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EINEEHTI HEEIZ YYMBOAIZMQN

Zoumoyéc Zovtaxtiko Aévepo (X.X.A) — Concrete Syntax Tree (CST)

Yng ypoupikés ameikovioel, TV KOuPov evlg vmodivipov, pE YKpL YphRa
epgaviCovrar oL un teppatikoi k6pPot, pe Tpaovo xpdpe. ot Teppatikoi k6pPor kar
pe woptoxaAi xpdpa ot avayvopiotés (identifiers).

jump statement
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Imopoc MeMoobBog tov Bacweiov kot g Iopaokevng. MSc, Tunqpa
IMinpogopucrig, IMavemotipuo Imavvivev, Oxt@Bprog, 2006. YAoroinon cvvtaktikod
avoluth Yoo Tov maporiniomomikd petoppact OMPi. EmPAénoviag: Baoihielog
B. Anpaxémoviog.

H epyacia avth peretd v vhomoinomn evog PETAPPASTH TPOYPORUATOV aRd Tnyaio
khdwa oe wnyaio kmdika (source to source) wov cLUE®VEL pe T0 TpdTVro OpenMP
2.5.

O petappootig OMPI éxel vAomomnBei ntaldtepa oe anhi yYAdooo C pe yprion evog

TEPAONOTOG avdlvong kddka, pe ™ Porfswa twv gpyareiov GNU flex ko bison.

Yy mapodoo peAétn avardetar n vhomoinom ex véov tov OMPi ne 1a 6o epyodeio

oe yMbooo C++, dote va SevkorvvBel 1 dnuovpyio evog cuvtaxkTikov SEvipov
avélvong Tov kddwo e166d0v. Me Semogn 10 cuvtakTiké 8€vipo vAomoeiton 10
devTEPO MEPACHO TOV PETOPPACTY, TO onoio mapdyel, pe Pfaon g odnyieg OpenMP
70V KOAKA, TOAVYIIUATIKG KDSIKO 1G0SVVOUO NE TOV 0PYIKO GEIPLaKO KDOWKO.

Zmv epyacic avt) ovoADOVIOL O AEKTIKOG KOU GUVIOKTIKOG OVOALTAG 7OV
vhomouOnke, o evdrdpeco Zoumayés ZovtakTikd AEVTIPO Kol Ot HETAGYNUATICHOL TOV
kadiko, g106dov, wote va mopayfel molvvnpotikdg kdOKaG 160dHVONOG pe TOV
apyko.

Me mv vhomoinon avt givar mAéov duvatoi Tpoxwpnuévol petaoynuationot kabdog

Kot PEATICTOTOINOEL GTOV TOPAYOUEVO KDSIKN TPOG AOENGT TOV EMBOGEDV.

wper
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Melissovas, Spyros, V. MSc, Computer Science Department, University of Ioannina,
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®AAAIO 1. EIXAT'QI'H

1.1. Avaykoidmro. vrapEng Tov TPoTHAO

1.2.'Eva. amA6 mapaderypo. petatpomic kadika,

1.3. Odnyieg mpog tov npoenetepyacth

1.4. Z1001
1.5. Aopn g AwtpBiig

1.1. Avaykar6tnta vraptg Tov TPOTUTOV

Ta tehevtaia ypoévia mapovordletar pia cuvexdpeva avodikn taon petdfaong amnd

UTOAOYICTIKG GUOTHNOTO €VOC EMEEEPYHOT) OF VAIOLOYIOTIKG GUCTAUATE TOAADV

ene€epyactdv. H tdon avtn tpopodoteitar and ta e€f¢ yeyovora:

H CMOS teyvoroyia @taver ota 6pld g ¢ TPOG TNV TUKVOTNTA KoL TNV
TayuTto. poAoyod twv tpaviictop mov pmopovv va woapayfodv oe Evo
OAOKANPOREVO KOKA M.

H abénon om ovyvémta poroyod €vOg OAOKANPOMUEVOL KUKADUATOS
ouvtelel oe pavipeva veepBEppavong, mov amartovy sidikég ratakeg Yogng,
Kat Exer oYeTIKG pikpd Opio. Pehtinong pe Paor v mapodoa texvoroyia.

