOUPOVS TOV O€ H1EVKOAVVOLY

v avalntmon péca 6To dEVTPO.

2T TEPIMTOGELS OV eUPovIfeTon avTtd TO QUIVOUEVO, €xel Yivel eméuPaocn oTov
KOOI TOV 0KOAOLOEL TOVG YPOULATIKOVG KAVOVEG DGTE 1 dopun ov Ba mapaybel va
etvan eminedn, yuo o €0KOAO YEPGHO ToL dévipov. Olot ot un teppatikoi koot
yivovtal dueca modid tov apyikov. To amotéleopo petd v eméuPaon eival OTMG
o010 akoAovBo oyfua. H obvoeon tov un tepuotikedv KOuPwv €xel TANGLAGEL TTLO
TOAD TN HOPPN VOGS TPOYPAULATOS EIGOO0V Kol dEV VILAPYEL EVVOLOLOYIKT aALOioN
10V dévTpov. ['la TP KOTAAOYO GUVTOKTIKOV KAVOV®V GTOVG 0moiovg epapuoletal

n teyxvikn oot PA. apdptua B.

translation
unit
external external external external
declaration declaration declaration declaration

ymua 3.4 Eninedo vmdoevipo KOTAGKEVAGHEVO OO OVOOPOUIKO KAvOVa
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KEDAANAIO 4. ZYMMNATIEZ ZYNTAKTIKO AENTPO

4.1. Ewocayoyn
4.2. Iepapyia kKAGcE®V

4.3. ZOVOEoN TEPUATIKAOV KOl LT TEPUOTIKAOV OVTIKEILEVOV

4.4. E€aywyn dévipov og popen XML

4.1. Ewsayoy

‘Eva Zvpmayéc Xvvtaktikd Aévipo (XXA) eivor pio ovamopdotacy Tov Koo

€10000V TOV UETOPPOOTY). LVVOEEL TO TEPUATIKO GCUUPOAN TNG YPOUUOTIKNG TOL UE

KOUPBovg un tepuatik®dv cvuPormv. AvtiBeta, éva Apnpnuévo Zvvtoktikd Aévipo

(AZA) cvvdéel TOVG TEPUATIKOVG TOL KOUPOLGS e KOUPOVG TEPLATIKMV GUUPOA®V.

Zymua 4.1 Zoumayeg Zovtoktikd Aévipo
Yy TV €kepoon a+b * ¢

expr

expr

atom

Zymua 4.2 Apnpnuévo LuvtaKTiko
Aévtpo yia v ékppacn a+b * ¢

.
]
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IMa va donpiovpynoovpe to Zvpmayég ZuvtakTikd Aévipo (ZXA) ypNOIUOTOI0VUE dVO
€lon avTIKEWEVOV, TO TEPUOTIKA Kol To, Un Teppatikd. To teppatikd eivarl or koppot
@OAA0 avToh Tov dévtpov. Ta un teppatikd mailovv cuvOeTIKO pOAO HETOED TOV

TEPUOTIKDV.

[Ma v evordpeon avamapdotaon emiéyOniKe n Lopen Tov Zvpumayovs dEVTPoL, yioti
etvar amopaitntn 1 OYmapEN U TEPUATIKOV OTOEIMV OV amofdnkevovy emmAiov

TANPOPOPia Yio TOV KMOSIKA E1GOS0V.

4.2. Iepapyio kKhaoce®V

INa ™ onuovpyio Tov cLVTOKTIKOD OEVTIPOL VLAOTOMONKE o GEPd KAAGEWV.
Kdémoleg amd avtéc ypnoyomotodviol yio. TV omobKeELOT TEPUATIKMOV PPAGEWDYV,
GAAEC Yoo TN OLVOEON TOV KAAGE®V TEPUOTIKOV OTOWEIOV Kol GAAEG Yol TNV
amofnkevo” emmALoV TANPOEOPiaG, OTMS 01 SNAMUEVEG LETAPANTES.

O1 KAGoelg avtég eivon depéveg o€ oL lEpopyic, GTNV OToio KANPOVOUOLVTOL Kol

KANPOd0TOHVTAL YOPAKTIPICTIKA.

Kowog mpodyovog OAmv TV KAAGE®V TOV OVATOPIGTOVV TEPUATIKE KOl U1 TEPUATIKA

avTiKeipeva 6To 0EVTPO lvar | KAGoM generic_component.

generic_component

genterm gennode

genident genblock gendecl genomp

Yymua 4.3 H iepapyio tov KAAGEOV TEPUATIKMOV KO UT| TEPUATIKMOV OVTIKEILEVOV
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Avtioctoyo, KOwOG TPOYOVOG T®MV KAGAGE®V TOV OVOTUPIGTOVV TS ONADCELS

petafintdv Kot OV givoe 1 KAdon generic_collection.

( generic_collection )

Geclarations_collectioD (typenames_collection)

Yyua 4.4 H epapyia tov KAGcE®V yio SNAOCELG HETARANTAOV Kot TOT®OV

[Mopakdto avalvovtal kot ot dVo epapyies

4.2.1. Tepuatikés xat un TEPUOTIKES KAGOEIS

H xopven tov d&vipov KANPOVOMIKOTNTOG Yio TN ONUIOVPYid TEPUOTIKAOV KOl U
TEPUATIKAOV OVTIKEWWEVOV €ival o aenpnuévn KAAoM YEVIKNG ¥pNons ne ovouo
generic_component. Ilepthappdvel Kdmowo yvopicpato TOv ¥PNGYLOTO0VVTOL oo
OAeG TIG KANPOOOTOVUEVEG KAAGELS, OTMG EMIONG KOl TOVS OPIOUOVS TOV EKOVIKMV

HeBOO®V OV TTPETEL AVTEG VO, VAOTOGOVV.
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Gass generic_component \

MNvwpiopata

class_name classname;
char *value;

char *comment;
generic_component *parent;

MéBodoli

virtual void source(FILE *outfile, int level = 0) = 0;

virtual char *traverse(int level = 0) = O;

virtual void dumpxml(FILE *outfile, int level = 0) = O;

virtual generic_component *get_subtree(parser_rule rule_name) = 0;

%

Zynua 4.5 H «hdon generic_component

4.2.1.1. H x¥Adon genterm

H wldon genterm mpokOTTEL ©OC GUEGOC KANPOVOUOG TNG generic_component.
Ytiypotomo. g KAGONG OVTHG TPOKVLATOVV Oomd TOV AEKTIKO OovoAvTt OTOV
GUVOAVINGEL

AéEg1g-KAedd g yYAwoaoag C,

apOunTKéc otabepég

ovpPorocelpés péoa oe OIMAGL elcayykd ()

TEPUATIKA GVUUPOAN TG YADOooWG, Omwg 3, <, (5, ), ‘[ T, “{F, ‘) ot dAla

odnyiec mpog Tov Tpoenelepya ot cOUEMVES e To TpdTLTo OpenMP
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Gass genterm : public generic_component \
MNvwpiopata
int lineno;
int colno;
MéBodoi
void source(FILE *oulffile, int level = 0);
char *traverse(int level = 0);
void dumpxml(FILE *outfile, int level = 0);

- /

Zyua 4.6 H kidon genterm

[Tépa and to yvopiopoto mov KAnpovouel amd tnv generic_component, 11 KAGOMN
genterm emmA£ov O00€tel yvopiopota Yoo Tov apldud ypapung Kot oTnAng otnv

omoia cuvavtnOnke n epdon (token).

4.2.1.1.1. H xAdon genident

H x\don genident mpoxvmtel omd v KAdon genterm. Anpovpyeitot amd Tov AEKTIKO
avaAuT| Otav cvvaviicoel ovuPoArocelpd mov dev givor AEEN-KAEWL. Avtikeipeva
TOmov genident dnNUOVPYOLVTOL AOTOV Yol OVOYVOPICTEG, TOV UTOPEL Vo elvor TT.y.

HETAPANTESG, OVOLLOTA GUVAPTHGEMY 1 TOTTOL SNA®UEVOL amd To ¥proth (typedef).
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Gass genident : public genterm \

MNvwpiopata

genident *p_ident_decl;

MéBodoli

void source(FILE *oulffile, int level = 0);
char *traverse(int level = 0);
void dumpxml(FILE *outfile, int level = 0);

- /

Zynua 4.7 H khéon genident

EmumAéov g whdorng genterm, m kAdom genident mepihapfdver €vav deiktn o€
avtikeipevo tomov genident. O deiktng owTOC dev €xel KOOOPIGUEVN apPyIK TN,
oTOTE 0 AEKTIKOG avaAVTIG TOV apykomolel oe Tyuny NULL.

Kotd ™ ovvtaxtikn Kot onuacloAoyiky] oviivon, otav cvvoavinbel 1 onlwon yo
TOPASEYHO (oG HETABANTAG, TPOCTIBETUL GTOV TTivaKo TOV ONAMGE®MY £VOG OEIKTNG
ot MAwon g petafAnme. Otav Aomdv cvvavinbel po avaeopd (xpnomn) avTng
™G HETAPANTNG OTOV KMOOIKA, eviuepmveTat o dgiktng p_ident_decl ®ote va deiyvet
oV avtiotoym 0éon tov mivaka onAmdoewv. 'Etol givor mold edkolo oty Emetta
eneepyacio Tov dévipov va Ppebel n MNAwon pog HETaPANTAG amd omolodNmoTE

onueio avt cvvavtnoei.

4.2.1.2. H x¥Adon gennode

H xAdon gennode ypnoiomoleitor ®¢ YEVIKNG GUONG UN TEPUOATIKOS KOUPOG TOV
OEVTPOL.

EmnAéov g xhdong generic_component omd TV omoio. kKAnpovopel, mepthapfavet
T0 €ENG Yvopicpato:

e rulename, £vog amoplOuntmg
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e params, £vag OLVOKOG Tivakag (vector)

e numparams, £VoG 0KEPOLOG

Gass gennode : public generic_component \

ﬁ vwpiopara

parser_rule rulename;
vector<generic_component *> params;
int numparams;

\
/ Mé8oBor Y

void source(FILE *oulffile, int level = 0);

char *traverse(int level = 0);

void dumpxml(FILE *outfile, int level = 0);
generic_component *get_subtree(parser_rule rule_name);
generic_component *add_parameter(...);

void delete_param(int element);

% /

Zynpa 4.8 H khdon gennode

To yvopiopa rulename Aopfdver Tiuq omd TOV GUVTOKTIKO OVOALTH, HEGO OO Evav
aroplBunt) tov omoiov KdAOe TN avtioTolel €va TPOG £va Kol HOVASIKA GTOLG
OUVTOKTIKOUG Kavoves ™G YAwooas. Ot Tiuég tov amapOunt) eivor e popoeng
PR_<YXYNTAKTIKOX KANONAZX>, €161 0 GUVIOKTIKOC KOVOVOG pHeE Ovouo
translation_unit wov Ba dnpovpynoet £va pun TepRaTKd KOpPo, Ba tov avabécel v
Tiu PR_TRANSLATION_UNIT. Mg Bdon to yvopiopuo oavtd umopel va yivel
avalntnon péca 6To SEVIPO Yo LTOOEVTIPA, KOl VO OVOYVOPLGTOVV Ol TOPAUETPOL TOV
&xovv maporyOet.

O odvvoukdg mivakog params  TEPEXEL  OAVAPOPEG O OVTIKEIUEVO TOTOV
generic_component, o, ortoio £ivor Ta Tondld Tov cuYKeKPIEVOL KOpBov. Emelon ola
TO, OVTIKEILEVO TOL aViKOVY 6T0 XA £y0ovv TPpOYOovVo TNV KAGOT generic_component,
UTOPOLV VO, avatefoVV avapopEéS 6€ aVTO TOV TTVOKE Y10l GTLYHIOTUTO OTOLOGONTOTE
KAGomNG.

O aképorog numparams ypnoonoteitor fondntikd Ko amrodnkedel tov aplud Tov

OOV TOV LILAPYOVV GTOV TiVAKO params.
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To andomacpo cvuvraktikoh Kavove bison mov detyvel o Iivaxog 4.1 topiéler v
TEPIMTOON OV gRPavileTor o EVTOA dALOTOg 68 GAAO oNUEi0 TOL TPOYPELUATOC.
AxoAiovBeitar amd TV evépyela TOV Kavova, 1 otoia KaBodnyel ToV HETAPPACTH VO
onuovpynoet  €va un  teppotikd  kOéuPo  gennode pe  Ovopo  kovova
PR_JUMP_STATEMENT «ot moidid tovg TepUaTiKovs KOUPOLE TOV avTIIGTOLOVV
ota:

e  GOTO, AeEn-KAedi g YAdooog

e IDENTIFIER, avayvopiot Tov TpOyPELULLOTOS Kol

o 7, teppatikd cOUPOLO TNG YADGSOC.

[Tivaxog 4.1 Anocnacpo YpOoURoTiKod Kovova

jump_statement:
GOTO IDENTIFIER ';'

{
$$ = new gennode (PR_JUMP_STATEMENT, $1, $2, $3);

Av voBécovpe TG M YPOUUT KOSKO TOV cuvavTiOnke gival 1:

jump label;
Téte 0 KATAGKELAGUEVOG UN TEPLATIKOG KOUPOG e Ta Tondid Tov Ba eivar OTwg 6To
Zyuo 4.9.
jump
statement

‘gclto‘ | label | m

ymua 4.9 Tlapaderypo KaTaoKELNG LITOSEVTPOL
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4.2.1.2.1. H kAdon genblock

H wxAdon genblock xAinpovoupel omd v gennode. Extdg tov yvopiopdtov g
gennode, epthapPdvetl 0o emmAéov deikTec:

delktn og avtikeipevo tomov declarations_collection

delkn o€ avtikeipevo THmov typenames_collection

Gass genblock : public gennode \

MNvwpiocuara

declarations_collection p_declarations_collection;
typenames_collection p_typenames_collection;

Mé£6odoi

char *traverse(int level = 0);
void dumpxml(FILE *ouffile, int level = 0);

= /

ymua 4.10 H kAdon genblock

Zrrypudtoma TG KAAONS OVTNG YPNOLUOTO0UVTAL GE CLVTOKTIKOVS KOVOVEG, OTOL
elvar dvvatd va aAddEel n opatdTTO HETOPANTAOV 1 Vo Yivouy véeg dNAdGElS. Avtol
ot kovoveg glvat ot translation_unit ko block_item_list.
O xovovag translation_unit wapdyet 10 piikd KOUPo Tov SEVIPOL, KOl TEPLEYEL TIC
KaBolkeg ONAMOELS, ONADGEIS CLVOPTHCEMY Kol oTWdNTote umopel vo. dnAwbel og
KaBolkn opotdTNTO.
O «kavévag block_item_list ypnoyonoteitar 6mov vdpyel cHvOeto cHVOLO EVIOADV
(compound statement). H apy1 kot to 1€A0¢ £vOg TETO10V GLVOAOL GNUOTOSOTOVVTOL
and 1o dvolypo kol To KAglowo Tov dykiotpov ovtiotoryo ({. }). Mmopel va
ovvavinOel o€ TEPMTMOOELG KAOOKO OTTMG:

® COUN GLVAPTNONG

® oopa evtoang if

* oopa gvtolng for
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Ag Bewprioovpe t0 OmAO TOPAdELYHO GUVOETOV GLVOAOL EVIOAMV OT®G OElyVEL O

[Tivaxog 4.2.

[Tivakag 4.2 [Mapdderypo cvvheTov GLVOAOL EVIOADV

a++;

To andomacpa e 6evOPIKNG OOUNG OV TOPAYETOL KATH TNV HETAPPOCT] TOV KMOUKO,
Touptdlel Tovg €ENG GLVTAKTIKOVG KOVOVES (Oev Tapovstdloviol OAEG ol EKOOYEG TV

KAvVOVOV Y10 ATAOTNTAL):

[Tivaxkoag 4.3 ATOGTAGHO GUVTOKTIKOV KoavOveov bison

compound_statement:
'{'" block_item_1list '}'
{
$$ = new gennode (PR_COMPOUND_STATEMENT_FULL, S$1, $2, $3);

block_item_ list:
block_item
{
$$ = new genblock (PR_BLOCK_ITEM_LIST,
active_typenames_collection,

active_declarations_collection, $1);

O xavovag compound_statement mopdyet tov block_item_list. Avtdg pe ) oepd Tov

mopdyet éva block_item, mwov yivetol statement, expression_statement, expression
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K.0.K H€YpL va yivel postfix_expression kot va KAToANEeEl 0TOVE KOVOVEC TOV

anewovilet o Tivakag 4.4.

[Tivaxog 4.4 ATOCTAGIO GUVTOKTIKOV KavVOVOV bison

postfix_expression:
primary_expression
{
$$ = $1;
}
| postfix_expression INC_OP

{
$$ = new gennode (PR_POSTFIX_EXPRESSION, $1, $2);

primary_expression:
IDENTIFIER
{

$$ = $1;

Tehkd oto XA pévovv povo ot kavoveg mov elvar amapoitmrol. H ypagikn
OVOTOPACTACT] TOV OMTOCTAGLATOG XA TOV GLVOEETAL E TOV KMIKA 16000V €lval

Ommg oto Zymua 4.11.
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compound
statement

block item list

expression
statement

postfix
expression

\
]

Yynuo 4.11 Andonacpa

4.2.1.2.2. H xAéon gendecl

i

ToL XA

H w«Adon gendecl dev €xel kdmola emmAéov yvopiopata oe oxEoN e TV TPOYOVIKN

gennode.
Anpovpyeiton otn 0éom g gennode, dtav ot

HETOPANTYS Y10 EVKOALD OTOV EMELTA XEPIGUO.

Kopupor moudd eivor poe dSMAwon

Gass gendecl : public gennode

MNvwpiocuara

~

Mé£6odoi

**decl_front, char **decl_back);

void tokenize_declaration(char *var, char **var_type, char

=

ymua 4.12 H khdon gendecl



52

[Ma mapdderypa, n OMAmon “int a;” PLETATPEMETOL LEGH TOV GLVTAKTIKOV OVOAVTY| GTO

vdOeVTpO OMAwoNg Tov Zynuo 4.13

declaration

‘ ir‘1t ‘ ‘initdeclaratorlist‘ m

Zyua 4.13 Yrnddevipo SnAwong HeTafAnTig

4.2.1.2.3. H xAéon genomp
H xAdon genomp kAnpovopet amd v kAdon gennode. ITepiéyovror emmAéov kdmoio
yvopiopoto:

e parallel_level, axépaiog

e var_list, yapng

e options_mask, aképorog

To yvopiopa parallel_level mepiéyel petd ) dnpovpyio tov XA évav pn apvnTiko
aplBpd etvor M T Tov emumédov gpeoAlacpold ¢ evioAng OpenMP. ‘Etot, dtav
EYOLLLE Y10 TOPASELY O TPELS OOUEC/0dNYiEG EpPmAELUIEVESG TN pia péGa otV GAAN o€
Tpia emineda, avtég Oa AAPovv amd 10 £MTEPIKO TPOG TO ECMTEPIKO EMIMEDO TIG TIUEG

0, 1 ko 2 avtictoryo.

O ybptng var_list éyel wg KA1 pia cLUPOAOGEPE YOPAKTHP®Y KOl TEPLEXEL TN SOUN

vardata o€ kd0e koppo, n omoio SNAOVETOL WG EENG:

[Tivaxkag 4.5 Ankmon tng doung vardata

struct vardata

{
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int freq;
gendecl *decl;
}i

To nedio freq mepiéyetl ) ocvyvoOTTA ELEOVIGEDOV TNG LETAPANTNG OTO TUNLO KOIKOL
¢ evtoAng OpenMP, av givar pun pundeviko. Av givol pikpdtepo 1oV UNdEVOS, Taipvel
po omd TIg TIEG EVOC amapOunTi TOL oMUAiVEL TOV TOTTO TG METAPANTNG UECH GTOV
KOOIKAL.

To medio decl givar deiktng otov un teppatikd képPpo MAwong (PAéne mopamdve) g
petafAntg. ‘Exel vonua poévo otav n T tov freq givon pikpdtepn and undév.

IMa mv avalnmon avdpeca ota atotyeio Tov xdptn mapéyxetor n doun ltstr (less-than

string) mwov etvat optopévn 0nwg deiyvet o ivaxag 4.6.

[Tivaxag 4.6 H doun Itstr

struct ltstr
{

bool operator () (const char* sl, const char* s2) const

{

return strcmp(sl, s2) < 0;

}i

To yvopiopa options_mask eivor pia pdokoa yneiov (bit mask) 6mov amodnkevovton

o1 emAoyég mov oyetilovion pe Tnv evioAr] OpenMP.
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Gass genomp : public gennode \

MNvwpiopata

int parallel_level;
map<char *, vardata, Itstr> *var_list;
int options_mask;

MéBodoli

void dumpxml(FILE *ouffile, int level = 0);
void tr_omp_clear_transformed(void);

- /

Zyua 4.14 H kAdorn genomp

H kAdon genomp ypnoipomoteitanl omd TOV GUVTAKTIKO OVOALT KATé Tn Onpovpyio
evog un teppatikov KOUPov evioAng n oonyiag OpenMP.
Me Bdon tovg kopuPovg genomp yiverar 6to 0e0TEPO MEPAGHA N EMeepyacio Tov TEA

Y10L TO LETAGYNUOTIGUO KOJIKAL.

4.2.2. Xvlhoyés uetofintarv kai tomwv ypHoty
Kotd ™ ouvtoktik) ovaivon Tov KOOKO €160000 CLUVOVIOVIOL ONAMGELS
petafAnTav kot Ty ypnot. Emedn sivon arapaitntn n avapopd oTic SNADGCELS
TOV PETOPANTOV oTo deVTEPO TEPACUA, 1 KAGon genblock meptlapPaver g
yvopicpoto deikteg o 500 TETO1EC GVAAOYEG.
Kowdg mpdyovog twv culhoydv eivarl n kKAdomn generic_collection, mov mepiéyet OAa

T, YVOPIoHOTO KOl VAOTOEL 0YE00V OAES TIG LeBOS0VE TOVG.

Ta yvopiopato g kKAdong generic_collection givat:
e classname, amapOunTig
e vars, Y0pTng

e parent_collection, deiktng

O amopOuUNnTHG YPNOYLOTOIEITAL Y10 VO TOLTOTOLEL TO €100G TNG GLALOYNG.
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O xaptg ypnoomolel ®¢ KAWL o GVUPOAOGEIPE YOPOKTHP®Y Yoo TPOGPACT| CE
o avagopd oe avtikeipevo generic_component. XpNOUOMOlEL TNV doun 1OV
TEPLYPAPNKE OTNV KAAGN genomp yio avalntnon.

H avagopd o€ avtikeipevo generic_component ypnoyLonoteital ylo v omodnkeveTon

n dfAwon tng petafintng, v ypryopn tpocpacn.

To yvopiopa parent_collection elvar deiktng 6T GLAAOYY] TOVL TPONYOVUEVOL

emuédov.

Gass generic_collection \

ﬁ vwpiopara
class_name classname;

map<char *, generic_component *, ltstr> vars;
generic_collection *parent_collection;

-
méeoam

virtual int traverse_and_add(generic_component *p_declaration, int
p_scope = 0);

virtual int add(generic_component *p_declaration);

virtual generic_component *find(char *p_text, int mode);

\ &,

Yymua 4.15 H kAdon generic_collection

H péBodog traverse_and_add() dwutpéyer 10 vwdOeVIpo oG ONA®ONG UETOPANTNG
(amAng — int a; 1] TOAAATANG — int a, b;) ®OTE Vo TPOGHEGEL GTIC GVLAAOYEG ONADGEDY
kaBepio and T1g dMNAdoeg mov cvvavtd. Emotpéest tov aplBud petafintov mov
Bpéniav yio TpooOnk.

H pébodoc add() etvor n oot emmédov Aertovpyia mov mpocOitel véeg petaPfAntég
0€ GLALOYN ONAMCEWMV, Kl EMGTPEPEL UNOEV YOl EMLTVY M, £VOL Y10 ATOTLYIN.

H pébodog find() exterel avalnmon o€ cVAAOYEG ONADGEDV Y10 L0 GUYKEKPLUEVT
petafint. H mopaperpog mode kabopilel av n avalnmon Oa yivelr avadpoptkd mpog
mponyovpeva emimeda opatdtnTag N Oxl. Emotpéeet tov kéupo g dMiwong péca

oTN GLAAOYY 0oV PpEdnke.
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4.2.2.1. Ouxhdogic declarations collection kot typenames_collection

O KAdoelg declarations_collection kot typenames_collection kAnpovopovv amd tnv
KAdom generic_collection. Agv €yovv kdmolwo emmAéov yvopicpoata 1 pnebddovg kot

VILAPYOVV Y10 LEAAOVTIKT XPNON.