Ta vmohoyloTikd cvoTiuate TOAAGV eneepyactdv €xouv Yivel apketd
TPOOITE OKOUT KOL VIO XP1OT) OE YOPOVG OTOV TPV NTAV AMAYOPEVLTIKS AGY®
OYKOV Kot KOGTOVG,

H xataokevn olokAnpouévav kvkhopdtov §bo 1 ko topeardve ruphivov
(dual core, quad core k.0.k) &xer YOUMAMOEL 10 KOGTOG KTAONG OKOUN
TEPIGOOTEPO Y10TL TO VAOAOYIGTIKG CUGTINHO. EYKATAGTACTG dEV amantel E1dtKT

katookevty (pévo pio Oéon yw enelepyootii oavii yww 600 Ko Kowd

oAorinpopéva vrootpitne enekepyaoty).




H petéfoon oc mOAVEREEEPYASTIKE CUOTAHATO PEPEL TO TMPOPOVEG OPEAOG TOV
ROAAGTAGOIAGHOY TG emeEepyacTikng oyvog. Mo amhoikr] oxéymn eivor mwg
OMO08NTOTE VRAPXOV TPOYPOUHUE QVTOMOTO EKMETOAAEDETAL QUTY] TNV EMUTAEOV
enelepyacTiky oy kol exteAeiton pe moAlamAdolo taxvtnta, ion pe N opég
peyolotepn and 6m o€ €va avtictolo cvoTnua evlég enetepyoaoti], av N o apBpodg

TOV ENeEEPYROTAV.

Kat tét010 dev givon amapaimro aAndég kol e€aptdror and Tov oplfpud tev vnuatmv
UE TOV omoio Agrtovpyei o Tpdypappa, kabdg Kol TV vAOTOINoT avThv. Av Kdvovue
mv mapadoy OTL KATWOW ovyKekpiuévo mpdypoppe Oa amotedel T povadwk
diepyacia mov gKktersitol 610 CUOTNUA, TPETEL O OPOPOS TOV VIUATOV EKTEAECTG VOl
givon icog 1 peyoAVTeEpOg amd TovV aplOpd TV EREEEPYROTOV TOV CUCTHHATOC. XE
omowdnmote GAAN mepimtoomn, n emtdyovon Ba  eivar pikpdteEpn amd MV
avapevopevr. Edikd oty nepintwon mov 1o npdypoppa dev eivar ypappévo dote vo
ekTeAEiTON pe TOAAMAGL VijpoTe, EXTENEITON POVO UE éva, PE OMOTEAECUA T TOXDTNTO

ektédeonc va eivat idio. gite ot évav gite o TOALOVG enekepyaoTés.

Anmovpyeitor AoV 70 {TNHO. HETATPOTG TOV VROPYOVIOV TPOYPOAUMATOV OF
TOAVVIUOTIKG, DOTE VO UROPOVV VO EKUETOAAEVTOVV TNV emmAfov encepyootiky
wox0. H petotpon tov vadpyovtog kddika omontel apketi pehétn won Oev eivan

TOVTA EDKOAT).

1.2."Eva anthé wapGderypa petatporiic kddika
Ag Bewpiiocovpe 10 amho oeiprokd mpdypappa o€ yAd@ooo C (ITivaxag 1.1), o onoio

avafétel o kGO BEon evog mivaka arr To TETPAY®VO TG TIUNG TOL 1N eixe.

IMivakag 1.1 Zeypraxd npdypapuo C

#include <stdio.h>

int main()




int arrf{100}, i;
/* Apxi.xonoinon nivoxa */

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

{

/* Evnuépoon 6fonc nivoko pe 10 TETP&Y®VO NG TLHAG NG */

Av16 10 TIPOYpOappe eKTELE EKOTO ETAVOANYELS YIOr VO, EMTEAECEL TNV £pYATio TOV.
Av petogpactel pe évav tvmko petagpoot C oe omowodnmote morvenelepyacticd
obotnpa, o kddikag mov Bo mapayBei Oa extedectei pe €va vijpa, omdte Oa

gkpetaArentel pévo tov éva enckepyaot.
To 310 mpdypappa pmopei amhorompéve va petatpanei énwg deiyver o IMivakog 1.2,

70 onoio Oa exteheotel pe moAlamAd vipate (exatd oty wEpiTTOON OVTY), TO

kaBéva and ta omoia B evnuepdvel pia 0€om Tov Tivaka.

IMivaxag 1.2 Metatponti mpoypappotog o€ TOADYNROTIKO

#include <stdio.h>

finclude <pthread.h>

int arr(100], i;

int myfunc (int num)

{

/* Evnpépwon 1n¢ ©éong mnivaka nou oaviiotolXel oTov opLOpd
virotog */

}

int main()




/* Rpxixonoinon nivaka */

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

{

/* Anuiovpyia vApatog nou exteAgl 1n ouvépinon myfunc */

T

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

{

/* Avauovhi KoL KoTaotpo®ry vhp&tev */

}

O Ilivaxog 1.2 deiyver Evo npdypoppe mov umopel vo eKTEAECTEL G VAOAOYIOTIKG
ovotipato gite evog eite moAA@V emefepyactdv. Ztm devtepn mepintwon Oo
ekpetodrevtel péxpr ko 100 encepyootic, agov ypnowonoiei 100 vijpato yo va
Kéver Toug voAoyiopovg Tov. To vodpepo avtd givar pdAlov vrepfoikd. M mo
Aoyuc maparioyn 6o propovoe va ypnoonotei 4 vijpnota wov Ba. eviuépavay ard

25 Boe1g Tov Tivaxa To Kaféva.

H petarpornfy mov ypedotnke 10 apylkd OCEPOKS TPOYpaupo OF YADGOO
npoypoppanicpod C frav apketd pikpr. A@opovoe 11 dRAMOTN TOV TVOKE «G
kaBohkoDd @cte va eivar opatdg amd OAo T VAMATO Kou TN Snuovpyia pag
ovvaptnong mov mepikAeiel Tov Kddika VIOAOYIGHOD OV BEAOVUE VO, HOPAGOVHE.
EmmAéov avaioyo pe v anaitnon pnopel va wcayfei ko kddikag wov Oo Srpel

™V gpyacio o€ 660 peydia | pkpd TupoTo BEhovpeE.

H peratpomi avn omontel Ouwg amwd 10V TPOYPOUNATIOTH| VO Yvapilel Tig TEXVIKEG
AeTTOPEPELEG VAOTOINONG TOV VNUATWY, O omoleg eivan duvatd vo dweépovv amd

AEITOVPYIKO CUOTNHO. O AEITOVPYIKO cVoTnpa. Av AneOei vdyn emmAfov 6T éva




TUTKG TTPOYPaUMO OpOUNTIKGOV vIoAoyiopdv eivor dvvard vo amortei dexddeg
UETATPONEG PE GyvwOoTn eMMTOOT oTig dnAwpéveg un koborikég petafintés, dmwg
Kol 6 GAAEC ToPapETPOUg TOV TPOYPauNaTOS, avilapuPdavetal kaveig nwg amatteital
1 dapén evdg pakpoepyodeiov. ‘Eva odvoro epyadeinmv mov amrhomoodv m petdfoon
and oeipokd Kddiko VoG VANOTOG O TOALVIUOTIKG KMOKA MOV EKPETAAAEDETOL
KaADTEPA TNV 100 TOV TOAVENELEPYOOTIKOV CLUCTNHATOV gival O1 HETAPPACTEG TOV

Bacilovtal oto mpdTuTO OpenMP.

1.3. Odnyieg mpog Tov Tpoemesepyooti

To npdéTvmo OpenMP xavel apkeTd €OKOAN TN UHETOTPOTN MON LAAPYOVTOG KAOIKA
yYpappévov oe  yAdooeg mpoypappaticpod C, C++ xmw FORTRAN. O
npoypapponiotic Oev ypewdletar vo yvopiler Oheg Tig TEXVIKEG AEMTOMEPELEG
XEPIGUOV TOV TOAVVNHATIKOD KDdika, oAAG o oepd and odnyieg mov mpénel va

ewoayBodv ooV apyIKd OEPLoKS KOSIKO GTo KaTdAANAL onueia.

Omav o xddwkag pe evowpotwpéves odnyieg OpenMP dwPactel and évav
HETOPPOCTH GVUBATO HE TO RPOTLTO, TO TUANATE KOOIKO MOV TEpucAeiovTol amd Tig
odnyileg avtég petaoynuatiloviar Kat@AANAe, GOTE VO EKTEAECTOOV pE MOANQTAL

vipata. H pébodog petaoynpotiopod eivor 0épa vAoroincng Tov HETAPPACTH.

[a mapdderypa, o oewprokég kddikag (Mivakag 1.1) 6a anartovoe povo tig oArayég

nov anewkoviler o Iivaxag 1.3.

ITivaxag 1.3 Tlpdypappa C pe odnyyieg OpenMP

#include <stdio.h>

#include <omp.h>

int main()

{

int arr{100], i;

W




/* Apytixecnoinon mivako */

#pragma omp parallel for
for(I = 0; I < 100; i++)

{

/* Evnuépwon 6fong nivaxka He 10 TETPAYOVO ING TIPAG tng */

-

O aArayég mov £ytvav fTav o
~ e mpocHikm ToV apyciov dInhdcewv omp.h 6TV KopLEY} TOV KOSKa Kot

e 7pooOnim evog #pragma omp parallel for akpipidg npwv omd v emaviinym.