Gass declarations_collection : public generic_collection \

MNvwpiopata

MéBodoli

- /

Yymua 4.16 H kAdon declarations_collection

Onwg kot pe v Kopveaio. KAAoN TG KANPOVOLKOTNTOS TOV OVTIKEWEVOV TOL
YPNOLUOTOOVVTOL YO TV ONUIOLPYIO TEPUATIKMOV KOl U1 TEPUATIKOV KOUP®OV TOL
Y¥A, n xAdon generic_collection dgv ypnotpomoleiton moté Auecsa. Avti yU avtn,
YPNOLOTO0VVTOL OG EENG:
e declarations_collection: Ilgpi€yel dnAdoelg HETAPANTOV, TIVOKW®V, OEIKTMOV
KAT
e typenames_collection: [Tepiéyel SnAmoelg TOm®V mov opilovtal amd To ¥PNoTN

pe  deopevpévn Aéén typedef.
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mass typenames_collection : public generic_collection \

MNvwpiopata

MéBodoli

Yyua 4.17 H kAdon typenames_collection

4.3. Z0voeon TEPUATIKOV KO U1] TEPRUTIKAV UVTIKELREVOV

Me Bdon ToVG GLVTAKTIKOVS KOVOVEG oL Tapldlovy oe KABe AeKTIKN €lc0d0, givat
duvaTd VO CLUVOECOVLUE TO TEPUOTIKA KOU HY] TEPUOTIKO OVTIKEIPLEVO TOV
dnpovpynnkav o pia Sopun dEvIpov.

YKomog g dnpovpyiag avtng ¢ doung eivar n dtatnpnon OANG g TANpoeopiag
mov avokThOnke amd TNV €i60d0 ToL peTaPpactr. Avtd kabiotd dSvvary TV
eneéepyacio TG €100000 G€ &va OVEEAPTNTO TEPUCUA OMO OVTO TNG AEKTIKNG,

OUVTOKTIKNG KOl CT|LOGIOAOYIKTG AVAAVGOTC.

4.4. E€ayoyn oévrpov og poper} XML
Eivar dvvatd to XEA va efoybel amd tov petappacty oe popen XML kot va
arofnkevtel oe apyelo, Yo petémetta eEEToon TG dOUNG TOv.

Ag Bewpnioovpie 10 TPOYpappa wov amekovilet o [ivaxag 4.7.
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int global_var;

int main(int argc, char *argv[])
{

int local_var;

#pragma omp parallel
{

local_var++;

H XML ££060¢ tov petappactn Ba sivor dmwg deiyvet o [Mivakag 4.8.

[Tivaxog 4.8 'E€odoc XML tov petappaoti

<?xml version="1.0" encoding="IS0-8859-1" 2>

<CN_BLOCK rule="PR_TRANSLATION_UNIT" numparams="2">
<CN_TCOLL wvar0="__builtin_va_list"> </CN_TCOLL>
<CN_DCOLL var0O="global_var" varl="main"> </CN_DCOLL>
<CN_DECL rule="PR_DECLARATION_2" numparams="3">
<CN_TERM value="int" lineno="0"> </CN_TERM>
<CN_NODE rule="PR_INIT_DECLARATOR_LIST" numparams="1">
<CN_IDENT value="global_var" lineno="0"> </CN_IDENT>
</CN_NODE>
<CN_TERM value=";" lineno="0"> </CN_TERM>
</CN_DECL>
<CN_NODE rule="PR_FUNCTION_DEFINITION_1" numparams="3">
<CN_TERM value="int" lineno="2"> </CN_TERM>
<CN_NODE rule="PR_DIRECT_DECLARATOR_12" numparams="4">
<CN_IDENT value="main" lineno="2"> </CN_IDENT>
<CN_TERM value=" (" lineno="2"> </CN_TERM>
<CN_NODE rule="PR_PARAMETER_LIST" numparams="3">
<CN_DECL rule="PR_PARAMETER_DECLARATION_1" numparams="2">
<CN_TERM value="int" lineno="2"> </CN_TERM>
<CN_IDENT value="argc" lineno="2"> </CN_IDENT>
</CN_DECL>
<CN_TERM value="," lineno="2"> </CN_TERM>
<CN_DECL rule="PR_PARAMETER_DECLARATION_1" numparams="2">
<CN_TERM value="char" lineno="2"> </CN_TERM>
<CN_NODE rule="PR_DECLARATOR_POINTER" numparams="2">
<CN_TERM value="*" lineno="2"> </CN_TERM>
<CN_NODE rule="PR_DIRECT_DECLARATOR_3" numparams="3">
<CN_IDENT value="argv" lineno="2"> </CN_IDENT>
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<CN_TERM value="[" lineno="2"> </CN_TERM>
<CN_TERM value="]" lineno="2"> </CN_TERM>
</CN_NODE>
</CN_NODE>
</CN_DECL>
</CN_NODE>
<CN_TERM value=")" lineno="2"> </CN_TERM>
</CN_NODE>
<CN_NODE rule="PR_COMPOUND_STATEMENT_FULL" numparams="3">
<CN_TERM value="{" lineno="3"> </CN_TERM>
<CN_BLOCK rule="PR_BLOCK_ITEM_LIST" numparams="2">
<CN_DCOLL varO="argc" varl="argv" var2="local_var">
</CN_DCOLL>
<CN_DECL rule="PR_DECLARATION_2" numparams="3">
<CN_TERM value="int" lineno="4"> </CN_TERM>
<CN_NODE rule="PR_INIT_DECLARATOR_LIST" numparams="1">
<CN_IDENT value="local_var" lineno="4"> </CN_IDENT>
</CN_NODE>
<CN_TERM value=";" lineno="4"> </CN_TERM>
</CN_DECL>
<CN_OMP rule="PR_PARALLEL_CONSTRUCT" parallel_level="0"
numparams="2">
<CN_NODE rule="PR_PARALLEL_DIRECTIVE" numparams="3">
<CN_TERM value=";" lineno="4"> </CN_TERM>
<CN_TERM value="parallel" lineno="6"> </CN_TERM>
<CN_TERM value="\n" lineno="7"> </CN_TERM>
</CN_NODE>
<CN_NODE rule="PR_COMPOUND_STATEMENT_FULL" numparams="3">
<CN_TERM value="{" lineno="7"> </CN_TERM>
<CN_BLOCK rule="PR_BLOCK_ITEM_LIST" numparams="1">
<CN_NODE rule="PR_EXPRESSION_STATEMENT" numparams="2">
<CN_NODE rule="PR_POSTFIX_EXPRESSION_INC_OP"
numparams="2">
<CN_IDENT value="local_var" lineno="8"> </CN_IDENT>
<CN_TERM value="++" lineno="8"> </CN_TERM>
</CN_NODE>
<CN_TERM value=";" lineno="8"> </CN_TERM>
</CN_NODE>
</CN_BLOCK>
<CN_TERM value="}" lineno="9"> </CN_TERM>
</CN_NODE>
</CN_OMP>
</CN_BLOCK>
<CN_TERM value="}" lineno="10"> </CN_TERM>
</CN_NODE>
</CN_NODE>
</CN_BLOCK>

O TIlivaxog 4.8 delyvel tic povddeg XML mov mpokVdTovLV amd TNV avAALGY| TOV

KOOKA £10000V poll pe to yvopiopotd toug.
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KE®AANAIO 5. METATPOIH ZE NMOAYNHMATIKO KQAIKA

5.1. Ewoayoyn

5.2. lapaymyn cuvaptioE®Y VILATOV
5.3. MetapAntég

5.4. doroopéveg odnyieg

5.5. Kwodwomoinon dot)tov petafiAntodv
5.6. Avdivon odnyumv

5.7. Tpomomoinon XA

5.8. Metaoynuoticpol

5.1. Ewsayoyn

H ovyypaon kddwa mov eivoar cOppwvog pe 10 mpdtvmo OpenMP mepiapfavet
00MYieg TPOg TOV MPOENMEEEPYATT TOV KOOI YOOV TOV LETAPPACTH OOTE VA TOPAYEL
KOOUKO TOV EKTEAEITON LE PO TOAAATADY VIULATOV.

Mo va pmopécovpe va PeTOTPEYOLUE OEOOUEVO KOOIKO, GE TOALVNUOTIKO givol
avaykaio, 0mov omotteitol dnuovpyio vnudtov, va mopaydel o cvuvaptnon v
omoia. owtd Ba exteloVV. [l TV TOPAY®YN TG GLVAPTNONG OTOLTEITOL YVOCN TV
OMNADOoE®V HETAPANTOV Ko TOT®V, pall pe TV TAnpo@opia TG opatdTNTAS TOVG.
Kotd 1t ouvtoktikny Kot oMpoctoloyikn oviivon £ywve M oviAvoTn TOL KMOKO
€16000V KOl 1 E€W00YOYN TOV IMNADCEOV UETAPANTOV Kol TOTMOV GTIC OVTIGTOLYES
OVAMOYEC ONAMOEMV. Xe LT TN O00TEPN (ACN EKTEAECNG TOL UETOPPOOCTH,
alomoloVpe T dedopéva TOv GLAAEEaNE Katd Tn Onpovpyiac tov XXA yuo va

EMTOYOVE TOVS AVIAOYOVS LETOTYNILOTICLUOVC.
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5.2. Hopaymyn covapToE®Y VINATOV
To mpoétuvmo OpenMP mepihapfaver Tpelc odnyiec mov mwpokaAovv TN dnuovpyia
TOAOTAGDV VHLaTwV. AvTég gtvar ot

e #pragma omp parallel

e #pragma omp parallel for

e #pragma omp parallel sections

H mpot givon n Bacikr odnyio dnpiovpyiog piog opddos viHaTmy, Yo ektédeon evog
TUHOTOG KDOKa. Ot GAAEG OVO givat GLUTTOEELG TOV OOUMV:

e #pragma omp parallel, apéowg akoAovBodpevn and o #pragma omp for

e #pragma omp parallel, apéowg akorovBoduevn and o #pragma omp sections

e qavrtioToyOL.

Mo va ektedeotel £va TR0 KOO OO VILOTO, TPETEL AVTO VO TOUOVODEL Kot va
petokivnOel oe o Eexymploty ovvapTnon. AVTH KoAeltol KOTé TNV €KTEAECT] TOV
HETOCYNUOTIGIEVOD TPOYPAUUATOS otd T cuvdptnon PPAoONKNg Yo T dnpovpyia
vuatov. ‘Eva moapddetypo mov agopd tn yprion g Piprodning vnudtov POSIX
threads deiyvet o ITivakag 5.1.

[Tivaxoag 5.1 Anpovpyia vipatog pe xprion POSIX threads

#include <stdio.h>

#include <pthread.h>

int counter = 0;

/* Juvaptnon vAuotog */

void *threadfunc(void *param)

{
counter++;

return O;

int main(int argc, char *argvl[])
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pthread_t tid; /* avayvwploTng vAuotog */
pthread_attr_t attr; /* XopaxtnploT k& viupatog */

/* apxlkomoinon XAPAKINELOTLKOY */

pthread_attr_init (&attr);

/* exTéAeon VAUATOC ue Tn ouvdptinon threadfunc */
pthread_create(&tid, &attr, threadfunc, (void *)NULL);
/* ovapovh yla Tepuatiopd tou vApatog */

pthread_join(tid, NULL);

return 0;

H Loy mov akoAovBel o petappactig OMPi gival 1 10w, pe ) dopopd 0Tl TV
mopay®yn VNUAtov v ovolopfdaver po kAnon mpog ™ Ppiodnkn yxpoévov
extéleong (runtime library), 1 _omp_create_team. Avtictoryo, TNV KOTOGTPOPT TOV
VNUATOV ™G opddag v avorapupdver n kAnon _omp_destroy_team. O ITivakog 5.3

TEPLEYEL TOV PETAGYNUOTIGUEVO KMOKO TOL TPOYPAULOTOS Tov deiyvet o [Tivakag 5.2.

[Mivakag 5.2 Mpdypappa pe odnyioo OpenMP

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

#include <omp.h>

int counter = 0;

int main(int argc, char *argvl[])

{

#pragma omp parallel
{
counter++;

return O;
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return 0;

[Tivakag 5.3 Anuovpyia vnpdtov pe xprion g Pprodning xpdvov extéreong Tov

OMPi

#include <stdio.h>
#include <omp.h>

#include <ompi.h>

int counter = 0;

/* ARAWON POPOAC TNCg ouvdpinong vhupatog */

void *main_parallel_0(void *);

int main(int argc, char *argvl[])
{
_omp_1initialize();
{
/* Apxlxkomoinon petafAnTdV tng ouvdpinong viuatog */
_OMP_PARALLEL_DECL_VARSTRUCT (main_parallel_0);
/* Anuioupyla ouddoagc vnudtwv */
_omp_create_team((-1), _OMP_THREAD, main_parallel_ O, (void
&main_parallel_0_var);
_omp_destroy_team(_OMP_THREAD->parent) ;
}

return O;

/* Juvaptnon vnuidteov */

void *main_parallel_0(void *_omp_thread_data)

{
int _omp_dummy = _omp_assign_key (_omp_thread_data);

{

counter++;

*)
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return 0;

Onwg delyver o Ilivaxag 5.3, vy ) ypnon tov kKAncewv PBirodnkng amorteital,
extOg amd Tig 101eg TIg KANoe, Kol 1 apywkomoinon g PipAodnkng. Emiong
amorteitor M ONA®OT HETAPANTAOV TOV TLYOV YPNCUYLOTOLOVVTIOL GTO TUNHO KOIKOL
nmov petakwvnonke. Ot petafintég dniodvovtal oe KOOOAKNG opatdtTnTag OOUn HE

6vopa main_parallel_0_vars, n omoia 6T0 GUYKEKPYEVO TOPASELY O EVaL KEVN:

[Tivakag 5.4 Ahoon kevAG SOUNG Yia TIG LETAPANTEG VILLOTOG

typedef struct {

} main_parallel_0_vars;

IMa ovvtopio Ko gvkoAiol KotavONnomg Tov KOdKe, YIVETAL EKTEVIC YPNOT macros,
onwg too _OMP_PARALLEL_DECL_VARSTRUCT xoau _OMP_THREAD, ta omoia

etvar dnropéva oto apyeio ompi.h.

5.3. Metapintéc

Kotd v amokonn kot pHetapopd Tov KMIKH VALOTOG G€ 1K1 TOL cuvapTnoT, £ivol
avaykaio va dtatnpnOel kot n TpoOSPacn oTig LETAPANTES TIG OTTOlEG OVTO TTEPLEYEL.

H omaitmon avt) tpokimtel amd to yeyovog Tt av mipovpe £va TUNIO KOOTKO Kol TO
LETOPEPOVLE GE [0 GLVAPTNON VIUATOG, Ol UETAPANTEC Ko Ol TUTOL TOL OV Elval
onropévol kaBolkd Oa eivarl mposPacia amd avtd. Kamoteg petafantéc opwmg eival
mlavd InAopéveg oe GUVOETO ELPOAELUEVO TUNUOTO KOOIKO HECH GE GLUVOPTNOELS.
Méoa og avtég cvumeptAapfavovtotl kot ot LETAPANTES Tov oKldlovv TV opatdTNTa

TVYOV KaBOAMK®V pE TO 1010 OVOpLaL.

Ag Bewproovpie To mapaderypa koduko OpenMP mov deiyver o ITivaxag 5.5.
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[Tivakoag 5.5 Moapdderypo KaBOAKNG Kot TOTIKNG LETAPANTAG GE TUN IO KOOTKOL

#include <stdio.h>

#include <omp.h>

int global_variable = 0;

int main(int argc, char *argvl([])
{

int local_variable;

#pragma omp parallel
{

global_variable++;

local_variable++;

return O;

270 doUNUEVO TUNHO. KOOIKO VTTAPYOLV avaPopEs o€ 000 HETAPANTEG, Ho KaBoAkn
TOV TPOYPOAUMIOTOS KOL [0 TOMKY TNG ouvaptnong main. Agdopévov Ot1L M véa
ovvaptnon Bo tomobenOel 610 TEAOG TOL TPOYPAUUATOS, KOTO TNV OTOKOTN Kot
LETOQOPE TOL KMOKO 7OV TEPIKAEiETal otV odnyion #pragma omp parallel, m
kaBolkn petafintn eEakorovbet va eivan opatn. H tomkn petapintn local_variable
OUmG dev gtvar INAmpévn og ekeivo To EMIMESO KMOOWKO.

[Tpopavag mpémel | petafintn mov yavel T dNA®oT g va nAwbel Eava péca ot
véa ovvdptnon. o vo mopaxapedel avtd 1o TpOPANUa, ¥PNCILOTOIOVUE TNV €ENG
TEYVIKN: ANADVETOL GTNV 0Py TOV TPOYPAULOTOS Mo KABOAKNG opaTdTNTOS SOUN M
omoia mePEyEL OEIKTEG TOV TAPUTEUTOVY GTIG TOMIKEG UETAPANTES.

H doun opyuomoteital 610 tuAHo k®dOKo mov oviwkodiotd v odnyio OpenMP.
Metd and v apykomoinon onuovpyeitor 1 opado yudtomv mov ektedel ) véa
ocuvdptnon. Zmmv apyn TG ovvdptnong Yivetor Kot n ONAMON TOV OEKTMOV TOV

avTIKAIOTOOV TIG TOTIKEG PETAPANTEG.
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AvT6 kaf1oTd avaykoio Kol Tr HETATPOT TOL TUNUOTOS KMOIKO TOL HETOTEOMKE,
wote mAEOV ot un  koBoMkéc UETAPANTEG MOV YPNOYOTOOVLVTOL EKEL  val
YPNOOTOoVV TV T tov deiktn mov opictnke. 'Etor 1 ékppaon pe yxpron g

petafintg local_variable:

local_variable++;

Ba petatpanel oty e€Ng, dedopévng g dNAmong deiktn pe dvopa local_variable ko

1010 TOmO péca 6T VEU GUVAPTNON:

(*local_variable)++;

H opotémra tov petafintov OToc ovtég ¥pnolLomolovviol gival dvuvatd vo
petaPAnbet pe t ypnon epacemv mov axoiovBovv Tig odnyiec. [a mapdaderypa, M
epdon private (list) INAodvel TOG otV odNyie ovt) M peETAPANT 7OV SNADONKE
npénel va. OepnOel 101 TIKY.

H yevikn oOvtaén eivon 0mwg detyver o Tlivakag 5.6.

[Mivakag 5.6 XHvtaén epdoemv odnymdv

#pragma omp <directive or construct> private (list)

Ag dobpe avolutikd Tig pdoelg mov vrootnpifovtol otig 0dnyieg OpenMP kot Tig

OALOYEG TTOV ETPEPOLVV, GE GYECT] LLE TO TOPATAVE®, GTOV TOPAYOUEVO KOO

5.3.1. private (list)

H opbon private pe Aota petafAntov kobodnyel tov mpoemeepyaotn o1
onuovpyio pog HETOPANTAG TOMIKNG O TPOS TOV KAOJKO Tng odnyiag, m omoia
oK1alel omoladnmoTe petaPfAnt pe to idto ovopa Ba NTav opatn cg avtd 10 ENIMESO

KOOWKO EMEWN lvar dNAmpévn o€ Tponyovuevo chHvOeTo GHVOLO KOOIKO.
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Kotd v mapaymyn tov kdowa yivovton ta e€1g:
e e Baon Tig GLVAAOYEG pETOPANTOV oL £xovy amobnkevtel 6to XXA, Bpioketon
n dfdwon g petapanng
e vyivetor ONA®O™N TG UETAPANTAC amd TV apyn KE Tov 1010 TOTO Kot Ovoua,
OTNV 0PYN TOL KMOOTKO TOV LETATOMIGTNKE

® 1 LETAPANTA YPNOLUOTOIEITOL OTTMOC NTAV LEGO GTOV KMITKOL

5.3.2. firstprivate (list)

H opdon firstprivate ypnowpomoteiton pe tov 010 1poémo O6mwg Ko m private. H
dpopd Tovg gival 0Tt N petaPAnt mov €xel MAwbel wg firstprivate, apyuomoteiton
TNV TN TOV ElYE TPV OO TO TUNHO KOOIKO, AUECHOS HETE TN VEX ONAMOT| TNC.

‘Etolr n petafAnm oéper v 0 T, oAAE pe 10 TEAOG TOL UTAOK KOOKO
OTMOLOONTOTE OAAQYT] OE QLT TNV TN XAVETAL, YoTi 0 KOOKOG QEVLYEL amd TNV

opatdTNTA TNG.

5.3.3. lastprivate (list)

H ¢pdon lastprivate cuvavtdtol pévo oe 0dnyieg for Kon sections kot gival aviicToym
pe t firstprivate. H dapopd eivar 6t n petafint Sniovetan Eavd péca 6to PTAoK
KOOI, Kot OTAV OUTO TEAELDMOEL, EVNUEPAOVEL TV TIUN NG HEXPL TOTE GKIOOUEVNS

petoANTIS.

5.3.4. reduction (operator : list)

H o@pdon reduction axolovBeiton oamd €vav teleotn kot pio Aloto amd pio M
neplocotepeg petaPAntéc. Ia kdbe otoryeio g Alotag, dnpovpyeitol pio O1OTIKY
HETOPANTY] KOl OpYIKOTOLEITOL OVAAOYO LE TOV TEAEGTH. Metd T0 TEAOC TOL UTAOK
KOOKA, 1 OKIUGUEVT] LETOPANTY] EVILEPDOVETOL LLE TNV T TNG WOIOTIKNG LETAPANTNG,

YPNOUYLOTOIDMVTAG TOV KOOOPIGUEVO TEAETTT).

Ot Tipég apykomoinong TV WMTIKGOV PeTaPANTOV eivon dnwg deiyvet o Tivaxag 5.7,

avAAOYOL LLE TOV TEAEGTY| TTOL YPTCULOTOLEITOL.
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[Mivakag 5.7 Teleotég kat apykég TIES Yo T epdon reduction

Teheotg Apyucn Ty
+ 0

* 1

- 0

& ~0

I 0

A 0

&& 1

Il 0

Metd 10 tél0o¢ ToV UTAOK, cuvdvalovTal ol TIHEG OAMV TOV WIOTIKOV HETAPANTOV
TOV VUOTOV pe BAon TV TN TS OPYIKNG UETAPANTNG, KOl LLE TO OMTOTEAECLO

EVNLEPDVETOL 1] CKIOGUEVT LETAPANTT.

5.3.5. default (sharedlnone)

H o@pdon default cvvavtator povo ce odnyiec parallel, parallel for kou parallel
sections. Emttpénel 6tov mpoypapotiot vo eAEyEet TIc 1010TNTES SLOOPOCHOD TMV
HETAPANTAOV OV ERPAVICOVTOL GTO UTAOK KAOJIKA, KOl TWV OTOI®mV Ol 1010TNTES EXOLV

KaBopiotel EPpeca, OTMS TEPLYPAPTKE CTNV apYN TNG EVOTNTOC.

H ¢pdon akorovBeitor amd po mapdpetpo pe 600 SuvaTés TIéG:
o shared: Oleg o1v petafAntéc mov eueoaviovior Kot Tov  Ogv  £YOovV
TPOKAOOPIGUEVES 1010TNTES Be@povVTAL S10UOIPAlOUEVES.
e none: yw OAeg ot petafintéc mov  eppaviCovtalr kot 0ev  €Qovv
TPOKOOOPIGUEVEG 1O0TNTEG TPEMEL VO KAOOPIOTOLV 1O10TNTES OLOLUOIPAGLOV,

HEG® AAAWV PPACEMY 1 0ONYLDV.
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5.3.6. shared (list)
H ¢pdon shared axorovBovpevn amd o Alota petapfintov kobopiler O6tTL o1
petafintég mov TV akolovbBovv egivar StopolpalOUeve OVAUESOH OTOL VIHOTO

EKTEAEONC.

5.3.7. copyin (list)

H @pdon copyin akolovBobuevn amd pio AMiota petafANTov TopEyel Eva UNYOvIGHLO
YL TNV OVTLYPOen TILOV amd pio petafinty threadprivate tov vijpatog-apynyov ce
kaBepio threadprivate petafAnt) TtV GAAOV HEA®V NG OUAOOG VNUATOV TOV

EKTEAOVV Ol TOPAAAN AT TTEPLOYN.

5.3.8. copyprivate (list)
H o¢pdon copyprivate oakoiovBovuevn omd po Alota petafintdv mapéyel €va
LUNYOVIGUO Y1 TN (PO KOG WOIOTIKNG LETOPANTNG Yol LETAPOPA TIUNG OO £VaL VILLOL

oTo GAAO VIHOTO TG 10106 OpLAdag.

5.4. ®oMmaocpéves 00nyieg
To npdtumo OpenMP emitpénetl 10 EOMACHA 0OONYIDV KATA TN CLYYPUPT KOSIKO KoL
kaBopilel T1g 1016t TEG Sropolpaco Yo LeTaPANTEC péoa oe dopég parallel wg e€ng:
e Ot petofAntéc mov eivar opiopéveg oe oomyieg threadprivate, €yovv tnv
Wt dStopotpacpo? threadprivate
e Ot petoPAntéc mov givorl opiopéveg Léso 6T dopun eivor 1OMTIKES
e Ot peTafANTEG TOV YPNOLUOTOLOVY OLVOUIKT VAT givart dtopotpalOpueveg
o To péhn dopmv static etvon draporpaldpevo
e H petafAint tov Bpodyov for o pa doun| for N parallel for givor 1WO1wTIKY 0N

doun avty
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5.5. Kmowomoinomn wot)tov petopfinrov

INa va katootel dvvorr 1 petovopacio Twv PETABANTOV oL eppoaviloviol o€ Eva
TUHO KOO, TPEMEL vo, amodnkevtel oto XA 1 mAnpogopio. mTOov cuvavtdrtol
dwaoyiCovtag to dévTpo.