Orav 0 tpoemeEepyacTic TOV HETUPPACTI) GUVAVTINGEL TV 03Ny avTi), avalopfdver
auTépOTA va Topdyel k@duca TETowo mov Bo avordPel Tov katapepiopd Tov Bpodyov
eravdinyng oe tufpata epyoaciag Ta tufipata avtd 8o avotefodv oe mo opddo
VATV Yoo eKTéAeot), péxpr va extelectovv Oha. Metd to téhog Tov Ppdyov
EMAVAAYNG oL okoAovBel v odnyia #pragma, 1o mpdypappa Ba ekteleotei wg

CEPKO Kol KATd TOV TEPHATIONO TOv Bo KaTaoTPaPEl KAl 1| OpdAde VNUATOV 1OV

dnpovpyndnxe.

O 1ehxdg kddwkag mov petapdleton mepiéyer Oheg TG amopaitnteg dopég Ko

dnAdoeig kon 10 EKTEMESIHO TTPOYPOPHO EKTEAELTAL TOAVVIUOTIKG.

1.4. Xtoyo

Zroyog avthg g dwtpiPric eivar vo ovodiopyovidoer Kou Vo EREKTEIVEL TOV
petogpooct) OMPi, ropéxoviag pa eviehdg vEo xon PEATIOUEV OPYIKTEKTOVIKY T
omoio. eivar eOkoha emextdon Kol TAPEYEL duvaTdTNTEG Yo PedTioTomorioElg
napaydpevov xodika. O petappootic OMPiI eivar éva epyareio petdopoong
TPOYPOUHATWY Y10 Khdka ypoupévo om yAdooo mpoypappatiopod C pe
evoOpaTOpEVeG 00nYieg mapaiinionoinong coupwves pe to apdétumo OpenMP. 2.0.
Me fdaon tig odnyieg ovtég, Eva amhd oeplokd Tpdypoppa oe yYAdooo C uropet vo




petacynuotiotel 6e moAvvnpatikd K@dka mOL ekpeTaAredeton TG Suvardtnteg

CVOTHRATOV pe TOANOVG eneEepyootéc.

Empépoug otoéyou:
o H avadiopydvoon tov ocvviaknikod avoAvt) OCTE va LAApYEL TANPNG
ovppatémra pe ta tpdtoma ANSI/ISO C99 [1] ko OpenMP 2.5 [7].
e H vlomoinon and mv apyn oe aviikelpevostpaen kddika C++ dote va gival
duvat n aropudvoon mg avdivong g 166d0v and v ereéepyacia g
* o H mopaywy evibipeong avanapdotaong pe xpiion Zvpnayols ZoviaxTikon
Aévipov (XXA) - Concrete Syntax Tree (CST).
e H vlonoinon dedtepov mepdopatog enetepyaciog Tov kKdOKe €10650V, TOV
neprAopBavet:
O TNV VAOROINGN TWV HETACYNUATICUOV TOL OROITOVVIOL Yo TNV
TAPOYOYT] TOAVVNHATIKOD KASIKA Kot
O TV MOPUyOY €VOG UNYAVICUOV UETOCYNMHATIONOV 7ov Bo eivon
EVKOAOG OTHV KOTOVONON KOl KOT& CULVEREW TN COLVTNPNOCT Kol TNV

EMEKTACT] MO TPITOVE TPOYPAUHUOTICTES

1.5. Aopn ™q¢ Awatpifiig
H dwtpifn nepiéyer névte kepdiono:

® X710 KeQPAA0O 2 avokepaAoidveTal To tpéTumo OpenMP pe dAeg Tig 0dnyieg
mwov mephopPavel. Emiong yivetar  avaokémnon tov OMPi xaw dAAwv
HETAPPACTAOV

e 210 KeQAAOLO 3 TEPLYPAPETOL O AEKTIKOG KAl CUVTOKTIKOG avOoALTAG pali pe
pio Eloaymyr) 6T0 ZuvtakTiké Aévepo mov mapayeTon

® 270 KeQGAO0 4 TepLypdPeTal TO Zupmoyés ZuvTakTikd Aévipo kot ot pébodot
Y& TNV TPOCTEAQCT) TOV

® 270 KePAAALO S TEPLYPAPOVTOL Ol PETOCYNUOTIONOL O omoiotl EskvvTag oo

™V TAnpo@opia Tov XLA TopdyoLy 1003VVAN0 TOAVVNROTIKG KMdIKA.




KEDAAAIO 2. TO ITIPOTYIIO OPENMP

2.1. Ewayoynm

2.2. IIpoypappoatiotikd povitéro tov OpenMP
2.3, Odnyieg OpenMP yi0, C/C++

2.4. AAMor petappaoctés OpenMP

2.1. Ewayoyi

To OpenMP givar o diemagr) e@appoydv mpoypappdtov (Application Program
Interface - API) to omoio ypnoponoeitan yio va TapaAAnAicoVpHE TPOYPAHNATY GE
OPYLTEKTOVIKEG CUCTNHATOV KOG pviunG. Amoteleitan and tpia APl cvotatikd:
odnyleg Y TOV petogpact), ocvvapmioerg PiPhobnkdv ko petafintég
wepiarrovtoc. To API tov OpenMP éyxel opiotei yia Tig YADGGEG TPOYPAUUATICHOD
C/C++ kot Fortran, evd €xer viomomBei yio 11 Mo onpovtikég TAaT@Opueg Onwg 10
Unix kot to. Windows NT, ka1t ov 10 k@ver opketd ¢opnto. ‘Exel oprotei and kotvod
and TG MO ONUOVTIKEG ETALPIEG VAIKOD KAl AOYIGHIKOU Kon OVAUEVETOL OE Afyo Ypovia
va. anotehécet ANSI mpoétvmo. Ilpémer va emonudvoope 6m 10 OpenMP dev
TPOoOPilETON YL OPYLTEKTOVIKEG GUOTNUATOV KATAVEUTHEVIG MUVAUNG, OVTE £)El
vhomomBei and dheg TG eTaupisg VAo ko Aoyiopkov. Emiong, dev £xe1 oxedoorei
Yo va ortodider Ta HEYIoTO 6T XPTIoN TNG KOWVIG HVIUNG.

O otoxor tov OpenMP eivoan vo mopaoyer éva zmpédtumo mov B oydel Yo
OPYITEKTOVIKEG KO TAQTOOpUES Ko uviiune. ‘Eva pdtono mov Ba givar pikpd kot
gvkoha katavontd, dniadn Bo mapéxel éva amhd xar mEplopoUéEVO chVolo amd
odnyieg ue 1o onoio B pmopel va yiveton onpavniky moporinionoinen. Exiomng, 6o
TPENEL va eivar 0KOLO 6T (PNOT TOV.

To OpenMP napéyer:
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™ duvatdmra napaAiniomoinong evog mpoypdpparog otadwxd (ev avtbéoel, y
napaderypa, pe 1o MPI 6mov kaOe @opd yiverar include 6An n Piro0nkn) ko
m Svuvatétnra 1600 Yovdpov dco kar Aemtov KkdkKkov mapoarinAiag. Télog, o

Kup1dtepog 61606 0V OpenMP givar n popnréTTA.

I ouvéyela 0o TEPYpayoLpE TOo MovtéAo Tov OpenMP kot Oa ddcovpe v
oUOvTaén Twv dopdv/odnyidv tov. Oa dovpe Ta €idn TWV 0dNYIOV Kat TIg KOTdAANAEG
ouvvoikeg Yo avtd. Emiong, 0o cvinmioovpe v évvowr twv tapdAAnimv Teploxmv
Kar v €vvola Tev TopdAAnAwv mepoxmv dwpolpacpol epyaciag. To xepdioato
o)»gvcknpcbvstat ME M0 OVOOKOTNCT EUTOPIKDV KO EPELVNTIKOV UETAPPUOTAOV

OpenMP.

2.2, TIpoypappatiotiké povrédo tov OpenMP

To mpoypappatiotikd poviého tov OpenMP eivorl faciopévo o€ TapaAANMOUO pe
vipata. Mw diepyacia kowvig pvipng omoteheital amd moAAG vipata Kol TO
OpenMP Baoilerar oto yapaxtplotikd ovtd. Xto OpenMP o mpoypoppotiotic
pmopel va eAfyxer kot va avéaver | vo pewdver tov apipd taov vnudtov. H iy
dwdwkaoia Gupiler o povrédo fork-join mov ypnowonowel 1 C. ‘Eva vijpa apxnyos
(master) extelei TIG EVIOALG GEIpLOKd PEXPL VO QTACEL TNV TPAOTN TOPAAANAN TEpLOYH,
yevvovtag opddeg amé vipato dtav ypewdletor. H opddo tov vipdtov mov
nepihapfdveron o€ o mapdAAnin mepoxy exteheiton mopdiinio. Otov n opdda
TEAEWDoEL TV €pyocia TG, TOTE T0 Vijpato ovyypovilovior ko teppatifovy,
aQTVOVTOG PLOVO TO VK apyiyo Kot ) Sodikacio avt) enovorapfavetar doeg popéc