IMa 10 A0y0 avtd ypnoipomotoHvtal ot YapTes LETAPANTOV oV €idape otV avdivon

™G KAQoMG genomp, 6€ GLVOLAGUO UE Evav amaplOunTY.
‘Evag yapmc (map) g Poocwkng Piprodnkne mg C++ sivor pia ta&wvounpévn

oLVOETIKN doun (sorted associative container) 1 0Toiol GUVOEEL OVTIKEILEVO TOL TUTTOV

Kie11 pe avtikeipeva tov tomov Adedouévo [8].

[Tivakag 5.8 H OMAwon tov ybptn petafiAntodv

map<char *, wvardata, ltstr> *var_list;

2tV vAomoinon HoG, 0 X4pTng mov ypnotponoteiton £xel ¢ kKAWL €va medio TOHmOV
char *, 6mov amoBnkevetal To Ovoua TG UETAPANTNG Kol ¢ OEOOUEVO TN doun

vardata wov opileton 6mm¢ detyvet o Ilivakag 5.9.

[Tivaxag 5.9 H dopr| mov ypnoomoteitan otov yaptn petafintaov

struct wvardata
{
int freq;
gendecl *decl;
i

H oMiwon tov ydptn emrpémer ko ™ ONAmomn g vmopovtivag ltstr, n omoia

kaBopilel T oy€on «uKpOTEPO Omd» Yo T0 KAEWL, Omwg deiyvet o [Tivaxag 5.10.
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[Tivaxkag 5.10 H vropovtiva «ikpdtepo amd» tov xaptn

struct ltstr
{

bool operator () (const char* sl, const char* s2) const

{

return strcmp(sl, s2) < 0;

}i

H doun vardata €ye1 600 péln, évav aképaro freq kot £va deiktn decl oe avtikeipevo
tomov gendecl. O axépatog maipvel Twég amd tov amopOunt) var_type o omoiog
opiletan 6mwg otov ITivakag 5.11, 1 kdmola BeTikn) TN Yo T GLYVOTNTO ERPAVIONG

poG HeETaBANTC.

[Tivaxkoag 5.11 Ot tipég Tov amapOunt var_type (Tomikn LETOPANTH GTOV TOPATAV®D
mivoka onpoivel Tmg 1 HETOPANTY eivat opiopévn 6e EMTESO TOV KMAKA TPV Omd
v odnyia OpenMP adAdd 6yt e KaBoAIKO eminedo)

T Xpnon

VAR_PRIVATE MetafAnt private
VAR_FPRIV_LOCAL Tomwn petafAntn firstprivate
VAR_FPRIV_GLOBAL  Koafolwkr| petapint firstprivate
VAR_LPRIV_LOCAL Tomkn petafAntn lastprivate
VAR_LPRIV_GLOBAL  KoafoAwkn petafAnt lastprivate

VAR_RED_LPLUS Tomwn petafAntn reduction pe teheot ‘+
VAR_RED_LMINUS Tomkn petafAntn reduction pe teheotn -
VAR_RED_LMULT Tomikn petafAntn reduction pe teheoty *’
VAR_RED_LXOR Tomwn petafAntn reduction pe teheotn N
VAR_RED_LBITOR Tomwn petafAntn reduction pe teheot ‘I
VAR_RED_LBITAND Tomikn petafAntn reduction pe teheot ‘&’
VAR_RED_LOR Tomkn perofAntn reduction pe tedeot ‘II’
VAR_RED_LAND Tomwn petafAntn reduction pe teheot) ‘&&’

VAR_RED_GPLUS KoaBolxn petapint reduction pe tedeot ‘+°
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VAR_RED_GMINUS Koabolun petapint reduction pe tedeotn *-°
VAR_RED_GMULT KoBolwkn petapint reduction pe tedeotn “*’
VAR_RED_GXOR KoBolwn petapint reduction pe teleoty N
VAR_RED_GBITOR KoaBoluxn petafint reduction pe tedeot ‘I’
VAR_RED_GBITAND KoaBoiun petafint reduction pe teleot ‘&’
VAR_RED_GOR KoBolwn petapint reduction pe teleotn ‘I
VAR_RED_GAND KoBolwkn petapinty reduction pe teleot) ‘&&’

VAR_TPRIV_LOCAL Tomwn petafAntn threadprivate
VAR_TPRIV_GLOBAL  Kafolkn petafinty threadprivate
VAR_NOCHANGE Xpnon Yo QOAUGUEVEG 00NYiEg

Ot Téc Tov amapOunT etvar apvntikég dote va daywpilovv T HETAPANTEG TOV

Exovv mpokaBoplopéveg 1010TNTES SLOUOIPAGHOD OO QLTEG Y10 TIG OTOIEC O1 1010TNTES

Tovg opilovtan Eppesa.

5.6. Avéivon o0onyi®v

Metd to TEAOC TNG GLVTAKTIKNG KOl CUACIOAOYIKNG AVAADONG TOL KMOIKA, TO XA

nepiEyel odonyiec OpenMP pe ™ poper| un tepuotikedv KOppov gencomp. o va

UTOPECOLVV VO, AVOAVOOVV KOl VO LETACYNUATIGTOOV Ol dOWES aVTEC, akoAlovbeital o

e&Ng adydp1Bpog:

Extedeiton avalnmmon péca oto XA yio KOpBovg genomp TpdTOV ETTEIOV
IMa k@be €vav amd Toug KOpPovg avtodg Kaieital n nEBodog mov avtioToryel
oV avdAvon ToL

Koatd ™ dudpkela g avaivong Kot Tpv v Evopén 1oV HETOGYNUOTICUOV,
yiveTor €0peon Yo QOAGUEVES 00TYieC POAOCUEVES €va, EMIMEdD PECH GE
ot Tov eneepyalOHacTe

Me oavtiotoryo 7TpoOmo KABe odnyla ektelel MV avdAvon Kol TOLG
LETOCYNUOTIGHOVE TTOV OTALTOVVTOL

O éleyyoc emoTpéPel 0TV 0dNYio. TPONYOVUEVOL EMTEIOL Yo VO YiVOLV Ot

LETOCYNUOTIGHOL
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5.6.1. Avalntnon yio. koufoovg genomp TPOTOL EMTEIOV
Kokeiton n pébodog search_and_act 100eg (opéc, 00eg Kol ol 0dnyiec mov eivon
duvatd Vo GLVOVTACOVUE OTO TTPMTO eminedo. H tovtomoinon tov emmédov Tov

KopuPov yivetan gvkoda pe yprion Tov yvopiopatog parallel_level tov kOpuPov avtdv.

5.6.2. Kinon avtiotoyyng ueboooo

Otav Bpebel kOpPoc mov topiélet ota dedopéva g avalnmong, Kaieitor n pébodog
mov avtiotorel oy odnyla mov ocvvavindnke. Ivetor n avdivon tng odnyiog
YPNOYLOTOIDVTAG TIS PPACELS TOV TNV akoAovBovv. Emiong avotiBevrar oto yapt
ToL KOUPov ot 110TNTEC TV peTOPANTOV Tov givor pntd Kabopiopéves. [iveton
avéAvon Tov UTAOK KMOKO Kol opilovial ot 1010TNTEG OUOIPUCHOD Yo TIG

VIOAOITES HETAPANTES

5.6.3. Ebpeon pwliooueévav oonyiav
HEekivavtag amd tov KOpPo mov Ppébnke oty tedevtaia avaltnon, YAXvouue Yo
QeoMacpéveg oonyleg éva emimedo Pabvtepa, mAAL pe ypnom TOoL YVOPIGHOTOS

parallel_level.

5.6.4. Kinon avtiotoyyns uefooov
Me avtiotoyo tpdémo OT®G Kou otV apylkn avalntmon, KoAeitor m aviictoyn
néB0d0G. Avti pe T CEPA TG KAVEL TNV avdAvon ¢ odnyiog mov cuvavtiOnke,

YAYVEL Y10 QOAGIEVES 001Yieg éva emimedo BabvTepa K.0.K.

5.6.5. Emiotpopn eAéyyov atnv apyikn uéBooo petacynuotionod

Metd to t1€hog ™G avalTnong Yo @OAIOCUEVEG 00NYIEC, 0 EAEYYOG EMOTPEPEL OTN
puébodo mpMdTOL emmESOL TOv KANONKE. AvT €KTEAEL MAEOV TOLG OMOPAITNTOVG
LETAGYNUOTIGLOVG, TOPAYEL TOV KMOKO TOL OVTIGTOLXEL GTNV 00MYio Kol EMGTPEPEL

TOV EAEYY0 OGNV apyIKY avolTnon.
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5.7. Tpomomoinon XA

Kotd 1t oodikacio Tov HETOCYNUOTIGHOD TUNHOTOS KMOKO, €lval amopoitntn 1M
gloayoyn M agaipeon tunpdtov ond avtdév. OvolooTikd, TPEMEL VO ATOKOTEL
oAOKAN PO VITHOEVTPO, Vo dnpovpyndel véo dévipo PAGEL TOV UETAGYNUATIGUEVOD
KOO Katl avTtd vo Tpocaptndel mg véo vdoevpo tov XEA ot B€om Tov TEALOV.
Eivon avaykaio oe 0Aeg T1g mpooOnkeg katl apapéoelg va dwatnpnbel n axepardtnta
kot 1 doun tov XZA. INa va emtevyBel avto, TPEnel omoladNTOTE TPOGONKN GE QVTO
N aeaipeon amd avtd vo, akoAovBel AVGTNPA TOLG KOVOVEG HE TOVG OTOiovg aVTd
apyKd omovpyninke. Ty mepintmon] pag, ot Kavoveg avtol elval ol GLVTOKTIKOL

Kkavoveg oo OMPI.

Ag dovpe T S1001Kacior YPNCLLOTOLOVTOS £VAL TAPAELY O OTOKOTNG TNG 00N Yiog
#pragma omp flush(var)

OTOoL var o LeTafANT oplopéV) 6TO EMIMEDO TOL KMOKA TOV ENeEEPYALOUAOTE, Kol
AVTIKATACTOONG TNG OO TOV TOPAYOUEVO KOOUKOL

_omp_flush((void *)&var);

\ PR_BLOCK_ITEM_LIST

Q | PR_FLUSH_DIRECTIVE | \ ‘ \

\ #pragrr‘la omp \ \ flush \ | PR_FLUSH_VARS_OPT | \ \n \

\ PR_VARIABLE_LIST \

var

Zyua 5.1 Amdcracpa tov XA yia v odnyia #pragma omp flush(var)
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5.7.1. Apaipeon vwodevipov oo to 22/
H agaipeon vtodevtpov amd 10 XA apopd 6yeddV OMOKAEIGTIKG TN O0ypopY| otd
avTd OAOKANPOV SEVIP®V 0dNYIDV, BGTE Vo PNV aALo1wOel 0 KMIKOG €600V (deV
aQOIPOLVTOL OTAG KATOL TEPUOTIKG 1 UN TEPUATIKE cOUPOAX 0AAL OAOKANPES
EKQPPAGELS).
["veton o dvo Prpata:

®  AMOJECELOT] TNG UVIUNG TTOV YPTNGLULOTOL0VV TO, OVTIKEILEVO TOV VITOOEVTPOV,

a@o¥ &yovv amobnkevtel OTON GTOLYElD AITO QVTO Elvar YpNoYLLL
®  EVNUEPMON TOL TOTEPQ UM TEPUOTIKOD KOUPOL pe aeaipeon ¢ 0Eong Tov

duvapkol Tivoko

5.7.1.1. Amodécugvon Tnc LRUNC VTTOOEVTPOL

Kabe xAidon g omoiog ta otypudtumo amoptiCovv to XA meprloapfaver Evav
kataotpopén (deconstructor). Xtnv mePImT®OON  TEPUATIKOV KOUP®V, yiveton
OOOECIEVCT] TOV JUVOIKG OECUEVUEVOV YVOPICUAT®V, OO T.Y. TO YVOPICLO
value.

2V TEPImTOON UN TEPUOTIK®OV KOUPwV, daTpéyovtal avadpopkd OAol ot kOpPot
moudld  wov  mepEyovior ©6To  Suvapukd  mivoko params. Metd amd  avTo,
ATOOEGIEVOVTAL O 1010G 0 SLVOIKOG TIVOKAG Kol OO0 YVOPIGHOTO XPTCLLOTOI0VV

SLVOUIKT] OEGIELOT LVIUNG.

5.7.1.2. Evnuépmwon Tov Tivako TodidV Tov Totépo un TEpUaTiKod koufov

Metd and TV amodECUEVOT) TG LWWNUNG TOV KAToAdUPove TO VTOJEVTPO, Kaheitan M
néBodog erase tov duvapkol mivako pe mopdpetpo ™ 0Eon tov mov Bo droypaget.
Evnuepaveton ko n fondntikn petafAnt) numparams pe to véo apfud tov 0écewmv

OTOV TLVOKO.
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5.7.2. IlpoaBnkn vrodevipov oto 221
INa va wpootebel éva tuqua koo oto XA mpémer apyikd vo amodnkevtel o
KOOWKAG 0 (o cupPolocelpd kot €metta va Tpo@odotndel Tow 6TOV GLVTOKTIKO
avaAvtr. ‘E1ot Tpokintel £va VtOdEVIPO COUPOVO [LE TOVS KOVOVEG ONULOVPYING TOV
POV OEVTPOVL.
Ady® doung TG €16000V TOV TPEMEL VAL LETATPEYOVUE GE VITOOEVTIPO, TPOKVTTOVV Ol
e€Ng 0VO TEPUTTAOCELS:

e avdAivon pag oAOKANPNG vEag cuvdptnong 1 KaBoAKNG dNAmong

® avdAvon Hag 1 TEPICCOTEPMOV EKPPACEMV, YWPIC TEPPAAALOVTO KOOIKA

2V TpOTN TEPIMTM®ON, UTOPOVUE OTAGL VO KOAEGOVE TOV GUVTOKTIKO OVOAVTY, O
omoiog Ba poc emotpéyel 1o emBountd vroddevipo. Ilaipvovtag Ouwg éva véo
Eexwp1oTd VTTOdEVTPO, 01 KaBoAKEG OnAdacelg Tov Bpiokovtal oe EexmPloTéC GVAAOYES
MMlocewv Kol TOMOV, Gpa xpeldleTon va Yivel ouVEVOOT TOV VEOV KOOOMK®OV
IMNAOCEDV LE TIG aPYIKES, TOV ZXA.

INa va amopevybel avtd TO TPOPANUA, O OVOAVTAG KOAEITOL LE O TOPAUETPO TOV
TOV 00NYEl 0TO VO ¥PNGIUOTOMGEL TIG GVAAOYEC ONAMGE®MY TOV MO VILAPYOLY Ko

amAG VO TIG EVIUEPMGEL LE TO VEO KAOOIKAL.

21 0evTEPN TEPIMTMOT, N AVTILETONION lval Alyo mo moAvmAokr. Eneldn doev eivan
OUVTOKTIKO o®OTN 1 Vapén ekepdoemv (m.y. a = b + ¢;) 010 KaBoAKd eninedo Tov
KOO, dnpovpyeitol po eiKovikny ovvaptnon void transform() n omoia mepucieiet
ToV KOO mov Bélovpe vo avaidcovpe. Me avt) v mpoindbeon, n avaivon
YIVETOL KOVOVIKG, OAAG EMIGTPEPEL GTO VLTOJEVIPO Kot TN ONAMON TNG EKOVIKNG
ovvéptnong. Eivor moAd e0koAo Vo amopovVAOGOVLE TO DTOSEVIPO TOV LG EVOLUPEPEL,
amAG YAYVOVTOG YO TOV TPMOTO UN TEPUOTIKO kOuPo pe kavova Oompuovpyiog
PR_BLOCK_ITEM_LIST. H avdAvon pe ovtd tov 1poémo oamortel GAAN Tun otnv
TOPAUETPO KANONG TOV avaAvTtr. Me avtd tov Tpdémo opilovtal emiong avtdpoTo ot
OVAMOYEC ONAMOE®MY Kol TOT®V TOL OnNueiov evnuépwong tov XXA, Ko Oev
emnpedlovtot amd TNV YELTIKT GLVAPTNGN Ol GLALOYEG TOV.

Mmnopovpe €nerta vo YpNCIHOTONGOVUE TO VTOSEVTPO aVTO OTwg ypeldleTal, yio va

10 TpocBécovpe 610 LXA.
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210 MOPAOELYUO. TNG TPONYOVUEVIG EVOTNTOG, OOV E£YOVUE APUPECEL TV 0onyio
#pragma omp flush (var) amd 10 XA kot £(0ovHE KPATAOEL TN LETAPANTY EVIIUEPMONG
var, mopdyovps T SGLUPOAOGEPA AVTIKATACTOONS, 1 omoio givol Onwg deiyvel o

[Mivaxog 5.12.

[Tivoxkag 5.12 H ewovikn cvvaptnon transform()

void transform()

{

_omp_flush((void*) &var) ;

To ocvvtaktikd dévipo mov mpokvmtel yo Vv transform() petd v avdivon g

ovpPorocelpdc £xel Onwg oto Zynua 5.2.
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\ PR_TRANSLATION_UNIT \

\ PR_FUNCTION_DEFINITION_t1 \

\ void \ ‘PR_DIRECT_DECLARATOR_13‘ \ PR_COMPOUND_éTATEMENT_FULL \

m | PR_BLOCK_ITEM_LIST |

\ PR_EXPRESSION_STATEMENT \

[
\ PR_POSTFIX_EXPRESSION_4 \ m

\ PR_ARGUMENT_EXPRESSION_LIST \

\ PR_CAST_EXPRESSION \

[ \

\ PR_TYPE_NAME \ m ‘PR_UNARY_EXPRESSION‘

\ \
oa] L]

ymua 5.2 Yrodevipo avaivong g cvpuPorocelpdc _omp_flush((void *) &var); pe
YPNOM TNG EIKOVIKNG cLvapTtnong transform()

A6 10 VIOOEVTPO TOL TPOKVTTEL, PPIGKOVE TOAD £VKOAN TOV [N TEPLATIKO KOUPO
PR_BLOCK_ITEM_LIST ot omd ovtov moipvovpe TNV £EKEPOCT 7OV  LOG
EVOLOQEPEL.
[N va tpootebel To VTOdEVTPO 6T0 XA pog, akoAovBolpe v e&ng dadikacio:

e Bpiokovue ) 0éom otnv omoia BEAovE va TO g10dyovpe, av dev yvopilovue

non
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e yuw kd0e modi tov PR_BLOCK_ITEM_LIST (ot yevikn mepimtoon) to
elodyovpe otn Béon mov BElove

® cvnuepoVovpe Tov Oglktn parent Tov oD AOGTE Vo JelYVEL TO VEO TOV
ToTEPOL

* cvnuep@vouvue T PondnTikn petafAnt numparams

®  amodeGUEVOVLLE TO VTOAOUTO TOV VITAGEVTPOL TOV HOALS ELGAYOLUE

5.7.2.1. Avlktnon kodwko ue stringstreams

2TIC TEPLGGOTEPES MEPUTTMGELS OV apKel omAd 1 amobrjKevon oG HETAPANTAG amd
mv odnyia mov emefepyaldpaote, oAl ypeldletal vo petoTpamel OA0 TO TUNHO
KOO o€ o ovuPorooelpd, @ote vo  ovoivBel eEopyng, agod yivouv ot
amoPOiTNTEG LETATPOTES.

Mo va petatpanel Eva vTOOEVTPO G GLUPOAOGELPA, YPNCLLOTOIOVUE Hio SOUN NG
Baowkng PPprodnkng g C++, 1o stringstream. Me tn Sopn avt pmopolOue vo
EMOVOOOUNGOVIE TOV KMOOIKO 7OV €YEL UETATPATEL GE OEVIPIKN OO TC® OTNV
OPYIKT TOV HLOPON.

I[Na ™ Aewrovpyio avt) koiovpe T HEOBodO source Tov Plkoy kOUPov TOL
VIOdEVIPOL e Topduetpo €va stringstream mwov €yovpe opicel. O plikodg kopPog
KOAEL avadpopikd Tn source o6Tovg KOUPovG-mondid Tov kot TeMKE 1 stringstream
HETOPANTY HOg TEPLEXEL OAO TOV KDOOLKO TOV DTOSEVIPOV.

‘Eoto os n petafAnty stringstream mov opicope. O KOOKAG TOV TOPASEIYUOTOS TOL
aneikoviler o ITivakag 5.13 deiyvel TdG YPNOILOTOOVUE TNV OS Y1 VO, OVOKTI|COVLE

KOO otd VITOSEVTIPO Kol EMELTA VOL TOV TUTMGOVLE GTIV 000Vv).

[Tivaxoag 5.13 Tapddetypa yprong g doung stringstream

// dHAwon Tng os

ostringstream os;

// subtree_root egival deiking oto pLlLrd aviLlkelpevo tou Unddevipou

// TOU pog evdLlapépel
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subtree_root->source (&os) ;

// TOpa n doun 0S MEPLEXEL TOV OVAKTINUEVO KOS LK.
// vio va uetoatpans( osg C++ string xodoUpe tnv pébodo str()
// KAl ylo peTaTEomnn TOoUu string oe char * tnv c_str ()

printf (“original code:\n%s\n”, os.str().c_str());

Me avticTotyo Tpdmo UTOPOVLLE VO LETATPEYOVHE EVOL VTTOOEVTPO GE TUNILO KMDOKO, TO
omoio Umopel apov TEPATEL md PETAGYNUATICHOVS Kot petagepbel 1 evompatwbei oe
Ao onueio tov KOOKA. AoV cupuPel avtd givar gdkoro va Eavapetatponel og

T OEVTIPOV, €161 MOTE va dtotnpnBel n akepardtnta TG doung Tov XZA.

5.8. Metaoynpaticpoi

H xvp1otepm epyaocio mov emitedel 0 HETOPPAGTNG EIVAL 0T TOV UETACYNUATIGULAOV
KOO A@ov €xel yivel 1 aviAvon G€ AEKTIKO, GUVTIOKTIKO KOl GNUOGIOAOYIKO
eminedo, givol SuvoTO TAEOV VO LETATPOTTEL O KOJIKAG GOS0V LE TETO0 TPOTO DOTE
va TpoKVYEL Eva ToAvvnuatikd mpdypappa. H petatponn yiveton pe don tig odnyieg
OpenMP t1¢ omoieg £xel €10GYEL O TPOYPOLUUATIOTNS OTO GEPLUKO TPOYPOLLE TOV.

Mo va petooynpatiotel kOmowo TUAHO KOOKA, £ivol omapoitnto TpoTe Vo
evtomotel. H dradwcacio eviomiopol yiveton pe gvpeom Kotd mhdtog o Kabe eninedo
TOV 04VTIPOV, HE 0TOYO0 TO apécms Pabvtepo emimedo. XTOV KMOKO TOV GYNLOTOG TOL
axoAlovBei, cuvavtovpe v odnyia #pragma omp parallel 6tav Bpebode oto eminedo
™G oLVOETNG £KPPaONG TNG CLVAPTNONG myfunc, G& AVTIOIGTOAY LE TNV EVPECT TNG

otav Oa dratpéyape tov 1610 Tov KOUPo ™G 0onyiag.

[Tivakag 5.14 Ebpeon piag dopng OpenMP

void myfunc(void)

{
#pragma omp parallel

{
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H 1dwitepdmra ovt) mpokhntel amd Tov TPOTO AELTOVPYINS TOV GLVOPTHCEMV
petooynuoTicpudv. o ektedeotel TANP®G 0 HETACYNUATIOUOS, €ivol amapoitnTo 1
01 n odnyio vo aporpedetl amd to cLVTAKTIKO 0EVTpo. Alatpéyovtag Tovg KOUPBOoVS-
mondld and to mponyoOueEVO emimedo, mpocdlopilovpe T BE0M TOL VIOSEVIPOL LE
Baon tov matpwkd tov képuPo. ‘Etor givar duvatd va kAnbel o petaoynuoticpnos and
Tov ToTpkd KOuPo pe moapduerpo tov oplfud moudoh kol vo oAokAnpwbel m
HETOTOTION KO 010y poLpT] TOL KOOIKO OTTMS Eivol amopaitnto.

Avtifeta, bt Tétoro O Ba Mrav dvvatd ov  KOAOLVTOV 1M CLVAPTNON
LETAGYNUOTIGHOV KaTé Tr cuvdvtnorn tov kOppov oto povomdrtt. Avtd, yuwuri Oa
énpene M 10w M ovvapnon va dwypdyel Tov kKOuPo amd tov omoio KANONKke, pe

ATPOPAETTO ATOTEAEGUATA Y10 TN GLVEYELD TNG oVl TNONG Yo ETOUEVN odnyia.

Ag e£eTdo0VLE TOV KOOKO KOl TOV TPOTO AELTOVPYIOG LEPIKMV UETOGYNLUATICUMV:

5.8.1. omp parallel

// transform a “#pragma omp parallel” construct.
// element 1is the child number in the params vector held by the
parent
// non-terminal node.
void gennode::tr_omp_parallel (int element)
{
// a gennode
gennode *gn,
*optseq;
// handy generic component
generic_component *gencomp,
*newfunc;

char *parallel_construct_name,
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*parallel_construct_prefix = NULL,
*parallel_construct_infix = "_parallel_",
*num_threads = NULL, // number of threads
*if_ cond = NULL,

*tmpstr = NULL,

*outstr NULL;

int ps;

//

quick way to address the omp node

genomp *go = (genomp *)params|[element];

int nested = go->parallel_level;

int *parallel_mode_mask;

parallel_mode_mask = &(go->options_mask);

ostringstream oldcode;

//
//
//
//
//

go-—

a map of variables and vardata elements

if freq = VAR _PRIVATE it is a private var and should not
be renamed

for detailed frequency types refer to the var_type enum

in objects.hpp

>var_list = new map<char *, vardata, ltstr>;

2115 ONAMOELG TNG GLVAPTNONG XPNCULOTOLOVVTOL OPKETOL OEIKTEG Kol LETOPANTES TTOV

Ba BonBncovv o1o YepIopd ToL dEVTPOL apydTepa. [d1aitepnc onpaciog etvar ot:

g0: OglKTNGg o€ avTikeipevo THmov genomp 0 omoiog OeliyveL 6TV KOPLEY| TOV
VIOdEVTPOV oL ene&epyalONaoTE,

nested: axépotrog mov amoBnkevel to Pabog dopmdv OpenMP o10 omoio
Bpokdpaote. To yvopiopa parallel_level tov kopPov genomp mepiéyet non m
o®OTN T HETE TO TEAOG TNG CUVTOKTIKNG 0VAALGTG

parallel_mode_mask: deiyver oto yvopiopo options_mask tov kopuPov
genomp, 10 omoio eival o paoka bit mTov agopd TG EPAGELS TG OOUNG

#pragma omp parallel, .y. ™ pdon private(list), av VTN VTAPYEL.
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e var_list: yvopwopo tov KOuPBov genomp TO OmOi0 MEPLEYEL TO YAPTN
petafAntav yio ) dopr] OpenMP mov enelepyaldpacte. ESd dnuovpyeiton
€vag VEOG YOPTNG UE YOPOKTNPLOTIKA OT®G TEPLYPAPOVTAL GE TPOTYOVUEVN

evotnTa

*parallel_mode_mask = tr_get_construct_options(element);

H «non g tr_get_construct_options() dwtpéyet TG @pdoelg g Ooung, ov
vdpyovv, Kot opiler ™ pdoxa bit avaioya. Me Pdon v TEMKN TN TOL
parallel_mode_mask kalobvtor apyodtepa GUVOPTNGELS YO0 Vo BEGOVY TIUEG amd TIC

omoieg e£0pTATOL 1] PO} TOV LETACYNUOTIGHOV.

// node of the parallel directive
gn = (gennode *) ((gennode *)params[element])->

get_subtree (PR_PARALLEL_DIRECTIVE) ;

Mo mopamépo ypnom, KPATOLHE WK avogopd otnv odnyio omp parallel.
Xpnoiponoovpe tn yvoot pila Tov vwddevtpov Kot amd ekel kadodue T péBodo
get_subtree pe mopdpeTpo £vav omaplOunT TOV OVTICTOWEL OTNV T TOL KovOva

™G odnyiog wov BEAoLLE.
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parallel
congtruct

[ \
parallel compound
directive statement

| |
#pragma parallel parallel
\—‘ clause

omp
optseq

Zynua 5.3 Andcmoacio Tov dEVIPOV 610 eminedo TG doung #pragma omp parallel

21 ovykekpévn mepintwon Béhovpe and tov degiktn oto plikd aVTIKEIPLEVO TOV
VTOOEVIPOV VAL TPOYWPNCOVUE TPOS TO LLOSEVTPO Ppdcewv (parallel clause optseq).
To xavovpe avtd oe Pruoto, eTavovtag mpdto otov KOpPo parallel directive won
Katomy otov embountd. Me avtd tov tpomo eEacpariilovpe mwg o Bo emheyel

AaBoc kOpPog, yiati oto devTEPO Prial TOPAKATM,

// options subtree (might be null)
optseq = (gennode *)gn->get_subtree (PR_PARALLEL_CLAUSE_OPTSEQ) ;

VIApYEL M Tepinton vo un Ppebel o ntovpevog kOpPoc, av n doun parallel dev €xet
QPACELC. Av ywotav 1 avalntnon yw  koupo pe  Koavovo
PR_PARALLEL_CLAUSE_OPTSEQ omdé tov pillikdé TtOL LIOSEVIPOL, OTNV
nePITTOON OV dev LVINPYAV EPAcEL, N avalnon Oa cvveylldtav oto devTEPO
VddevVTpo ov apyilel Katw amd to compound statement. Avtd Oa giye amotéhecpo

mOav VPEST PPACC OO KATOL0L AAAN POAOGHEVT doun 1} 0o yia OpenMP.
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if (nested)

{
// get the direct parent of this construct
genomp *pgo = tr_get_parent_omp/();
// copy the parent omp node var_list
// copy assignment
*go->var_list = *pgo->var_list;
go->tr_omp_clear_transformed();

}

else

in_parallel_construct = 1;

Av 1n ooun mov eEetdlovpe elval QOAMOCHEVN pEco o GAAN (€xel emimedo
QPOMAGLOTOG LEYAADTEPO OO UNOEV), TOTE APYLKOTOLOVUE TO YOPTN UETARANTOV pE
Baon avtdv tov mTponyoduevoy emmédov. 'Etol pmopovpe gvkora va yvopilovpe av
VIAPYEL U OMOOEKTN OAAOYY OTNV OpoTOTNTA KATOlG UETOPANTAG mov &lxe pntd
OPIOUEV] TNV 0paTOTNTA TNG o€ mMponyovpevo emimedo. Ot petafAntéc mov elyav
EUUESH OPIGUEVT] TNV 0PATOTNTE TOVG TTPLY, GPRNVOVTAL OO TO YAPTN YTl UTopEl va
oplotel pnTd TOpa, pe TN xpnom g nebddov tr_omp_clear_transformed().

H apywomoinon tov yaptn petafintdv yivetar pe yprion avdbeong pe oviypaon
(copy assignment), ®oTte KAOE EMITESO VO EXEL TO OKO TOV OTOKAEICTIKO YAPTN.

Av 10 emimedo ™G OouUNG Hag elvar undév, tote OV VILAPYEL SO 1| 0dMYia TPV amd
v mapovoa kal opilovpe v kabolkn petaPAinty) in_parallel_construct ywo ypnon

0€ TUYOV POAMOGUEVEG dopEC/0dMYyieC.

if (*parallel_mode_mask & TR_PAR_IF)
{
optseg->get_if_cond(&if_cond);

if (nested) // transform if variables "local" and nested
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( (gennode *)if_cond)->tr_omp_transform _variables (NULL, go-
>var_list, nested);

}

Me ™ ogpd ocvykpivovpe ™ pdoka bit TOV OPYIKOTOMCOE HE TNV EKKIVION NG
ouvdptnong pe Tig mOavEG TIHEG TG OTN OOUN OVTH, XPNOLOTOLDVTOS AVTIGTOTYO0VS
aroplOuntéc. Tty mepintwon g epdong if, Kpoatdue 10 vIOSEVIPO NG CLVONKNG
oto dgiktn if_cond Y va ewcaybel otov mopayduevo kddwko apyotepa. Av TO
VddevTpo ov e€etdlovpe givar poAlacuévo, iomg gival avaykaio Kot 1 LETOVopacio

HETOPANTAOV 6T GLVONIKN.

if (*parallel_mode_mask & TR_PAR_PRIVATE)
{
optseg->search_and_act (PR_DATA_CLAUSE_PRIVATE,
IAN_OMP_PARALLEL_PRIVATE, 0, go->var_list, SEARCH_CURRENT_SCOPE) ;
}

Av vrdpyel n epdon private, tote Eekivavtag amd tov kouPo parallel clause optseq
Kévooupe po ovalntnon yu 60eg eopés avut| anavindei. e kdOe evpeon Bo kKAnOei N
néBodog yepiopov get_private_opts() (6nwg opiletar amd Tov amaplOunty eVEPYELNG
AN_OMP_PARALLEL_PRIVATE) ®ote vo ekeyybel av vmépyer emavadonimon
0paTOTNTOG KOl 0V Ol VO TPOGHEGEL TN LETAPANTY| GTO YAPTY LETAPANTOV.

Me avtiototyo tpémo yiveton €Aeyyog Yo OAeg TIg MBavES QPAcELS piag doung omp

parallel.

S —

S —
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/l get the containing function name
get_containing_function_name(&parallel_construct_prefix);
if(parallel_construct_prefix == NULL)

{

exit_errorline(this, "error: could not get the containing function name");

}

/] generate construct name

initstr(&parallel_construct_name);

generate_name(&tmpstr, parallel_construct_infix, parallel_construct_num);
genstr(&parallel_construct_name, parallel_construct_prefix, tmpstr);

termstr(&tmpstr);

/1 set the active parallel construct name, if on omp level 0
if('nested)

active_parallel_construct_name = parallel_construct_name;

[ m e e

/l add the generated forward function declaration to the
// beginning of the program

[ m e

/[ parser runs, t_start points to the top level object of the new subtree
parse_buffer(p_start, "void *", parallel_construct_name, "(void *);\n");
/l keep number of children in t_start tree to update program_put_element
ps = ((gennode *)t_start)->numparams;

/ insert the subtree in place program_put_element in p_start

((gennode *)p_start)->insert_tree(t_start, program_put_element);
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/l increase program_put_element by the number of items inserted
/ so the next addition will take place just below this
program_put_element += ps;

// deallocate t_start

delete t_start;

Av 10 vrddevipo mov eEetdlovpe dev gival polocuévo, TOTE yivovior KAmoleg
EVEPYELEG:
®  OVOKOADTTETOL TO GVOLA TNG CLVAPTNONG TOV EGMKAEIEL TN doun
e TWOPAYETOL O GULUPOAOGEPE  YOPOKTHPOV NG  HOPENG  <Ovoua
ovvéptnong>_parallel_<oapiOpudc> mov Oo oamoteAéoer 10  Ovopo NG
ouvéptnong vnuatov mov Ba mapoaydel
e mpootifetol n SNAWMON TS GLVAPTNONG GTNV AP TOV TPOYPAUUATOC. p_start
elvar o deiktng ot pila Tov apykoH cLVTOKTIKOD dEVTPOL Ko t_start eivoe M

pila Tov cLVTAKTIKOD SEVTPOL HETA OO KAOE EMAVEKTELEST] TOV AVAALTY.

// global_declarations: global program declarations
declarations_collection *global_declarations = ((genblock *)p_start)-

>p_declarations_collection;

/l same goes for typenames
typenames_collection *global_typenames = ((genblock *)p_start)-

>p_typenames_collection;

// keep the structured block in newfunc pointer for later use

newfunc = params|[element]->get_subtree (PR_COMPOUND_STATEMENT_FULL) ;
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Opilovpe dvo deikteg emmALov OV OElYVOLVV OTIC CLAAOYEC UETOPANTAOV KOl TOT®V
mov kpatder n pioa Tov Oévipov p_start. Apa eivar ot KOOOAIKES GLAAOYEC

HETAPANTAOV Kot TOTWV.

Emiong kpatdpe to dopunpévo tunua mov ecokieietor oto T wov eEetdlove o

GAAO OEiKT YlO0L LETEMELTO Y PN OT).

// update pointer to newfunc's block_item_list

gencomp = newfunc->get_subtree (PR_BLOCK_ITEM LIST);

// set active collections

set_collections (gencomp) ;

// categorize variables
if ((*parallel_mode_mask & TR_PAR_FIRSTPRIVATE) ||
(*rarallel_mode_mask & TR_PAR_REDUCTION) )

tr_omp_check_variables (gencomp, go->var_list);

// do the transformation
((genblock *)gencomp)->tr_omp_transform variables (gencomp,

go->var_list, nested);

// map 1s ready, let's have a look for nested pragmas a level
// deeper

((gennode *)newfunc)->get_nested_pragmas(nested + 1);

A@ov Bpovue tov moTpikd KOUPO TOV ONMADCEOV KOl EVIOA®V TOL TUNUOTOG TOL
npoypappatog mov eAéyyovpe (PR_BLOCK_ITEM_LIST), opilovpe ocav evepyég

OVAAOYEC LETARANTOV Ko TOTI®V OWTEG TOV Eivan amodnKevuEveg o€ avTo.
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Av  vmdpyoov  petafAntéc  firstprivate 1 reduction, pe 1 pébodo
tr_omp_check_variables() 1ig owaywpilovpe oe KaBoAkég kot un, aeov avtd o
naigel pOAO apydTEPA OTIG ONADGELS TOVG OTN VEX GLVAPTNOT).

H péBodog tr_omp_transform_variables() exteAel ) petovopocio HeTafAnTt®dV 0mov
YPEBLETOL, OTMOC TEPLYPAPTKE GE TPONYOVLEVT] EVOTNTOL.

AoV yivovv 6ha Ta Tapomdve, ektedeiton n uéBodog get_nested_pragmas(), n omoia
yayver yuo. dopég kot odnyieg OpenMP mov eivar poiacpéveg axpiPodg va enimedo

TOPOKATO oo VT TOL NN PPICKOLOCTE.

// substitute the #pragma omp parallel (parallel_directive) and the
// accompanying structured_block

// with a compound statement which creates and destroys the team of
// threads

/) e

// delete #pragma omp

// and deallocate the associated tree
delete gn->params|[0];

// delete the corresponding params element

gn—->delete_param(0) ;

// remove the remaining tree element from params from the current
// node

delete_param(element) ;

Aopaipovpe amd 10 vdOEVTPO oL £MeEEPYAlOUACTE TO VTOOEVTIPO OV TEPLEYEL TNV
odnyia #pragma omp parallel, apod mpdTo amodespevcovpe Tig dopég tov. Eyovpe
NoN mapel Oheg TIC PPACELG TOV Kot TAEOV pag elvar aypnoto. Eniong agoaipovpe to
delktn amd Tov vector Toddv Tov ToTEPA KOUPOV.

YpMvovpe amd tov vector madi®v Tov KOUPov amd 6mov kKANOnke n pébBodog v
KaToympnon yio To modi mov emeEepyalopacte. Topa 0 KOG Tov Ppiokdtay exel

VILAPYEL LOVO oTOV deiTn newfunc.
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// generate function stub to replace the #pragma omp
char *prestr = NULL,

*poststr = NULL;

initstr (&prestr);
initstr (&poststr);

initstr (&outstr);

generate_parallel_function_stub(&prestr, &poststr,
parallel_construct_name, *parallel_mode_mask, if_cond,

num_threads, element, go->var_list, nested);

Metd and Ayn mpoepyacia, kaleiton 1 uéBodog generate_parallel_function_stub, n
omoio ONUovVPYEL TO T KOOTKA TOL Bol avTIKOTAGTHOEL TO #pragma omp parallel
ot10 onueio mov Pplokotav. Meta&d GAA®V ekel mePEYOVTOL KOl EVTOAEG Yo TN
ONUovpYio Kot KOTOGTPOPN VIUAT®V, TNV 0p)LIKOToincn LETAPANT®V, 1] GUVONKN TOV

if, av vdpyet, Kot AL

if (nested)
{

char *tmpstr

NULL;

ostringstream os;

initstr (&tmpstr);

// old code source

newfunc->source (&os) ;

// merge strings

genstr (&outstr, prestr, os.str().c_str(), poststr);

else

genstr (&outstr, prestr, poststr);
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tr_omp_generate_function (newfunc, parallel_construct_name,
*parallel_mode_mask, go->var_list, nested);
tr_omp_generate_struct_declaration(parallel_ construct_name,

go->var_list);

Av 1 doun mov e€etdlovpe elval QOAOGUEVT, TOTE OTAG TOIPVOVLLE TOV TAALO KOOLKOL
KoL ToV €l6dyovpe oty oAl 06on pali pe véeg MMADOELS Kot EVTOAES.

Av oy, mapdyovpe T véa cuvapTnon, Kabmg kot T ONAwon g kKaboAkng doung
oL Bo TEPLEYEL TOVG (TVYOV) JEIKTEC V1oL TIG U1 TOTIKES KOl U1 KOUOOAIKEG HETAPANTES

TOV KMOKA.

// parse above generated strings

// setup the collections for the new parser

set_collections(this);

// parser runs, t_start points to the top level object of the new
// subtree
parse_buffer (this, OMPI_START_BUFFER, outstr, OMPI_END_BUFFER) ;

termstr (&outstr) ;

// path to the t_start block_item_list
gencomp = ((gennode *)t_start)->get_subtree (PR_BLOCK_ITEM LIST);

// insert the new subtree in params[element]
insert_tree(gencomp, element);
// deallocate t_start

delete t_start;

termstr (&prestr) ;
termstr (&poststr) ;

termstr (&outstr) ;

// deallocate old function tree

delete newfunc;
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Telkd, mepvape amd ToV GUVTAKTIKO avOAVT TN GUUPBOAOGEPE TOL dNUOVPYNCAULE
oT0 TPONYOVUEVE PLOATO, OTOUOVAOVOLLE TOV KMOKO TOV LG EVOLOPEPEL KOl TOV

glodyovpe otn B€om g TOAAg SOUNG.

termstr (&parallel_construct_name) ;

free (num_threads) ;

if (!nested)
{
// increase construct number

parallel_construct_num++;

in_parallel_construct = 0;

Aol omodecpedcovpe LviuUn omd OOWUEG MOV TOLG eKYwpNOnke, oav&dvovue Tov
aploud TV TopPIAANA®Y dopdV Katd Eva kot undeviCovpe v kabolkn petafinti

in_parallel_construct.

5.8.2. omp for
H Loy tov petaoynpotiopod avtod eivarl mapdpoto pe ovty tov omp parallel. Oa
TEPLYPOPOVV  TO. TUAUATO OTOV TOPOVCIALETAL OPKET SPOpPl GE OYEOM UE

TOPATOV.

if (*for_mode_mask & TR_FOR_SCHEDULE)
{
gennode *gn = (gennode *)optseg->
get_subtree (PR_UNIQUE_FOR_CLAUSE_SCHEDULE) ;
if(gn == NULL) // PR_UNIQUE_FOR_CLAUSE_SCHEDULE_CHUNKSIZE
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gn = (gennode *)optseqg->
get_subtree (PR_UNIQUE_FOR_CLAUSE_SCHEDULE_CHUNKSIZE) ;
if (gn == NULL)
{
exit_errorline(this, "schedule: error getting schedule
parameters") ;

}

// gn should be OK now

//

// structure: OMP_SCHEDULE ( OMP_<SCHEDULE_TYPE> [, chunk_size])
//

genterm *schedule_kind = (genterm *)gn->params([2];

// number of parameters if no chunk size is specified

int no_chunk_params = 4;

if(!strcasecmp (schedule_kind->value, "static"))
{
sched = strdup("static");
}
else
if (!strcasecmp (schedule_kind->value, "dynamic"))
{
sched = strdup ("dynamic");
}
else
if(!strcasecmp (schedule_kind->value, "guided"))
{
sched = strdup ("guided");
}
else
if (!strcasecmp (schedule_kind->value, "runtime"))
{
if (gn—->numparams > no_chunk_params) // a chunk size 1is

specified

exit_errorline(this, "error: no chunk size can be
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specified for runtime scheduling");

sched = strdup ("runtime");

// get the chunk size, if it exists
if (gn—->numparams > no_chunk_params) // a chunk size is specified
{

ostringstream os;

gn—->params [4] ->source (&os) ;

chunksize = strdup(os.str().c_str());
}
else

chunksize = strdup("#");

}
else // no schedule clause
{
// default scheduling
sched = strdup("static");

chunksize = strdup("#");

Av ot mopapétpovg tov omp for mepiEyetar pa epdon schedule, o mapoamdveo
KOOGS avorapPaver vo e&dyel Tig TIUEG TOV TOPEYOVTOL, OAADG opilel KAmoleg
EPNUNV TWES, O™ Exovv avtioTouylotel otn PipAodnkn ektédeong (runtime library)
tov OMPi.

[To ocvykekpipéva, av 0ev eu@avictel TPOPANUA GTNV OVAKTINGT TNG TOUPOUETPOV
schedule, opilel 610 dpoporoyntn pia amd Tig TES static, dynamic, guided 1) runtime.
Kotém, av vrapyer ko péyebog tunpotog enelepyacioc (chunk size), amobnkedet

ot cvpuporocelpd chunksize v .

// get the iterator and iteration values

iter_stmt = (gennode *)params[element]->
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get_subtree (PR_ITERATION_STATEMENT_OMP_FOR) ;
if (iter_stmt == NULL)
{

exit_errorline(this, "error: the iteration statement used is not

suitable for openmp");

if (iter_stmt->params[2]->check_rule (PR_ASSIGNMENT_EXPRESSION) )
{

iterator = (genident *)iter_stmt->params([2]->find_first_ident();

// iterator is PRIVATE or LASTPRIVATE

if (go->var_list->find(iterator->value) == go->var_list->end())

// not assigned by any clause

{
(*go—>var_list) [strdup(iterator->value)].freq = VAR_PRIVATE;
varnames_add_gendecl (iterator, go->var_list);

}

else // already assigned by this or containing construct,

// possible values <= VAR_PRIVATE

if((*go->var_list) [iterator->value].freq == VAR _PRIVATE)
{ // private, that's what the iterator should be
// ensure the right declaration node is set
varnames_add_gendecl (iterator, go->var_list);
}
else
if((*go->var_1list) [iterator->value].freq > VAR _NOCHANGE)
{
// set in this construct, ensure it is a lastprivate variable.
// declaration node should be ok
if(((*go->var_1list) [iterator->value].freq
VAR_LPRIV_GLOBAL) && ((*go—>var_list) [iterator->value] .freq
VAR_LPRIV_LOCAL))
{ // an error
exit_errorline(go, "error: omp for clause for iterator

can be private or lastprivate only");
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}

else
{ // set in an enclosing construct, replace map values
(*go->var_1list) [iterator->value].freq = VAR_PRIVATE;

varnames_add_gendecl (iterator, go->var_list);

Ivetan éleyyog yuo ™) popoen tov for, ®ote va dwmotwbel av givor cOPEOVN pe TO
npdétumo OpenMP. EEdyetan o petpntig emavainyng omd tn cvuvOnkn pe 1 puébodo

find_first_ident() n omoia Ppickel Tov TpdTO 0varyveploty HEGO G EVOL VTTOOEVTPO.

[Tpéner emiong vo amokAEIOTEL 1| TEPIMTOOT O HETPNTNG EMAVAANYNG VO EXEL OPIOGUEVT
pNTa TV 0paTdHTNTA TOL GE KATL GAAO ektdg omd private 1 lastprivate. 'Etotl yivetan
avalftnon oto xbptn petofAnTdv g doung omp for. Av dev vdpyel N peTafinty
ekel, mpootiBeton pe pnTn opatdTNTA private. Av VIAPYEL, EAEYXOVLE OV 1) OPATOTNTO
opiotnke oe @paon g mapovoag doung for. Av opiotnke oe avt) ™ Soun TOL
eEetalovpe, TPEMEL VA SLOMIGTAOGOLVUE AV £XEL OPIOTEL 0€ KATL AALO EKTOG Ao private

N lastprivate, aAM®OG avtikafioToOe TNV 0paTOTNTA LIE private.

gennode *gb = (gennode *) ((gennode *)gencomp)-—>

get_subtree (PR_BLOCK_ITEM_LIST);

// do the transformation
if (gb != NULL)
{

set_collections (gb);

gb->tr_omp_transform_variables(gb, go->var_list, nested);

else

gb = (gennode *)gencomp;

gb—->tr_omp_transform_variables (NULL, go->var_list, nested);
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// map 1is ready, let's have a look for nested pragmas a level
deeper

((gennode *)params|[element])->get_nested_pragmas (nested + 1);

Kévovpe avalnmmon péca oto vmodevipo tov omp for 7y vo Bpodue €vav un
tepuatikd kOpPo block item list. Av vrapyet, onuaivel mtog 1 for mepucheier €va
OVUVOAO KOOWKO. AV OxL, TEPEXEL LOVO i EVTOAN (Yio TapAdetypa pio. ovadeon), Kot
avéroyo koiovpe T uéBodo tr_omp_transform_variables() yio vo pETOVOUAGTOVV

omoteg petaPAntég yperdlovral.

Telkd, kdvovpe oavalnmmon yuw eoAlacuéveg dopég kar odnyieg OpenMP ce éva

enmimedo Pabitepa omd ovTO TOL ElHOOTE.