ypewletan,

To vijuata emxowvwvodv petagd tovg pe kovég petapintég. Qotdoo, o Slapopacudc
1oV dedopévav unopei va 0dnynioet og cuvinkeg avtaymviouob. INa va ehéyEovpe Tig
oLVlfKeg QVIOYOVIOHOD, XPICIHOTOI00RE ovuyxpovicgpd. O ovyxpovicpds, Opac,
xootilel, dpe xdOe @oph mov mopoAAnAomoloVpe WPEMEL VAL OPYAVAOVOVPE TQ

dedopévo xatd T£1010 TPOTO HOTE VO EAOYICTOTOIOVRE TNV AVAYKT) Y10, GLYYXPOVIGHO.
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INa va yiver n moparinromoinon, o mpoypoppatiotis Oo mpéner va ddboer otov
HETQPPOOTY] 0dnYieg ot omoieg evowuatdvovior atov kddwka g C/C++ 7 Fortran.
Zm ovvéxewo, o ueTappaotig petappdler avtég tig odnyieg xat mapdyer Kinoelg o€
ovvaptioelg Bipriodiiang éror dote vo maparlinlomomioel Tunpote Tov kddika. O
Mivakog 2.1 deixver pa amkn petatpont) oeplakod TPOYPEULATOG OE TPOYPAUUN LUE
xpﬁdn piog dopng OpenMP.

Jlivakog 2.1 (o) Zeyprakd npbdypappa C kar (f) Zewprard apdypappa C pe odnyio

OpenMP
void main() L/oid main ()
{ {
double x[1000] ; double x[1000];
for{int i = 0; 1 < 1000; i++) #pragma omp parallel for
{ for(int i = 0; 1 < 1000; i++)
big_calc(x[4i]); {
} big_cale(x[i]));
} }
}

O apiBuég v vnuatov pmopel vo arraEer duvapikd, eite péoa amd 1o 810 TO
npbypoppo pe KAon ocuvdptmong Pifrodnkng, efte péow ™g  petofinmig
nepifarroviog OMP_NUM_THREADS. I'a Tov cuyypoviopé tov vNHAToV, OUw,
kabag kot ywr T egaptioelg Twv dedopbvov vrevduvog eivan amoxAeoTiKG ©
npoypappatiotic. E&dAlov, 10 API tov OpenMP mopéxer v dvvatdinra
tonobETNoNG TAPGAANAWY TUNUGTOY HéSO ot GAA TOpdAANAL TULATE.

2.3. Odnyyies OpenMP yo C/CH+

Ze 016 10 KePhGoro, Oo avapeplel o Tpdrog pe Tov omoio cuvtdocovial o1 odnyieg
kot Qo aoyxoinlodpe pe kGmoovg YEVIKOUG KAVOVEG TAVE GTNV XPYoT TWV 0dnyidv
kafdg kar pe tig mopdhinhes meproyés. Eniong, 0o meprypagpovv o1 cuvBikeg (clauses)
odnyidy tov OpenMP kot Oo aoyoinBoiue pe g Ileproxés Awpopacpod Epyaciog

————e . 1~ =
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(Work-sharing Constructs), ko@d¢ kot pe Tig mopdAinies neployéq S1apolpacuod

gpyociog. 1o t8hog, Ba avapepBodpe 610 cuyyxpoviopd petold Twov dedopévav.

2.3.1. Zovraln doudyv kar oonyicdv OpenMP
O Tlivaxag 2.2 deixver meprypagikéd m ovvialn pog odnyiag OpenMP.

Mivakag 2.2 Zovtagn OpenMP odnyidv

-

#pragma omp ‘Ovopa odnyiag [ouvOninl, cuvbnkn2, ...]