{ // iterator stepping
char *incr = NULL;
ostringstream os;

gennode *is = (gennode *)iter_stmt->params[6];

switch(is—>rulename)

{
case PR_UNARY_EXPRESSION_INC_OP: // e.g. ++i

incr = strdup("1");
break;
case PR_UNARY_EXPRESSION_DEC_OP: // e.g. —-1i
incr = strdup("(-1)");
break;

case PR_POSTFIX_EXPRESSION_INC_OP: // e.g. i++
incr = strdup("1");

break;

case PR_POSTFIX_EXPRESSION_DEC_OP: // e.g. i--

incr = strdup("(-1)");
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break;

case PR_ASSIGNMENT_EXPRESSION:
if (!strcmp(is->params([1]->value, "+=")) // i += 1
{

is—->params[2]->source (&o0s) ;

incr = strdup(os.str().c_str());
}
else
if (!strcmp(is—->params[1l]->value, "-=")) // i —-=1

{

is->params[2]->source (&o0s) ;

initstr(&incr) ;
genstr (&incr, "-(", os.str().c_str(), ")");
}

break;

default:
exit_errorline(this, "error, not implemented yet");

break;

genstr (&tmpstr, " _omp_incr = (", incr, ");\n");

free(incr);

// keep stepping expression for later use
is->source(&os) ;

step_expr = strdup(os.str().c_str());

ELéyyoope v ékppaon pe v omoia PLETOPAAAETOL O HETPNTNG ETAVAANYNG, YiOTi

TPEMEL VO, TOPAYOVE KOJIKO TToV B SOLAEVEL avadoya.
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// get initial lower bound
{
ostringstream os;

gennode *lb_expr = (gennode *)iter_stmt->params[2];

// for(i = blah; ...)

1b_expr->params[2]->source (&0s) ;

initial_lower_bound = strdup(os.str().c_str());

Kpatape v apytkn T Tov Hetpnti Emovarnyng.

// get bound and logical operator
{
ostringstream os;

gennode *log_expr = (gennode *)iter_stmt->params[4];

// bound
log_expr—->params[2] —->source (&0s) ;

bound = strdup(os.str().c_str());

// logical_expression
switch(log_expr—->rulename)
{
case PR_RELATIONAL_EXPRESSION_LT:
case PR_RELATIONAL_EXPRESSION_LE:
logical_op = strdup("<");

break;

case PR_RELATIONAL_EXPRESSION_GT:
case PR_RELATIONAL_EXPRESSION_GE:
logical_op = strdup(">");

break;
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default:
exit_errorline(log_expr, "error: no suitable relational
operator found");

break;

Bpiockovpe 10 0p10 TV ETOVOANYE®DV Kol TOV AOYIKO TEAEGTN GVYKPLONG,.

char ts[200];

sprintf(ts, " _omp_init_directive(_OMP_FOR, _omp_for_id, %s,
_omp_incr, %d, %d);\n", initial_lower_bound,
(*for_mode_mask & TR_FOR_ORDERED)?1:0, sched[0]);

genstr (&tmpstr, ts);

if (sched[0] != 'r'")
{

genstr (&tmpstr, "_omp_sched_bounds_func = _omp_", sched,
" _bounds;\n");
if ((sched[0] == 's') && chunksize[0] != '#') // static chunk
{
genstr (&tmpstr, " _omp_chunksize = (", chunksize, ");\n");
genstr (&tmpstr, " _omp_static_bounds_chunk (", bound, ", ",

initial_lower_bound, ", _omp_incr, _omp_chunksize,"
" &_omp_nchunks, & omp_init_start);\n");

genstr (&tmpstr, while ( (*_omp_sched_bounds_func) (", bound,

", ", initial_lower_bound, ", _omp_for_id, _omp_incr,"
" _omp_chunksize, &_omp_start, &_omp_end,
_omp_nchunks, _omp_init_start, & omp_c))\n"

" {\n");

else
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if (sched[0] == 's"'")
{

genstr (&tmpstr, " _omp_static_bounds_default(", bound, , ,

initial_lower_bound, ", _omp_incr, &_omp_start,

&_omp_end) ;\n") ;

genstr (&tmpstr, while ((*_omp_sched_bounds_func) (", bound,
", ", initial_lower_bound, ", _omp_for_id, _omp_incr, -1,"

" & _omp_start, & omp_end, 1, 0, & omp_c))\n"

" {\n");
}
else
{
genstr (&tmpstr, " while ((*_omp_sched_bounds_func) (", bound,
", ", initial_lower_bound, ", _omp_for_id, _omp_incr, (",
(chunksize[0] == '"#')?"1":chunksize, "),
&_omp_start, & omp_end, 1, 0, & _omp_c))\n"
" {\n");
}
}
}
else
{
genstr (&tmpstr, " {\n"
" _omp_sched_info_t _omp_sched_info = _OMP_THREAD->parent

—>con_run[_OMP_FOR] [_omp_for_id]->sched_info;\n"

" switch (_omp_sched_info.sched)\n"

" {\n"

" case _OMP_STATIC:\n"

" _omp_sched_bounds_func = _omp_static_bounds;\n"
" if (_omp_sched_info.chunksize == -1)\n"

" {\n"

" _omp_static_bounds_default (", bound, ", ,
initial_lower_bound, ", _omp_incr, &_omp_start,
&_omp_end) ; \n"

" _omp_chunksize = -1;\n"

" }\n");

genstr (&tmpstr, " else\n"
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" {\n"

initial_lower_bound, ", _omp_incr, _omp_chunksize,

&_omp_nchunks, & omp_init_start);\n"

" }\n"

" break;\n") ;

genstr (&tmpstr,

" _omp_sched_bounds_func = _omp_dynamic_bounds; \n"
" _omp_chunksize = _omp_sched_info.chunksize;\n"

" if (_omp_chunksize == -1) _omp_chunksize = 1;\n"
" break;\n"

" case _OMP_GUIDED:\n"

" _omp_sched_bounds_func = _omp_guided_bounds; \n"
" _omp_chunksize = _omp_sched_info.chunksize;\n"

" if (_omp_chunksize == -1) _omp_chunksize = 1;\n"
" break;\n"

" J\n"

" \n");

genstr (&tmpstr,

n n
14

" _omp_chunksize, &_omp_start, &_omp_end, _omp_nchunks,

_omp_init_start, & omp_c))\n"

" (\n");

if (*for_mode_mask
{
genstr (&tmpstr,

_omp_start);\n");

genstr (&tmpstr, " if (_omp_start ", logical_op, " (", bound, ")
&& _omp_end == (", bound, "))\n"" _omp_last_iter = 1;\n");
genstr (&tmpstr, " for (", iterator->value, " = _omp_start; ",

iterator->value,

_omp_chunksize = _omp_sched_info.chunksize;\n"

_omp_static_bounds_chunk (", bound, ", ",

, initial_ lower_bound, ", _omp_for_id, _omp_incr,"

" case _OMP_DYNAMIC:\n"

" while ((*_omp_sched_bounds_func) (", bound,

& TR_FOR_ORDERED)

" _omp_push_for_data(_omp_for_id,

, logical_op, " _omp_end; ", step_expr, ")\n"
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" {\n");

// append transformed code

{

ostringstream os;

// get block source

gb->source (&os) ;

genstr (&tmpstr, os.str().c_str());

genstr (&tmpstr, " \n");

if (*for_mode_mask & TR_FOR_ORDERED)

{

genstr (&tmpstr, _omp_pop_Ffor_data();\n");

genstr (&tmpstr, " \n");

// append lastprivate variable updates
if (*for_mode_mask & TR_PAR_LASTPRIVATE)
tr_omp_lastprivate_end (&tmpstr, active_parallel_construct_name,

go->var_list);

// append reduction variable updates
if ((*for_mode_mask & TR_PAR _REDUCTION) && in_parallel_construct)
tr_omp_reduction_end (&tmpstr, active_parallel_construct_name,

go->var_list);

// insert barrier if applicable

if (! (*for_mode_mask & TR_OMP_NOWAIT))
genstr (&tmpstr, "#pragma omp barrier\n");

genstr (&tmpstr, "}\n");

// generate variables initializations and put above code inside the
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compound statement
if (go—>var_list->size())
{

char *varstr = NULL,

*memcpystr = NULL;

initstr (&varstr);

initstr (&memcpystr) ;

tr_omp_generate_variables_initialization(go->var_list, &varstr,

&memcpystr, nested);

genstr (&outstr, "{\n", varstr, memcpystr, tmpstr, "}\n");

termstr (&varstr) ;

termstr (&memcpystr) ;

else

genstr (&outstr, tmpstr);

// parse the buffer using the local collections

parse_buffer (this, OMPI_START_BUFFER, outstr, OMPI_END_BUFFER);
// get the block_item list in t_start

gencomp = ((gennode *)t_start)->get_subtree (PR_BLOCK_ITEM_LIST);

// remove old code
delete params|[element];
delete_param(element) ;
// insert new code

insert_tree(gencomp, element);

((genblock *)params[element])->transformed = 1;

delete t_start;
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termstr (&tmpstr) ;

termstr (&outstr) ;

free(sched);
free (chunksize);
free(step_expr);
free(logical_op);
free (bound);

free(initial_lower_bound) ;

for_construct_num++;

To televtaio TUNHO KOOIKO TPOETOUALEL TO LETACYNUATIGUEVO TPOYPOLLLLLD, KOAETL

TOV GLVTOKTIKO OovOADT] Kol €100YEL TO TOPAYOUEVO VTOOEVIPO O©TO OnNuUEio

TPOcHNKNC.

5.8.3. omp sections

O petaoymuatiopnog yo T doun sections £xetl o €ENG GNUOVTIKA onueioL:

Agdopévov 0Tt pua dopn sections TEPLEXEL POALACUEVEG OOUES section 1 Eval SoUnUEVO

Tupo kddwa (structured block) kot petd dopég section, S1ATPEYOVE TOV Tivaka

o1V T0L KOUPoV-TaTEPQL.

// sec_seq should contain a sequence of:

// structured_block [section_directive structured_block]*
// or

// [section_directive structured_block]+

int 1 = 0;

int count = 0;

// 1f the first parameter is a directive, start from params[1]
if (sec_seqg->params[0] ->check_rule (PR_SECTION_DIRECTIVE))

i++;
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for(;i < sec_seg->numparams; 1 += 2, count++)
// skip over directive declarations

{

ostringstream section_code;

// update pointer to param's block_item_list

gencomp = sec_seg->params|[i]->get_subtree (PR_BLOCK_ITEM_LIST);

// set active collections

set_collections (gencomp) ;

// categorize variables
if ((*sections_mode_mask & TR_PAR_FIRSTPRIVATE)
(*sections_mode_mask & TR_PAR_REDUCTION) )

tr_omp_check_variables (gencomp, go->var_list);

// do the transformation
((genblock *)gencomp)->tr_omp_transform variables (gencomp,

go->var_list, nested);

// map is ready, let's have a look for nested pragmas a level
// deeper on this code segment
// NB two levels deeper is required for sections construct,
// because the section_scope directives count as a level
((gennode *)gencomp)->get_nested_pragmas (nested + 2);
generate_name (&namestr, "case ", count, ":\n");
sec_seg->params[i]->source (&section_code);
genstr (&tmpstr, namestr,

section_code.str () .c_str (),

"break; \n\n") ;

free (namestr) ;

// add number of cases to sections vector for static int

sections_construct_vec.push_back (count) ;

// end statements

genstr (&tmpstr, "I\n");
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if (! (*sections_mode_mask & TR_OMP_NOWAIT))

genstr (&tmpstr, "#pragma omp barrier\n");

genstr (&tmpstr, "}I\n"
"JA\n") ;

// generate variables initializations and put above code inside the
// compound statement
if (go->var_list->size())
{
char *varstr = NULL,

*memcpystr = NULL;

initstr (&varstr);

initstr (&memcpystr) ;

tr_omp_generate_variables_initialization(go->var_list, &varstr,

&memcpystr, nested);

genstr (&outstr, "{\n", varstr, memcpystr, tmpstr, "}\n");

termstr (&varstr) ;

termstr (&memcpystr) ;

else

genstr (&outstr, tmpstr);

}

termstr (&tmpstr) ;

// parse the buffer using the local collections

parse_buffer (this, OMPI_START_BUFFER, outstr, OMPI_END_BUFFER);
// get the block_item_list in t_start

gencomp = ((gennode *)t_start)->get_subtree (PR_BLOCK_ITEM_LIST);
// remove old code

delete params|[element];

delete_param(element) ;

// insert new code
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insert_tree(gencomp, element);

termstr (&outstr) ;

sections_construct_num++;

IMa kaBéva amd ta modid extodg TV vV Tov 0dnyiwy OpenMP petovoudlovpe Tig
petafintég mov yperalovral, avaintovpe poiacuéveg dopés OpenMP oto endpevo
eminedo kot Enerta £QYOVUE TOV KAOJIKA LE TN YpNoN stringstreams. 10 TEAOG TOV
LETAGYNUOTIGHLOD OAOG O KMOIKOS OVOAVETAL OO TO GULVIOKTIKO OVOALTH KOl TO

VROOEVTPO TTOL TAPAYETOL EIGAYETOL OTN BECT NG OPYIKNG SOUNC.

5.8.4. omp parallel for/sections
H Loyum mov akoAovBeitor 6tav cuvavinOei pia Sopun Tov TOmOoL:
e #pragma omp parallel for [clauses ...]

e #pragma omp parallel sections [clauses ...]

etvar va dwopebel o kddwog oe o doun #pragma omp parallel ko o Gpeca
QOMOCUEVN #pragma omp for | sections, OVOAOYOL LE TNV TTEPITTMOOT. APECOG LETA,
KaAglTol 0 peTOoYNUOTIONOG Tov #pragma omp parallel, o omoiog Ba Ppetr kot
QoAacuévn doun.

[Mpoypappatiotikd avtd  Olevkohdvel 7moOAD v eméuPacn o€ KOO
LETOCYNUOTICUADV, 0PoD OeV LIAPYEL EEY®PIOTOC KAOOIKOG Y10 TS GLUVOLOGUEVES

douég parallel for kou parallel sections.

// take a combined parallel construct and break it down to a parallel

// and a for/sections construct

void gennode::tr_omp_break_combined_parallel (int element)

{

gennode *gn,
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*gnp;

generic_component *gencomp;

char *outstr,

*par_opts = NULL,

*for_opts NULL;

// quick way to address the omp node
genomp *go = (genomp *)params|[element];

int nested = go->parallel_level;

// flag for for/sections construct
int parallel_ for = params[element]->

check_rule (PR_PARALLEL_FOR_CONSTRUCT) ;

int parallel_mode_mask = 0;

ostringstream oldcode;

initstr (&par_opts);

initstr (&for_opts);

parallel_mode_mask = tr_get_construct_options(element);

if (parallel_mode_mask != TR_PAR_DEFAULTSHARED) // no params
{

gnp = (gennode *) ((gennode *)params|[element])->

get_subtree (PR_PARALLEL_SECTIONS_CLAUSE_OPTSEQ) ;

for(int 1 = 0; 1 < gnp->numparams; i++)
{

ostringstream os;

// ordered

if (gnp—>params[i]->classname == CN_TERM)
{
// this can only be an "ordered" clause

if (!strcasecmp (gnp->value, "ordered"))
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genstr (&for_opts, "ordered ");
else
{
fprintf (stderr, "error: %s is not a valid omp parallel for
clause\n", gnp->params[i]->value);
exit (1) ;
}
}
else

// a gennode

gn = (gennode *)gnp->params[i];

switch(gn->rulename)
{
// omp parallel options
case PR_UNIQUE_PARALLEL_CLAUSE_TIF:
case PR_DATA_ CLAUSE_DEFAULTSHARED:
case PR_DATA_ CLAUSE_DEFAULTNONE :
case PR_DATA_CLAUSE_SHARED:
case PR_UNIQUE_PARALLEL_CLAUSE_NUMTHREADS:
gn—->source (&0s) ;
genstr (&par_opts, os.str().c_str(), " ");

break;

// omp for options

case PR_DATA_CLAUSE_PRIVATE:

case PR_DATA_ CLAUSE_FIRSTPRIVATE:

case PR_DATA_CLAUSE_LASTPRIVATE:

case PR_DATA_CLAUSE_REDUCTION:

case PR_UNIQUE_FOR_CLAUSE_SCHEDULE:

case PR_UNIQUE_FOR_CLAUSE_SCHEDULE_CHUNKSIZE:
gn->source (&0s) ;
genstr (&for_opts, os.str().c_str(), " ");

break;

default:

fprintf (stderr, "error: %s: unexpected omp parallel for
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clause\n", gn->value);
exit (1) ;

break;

if (parallel_for)
params [element] ->get_subtree (PR_ITERATION_STATEMENT_OMP_FOR) —>
source (&oldcode) ;
else

params [element]->get_subtree (PR_SECTION_SCOPE)->source (&oldcode) ;

reparsing_parallel_level = nested;

char *allstr = NULL;

initstr (&allstr);

genstr (&allstr, "#pragma omp parallel ", par_opts, "\n"
"{\n{\n");

if (parallel_ for)
genstr (&allstr, "#pragma omp for ", for_opts, "\n");
else

genstr (&allstr, "#pragma omp sections ", for_opts, "\n");

genstr (&allstr, oldcode.str().c_str(),
"}\n}\n");

termstr (&for_opts);

termstr (&par_opts) ;

parse_buffer (this, OMPI_START_BUFFER, allstr, OMPI_END_BUFFER) ;

termstr (&allstr);

delete params|[element];

delete_param(element) ;
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gencomp = t_start->get_subtree (PR_BLOCK_ITEM_LIST);

insert_tree(gencomp, element);

delete t_start;

Oleg o1 mapaueTpol g cvvovacpévNng ooung #pragma omp parallel for/sections
e€etalovtal MOTE Vo LOPOCTOVV OTIG 000 VEEG OOUES. TtV poAlacuévn doun for 1)
sections ovatiBevtat ot €ENg TAPAUETPOL, AV GVVAVTNOOLV:

e private (list)

e firstprivate (list)

e lastprivate (list)

e reduction (operator: list)

e ordered

e schedule (kind [, chunk_size])

Ao ¢ mapapéTpovs, ot ordered kou schedule cuvavtdvtolr pévo ot doun #pragma
omp parallel for.

H moapdpetpog nowait dev eivar amodektn oTIc SOUEG AVTES.

5.8.5. Hopdoeryua petocynuationod
Ag dobue TG yivetar 0 HETOOYNUATIOHOG o€ Mo doun #pragma omp parallel pe

ELQOAOGEV oL 00MYia #pragma omp critical:

#include <stdio.h>

#include <omp.h>

int global_a;

void myfunc(void)
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int local_a;

#pragma omp parallel
{
#pragma omp critical
{
global_a++;

local_a++;

int main(int argc, char *argvl[])
{

myfunc () ;

[Tivaxog 5.15 Tapdoetypa xpriong e doung #pragma omp parallel

Adyo g Vmapéng wog odoung parallel oto mpoOypaupa, eivar oavaykoio vo
onpovpynbet o emmAéov cuvvaptnon, 1 omoia B mEPLEYEL TOV KMOIKO TTOL O
ektedécovv ta vijpota. To onueio dmov Ppioketon tdpa 1 doun Ba avtikatactadel pe
L0 GEPA EVIOADV TOL:

®  OPYLKOTOLOVV TIC LETAPANTES

e OMuovpyovV TNV OHAdH VILAT®V LE TN VEQ GLVAPTNON

®  KOTAGTPEPOLV TNV OUAOO VINLAT®V OTAV TEAEUDOEL 1 EPYOCIO

AxolovBoldue to €€Mg Pruata yioo TV ovdAvon Kol TO HETOCYNUOTICUO TOL
TPOYPAUUOTOC:
e X1 ovvaptnon myfunc, péoca 6To TPOTO €MimEdO TOL TUNHATOG parallel oe
YPNOUOTOL0VVTOL LETOPANTES.
o WYayvovtag oto XA v gppmAievpéves dopéc/oonyieg Ppiokovue péoa oto

TPAOTO eMimedo T doun #pragma omp critical.



115

o Eléyyovpe 10 véo mpdrto emimedo tng doung critical yio petafintég ko
Bpiokovpe mwg ypnoyomoovvror dvo petaPintés. H pia (global_a) eivan
opwopévn oe kabolkn opoatdtnta, eved M GAAn (local_a) otnv tomikn
opaToOTNTO TNG cLVApTNoNG myfunc. Enedn n petapopd Tov Kddka amd pHéca
ot doun parallel mpog ™ véa cuvdptnon Bo petagépel Ko T HETOPANTA
local_a mov dev eivan opiopévn oe kaBolikn opatdtnTo, £lvol amapaitnTo vo
INrwbel oAMdg. Av vmoBécovpe Twg To Gvopa TG CLVAPTNONG VIIUATOV glval
myfunc_parallel_0, 6a dnuovpyncovpe pio dopn kaBoAkng opatdtntog He
6vopo myfunc_parallel_0_vars n omoila Qo mepiéyel évo péhog: deiktn oe

petafAnty tomov id1ov pe ¢ local_a, pe dvoua local_a.

typedef struct
{

int (*local_a);
}

myfunc_parallel_ 0_vars;

Yayvovtog péco oto emimedo g doung critical dev Ppiokovpe Kamowo GAAN
enemAgvpévn doun/oonyia. ‘Etot mptv emotpéyouvpe Tov EAEYY0 GTO UETOCYNUATIOUO

Tov parallel, kGvovpe Tic amapaitnTes aAlayEC oTo TUNMO critical

othread_set_lock (& _omp_critical_ lock);
{

global_a++;

(*(local_a))++;
}

othread_unset_lock (& _omp_critical_lock);

To Tpuqpa KOdKa avTikadiotd OAn T doun critical 6To apyiKod TPOHYPOLLLLOL.

Emotpépovpe oto petacynuaticpd tov parallel. Apod dev vdpyet GAAN odnyia péca

omv parallel, omokdémTOLHE TO TUNUO KOOKO ONUIOVPYOVIOS TN GLVAPTNOM
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myfunc_parallel_0 kot tpocsBétovpe otn B€om tov TIC NADOSEL PETAPANTOV amd T

véa kaBoAkn doun Kot TV Evapén Kot TEPLATICUO TOV VIUAT®V.

¥t véa ocvvaptnon yiveror n apywonoinon 6cwv petafAntov ypeidlovior kot o

KOOKOG YiveTol OTmg TopaKaTm:

#include <stdio.h>

#include <omp.h>

void *myfunc_parallel_ 0 (void *_omp_thread_data);

typedef struct
{

int (*local_a);
}

myfunc_parallel_ 0_vars;

int global_a;

void myfunc(void)
{

int local_a;

_OMP_PARALLEL_DECL_VARSTRUCT (myfunc_parallel_0);

_OMP_PARALLEL_INIT_VAR(myfunc_parallel_ 0, local_a);

_omp_create_team((-1), _OMP_THREAD, myfunc_parallel O,
(void *)&myfunc_parallel_0_var);

_omp_destroy_team(_OMP_THREAD->parent) ;

int main(int argc, char *argvl[])
{

myfunc () ;




117

void *myfunc_parallel_0(void *_omp_thread_data)
{
int *_omp_dummy = _omp_assign_key (_omp_thread_data);
int (*local_a) = &_OMP_VARREF (myfunc_parallel_ 0, local_a);
{
othread_set_lock (& _omp_critical_lock);
{
global_a++;
(*(local_a))++;

}

othread_unset_lock (&_omp_critical_lock);
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KEDAANAIO 6. ATIOTEAEZMATA

6.1. Ewcayoyn
6.2. YroAoylopog

6.1. Ewsayoy
O véog petappactic vroPAndnke ce dokun yo vo empPefoiwbei n opdn Aettovpyia
TOV OAAG KO 1 TOWOTNTA KOt Ol EMOOGES TOL TOPAYOUEVOD KAOJIKO. XTO KEPAAOLO

avTO divovpe €va Oelyra EKTEAEONG LETOGYNLOTIOUEVOL TPOYPELLUATOC.

6.2. Yroloyiopnog o

Mo ) S0k TOV PETAPPOCTH KOL T XPOVOUETPNOT EKTEAECNG YPNOYLOTOWONKE O
KOdwag mov delyver o Ilivakag 6.1. H ypovouétpnon £€ywve vy 100000000
EMAVOANYELS TOV BpOyov, Kot Yo aptfpodg vnpdtov 1, 2 kot 4.

H petdopaon tov k®otka kot 1 eKTELECT TOVL €ylve GTOV LIOAOYIOTY| atlantis tov
Tuquatog IMinpopopikng tov IMovemomuiov loavvivov. Tlpoxeitoar yoo évav
vroAoylotn pe téooepis enelepyaotég Intel Xeon tayvntag 700MHz pe 2MB level 2

cache kot 1.5GB cvvolin pviun cvotiuotog. H apylktektovikn Tov GuGTHHOTOG

elvat Kowng pviung.

[Tivaxog 6.1 Kddwkog vroroyiopov tov

int main ()

int 1i;
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double x,

step = 1.0/ (double) num_steps;

#pragma omp parallel for reduction (+:sum)
for(I = 1; I <= num_steps; 1++)
{
x = (1-0.5) *step;

sum = sum + 4.0/ (1.0+x*x);

pi = step * sum;

private (x)

Ta amoteAéopata eaivovtar oto Zynpa 6.1. Onwg etvar eovepd, to mpdypoppa etvor

TAMNPOS TOPUAANAOTOMGILO KOl 1] EXTAYLVON vl YPOUUIKY Kot ion pe tov aptBpd

TOV VILATOV.

Y1roAoyiouog

6,0

5,0
4,0
Xpoévog (sec) 3,0
2,0
1,0

0,0

1 2
Ap1O0u6G VvnudTwyY
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Zyua 6.1 Tpdenua ypovopétpnong yio Tov VTOAOYIGUO TOV T
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KEDAAAIO 7. ZYMMNEPAZMATA KAl MEAAONTIKH EPTAZIA

7.1. Zoumepacpoto

7.2 MERROVTIKT €PYAGLO

7.1. Zopmepaocpata,
> epyacio VT aoYOANONKAUE e TNV LAOTOINGCT VOGS GLVTAKTIKOD OVOALTH Y10
ToV apoaAAniomomtikd petappacty OMPI, o omoiog vrootnpilet T mTPodtaypapEs

OpenMP yia TopdAANAO TPOYPOUUATIGUO KOWVIG LVIUNG.

Ye ONUOVTIKO TOCOGTO 1) TPONYOLUEVN LAOTOINon Ov 01€0ete Aemtopepn 1 EMOPKN
oxoAMacpud Tov KOdka. H véa vAomoinon tov petappacty OMPi amoteleitor amd
ovvoro mepimov 8000 ypappég kadka kot 3500 ypappég oyOAa ToL GVLVOSEVOVY OAM

TO, OTULELD TOV KAOOIKOL.

H véa viomoinon ypnowponotel o¢ Pacikn yAwsca viomoinong v C++. H emthoyn
avt padl pe tn onpovpyia piag epopyiog kKhacewv fondnoe oty mapoywyn KOK

O TUNUOTOTOUEVOD KO ETOUEVMG TLO GUVTIPTGULOV.

7.1.1. EAetyers
H viomoinon £xet kdmoleg elheiyelg 660 apopd Tig 0dnyieg Ko ppdoelg OpenMP mov
neprypdovtarl 6to tpotuno. [T cuykekpévar
e H odnyia threadprivate oavayvopiletor amd TOV HETOAPPOCT OAAL OVTH TN
GTLYUT| QyVOEiTaL.
e H o¢pdon copyin efaptdtor dueco amd v vAomoinon 1Tng oodmnyiag

threadprivate. "o avtd T0 AOYO M VAOTOINGT TNG €IVl ATEANC.
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7.2. MerhovTiki) epyacia
H vAomoinon tov petoQpoot a@nvel apkeTd YMPO Y10 CUOVTIKES EMEKTACELS KO

BeATidoELs.

7.2.1. Emextooeic

7.2.1.1. DoMacuévoc TopaAANAoUOC

Eivor dvvotd katd tn ovyypoer kodka pe enektdoelg OpenMP  va ewcaybovv
TEPLOYES TAPOUAANAIOUOD pésa oe GAAES TeployEs mapoarinAiopov. H mponyoduevn
viomoinorn tov OMPi, Ady® doung TGG0 TOL GLVTOKTIKOV-GNUOGIOA0YIKOD OVOAVTY
0600 kol ¢ PPAodnkng extéreong (runtime library), omuovpysi yioo kdaOe
ELQMAELIEVT] TOPAAANAN TTEPLOYN MU0 OUAOO VIULATWV OITOTEAOVUEVT] ATtd £vol LOVO
VL.

Me v mapodoa vAomoinon kat v oviroyn Peitioon g PPAodnkng extéreong
elvar dvvatd va vAomomBel TANPOC pe OUAdH TOAADV VNUATOV 1) €KTEAEON

POMAGUEVOV TOPAAANA®OV TEPLOYDV.

7.2.2. Beduoromomoeig

7.2.2.1. Ararorpn mheovaldviov QpoyuiTtmy

H YmoapEn 0Ang ™ minpoeopiag Yo Tov KMOOIKO GUYKEVIPOUEVIG GTO GUVTOKTIKO
OEVIPO HOG EMTPEMEL VAL TO SOTPEYOVE KO va. TNV ovokTnoovpe. ‘Evag tpdémog va
EKUETOAAEVTOVUE AVTO TO YeEYOVOG €ivar 1 €Opeomn kot amadoipr mwAeovaloviwv
QPOYULATOV.

Kotd 10 petaoynuoticpd tov dopmv kot odnyiwv OpenMP aervetal ympig va
aAlowwBel omoradnmote 0dMyia Ppdyunatog vapyel (#pragma omp barrier). Me avto
TOV TPOTO, OTOV TEAEIOGOLY OAOL Ol LETOACYNLOTICUOL TO GUVTOKTIKO dEVIPO TEPLEYEL
névo kabapd kodika C kot Tuxdv 0dnyieg ePAyUATOG.

Bpiokovtag péoa oto 0évpo TIc 0dmnyieg epaypotog eival ebkoro vo kabopiotel ov

Kamoleg amd avTég etvan TAeovAlovoeg, MOTE VA AmaAOIPOvV [].
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I[TAPAPTHMA A

Kodwkog tov gpyaieiov mapaymyng GVVIOKTIKOD avaAvTy| bison.

%
/*

OMPi OpenMP Compiler

Copyright 2001-2006 Vassilios V. Dimakopoulos, Elias Leontiadis,
George Tzoumas,

Alkis Georgopoulos, Spyros Melissovas
This file is part of OMPi.

OMPi is free software; you can redistribute it and/or modify

it under the terms of the GNU General Public License as published
by

the Free Software Foundation; either version 2 of the License, or

(at your option) any later version.

OMPi is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with OMPi; if not, write to the Free Software
Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-
1307 USA
*/

// C++ headers

#include <iostream>
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// C headers

#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <sys/time.h>
#include <stdarg.h>
#include <ctype.h>

#include <assert.h>

// local headers

#include "objects.hpp"

// generic object of the parser

#define YYSTYPE p_generic_component

// debug flag
// need to uncomment yydebug in main also

#define YYDEBUG 1

// xml parse tree output file
#define XMLOUTFILE "source.xml"
// source output file

#define SRCOUTFILE stdout

int yylex (void);

void yyerror (int create_tree_only, char *s);

// redirect yyparse input to a file instead of stdin

extern FILE *yyin;

// obtain line numbers from preprocessor defines
extern int orig_line;
extern int line_no;

extern int new_line;

// column number

extern int column;
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// original filename

extern char orig_fname[1024];

// get the actual line number based on preprocessor defines

extern int get_actual_lineno(void);

extern void set_input_buffer (const char *str);

extern void delete_input_buffer (void);

extern int process_tree(generic_component *start_ptr);

// class names array

extern char *class_names]|[];

// rule names array

extern char *rule_names]|[];

extern int reparsing parallel level;

// flag for the parser. see comments below

extern int program_start;

// contains the element number of the translation unit params vector
// where the real program starts, in order to be able to add

// declarations later

int program_start_element = 0;

// where to put new code elements

int program_put_element = 0;

// points to the root object (see translation_unit rule)

generic_component *p_start = NULL;

// transformation tree pointer

// When the parser is called again in order to generate
// transformation trees,

// the new tree top node is returned in t_start

generic_component *t_start = NULL;

// points to the active declarations_collection object (standard

// declarations)



declarations_collection *active_declarations_collection = NULL;

// points to the active typenames_collection object (type
// declarations)

typenames_collection *active_typenames_collection = NULL;

// temporarily holds the function collections in order for it to
// be placed in the block_item list afterwards

declarations_collection *function_declarations_collection = NULL;

// points to the current declaration NODE

gendecl *active_declaration = NULL;

// This is used when scanning buffers, in the second pass.

// It is used as a convenience considering the declarations and
// typenames collections.

// When this turns to "1" in the translation unit rule, the

// collections are not
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// created from scratch, instead they are pointed to the active ones,

// so no merging will
// be necessary in the subtree insertion.

int buffer_scanning_enabled = 0;

// flag to signal if this pragma define is nested inside another

int parallel_level = 0;

// when 1, several printfs are enabled for debugging

int debugflag = 0;

o\
—

%$defines

$output="parser.cpp"

// expect 2 shift/reduce

%$expect 2

// parameter which directs yyparse to create a modified version of

// the tree
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// for use in transformations, when a tree structure 1is needed

$parse—-param { int create_tree_only }

// token declarations

$token IDENTIFIER TYPE_NAME CONSTANT STRING_LITERAL

%$token PTR_OP INC_OP DEC_OP LEFT_OP RIGHT_OP LE_OP GE_OP EQ_OP
NE_OP

%$token AND_OP OR_OP MUL_ASSIGN DIV_ASSIGN MOD_ASSIGN ADD_ASSIGN
%$token SUB_ASSIGN LEFT_ASSIGN RIGHT_ASSIGN AND_ASSIGN

$token XOR_ASSIGN OR_ASSIGN SIZEOF

stoken TYPEDEF EXTERN STATIC AUTO REGISTER RESTRICT
stoken CHAR SHORT INT LONG SIGNED UNSIGNED FLOAT DOUBLE
stoken CONST RESTRICT VOLATILE VOID INLINE

stoken UBOOL UCOMPLEX UIMAGINARY

stoken STRUCT UNION ENUM ELLIPSIS

stoken CASE DEFAULT IF ELSE SWITCH WHILE DO FOR GOTO CONTINUE BREAK
RETURN

stoken PRAGMA_OMP PRAGMA_OMP_THREADPRIVATE OMP_PARALLEL
OMP_SECTIONS OMP_NOWAIT OMP_ORDERED

stoken OMP_SCHEDULE OMP_STATIC OMP_DYNAMIC OMP_GUIDED OMP_RUNTIME
OMP_SECTION

stoken OMP_SINGLE OMP_MASTER OMP_CRITICAL OMP_BARRIER OMP_ATOMIC
OMP_FLUSH

stoken OMP_PRIVATE OMP_FIRSTPRIVATE

stoken OMP_LASTPRIVATE OMP_SHARED OMP_DEFAULT OMP_NONE
OMP_REDUCTION

stoken OMP_COPYIN OMP_NUMTHREADS OMP_COPYPRIVATE OMP_FOR OMP_IF

// additional POMP tokens
$token POMP_INST POMP_INIT POMP_FINALIZE POMP_ON POMP_OFF
$token POMP_BEGIN POMP_END POMP_NOINSTRUMENT POMP_INSTRUMENT

// parsing top rule is the translation unit rule

$start translation_unit

o\
o
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Note regarding rule actions

Each rule normally either creates a new object of type node or
derived

or simply passes the lex generated genterm or genident object to
the parent

rule.

There are some exceptions as noted within the applying rules.

Tree flattening --------—-—»+—-———H---—---—--—--—-——

Rules:

argument_expression_list
init_declarator_1list
struct_declaration_list
specifier_qualifier_list
struct_declarator_list
enumerator_list

type_qualifier_list

O J O U W N R

parameter_list

9. identifier_list
10. designator_list
11. block_item_ list
12. declaration_list

13. variable_list

flatten the parse tree by inserting new parameters to the
previously matched list
so instead of creating more gennode objects and generating a tree

like this:

argument_expression_list

/ \

argument_expression_list argument_expression

/ \
argument_expression_list argument_expression
/ \
argument_expression_list argument_expression

/
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//
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argument_expression
the flattened tree contains all argument_expression as children of
the

argument_expression_list:

argument_expression_list

/ \ \ \
/ \ \ \
/ \ \ \
argument_expression \ |argument_expression
\ \
argument_expression argument_expression

There is a drawback in this method, that the top level node (in
this example

argument_expression_list) is always created, even if there is only
one child.

This is currently useful in identifying such subtrees, e.qg.
function parameter

lists inside a function definition rule.
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// ISO/IEC 9899:1999 6.4.4.3

enumeration_constant:

IDENTIFIER
{
$s = $1;

}
e
// ————— ISO/IEC 9899:1999 A.1.6 String literals ———————————————
e

// ISO/IEC 9899:1999 6.4.5
string_literal: // "abcd" "abcd"
STRING_LITERAL
{
$$ = $1;
}
| STRING_LITERAL string_literal

{
$$ = new gennode (PR_STRING_LITERAL, $1, $2);

// ISO/IEC 9899:1999 6.5.1
primary_expression: //

(2+3)
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IDENTIFIER
{

int declaration_errors = 0;

$$ = $1;

/*
// update the genidents in the subtree starting from $$
// to use the current declarations_collection node
if ((declaration_errors = $$->update_genident_pointers()) > 0)
{
fprintf (stderr, "primary_expression_1l: %d errors
encountered\n", declaration_errors);

exit (1) ;

*/
}
| CONSTANT
{
$s = $1;
}
| string_literal
{
$$ = $1;

| '"(' expression ')'
{
$$ = new gennode (PR_PRIMARY_EXPRESSION, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.2
postfix_expression: // printf (), a->b, a.b, a++, a—-—
primary_expression
{
$8 = $1;
}
| postfix_expression '[' expression ']'
{
$$ = new gennode (PR_POSTFIX_EXPRESSION_2, $1, $2, $3, $4);
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}
| postfix_expression '(' ")'
{
$$ = new gennode (PR_POSTFIX_EXPRESSION_3, $1, $2, $3);
}
| postfix_expression '(' argument_expression_list ')'
{
$$ = new gennode (PR_POSTFIX_EXPRESSION_4, $1, $2, $3, $4);
}

| postfix_expression

{

$1->update_genident_pointers () ;

'.'" IDENTIFIER

$$ = new gennode (PR_POSTFIX_EXPRESSION_MEMBER, $1, $2, $3);
}
| postfix_expression PTR_OP IDENTIFIER
{
$1->update_genident_pointers () ;
$$ = new gennode (PR_POSTFIX_EXPRESSION_PTR_MEMBER, $1, $2, $3);
}
| postfix_expression INC_OP
{
$S = new gennode (PR_POSTFIX_ EXPRESSION_INC_OP, S$1, S$2);
}
| postfix_expression DEC_OP
{
$S = new gennode (PR_POSTFIX_ EXPRESSION_DEC_OP, S$1, S$2);
}
| "(' type_name ')' '{' initializer_list '}'
{
$$ = new gennode (PR_POSTFIX_EXPRESSION_9, $1, $2, $3, $4, S5,
$6);
}
| '"(' type_name ')' '{' initializer_1list ',' '}'
{
$S = new gennode (PR_POSTFIX_EXPRESSION_10, S$1, $2, $3, $4, S5,
$6, $7);
}

// ISO/IEC 9899:1999 6.5.2
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argument_expression_list:
assignment_expression
{
$$ = new gennode (PR_ARGUMENT_EXPRESSION_LIST, $1);
}
| argument_expression_list ',' assignment_expression

{
// flatten the argument_expression_list tree (see translation
// unit rule)

$$ = ((gennode *)$1)->add_parameter ($2, $3);

// ISO/IEC 9899:1999 6.5.3
unary_expression: // ++a, sizeof(char), *(char *)a
postfix_expression

{

| INC_OP unary_expression

$S$ = new gennode (PR_UNARY_ EXPRESSION_INC_OP, $1, S$2);
| DEC_OP unary_expression

$S$ = new gennode (PR_UNARY_ EXPRESSION_DEC_OP, $1, S$2);

| unary_operator cast_expression
{
$S = new gennode (PR_UNARY EXPRESSION_4, S$1, $2);
}
| SIZEOF unary_expression
{
$$ = new gennode (PR_UNARY_EXPRESSION_5, $1, $2);
}
| SIZEOF '(' type_name '")'
{
$$ = new gennode (PR_UNARY_EXPRESSION_6, $1, $2, $3, $4);
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// ISO/IEC 9899:1999 6.5.3

unary_operator: /] &, *y o~y !
re!
{
$$ = S1;
}
|
{
$$ = $1;
}
I+
{
$$ = $1;
}
|
{
$$ = $1;
}
{
$$ = $1;
}
[
{
$$ = $1;
}

// ISO/IEC 9899:1999 6.5.4
cast_expression: // (int)++a

unary_expression

{
$S = $1;
}
| '"(' type_name ')' cast_expression
{

$$ = new gennode (PR_CAST_EXPRESSION, $1, $2, $3, $4);
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// ISO/IEC 9899:1999 6.5.5
multiplicative_expression: // (int)++a / (char)--b
cast_expression
{
$$ = $1;
}
| multiplicative_expression '*' cast_expression
{
$$ = new gennode (PR_MULTIPLICATIVE_EXPRESSION_2, S$1, $2, $3);
}
| multiplicative_expression '/' cast_expression
{
$$ = new gennode (PR_MULTIPLICATIVE_EXPRESSION_3, $1, $2, $3);
}
| multiplicative_expression '%' cast_expression
{

$$ = new gennode (PR_MULTIPLICATIVE_EXPRESSION_4, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.6
additive_expression: // 1/ 2+ 3 *5
multiplicative_expression
{
$8 = $1;
}
| additive_expression '+' multiplicative_expression
{
$S = new gennode (PR_ADDITIVE_EXPRESSION_2, $1, $2, S$3);
}
| additive_expression '-' multiplicative_expression
{

$$ = new gennode (PR_ADDITIVE_EXPRESSION_3, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.7

shift_expression: // 1/2+3*5 << 5*4-3/3

additive_expression
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$$ = $1;
}
| shift_expression LEFT_OP additive_expression
{
$S = new gennode (PR_SHIFT_EXPRESSION_2, $1, $2, $3);
}
| shift_expression RIGHT_OP additive_expression

{
$$ = new gennode (PR_SHIFT_EXPRESSION_3, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.8
relational_expression: // ++a < —-b
shift_expression
{
$$ = $1;
}
| relational_expression '<' shift_expression
{
$S$ = new gennode (PR_RELATIONAL_EXPRESSION_LT, $1, $2, $3);
}
| relational expression '>' shift_expression
{
$$ = new gennode (PR_RELATIONAL_EXPRESSION_GT, $1, $2, $3);
}
| relational expression LE_OP shift_expression
{
$S = new gennode (PR_RELATIONAL_EXPRESSION_LE, $1, $2, $3);
}
relational_expression GE_OP shift_expression

{
$$ = new gennode (PR_RELATIONAL_EXPRESSION_GE, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.9
equality_expression: // ++a == —-Db

relational_expression
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$$ = $1;
}
| equality_expression EQ_OP relational_expression
{
$$ = new gennode (PR_EQUALITY_EXPRESSION_2, $1, $2, $3);
}
| equality_expression NE_OP relational_expression

{
$S = new gennode (PR_EQUALITY_ EXPRESSION_3, $1, $2, S$3);

// ISO/IEC 9899:1999 6.5.10
AND_expression: // ++a == —-b & 1 != 2
equality_expression
{
$$ = $1;
}
| AND_expression '&' equality_expression
{
$S = new gennode (PR_AND_EXPRESSION, S$1, $2, $3);

// ISO/IEC 9899:1999 6.5.11
exclusive_OR_expression: // ++a == —-b ~ 1 != 2
AND_expression
{
$S = $1;
}
| exclusive_OR_expression '~' AND_expression
{
$$ = new gennode (PR_EXCLUSIVE_OR_EXPRESSION, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.12
inclusive_OR_expression: // 1] 2

exclusive_OR_expression
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$8 = $1;
}
| inclusive_OR_expression '|' exclusive_OR_expression

{
$$ = new gennode (PR_INCLUSIVE_OR_EXPRESSION, S$1, $2, $3);

// ISO/IEC 9899:1999 6.5.13
logical_AND_expression: // a && b
inclusive_OR_expression
{
$S$ = $1;
}
| logical_AND_expression AND_OP inclusive_OR_expression

{
$$ = new gennode (PR_LOGICAL_AND_EXPRESSION, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.14
logical_OR_expression: // a |l b
logical_ AND_expression
{
$8 = $1;
}
| logical OR_expression OR_OP logical_AND_expression
{
$S = new gennode (PR_LOGICAL_OR_EXPRESSION, $1, $2, S$3);

// ISO/IEC 9899:1999 6.5.15
conditional_expression: // a?b:l==
logical_OR_expression
{
$$ = $1;
}

| logical_OR_expression '?' expression ':'

conditional_expression
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$$ = new gennode (PR_CONDITIONAL_EXPRESSION, $1, $2, $3, $4,
$5);

// ISO/IEC 9899:1999 6.5.16
assignment_expression: // a += f
conditional_expression
{
$8 = $1;
}
| unary_expression assignment_operator assignment_expression
{
$S = new gennode (PR_ASSIGNMENT_EXPRESSION, $1, $2, S$3);

// ISO/IEC 9899:1999 6.5.16
assignment_operator: /] =, +=, -=, <<=, >>=

{
$$ = $1;
}
| MUL_ASSIGN
{
$$ = $1;
}
| DIV_ASSIGN
{
$$ = $1;
}
| MOD_ASSIGN
{
$$ = $1;
}
| ADD_ASSIGN
{
$$ = $1;
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| SUB_ASSIGN
{
$$ = $1;
}
| LEFT_ASSIGN
{
$8 = $1;
}
| RIGHT_ASSIGN
{
$8 = $1;
}
| AND_ASSIGN
{
$8 = $1;
}
| XOR_ASSIGN
{
$$ = $1;
}
| OR_ASSIGN
{
$$ = $1;

// ISO/IEC 9899:1999 6.5.17
expression:
// 1 =2, a=3
assignment_expression
{
$S = $1;
$$->update_genident_pointers();
}
| expression ',' assignment_expression
{
$$ = new gennode (PR_EXPRESSION, $1, $2, $3);
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// ISO/IEC 9899:1999 6.6
constant_expression:
conditional_expression
{
$s = $1;

// ISO/IEC 9899:1999 6.7
declaration: // typedef int a; int a; char f='k';
declaration_specifiers ';'
{
// enums, structs and unions will be matched by this rule
$$ = new gendecl (PR_DECLARATION_SEU, $1, $2);
}
| declaration_specifiers init_declarator_list ';'
{
genident *p_ident;

int numvars = 0;
$$ = new gendecl (PR_DECLARATION_NORMAL, $1, $2, $3);

// if p_node is of class gennode then check if its first
// parameter is "typedef" or "extern"
if($1->classname == CN_NODE)
{
if (!strcmp(((gennode *)$1)->params[0]->value, "typedef"))
{
// typedef found, $2's first CN_IDENT should be a type name
if (debugflag)
{

fprintf (stderr, "typedef, init_declarator_list:\n");
$2->traverse () ;

fflush(stdout) ;
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// add the new typename(s) to the active typenames

// collection

if (numvars = active_typenames_collection—>
traverse_and_add($2, SEARCH_CURRENT_SCOPE))
{

// actually, no redefined type name will come this way...