Amouteiton yro 6ieg 1ig | 'Eva vrapktd 6vopa odnyiag. | [Ipoarpetikd. Ot cuvbnkeg

odnyieg C/C++ ToroBeteitan peta 1o pragma | umopei va eppavifovran
Kal TPV TG GUVOnAKeG pe kaBe oepd

Na napdderypa, pa odnyia Ho propovoe va ftav 1 e€ng:
#pragma omp parallel default(shared) private(beta,pi)

O1 odnyieg akorovBovv Tig cupPdogig Tov tpotimov C/C++. H ypaon kepahaiov 1)
nelhv €xer onuacia, Tpémel va vaapyel povo £va Gvopo avd odnyia ko kade odryia
e@appuoleTon p6vo 610 APECWG EXOUEVO GUVOLO EVIOAMYV TO Omoio TTPEmer va. £ivar €va,
dopnuévo ovvoro (block) kddka. Eniong, pakpég 66mtisg HTOPOVV VO GUVEXLGTOVY
o€ EMOUEVES YPApPEG apkel 6To T€hog KGbe yYpappung va TomobeTeitan 0 YapoxTApag

™G avamodng kabétov (“\7).

2.3.2. Hapaiinleg eproyéc
M nopdAinAn meproyy eivon éva tufpa kd@dka 1o omoio Ba extelestel 0VTOVGIO

oné roAhamda vijpata. H obvtagn pag mopdAining meproyig sivar 1) eéng:

#pragma omp parallel

\
private (varl, var2, ..) \
shared (varl, var2, ..) \

\

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

default (shared | none)

[Sopnpévo TPRpa KOdLKa)

-

Orav éva vijua @tdoer oe pio odnyia mapoiiniomoinong (#pragma...), dnpuovpyel
e opdda amd vipate kot to idlo yivetar apynyds (master) g opddag. O apynyde
givar k1 0 810 pérog ™ opddog. O kddkag TG TaPAAANANG mEPLOYNG avIlypdPeTan
T00€¢ POpéG Ooa To. VIHaTe Kot dideton 6€ avTd Yo vo Tov ekterécovy. I'evikd, dev
VRGpYEL Svyxpovicpds petald tov vnuatav., Kdabe vipo pmopei va @racer oe
omowodnmote onueio péca ot TApdAAnAn mepoyy}, oe akafOPIETH KPOVIKY CTIYUA.
270 TéA0G NG MOPGAANANG TEPLOXNG VTOVOEITAL £VaL PPAYRa, TEPA and TO O0T0io udvo
o apxnyds Ba cuveyioet TRV extélect Tov Tpoyphupatos. EEdALov, To API mapéyer ™m
Sduvatdmra Snuovpyiag mapdAAning mepoyic péca o p GAAN mopdAAnAn
nepoxn. H pohoopévny avty mopdAAnin mepoyh, kataiiyel otn dnpovpyio pog
Kawvovplog opadag amd vipato 1 omoia amotedeiton epNuny amd £vo vijpo. Q61600,
S1dpopeg VAOTOMGEIG UTOPOVV VO EMTPEYOVV TAPURAVE amd £vo VAMA OE MO
QOMOoPEVT TAPAAANAN TEPLOYN.
O appds tov vnudtev tov dnpuovpyodvial Katd v €icodo oe o TapdAAnin
nepoy)y pmopel vo xafopiotel amd 1peig mapdyovieg, ov omoiol kaTd oEPE
TpoTEPULOTNTOG ElvaL:

e 1 xprion ¢ cvvdptnong PiprioBixng omp_set num_threads()

e 0 opiopdg ™G petaPintig nepifdrioviogc OMP_NUM_THREADS ko

e 1 xpMon g epaong default.

Eniong, ivetar n duvardmro and 1o API, va mpocappdletor Suvapixd o ap@pds Tov
vnudtov o pio ovykexpipévn mapdAAnAn neproxn. Avtd pmopei va emrtevyfei pe
Tov¢ £€Ng 80 TpoOTOVG:

* ue m ypfon mg cvvaptnong Bifiiodnikne omp_set_dynamic() xou
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e e TOV OPIop6 ™G petafAnmig nepipdrrovtog OMP_DYNAMIC,

H apibunon tev vnudtev Eexivdel and tov apiBpd 0, omoiog divetan otov apynyd
kG0 opddog kor @taver otov apBudé N-1 6mov N o opfudg twv vnudtwv. H
TavTéTTe.  KGBe Vipatog propel va Ppefel ypnoponowdviag T ocvvépnon
ﬁlﬁkioer'pcng omp_get_thread_num(), evéd 0 cvvolkdg ap1Bpudsg Twv vnubtwv pmopei
vo. Bpebei pe ™ yprion g cvvdpmong PiPAtoBnikng omp_get num_threads(). Av xou
0 VARATO EKTEAOUV 70 {810 KOpudTt K®dka, wotdoo, Ba BéAaue vo ekteAécovv
Si1apopeTikd povoraTio 0VToD TOV KMIIKA. ALTO emTLYXGVETOL HE TO VO OiVOUUE
Sapopenikd kopudn kddko oe kabe vijuo (1o mapdderypa, pe ™ xpron if-else) 1,
omwg Bo Jovpe TaPaKAT®, PE TN XPNOT 0dNYIOV Sopolpacuol epyaciag.