// after the initial typedef check, the token will return

as
// TYPE_NAME next time, so it will match declaration_1
// rule instead
// and happily redefine itself. Any redefinition will
// become obvious
// when the final gcc runs, as the preprocessor isn't
// aware of it
fprintf (stderr, "%s: error: %d variable%s redefined\n",
orig_fname, numvars, (numvars — 1)?2"s":"");

exit(1l);
}
} // end typedef
else
if (numvars = active_declarations_collection-—
>traverse_and_add($2, SEARCH_CURRENT_SCOPE))
{
fprintf (stderr, "%s: error: %d variable%s redefined\n",
orig_fname, numvars, (numvars — 1)?2"s":"");

exit (1) ;

else

{ // CN_TERM or type name
//
// a normal declaration
//

// add the new declaration(s) to the active collection
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if (debugflag)
{
fprintf (stderr,
"init_declarator_list:\n");
S2->traverse () ;

fflush(stdout) ;

if (numvars = active_declarations_collection-—
>traverse_and_add($2, SEARCH_CURRENT_SCOPE))
{
fprintf (stderr, "%s: error: %d variable%s redefined\n",
orig_fname, numvars, (numvars — 1)2?"s":"");

exit (1) ;

}
| threadprivate_directive // OpenMP Version 2.5 ISO/IEC 9899:1999
// addition

$$ = $1;

// ISO/IEC 9899:1999 6.7
declaration_specifiers: // int a extern auto
storage_class_specifier
{
$8 = $1;
}
| storage_class_specifier declaration_specifiers
{
$$ = new gennode (PR_DECLARATION_SPECIFIERS_2, $1, $2);
}
| type_specifier
{
$$ = $1;



| type_specifier declaration_specifiers
{
$$ = new gennode (PR_DECLARATION_SPECIFIERS_4, $1, $2);
}
| type_qualifier
{
$$ = $1;
}
| type_qualifier declaration_specifiers
{
$S$ = new gennode (PR_DECLARATION_SPECIFIERS_6, $1, $2);
}
| function_specifier
{
$$ = $1;
}
| function_specifier declaration_specifiers

{
$$ = new gennode (PR_DECLARATION_SPECIFIERS_8, $1, $2);

// ISO/IEC 9899:1999 6.7
init_declarator_list: // a=5, b =28, c
init_declarator
{
$S = new gennode (PR_INIT_DECLARATOR_LIST, S$1);
}
| init_declarator_list ',' init_declarator
{
// flatten the init_declarator_list tree (see translation
// rule)
$$ = ((gennode *)$1)->add_parameter ($2, $3);

// ISO/IEC 9899:1999 6.7
init_declarator: // a =5
declarator

{
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unit
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$8 = $1;
}
| declarator '=' initializer
{
int declaration_errors = 0;
int numvars = 0;

$$ = new gennode (PR_INIT DECLARATOR_INITIALIZER, $1, $2, $3);

if (numvars = active_declarations_collection-—
>traverse_and_add($1, SEARCH_CURRENT_SCOPE))
{
fprintf (stderr, "%s: error: %d variable%s redefined\n",
mwn .
)7

orig_fname, numvars, (numvars - 1)2?"s":

exit (1);

// update the genidents in the subtree starting from $3
// to use the current declarations_collection node
if ((declaration_errors = $3->update_genident_pointers()) > 0)
{
fprintf (stderr, "init_declarator_2: %d errors encountered\n",
declaration_errors);

exit (1) ;

// ISO/IEC 9899:1999 6.7.1
storage_class_specifier: //
TYPEDEF
{
$S = $1;
}
| EXTERN
{
$$ = $1;
}
STATIC



$$ = $1;
}
| AUTO
{
$$ = $1;
}
| REGISTER
{
$$ = $1;

// ISO/IEC 9899:1999 6.7.2
type_specifier:

// enum {

VOID

{

$S =

| CHAR

$$ =

| SHORT

$$

| INT

| LONG

$$

| FLOAT

$$ =

$1;

$1;

$1;

$1;

$1;

$1;
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| DOUBLE
{
$$ = $1;
}
| SIGNED
{
$$ = $1;
}
| UNSIGNED
{
$$ = $1;
}
| UBOOL
{
$$ = $1;
}
| UCOMPLEX
{
$$ = $1;
}
| UIMAGINARY
{
$$ = $1;

}
| struct_or_union_specifier
{
$s = $1;
}
| enum_specifier
{
$S = $1;
}
| typedef_name
{
$s = $1;

// ISO/IEC 9899:1999 6.7.2.1

struct_or_union_specifier: // struct blah { int counter }
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struct_or_union '{' struct_declaration_list '}'
{
$$ = new gennode (PR_STRUCT_OR_UNION_SPECIFIER 1, $1, $2, $3,
$4);
}
| struct_or_union '{' '}' // NON-ISO empty declaration

// (added by Spyros Melissovas)

$$ = new gennode (PR_STRUCT_OR_UNION_SPECIFIER 1, $1, $2, $3);
}
| struct_or_union IDENTIFIER '{' struct_declaration_list '}'
{
$$ = new gennode (PR_STRUCT_OR_UNION_SPECIFIER 2, $1, $2, $3,
$4, $5);
}
// ADDITION: non-ISO (Spyros Melissovas)
// When an identifier is inserted in the typenames declaration,
// next time
// it is encountered it will be a type_name and won't be matched
// by the above rule
| struct_or_union TYPE_NAME '({' struct_declaration_list '}'
{
((genident *)$2)->set_typename();
$$ = new gennode (PR_STRUCT_OR_UNION_SPECIFIER 2, $1, $2, $3,
$4, $5);
}
| struct_or_union IDENTIFIER
{
$$ = new gennode (PR_STRUCT_OR_UNION_SPECIFIER 3, $1, $2);
}
| struct_or_union TYPE_NAME // ADDITION: non-ISO (see above)
{
((genident *)$2)->set_typename();
$$ = new gennode (PR_STRUCT_OR_UNION_SPECIFIER 4, $1, $2);

// ISO/IEC 9899:1999 6.7.2.1
struct_or_union: //

STRUCT



$$ = $1;
}
| UNION
{
$$ = $1;

// ISO/IEC 9899:1999 6.7.2.1
struct_declaration_list:

struct_declaration

{

$$ = new gennode (PR_STRUCT_DECLARATION_LIST,

}

| struct_declaration_list struct_declaration

{

// flatten the struct_declaration_list tree
// unit rule)

$$ = ((gennode *)$1)->add_parameter ($2);

// ISO/IEC 9899:1999 6.7.2.1
struct_declaration:

specifier_qualifier_list struct_declarator_list

{

$$ = new gennode (PR_STRUCT_DECLARATION,

// ISO/IEC 9899:1999 6.7.2.1
specifier_qgqualifier_list:

type_specifier

{
$$ = $1;
}

| type_specifier specifier_qualifier_list

{

$$ = new gennode (PR_SPECIFIER_QUALIFIER_LIST_2,

// char a;

// char b;

$1);

$3);

$1,

(see translation

$2);
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}
| type_qualifier
{
$$ = $1;
}
| type_qualifier specifier_qualifier_list
{
$$ = new gennode (PR_SPECIFIER_QUALIFIER_LIST 4, $1, $2);

// ISO/IEC 9899:1999 6.7.2.1
struct_declarator_list:
struct_declarator
{
$S$ = new gennode (PR_STRUCT_DECLARATOR_LIST, S$1);
}
| struct_declarator_list ',' struct_declarator
{
// flatten the struct_declarator_list tree (see translation
// unit rule)

$$ = ((gennode *)$1)->add_parameter ($2, $3);

// ISO/IEC 9899:1999 6.7.2.1

struct_declarator: // : a?b:l==
declarator
{
$8 = $1;
}
| declarator ':' constant_expression

{
$$ = new gennode (PR_STRUCT_DECLARATOR_2, $1, $2, $3);

}

| ':' constant_expression

$$ = new gennode (PR_STRUCT_DECLARATOR_3, $1, $2);
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// ISO/IEC 9899:1999 6.7.2.2
enum_specifier:
// enum blah { ... }
ENUM '{' enumerator_list '}'

{
$$ = new gennode (PR_ENUM_SPECIFIER_1, $1, $2, $3, $4);

}
ENUM IDENTIFIER '{' enumerator_list '}'

{

int numvars = 0;
$$ = new gendecl (PR_ENUM_SPECIFIER_2, $1, $2, $3, $4, $5);

// add the identifier to the active typenames collection

if (numvars = active_typenames_collection->traverse_and_add($2,
SEARCH_CURRENT_SCOPE) )

{

fprintf (stderr, "%s: error: redefinition of %s in line
%d, $d\n", orig_fname, $2->value, ((genident *)$2)->lineno, ((genident
*)$2)->colno);

exit (1) ;

}
ENUM '{' enumerator_list ',' '}'

{
$$ = new gendecl (PR_ENUM_SPECIFIER_3, $1, $2, $3, $4, $5);

}
| ENUM IDENTIFIER '{' enumerator_list ',' '}'

{

int numvars = 0;

$$ = new gendecl (PR_ENUM_SPECIFIER_4, $1, $2, $3, $4, $5, $6);

// add the identifier to the active typenames collection

if (numvars = active_typenames_collection->traverse_and_add($2,
SEARCH_CURRENT_SCOPE) )

{
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fprintf (stderr, "%s: error: redefinition of %s in line
%d, $d\n", orig_fname, $2->value, ((genident *)$2)->lineno, ((genident
*)$2)->colno);

exit (1) ;

}
| ENUM IDENTIFIER
{

int numvars = 0;

$S = new gendecl (PR_ENUM_SPECIFIER_5, S$1, $2);

// add the identifier to the active typenames collection
if (numvars = active_typenames_collection->traverse_and_add($2,
SEARCH_CURRENT_SCOPE) )
{
fprintf (stderr, "%s: error: redefinition of %s in line
%d, $d\n", orig_fname, $2->value, ((genident *)$2)->lineno, ((genident
*)$2)->colno);

exit (1) ;

// ISO/IEC 9899:1999 6.7.2.2
enumerator_list: // enum_a, enum_Db
enumerator
{
$S = new gennode (PR_ENUMERATOR_LIST, $1);
}
| enumerator_list ',' enumerator
{
// flatten the enumerator_list tree (see translation unit rule)

$$ = ((gennode *)$1)->add_parameter ($2, $3);

// ISO/IEC 9899:1999 6.7.2.2



enumerator:
// enum_a = {2}
enumeration_constant
{
$8 = $1;
}
\ enumeration_constant '=' constant_expression
{
$$ = new gennode (PR_ENUMERATOR, $1, $2, $3);

// ISO/IEC 9899:1999 6.7.3
type_qualifier:

CONST
{
$$ = $1;
}
| RESTRICT
{
$$ = $1;
}
| VOLATILE
{
$$ = $1;

// ISO/IEC 9899:1999 6.7.4
function_specifier:
INLINE
{
$$ = $1;

// ISO/IEC 9899:1999 6.7.5
declarator:
// counter, *counter

direct_declarator
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$$ = $1;
}

| pointer direct_declarator

{

$$ = new gennode (PR_DECLARATOR_POINTER, $1,
}
// ISO/IEC 9899:1999 6.7.5
direct_declarator:
// a (a) afll al4l,
IDENTIFIER
{
int numvars = 0;
$8 = $1;
/%
if (numvars = active_declarations_collection-

>traverse_and_add($$, SEARCH_CURRENT_SCOPE))

{
fprintf (stderr,

no

orig_fname, numvars, (numvars - 1)2?"s":"");
exit(1l);
}
*/
}
| '"(' declarator ')'

{

$$ = new gennode (PR_DIRECT_DECLARATOR_2,

}

| direct_declarator '[' ']'

{

$$ = new gennode (PR_DIRECT_DECLARATOR_3,

}

| direct_declarator '[' type_qualifier_list

{

$$ = new gennode (PR_DIRECT_DECLARATOR_A4,

}

| direct_declarator '[' assignment_expression

$1,

$1,

l]l

$1,

$2);

$2,

$2,

$2,

l]l

$3);

$3);

$3,

%$s: error: %d variable%s redefined\n",

$4);
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$$ =
}

| direct_

l]l

$$ =
}

| direct_

{
$$ =
}

| direct_

assignment_.

{
$$ =
$6);
}

| direct_

assignment_.

{
$$ =
$6);
}

| direct__

{
$$ =
}

| direct_

{
$$ =
}

| direct_

{
$$ =
}

| direct_

{
$$ =
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new gennode (PR_DIRECT_DECLARATOR_5, $1, $2, $3, $4);

declarator '[' type_qualifier_list assignment_expression

new gennode (PR_DIRECT_DECLARATOR_6, $1, $2, $3, $4, $5);

declarator '[' STATIC assignment_expression ']'

new gennode (PR_DIRECT_DECLARATOR_7, $1, $2, $3, $4, $5);

declarator '[' STATIC type_qgqualifier_list

expression ']'

new gennode (PR_DIRECT_DECLARATOR_8, $1, $2, $3, $4, $5,

declarator '[' type_qgqualifier_list STATIC

expression ']'

new gennode (PR_DIRECT_DECLARATOR_9, $1, $2, $3, $4, $5,

declarator '[' '*' ']"!

new gennode (PR_DIRECT_DECLARATOR_10, $1, $2, $3, $4);

declarator '[' type_qualifier_list '*' ']!'

new gennode (PR_DIRECT_DECLARATOR_11, $1, $2, $3, $4, $5);

~

declarator '(' parameter_type_list

new gennode (PR_DIRECT_DECLARATOR_12, $1, $2, $3, $4);

declarator '(' ')'

new gennode (PR_DIRECT_DECLARATOR_13, $1, $2, $3);
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| direct_declarator '(' identifier_list ')'

{
$$ = new gennode (PR_DIRECT_DECLARATOR_14, $1, $2, $3, $4);

// ISO/IEC 9899:1999 6.7.5
pointer: // *, **, *char¥*,
Vo
{
$s = $1;
}
| '"*' type_qualifier_list
{
$$ = new gennode (PR_POINTER_2, $1, $2);
}
| '*' pointer
{
$$ = new gennode (PR_POINTER_3, $1, $2);
}
| '"*' type_qualifier_list pointer
{
$$ = new gennode (PR_POINTER_4, $1, $2, $3);

// ISO/IEC 9899:1999 6.7.5
type_qualifier_list: // char, enum,
type_qualifier
{
$S = new gennode (PR_TYPE_QUALIFIER_LIST, S$1);
}
| type_qualifier_list type_qualifier
{
// flatten the type_qualifier_list tree (see translation unit
// rule)
$$ = ((gennode *)$1)->add_parameter ($2);



// ISO/IEC 9899:1999 6.7.5
parameter_type_list: // a, b,
parameter_list
{
$s = $1;
}
| parameter_list ',' ELLIPSIS

{
$$ = new gennode (PR_PARAMETER_TYPE_LIST, $1, $2,

// ISO/IEC 9899:1999 6.7.5
parameter_list:
// int argc, char *argv/[]
parameter_declaration
{
$$ = new gennode (PR_PARAMETER_LIST, $1);
}
| parameter_list ',' parameter_declaration

{

$3);
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// flatten the parameter_list tree (see translation unit rule)

$$ = ((gennode *)$1)->add_parameter ($2, $3);

// ISO/IEC 9899:1999 6.7.5
parameter_declaration: // int argc
declaration_specifiers declarator
{
$S$ = new gendecl (PR_PARAMETER_DECLARATION_1, S1,
}
| declaration_specifiers

{

$S = new gendecl (PR_PARAMETER_DECLARATION_2, S$1);

}

| declaration_specifiers abstract_declarator

{
$$ = new gendecl (PR_PARAMETER_DECLARATION_3, $1,

$2);

$2);



// ISO/IEC 9899:1999 6.7.5
identifier_list: /] a,
IDENTIFIER
{
$$ = new gennode (PR_IDENTIFIER_LIST,
}
| identifier_1list ',' IDENTIFIER

{
// flatten the identifier_list tree

$$ = ((gennode *)$1)->add_parameter (

// ISO/IEC 9899:1999 6.7.6
type_name:
// char*
specifier_qualifier_list
{
$s = $1;
}
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b, c

$1);

(see translation unit rule)

$2, $3);

| specifier_qualifier_list abstract_declarator

{

$$ = new gennode (PR_TYPE_NAME, $1, $2);

// ISO/IEC 9899:1999 6.7.6

abstract_declarator: // *(char)

pointer
{
$$ = $1;
}
| direct_abstract_declarator
{
$s = $1;
}
| pointer direct_abstract_declarator

{
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$$ = new gennode (PR_ABSTRACT_DECLARATOR, $1, $2);

// ISO/IEC 9899:1999 6.7.6
direct_abstract_declarator: // 3] (1101
'('" abstract_declarator ')'

{
$$ = new gennode (PR_DIRECT_ABSTRACT_ DECLARATOR_1, $1, $2, $3);

$$ = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_2, $1, $2);

| direct_abstract_declarator '[' ']'
{
$S$ = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_3, $1, $2, $3);
}
| '"[' assignment_expression ']'
{
$S = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_4, $1, $2, $3);
}
| direct_abstract_declarator '[' assignment_expression ']'
{
$S

new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_5, $1, $2, $3,

‘ '[' T X0 ']'

0y
0y
I

new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_6, $1, $2, $3);

| direct_abstract_declarator '[' 'x' ']!

{
$$ = new gennode (PR_DIRECT_ ABSTRACT_ DECLARATOR_7, $1, $2, $3,

$$ = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_8, $1, $2);



$4);
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direct_abstract_declarator '(' ')'

{

$$ = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_9, $1, $2, $3);
}
'(' parameter_type_list ')'
{

$S$ = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_10, S$1, $2, $3);
}
direct_abstract_declarator '(' parameter_type_list ')'

{
$S = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_11, $1, $2, $3,

// ISO/IEC 9899:1999 6.7.7

typedef_name:

TYPE_NAME

{
((genident *)$1)->set_typename();
$$ = $1;

// ISO/IEC 9899:1999 6.7.8

initializer:

// {a=20, b=31}
assignment_expression
{
$S = $1;
}
'{'" initializer_1list '}'
{
$$ = new gennode (PR_INITIALIZER_2, $1, $2, $3);
}
'{'" initializer_1list ',' '}'
{
$$ = new gennode (PR_INITIALIZER_3, $1, $2, $3, $4);



// ISO/IEC 9899:1999 6.7.8
initializer_list: // {a=01 {b
initializer
{

$$ = $1;
}

| designation initializer

{

$$ = new gennode (PR_INITIALIZER_LIST_2, $1, $2);

}
| initializer_list ',' initializer
{
$$ = new gennode (PR_INITIALIZER_LIST_3, $1, $2,
}
| initializer_list ',' designation initializer
{
$$ = new gennode (PR_INITIALIZER_LIST_4, $1, $2,

// ISO/IEC 9899:1999 6.7.8
designation:
designator_list '='
{
$$ = new gennode (PR_DESIGNATION, $1, $2);

// ISO/IEC 9899:1999 6.7.8
designator_list:
designator
{
$$ = new gennode (PR_DESIGNATOR_LIST, $1);
}
| designator_list designator

{

// flatten the designator_list tree (see translation unit

$$ = ((gennode *)$1)->add_parameter ($2);

$3);

$3,

$4);
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rule)



// ISO/IEC 9899:1999 6.7.8

designator:

//

'['" constant_expression

{

$$ = new gennode (PR_DESIGNATOR_1,

}
'.' IDENTIFIER

{

$$ = new gennode (PR_DESIGNATOR_2,

l]l

$1,

$1,

$2,

$2);

$3);
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ISO/IEC 9899:1999 6.8

statement:

labeled_statement
{

$$ = $1;
}
compound_statement
{

$$ = $1;
}
expression_statement
{

$S = $1;
}
selection_statement
{

$s = $1;
}
iteration_statement
{

$s = $1;
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}
| jump_statement
{
$$ = $1;
}
| openmp_construct // OpenMP Version 2.5 ISO/IEC 9899:1999 addition
{
$S = $81;

// ISO/IEC 9899:1999 6.8.1
labeled_statement:
IDENTIFIER ':' statement
{
$$ = new gennode (PR_LABELED_STATEMENT_1, $1, $2, $3);
}

| CASE constant_expression ':' statement
{
$$ = new gennode (PR_LABELED_STATEMENT_2, $1, $2, $3, $4);

}
| DEFAULT ':' statement

{
$$ = new gennode (PR_LABELED_STATEMENT_3, $1, $2, $3);

// ISO/IEC 9899:1999 6.8.2
//

// see notes in function_definition rule regarding the creation of
// the collections

compound_statement:

$$ = new gennode (PR_COMPOUND_STATEMENT_EMPTY, $1, $2);

| '{' block_item list '}'

{
$$ = new gennode (PR_COMPOUND_STATEMENT_FULL, $1, $2, $3);
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// ISO/IEC 9899:1999 6.8.2
block_item list:
{

if (!'buffer_scanning_enabled)

// 1lst level block_item_list: this is a hack for scanning

// in-memory buffers.

// see the comments in treeproc.c

{

// The typenames collection is always created in this step

active_typenames_collection = new typenames_collection();

// However, the declarations collection may have also been
// created in the function definition
// rule. In this case, the active_declarations_collection
// pointer is simply updated
// to point to the already created copy.
// If a function definition hasn't immediately preceded the
// block_item list, the collection
// 1s created from scratch.
if (function_declarations_collection != NULL)
{
active_declarations_collection =
function_declarations_collection;
function_declarations_collection = NULL;
}
else
active_declarations_collection = new
declarations_collection();
}
else

buffer_scanning_enabled = 0;

// the genblock has to be created in this mid-action rule so
// the collections will be used in the block_item subtree.

// The genblock is initially created with no parameters in the
// vector. Parameters are added in the end action

$$ = new genblock (PR_BLOCK_ITEM_LIST,

active_typenames_collection, active_declarations_collection);
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}
block_item
{
$$ = ((gennode *)$1)->add_parameter ($2);
}
block_item_list
{

// reset the collection pointers to the block collections

// since anything following will need to use the active
// collections
// see translation unit rule for comments
active_typenames_collection = ((genblock *)S$1)
->p_typenames_collection;
active_declarations_collection = ((genblock *)$1)
—->p_declarations_collection;
}
block_item
{
// flatten the block_item_list tree (see translation unit rule)

$$ = ((gennode *)$1)->add_parameter ($3);

// ISO/IEC 9899:1999 6.8.2
block_item:
declaration
{
$S$ = $1;
}
| statement
{
$$ = $1;
}
| openmp_directive // OpenMP Version 2.5 ISvO/IEC 9899:1999
// addition

$$ = $1;
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// ISO/IEC 9899:1999 6.8.3
expression_statement:

T.
4

{
$$ = $1;
}
| expression ';'
{

int declaration_errors = 0;

$$ = new gennode (PR_EXPRESSION_STATEMENT, $1, $2);

if (create_tree_only != PF_FAKE_FUNCTION)
{
// update the genidents in the subtree starting from $$
// to use the current declarations_collection node
if ((declaration_errors = $$->update_genident_pointers()) > 0)
{
fprintf (stderr, "expression_statement: %d errors
encountered\n", declaration_errors);

return(l);

// ISO/IEC 9899:1999 6.8.4

selection_statement:

IF '(' expression ')' statement
{
$$ = new gennode (PR_SELECTION_STATEMENT_IF, $1, $2, $3, $4,
$5);
}
| IF '(' expression ')' statement ELSE statement

$$ = new gennode (PR_SELECTION_STATEMENT_IFELSE, $1, $2, $3, $4,
S5, $6, $7);
}

| SWITCH ' (' expression ')' statement



$$ = new gennode (PR_SELECTION_STATEMENT_SWITCH, $1, $2,
$5);

// ISO/IEC 9899:1999 6.8.5
iteration_statement:
WHILE '(' expression ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT 1, $1, $2, $3,
}

| DO statement WHILE '(' expression '")' ';'
{
$$ = new gennode (PR_ITERATION_STATEMENT_2, $1, $2, S$3,
$6, $7);
}
| FOR "(' ';"'" '";'" '")' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT_3, $1, $2, S$3,
$6);
}
| FOR '(' expression ';' ';' ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT_4, $1, $2, S$3,
$6, $7);
}
| FOR '(' ';' expression ';' ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT_5, $1, $2, S$3,
$6, $7);
}
| FOR '"("'" '";' ';' expression ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT_6, $1, $2, S$3,
$6, $7);

}

| FOR '(' expression ';' expression ';' ')' statement

{

$3,

$4,

$4,

$4,

$4,

$4,

$4,
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$4,

$5);

$5,

$5,

$5,

$5,

$5,



$6,

$6,

$6,

$4,

$6);

$6,

$6,

$6,

$$
$7,
}
FOR
{

$$
$7,
}
FOR
{

$$
$7,
}
FOR
{

//

//

//

$$
$5,
}
FOR
{

$$

FOR

$$
$7);

FOR

$$
$7);

FOR

$$
$7,

= new gennode (PR_ITERATION_STATEMENT_7,
$8);

$1,
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$2, $3, $4, S5,

'(' expression ';' ';' expression ')' statement

= new gennode (PR_ITERATION_STATEMENT_S,
$8);

$1,

$2, $3, $4, S5,

'(' ';' expression ';' expression ')' statement

= new gennode (PR_ITERATION_STATEMENT_9,
$8);

'(' expression ';' expression ';' express

$1,

ion

$2, $3, $4, S5,

')' statement

NB: assuming this is the only valid iteration rule for the

OMP_FOR

and OMP_PARALLEL_FOR directives

= new gennode (PR_ITERATION_STATEMENT_OMP_FOR, $1, $2, $3,

$6, $7, $8, $9);

'(' declaration ';' ')' statement

= new gennode (PR_ITERATION_STATEMENT_11,

$1,

'(' declaration expression ';' ')' statement

= new gennode (PR_ITERATION_STATEMENT_ 12,

$1,

'(' declaration ';' expression ')' statement

= new gennode (PR_ITERATION_STATEMENT_ 13,

'(' declaration expression ';' expression

= new gennode (PR_ITERATION_STATEMENT_14,
$8);

$1,

l)l

$1,

$2, $3, $4, $5,

$2, $3, $4, S5,

$2, $3, $4, $5,

statement

$2, $3, $4, $5,
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// ISO/IEC 9899:1999 6.8.6
jump_statement:
GOTO IDENTIFIER ';'
{
$$ = new gendecl (PR_JUMP_STATEMENT_1, $1, $2, $3);
active_declarations_collection->add($2);

}
| CONTINUE ';'

{
$$ = new gennode (PR_JUMP_STATEMENT_ 2, $1, $2);

| BREAK ';'

$$ = new gennode (PR_JUMP_STATEMENT_3, $1, $2);

}
| RETURN ';'

{
$$ = new gennode (PR_JUMP_STATEMENT_4, $1, $2);

}
| RETURN expression ';'

{
$$ = new gennode (PR_JUMP_STATEMENT_5, $1, $2, $3);

// ISO/IEC 9899:1999 6.9

translation_unit:

{
if (create_tree_only == PF_INITIAL_PARSING)

{

active_typenames_collection = new typenames_collection();
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active_typenames_collection->add (new

genident ("__builtin_va_list"));

active_declarations_collection = new

declarations_collection();

}

}

else

buffer_scanning_enabled = 1;

// add a level of parallelism for subsequent parsers

parallel_level = reparsing_parallel_level;

// create a new typename collection in the mid-rule action so
// it can be

// populated in the external_declaration rule

$$ = new genblock (PR_TRANSLATION_UNIT,

active_typenames_collection, active_declarations_collection);

external_declaration

{

// update the root object
$$ = ((gennode *)$1)->add_parameter ($2);

// keep an object pointer to the root object
// (there must be a smarter way to do this!)
if (create_tree_only == PF_INITIAL_PARSING)
{

p_start = $$;

// if flag is set, update the program_start_element counter
// to the current number of parameters
// this will later be used to add declarations to the tree
// for ompi
if (program_start)
{
program_start_element = ((gennode *)$$)->numparams - 1;
// initial value for inserting elements

program_put_element = program_start_element;



ompi

}
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program_start = 0;

}

else

t_start = $$;

translation_unit

{

}

// reset the collection pointers to the original collections

// since anything following is either a new global declaration
// or a function definition.

// This has to be a mid-action rule so the following block will

// use the correct collections.

active_typenames_collection = ((genblock *)$1)
—->p_typenames_collection;
active_declarations_collection = ((genblock *)$1)

->p_declarations_collection;

external_declaration

{

// add the external_declaration as a new node in the
// translation_unit
// vector (translation_unit tree flattening)

$$ = ((gennode *)$1)->add_parameter ($3);

// 1f flag is set, update the program_start_element counter
// to the current number of parameters

// this will later be used to add declarations to the tree for

if ((create_tree_only == PF_INITIAL_PARSING) && program_start)
{
program_start_element = ((gennode *)$$)->numparams - 1;
// initial value for inserting elements
program_put_element = program_start_element;

program_start = 0;



// ISO/IEC 9899:1999 6.9

external_declaration:

//
//
//
//
//
//
//

function_definition

{

$$ = $1;
}
declaration
{

$8 = $1;

ISO/IEC 9899:1999 6.9.1
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The typename and declarations collections are inserted just before

the compound statement rule is called. This way, the function

identifier can be treated as a variable in the parent scope and

the function parameters

as local variables in the function.

function_definition:

declarator // NON-ISO function definition without a return type,

// defaults to "int" (Spyros Melissovas)

if (create_tree_only != PF_FAKE_FUNCTION)

{

int numvars;

//

// get the function identifier and add it to the preceding

// declarations collection

if (numvars = active_declarations_collection
—->traverse_and_add_function_ident ($1))

nmo

fprintf (stderr, %$s: error: %d variable%s redefined\n",

orig_fname, numvars, (numvars — 1)?2"s":"");

exit (1);

// update the active_declarations_collection pointer
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function_declarations_collection = new

declarations_collection();

// add the function arguments to the function's declaration
collection
numvars = function_declarations_collection

—>traverse_and_add_function_params ($1);

if (debugflag)
fprintf (stderr, "%s: %d function parameters added\n",
orig_fname, numvars);
}
}
compound_statement
{
// also add the implied "int" return type
$$ = new gennode (PR_FUNCTION_DEFINITION_NORETURNTYPE, new
genterm("int"), $1, $3);
}
| declaration_specifiers declarator
{
if (create_tree_only != PF_FAKE_FUNCTION)
{

int numvars;

//

// get the function identifier and add it to the preceding

// declarations collection

if (numvars = active_declarations_collection-
>traverse_and_add_function_ident ($2))

{

fprintf (stderr, "%s: error: %d variable%s redefined\n",

orig_fname, numvars, (numvars — 1)2?"s":"");

exit (1) ;

// update the active_declarations_collection pointer
function_declarations_collection = new

declarations_collection();
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// add the function arguments to the function's declaration
// collection
numvars = function_declarations_collection-—

>traverse_and_add_function_params ($2);

if (debugflag)

no

fprintf (stderr, %$s: %d function parameters added\n",
orig_fname, numvars);
}
}
compound_statement
{
$$ = new gennode (PR_FUNCTION_DEFINITION_NORMAL, $1, $2, $4);

}

| declaration_specifiers declarator declaration_list
{
if (create_tree_only != PF_FAKE_FUNCTION)

{

int numvars;

//
// get the function identifier and add it to the preceding

// declarations collection
if (numvars = active_declarations_collection-—
>traverse_and_add_function_ident ($2))

{
fprintf (stderr, "%s: error: %d variable%s redefined\n",
"");

orig_fname, numvars, (numvars - 1)2?"s":

exit (1) ;

// update the active_declarations_collection pointer
function_declarations_collection = new

declarations_collection();

// add the function arguments to the function's declaration

// collection

numvars = function_declarations_collection-—
>traverse_and_add_function_params ($2);

if (debugflag)
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fprintf (stderr, "%s: %d function parameters added\n",
orig_fname, numvars);
}
}

compound_statement

{
$$ = new gennode (PR_FUNCTION_DEFINITION_OLDSTYLE, $1, $2, $3,

$5);

// ISO/IEC 9899:1999 6.9.1
declaration_list:
declaration
{
$S$ = new gennode (PR_DECLARATION_LIST, S$1);
}
declaration_list declaration

{

// flatten the declaration_list tree (see translation unit

// rule)
$$ = ((gennode *)$1)->add_parameter ($2);
}
// -
// ——— OpenMP Version 2.5 ISO/IEC 9899:1999 additions begin —-———————-
// ———

openmp_construct:
parallel_construct
{
$$ = $1;
}

for_construct

{

$$ = $1;
}
| sections_construct

{
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$s = $1;
}
| single_construct
{
$s = $1;
}
| parallel_for_construct
{
$$ = $1;
}
| parallel_sections_construct
{
$$ = $1;
}
| master_construct
{
$s = $1;
}
| critical_construct
{
$s = $1;
}
| atomic_construct
{
$s = $1;
}
| ordered_construct
{
$S$ = $1;

openmp_directive:
pomp_construct
{
$$ = $1;
}
| barrier_directive
{
$$ = $1;



}
| flush_directive
{
$$ = $1;

structured_block:
statement
{
$$ = $1;

parallel_construct:
parallel_directive { parallel_level++; } structured_block
{
parallel_level-—;

$$ = new genomp (PR_PARALLEL_CONSTRUCT, parallel_level, $1,

parallel directive:
PRAGMA_OMP OMP_PARALLEL parallel_clause_optseq '\n'
{
$$ = new gennode (PR_PARALLEL_DIRECTIVE, $1, $2, $3, new
genterm("\n")) ;

}

parallel_clause_optseq:

// empty

{
$$ = NULL;

}

| parallel_clause_optseq parallel_clause

{
// parallel_clause_optseq tree flattening
// see translation_unit rule

if ($1 == NULL)
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$3);



$S = new gennode (PR_PARALLEL_CLAUSE_OPTSEQ, $2);

else
((gennode *)$1)->add_parameter ($2);
}
| parallel_clause_optseq ', ' parallel_clause
{
// parallel_clause_optseq tree flattening
// see translation_unit rule
if($1 == NULL)
$S$ = new gennode (PR_PARALLEL_CLAUSE_OPTSEQ, $2,
else

((gennode *)$1)->add_parameter ($2, $3);

parallel_clause:
unique_parallel_clause
{
$$ = $1;
}
| data_clause
{
$S = $1;

unique_parallel_clause:
OMP_TIF '(' expression ')'
{

$3->update_genident_pointers () ;

$$ = new gennode (PR_UNIQUE_PARALLEL_CLAUSE_IF, $1,

}
OMP_NUMTHREADS ' (' expression ')'

{

$3);

$2,

$$ = new gennode (PR_UNIQUE_PARALLEL_CLAUSE_NUMTHREADS,

$3, $4);
}

for_construct:

$3,

$1,
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$4);

$2,
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for_directive { parallel_level++; } iteration_statement
{
parallel_level-—;

$$ = new genomp (PR_FOR_CONSTRUCT, parallel_level, $1, $3);

for_directive:
PRAGMA_OMP OMP_FOR for_clause_optseq '\n'
{
$$ = new gennode (PR_FOR_DIRECTIVE, $1, $2, $3, new
genterm("\n"));

}

for_clause_optseq:
// empty
{
$$ = NULL;
}
| for_clause_optseqg for_clause
{
// tree flattening
// see translation_unit rule
if($1 == NULL)
$S$ = new gennode (PR_FOR_CLAUSE_OPTSEQ, $2);
else
((gennode *)$1)->add_parameter ($2);
}
| for_clause_optseq ',' for_clause
{
// tree flattening
// see translation_unit rule
if($1 == NULL)
$S = new gennode (PR_FOR_CLAUSE_OPTSEQ, $2, S$3);
else

((gennode *)$1)->add_parameter ($2, $3);
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for_clause:
unique_for_clause
{
$$ = $1;
}
| data_clause

{

$$ = $1;
}
| OMP_NOWAIT
{
$$ = $1;

unique_for_clause:
OMP_ORDERED
{
$$ = $1;
}
| OMP_SCHEDULE '(' schedule_kind ")'
{
$$ = new gennode (PR_UNIQUE_FOR_CLAUSE_SCHEDULE, $1, $2, $3,
$4);
}
| OMP_SCHEDULE ' (' schedule_kind ',' expression ')'
{
$$ = new gennode (PR_UNIQUE_FOR_CLAUSE_SCHEDULE_CHUNKSIZE, $1,
$2, $3, S$4, $5, $6);
}

schedule_kind:
OMP_STATIC
{
$$ = $1;
}
| OMP_DYNAMIC
{
$$ = $1;



}
| OMP_GUIDED
{
$$ = $1;
}
| OMP_RUNTIME
{
$$ = $1;

sections_construct:
sections_directive { parallel_level++; } section_scope
{
parallel_level-—;
$$ = new genomp (PR_SECTIONS_CONSTRUCT, parallel_level, $1,

sections_directive:
PRAGMA_OMP OMP_SECTIONS sections_clause_optseq '\n'
{
$$ = new gennode (PR_SECTIONS_DIRECTIVE, $1, $2, $3, new
genterm("\n"));

}

sections_clause_optseq:
// empty
{
$$ = NULL;
}
| sections_clause_optseq sections_clause
{
// tree flattening
// see translation_unit rule
if($1 == NULL)
$$ = new gennode (PR_SECTIONS_CLAUSE_OPTSEQ, $2);
else

((gennode *)$1)->add_parameter ($2);
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$3);



}
| sections_clause_optseq ',' sections_clause

{
// tree flattening
// see translation_unit rule
if($1 == NULL)

$S = new gennode (PR_SECTIONS_CLAUSE_OPTSEQ, $2, $3);

else

((gennode *)$1)->add_parameter ($2, $3);

sections_clause:
data_clause
{
$8 = $1;
}
| OMP_NOWAIT
{
$8 = $1;

section_scope:
'{' section_sequence '}'
{
$S = new gennode (PR_SECTION_SCOPE, $1, $2, S$3);

section_sequence:
{ parallel_level++; } structured_block // 1 shift/reduce

// conflict here

parallel_level-—;
$$ = new gennode (PR_SECTION_SEQUENCE, $2);
}

| section_directive { parallel_level++; } structured_block

{

parallel_level-—;
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$$ = new gennode (PR_SECTION_SEQUENCE, $1, $3);
}
| section_sequence section_directive { parallel_ level++; }
structured_block

{
parallel_level-—;

// add new params to the already created node in previous rules

((gennode *)$1)->add_parameter ($2, $4);

section_directive:
PRAGMA_OMP OMP_SECTION '\n'
{
$$ = new gennode (PR_SECTION_DIRECTIVE, $1, $2, new
genterm("\n")) ;

}

single_construct:
single_directive { parallel_level++; } structured_block
{
parallel_level-—;

$$ = new genomp (PR_SINGLE_CONSTRUCT, parallel level, $1, $3);

single_directive:
PRAGMA_OMP OMP_SINGLE single_clause_optseq '\n'
{
$$ = new gennode (PR_SINGLE_DIRECTIVE, $1, $2, $3, new
genterm("\n"));

}

single_clause_optseq:
// empty
{
$$ = NULL;



| single_clause_optseqg single_clause
{
// tree flattening
// see translation_unit rule

if ($1 == NULL)

$$ = new gennode (PR_SINGLE_CLAUSE_OPTSEQ, $2);

else
((gennode *)$1)->add_parameter ($2);
}
| single_clause_optseqg ',' single_clause
{
// tree flattening
// see translation_unit rule
if($1 == NULL)
$$ = new gennode (PR_SINGLE_CLAUSE_OPTSEQ, $2,
else

((gennode *)$1)->add_parameter ($2, $3);

single_clause:
data_clause

{

$$ = $1;
}
| OMP_NOWAIT
{
$$ = $1;

parallel_for_construct:

$3);
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parallel_ for_directive { parallel_level++; } iteration_statement

{
parallel_level-—;

$$ = new genomp (PR_PARALLEL_FOR_CONSTRUCT, parallel_level,

$3);

$1,
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parallel_for_directive:
PRAGMA_OMP OMP_PARALLEL OMP_FOR parallel_for_clause_optseq '\n'
{
$$ = new gennode (PR_PARALLEL_FOR_DIRECTIVE, $1, $2, $3, $4, new
genterm("\n"));

}

parallel_for_clause_optseq:
// empty
{
$$ = NULL;
}
| parallel_ for_clause_optseqg parallel_for_clause
{
// tree flattening
// see translation_unit rule
if($1 == NULL)
$$ = new gennode (PR_PARALLEL_FOR_CLAUSE_OPTSEQ, $2);
else
((gennode *)$1)->add_parameter ($2);
}
| parallel for_clause_optseq ', ' parallel_for_clause
{
// tree flattening
// see translation_unit rule
if($1 == NULL)
$$ = new gennode (PR_PARALLEL_FOR_CLAUSE_OPTSEQ, $2, $3);
else

((gennode *)$1)->add_parameter ($2, $3);

parallel for_clause:
unique_parallel_clause
{
$s = $1;
}
| unique_for_clause

{
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$8 = $1;
}
| data_clause
{
$8 = $1;

parallel_ sections_construct:
parallel_sections_directive { parallel_level++; } section_scope
{
parallel_level-—;
$$ = new genomp (PR_PARALLEL_SECTIONS_CONSTRUCT, parallel_level,
$1, $3);
}

parallel sections_directive:
PRAGMA_OMP OMP_PARALLEL OMP_SECTIONS
parallel_sections_clause_optseq '\n'
{
$$ = new gennode (PR_PARALLEL_SECTIONS_DIRECTIVE, $1, $2, $3,
$4, new genterm("\n"));

}

parallel_sections_clause_optseq:
// empty
{
$$ = NULL;
}
| parallel_sections_clause_optseq parallel_sections_clause
{
// tree flattening
// see translation_unit rule
if($1 == NULL)
$$ = new gennode (PR_PARALLEL_SECTIONS_CLAUSE_OPTSEQ, $2);
else

((gennode *)$1)->add_parameter ($2);
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| parallel_sections_clause_optseq ',' parallel_sections_clause
{

// tree flattening
// see translation_unit rule
if($1 == NULL)

$$ = new gennode (PR_PARALLEL_SECTIONS_CLAUSE_OPTSEQ, $2, $3);
else

((gennode *)$1)->add_parameter ($2, $3);

parallel_sections_clause:
unique_parallel_clause
{
$s = $1;
}
| data_clause
{
$$ = $1;

master_construct:
master_directive { parallel_level++; } structured_block
{
parallel_level-—;
$$ = new genomp (PR_MASTER_CONSTRUCT, parallel_level, $1, $3);

master_directive:
PRAGMA_OMP OMP_MASTER '\n'
{
$$ = new gennode (PR_MASTER_DIRECTIVE, $1, $2, new
genterm("\n"));

}

critical_construct:

critical_directive { parallel_level++; } structured_block



parallel_level-—;

$$ = new genomp (PR_CRITICAL_CONSTRUCT, parallel_level,

critical_directive:
PRAGMA_OMP OMP_CRITICAL '\n'
{
$$ = new gennode (PR_CRITICAL_DIRECTIVE, $1, $2, new
genterm("\n"));
}
| PRAGMA_OMP OMP_CRITICAL region_phrase '\n'
{
$$ = new gennode (PR_CRITICAL_DIRECTIVE_REGION_PHRASE,
$3, new genterm("\n"));

}

region_phrase:
'('" IDENTIFIER ")'

{
$$ = new gennode (PR_REGION_PHRASE, $1, $2, $3);

barrier_directive:
PRAGMA_OMP OMP_BARRIER '\n'
{
$$ = new genomp (PR_BARRIER_DIRECTIVE, parallel_level,
new genterm("\n"));

}

atomic_construct:
atomic_directive expression_statement

{
$$ = new genomp (PR_ATOMIC_CONSTRUCT, parallel_level,

$1,

$1,

$1,

$1,
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$3);

$2,

$2,

$2);



atomic_directive:
PRAGMA_OMP OMP_ATOMIC '\n'
{
$$ = new gennode (PR_ATOMIC_DIRECTIVE, $1, $2, new
genterm("\n"));

}

flush_directive:
PRAGMA_OMP OMP_FLUSH '\n'
{
$$ = new genomp (PR_FLUSH_DIRECTIVE_1, parallel_level,
new genterm("\n"));
}
| PRAGMA_OMP OMP_FLUSH flush_vars '\n'
{
$$ = new genomp (PR_FLUSH_DIRECTIVE_2, parallel_level,
$3, new genterm("\n"));

}

flush_vars:
'(' variable_1list ')'
{
$S$ = new gennode (PR_FLUSH_VARS_OPT, S$1, $2, $3);

ordered_construct:

ordered_directive { parallel_level++; } structured_block

{

parallel_level-—;

$$ = new genomp (PR_ORDERED_CONSTRUCT, parallel_level,

ordered_directive:
PRAGMA_OMP OMP_ORDERED '\n'
{

$1, $2,
$1, $2,
$1, $3);
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$$ = new genomp (PR_ORDERED_DIRECTIVE, parallel_level, $1, $2,
new genterm("\n"));

}

threadprivate_directive:
PRAGMA_OMP_THREADPRIVATE '(' variable_list ')' '\n'
{
$$ = new genomp (PR_THREADPRIVATE_DIRECTIVE, parallel_level, $1,
$2, $3, $4, new genterm("\n"));
}

data_clause:
OMP_PRIVATE '(' variable_list ')'
{
$$ = new gennode (PR_DATA_CLAUSE_PRIVATE, $1, $2, $3, $4);
}
| OMP_COPYPRIVATE '(' variable_list '")'
{
$S = new gennode (PR_DATA_CLAUSE_COPYPRIVATE, S$1, $2, $3, $4);
}
| OMP_FIRSTPRIVATE ' (' variable_list ')'
{
$S = new gennode (PR_DATA_CLAUSE_FIRSTPRIVATE, $1, $2, $3, $4);
}
| OMP_LASTPRIVATE '(' variable_list '")'
{
$$ = new gennode (PR_DATA_CLAUSE_LASTPRIVATE, $1, $2, $3, $4);
}
| OMP_SHARED '(' variable_list ")'
{
$$ = new gennode (PR_DATA_CLAUSE_SHARED, $1, $2, $3, $4);
}
| OMP_DEFAULT ' (' OMP_SHARED ')'
{
$S$ = new gennode (PR_DATA_CLAUSE_DEFAULTSHARED, S$1, $2, $3, $4);
}
| OMP_DEFAULT '(' OMP_NONE ')'
{
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$$ = new gennode (PR_DATA_CLAUSE_DEFAULTNONE, $1, $2, $3, $4);
}
| OMP_REDUCTION ' (' reduction_operator ':' variable_list '")'
{
$S = new gennode (PR_DATA_CLAUSE_REDUCTION, S$1, $2, $3, $4, S5,
$6);
}
| OMP_COPYIN '(' variable_list ')'

{
$$ = new gennode (PR_DATA_CLAUSE_COPYIN, $1, $2, $3, $4);

reduction_operator:
l+l

{

$$ = $1;
}
|
{
$$ = $1;
}
|
{
$$ = $1;
}
| &’
{
$$ = $1;
}
|
{
$$ = $1;
}
Lo
{
$$ = $1;

| AND_OP



196

$$ = $1;
}
| OR_OP
{
$$ = $1;

variable_ list:

IDENTIFIER

{
$$ = new gennode (PR_VARIABLE_LIST, $1);
$$->update_genident_pointers();

}

variable_list ',' IDENTIFIER

{

// flatten the variable_list tree (see translation unit rule)

$$ = ((gennode *)$1)->add_parameter ($2, $3);

$3->update_genident_pointers();

pomp_construct:

PRAGMA_OMP POMP_INST POMP_INIT '\n'

{

$$ = new gennode (PR_POMP_CONSTRUCT_POMP_INIT, $1, $2, $3, new

genterm("\n")) ;

}

| PRAGMA_OMP POMP_INST POMP_FINALIZE '\n'
{
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$$ = new gennode (PR_POMP_CONSTRUCT_POMP_FINALIZE, $1, $2, $3,
new genterm("\n"));
}
| PRAGMA_OMP POMP_INST POMP_ON '\n'
{
$$ = new gennode (PR_POMP_CONSTRUCT_POMP_ON, $1, $2, $3, new
genterm("\n"));
}
| PRAGMA_OMP POMP_INST POMP_OFF '\n'
{
$$ = new gennode (PR_POMP_CONSTRUCT_POMP_OFF, $1, $2, $3, new
genterm("\n"));
}
| PRAGMA_OMP POMP_INST POMP_BEGIN '\n'
// region_phrase_opt is the same [optional name] in omp critical or
// user regions
{
$$ = new gennode (PR_POMP_CONSTRUCT_POMP_BEGIN, $1, $2, $3, new
genterm("\n"));
}
| PRAGMA_OMP POMP_INST POMP_BEGIN region_phrase '\n'
// region_phrase_opt is the same [optional name] in omp critical or
// user regions
{
$$ = new gennode (PR_POMP_CONSTRUCT_POMP_BEGIN_REGION_PHRASE,
$1, $2, $3, $4, new genterm("\n"));
}
| PRAGMA_OMP POMP_INST POMP_END '\n'
{
$$ = new gennode (PR_POMP_CONSTRUCT_POMP_END, $1, $2, $3, new
genterm("\n"));
}
| PRAGMA_OMP POMP_INST POMP_END region_phrase '\n'
{
$$ = new gennode (PR_POMP_CONSTRUCT_POMP_END_REGION_PHRASE, $1,
$2, $3, $4, new genterm("\n"));
}
| PRAGMA_OMP POMP_NOINSTRUMENT '\n'
{
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$$ = new gennode (PR_POMP_CONSTRUCT_POMP_NOINSTRUMENT, $1, $2,
new genterm("\n"));

}
| PRAGMA_OMP POMP_INSTRUMENT '\n'

{
$$ = new gennode (PR_POMP_CONSTRUCT_POMP_INSTRUMENT, $1, $2, new
genterm("\n"));

}

o\
o\

// Called by yyparse on error

//

// yyerror normally takes only a char* argument. After delcaring a
// parameter to yyparse,

// the same parameter has to be declared to yyerror too.

void yyerror (int create_tree_only, char *s)

{

o\

fprintf (stderr, %$s: error: %s (%s: %s) 1in line %d, %d\n",
orig_fname, s, class_names|[yylval->classname], yylval->value, line_no
- new_line + orig_line, column);

}

int main(int argc, char *argvl[])
{
FILE *dumpfile;

int parse_ret = 0;

if(argc > 1)
{
if(!strcmp(argv(1l], "-v")) // verbose

{
debugflag = 1;

else
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if(!strcmp(argv([1l], "-vv")) // even more verbose
{

debugflag = 1;

yydebug = 1;

switch (argc)

{
case 2:

if((yyin = fopen(argv[1l], "r")) == NULL)
{

fprintf (stderr, "Error opening file %s for reading!\n",
argv([1]);
exit (1);
}

break;

case 3:

if((yyin = fopen(argv[2], "r")) == NULL)
{

fprintf (stderr, "Error opening file %s for reading!\n",
argvi[2]);
exit (1) ;
}

break;

default:
break;

}

// NB: parameter passed to yyparse

parse_ret = yyparse(0);
fclose(yyin);
if (parse_ret == 0) // parsing successful

{
assert (p_start != NULL);
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process_tree (p_start);

if (SRCOUTFILE != stdout)
{
if ((dumpfile = fopen("source.c", "wt")) != NULL)
{
fprintf (stderr, "Dumping source code to \"source.c\"\n");
p_start->source (dumpfile);
fclose (dumpfile);
}

else
fprintf (stderr, "Error opening %s for writing!\n",
SRCOUTFILE) ;
}

else

p_start->source (stdout) ;

if (debugflag)

p_start->traverse();

if ((dumpfile = fopen (XMLOUTFILE, "wt")) != NULL)
{
fprintf (stderr, "Dumping parse tree in xml format to file
$s\n", XMLOUTFILE);
p_start—->dumpxml (dumpfile);
fclose (dumpfile);
}

else

fprintf (stderr, "Error opening %s for writing!\n", XMLOUTFILE) ;

fflush(stdout) ;

// recover allocated memory

delete p_start;

fprintf (stderr, "parser ended successfully\n");

}
else

// yynerrs is declared globally by the parser and contains the
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// number of errors encountered. Since this parser does not
// implement error recovery the value should be 1 at this point
fprintf (stderr, "%d error%s encountered\n", yynerrs, (yynerrs -

l)?"s":"");

return 0;
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