O Ilivaxag 2.3 mopadéter tov k@dwko tov Hello World otov omoio avabétovue
dwpopenikég epyacicg oTo VRO apynyd Kol ota VAOAOITE VIUOTE. XTOV KOSIKO
avtd, 6Aa to vijpata Tuvrdvovy 1o Hello World xar Ttov ap@ud tovg, evd o apymnyds

TUTMVEL TO GUVOAMKS aP1OpUS TV VNUETOV.

[Tivaxag 2.3 Mopaderypo k®@dka pe pia dopty OpenMP

#include <omp.h>

main ()

{

int nthreads, tid;

/* Onploupylo op&dog vnUAtev HEe 1BLWTILKEG peTaBANTEC vpdtav */
#pragma omp parallel private(tid)

{

/* EGpeon xaL gpngévion 1oV avayveploTLKoU vAiuatoc */
tid = omp_get_thread num();
printf ("Hello World from thread = %$d\n", tid);

/* M6vo o apxnyd¢ ekteAe{ outd 10 TuApa */
if (tid == 0)
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}

{

/* OAa 1ot VANt EvAvovial e tov apxnyd kot tepuat(louv */

nthreads = omp_get_num_threads() ;

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

-

2.3.3. dpaoers oonyrcov tov OpenMP

Ot gppaoeig mov ypnoonotovvtal 6to OpenMP eivor ot e€fig:

shared(varl,var2,...): KaBohwég petafintég (varl,var2,...) ov omoieg Oa
npooneha@olyv and Ao ta vijpate (to vauata mpoorelavdvouy idieg Oéoeig
HVIRUNG).

private(varl,var2,...): Kafe vijpa €xer 10 dikd tov wWwwtikd avtiypago omnd
avtég nig petofantés (varl,var2,...), yio ) Sudpkewd NG exTEAEONG NG
TapaAANANG TEPLOYNS.

firstprivate(varl,var2,...): Iwtwkég petapintég (varl,var2,...) 7ov
QPYIKOTOLOVVTOL HE TNV TINT) TOVG TPV ad T0 dopmpuévo Tupe Kdduca dtav
gro@ryeTon pio mopaAAMAN neproyn.

lastprivate(varl,var2,...): Idwmikég petofAntég (varl,var2,...) ot onoieg
emotpipovv Tig Tpuég Tovg ot eéwrepikcég petafintéc petd and Tov
TEPUATIOUO EVOG TAPAAANAOL TUHOTOC,

if(expression): H mapoaiinionoinon yiveton pévo 6tov 1 £k@poomn omotipdton
g aAndne.

default(shared|private|none): Kafopiler v epfédera tov petofinidv oty
napaAAnAn weproyn (av Oa eivor kowég, 18uwTikég, f av dev O éxovv epféiern,
avtiotoiywe). Ioyver yua 1ig petafAntég Yo g omoicg dev opileton pyytd
guPérerd Tovg omd GAAN epdon.

schedule(type [,chunk]): EAéyxet Tov Tpdmo pe tov omoio o1 EnavarRyers evog
Bpodyxov Ba dwpopactodv oo vijpaTta Kot xpnoilomolsitor povo 6T odnyio

for. O TOmog Tov schedule pmopei va givor:

i AN R

- - .
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o STATIC: O enovoriyeig evog Ppoyxov dwopopdloviol o€ KOUPATIO
peyébovg chunk ko avatifevion oratikd ota vijpata. Av 1o chunk dev
éxer xaBoprotei, tote 01 emavaAyelg dwpopalovion oopeph (av
avto givar duvatd) ko cuvexOpevo neta&d TV VpaTov.

o DYNAMIC: Ov emavalqyeig evog Bpdyxov dwpopdlovior of
xopupdrio peyédoug chunk ko avatiBevror dvvapkd oto vijpata. Otay
éva Vi TEAEIOOEL pe Eva KoppatT avarapPdaver dvvopikd éva GALo.

.« To eprunv péyedog evig xoppanov giva 1.

- o GUIDED: To péyeBog tov kxoppatiod perdvetrar dvvopikd pe kabe
KOUUATL TOV YDPOV EMUVAAYEDV OV ANOCTEAAETAL oTd VApATo. To
péyebog chunk xabopiler Tov eddyioto apOpd emavaiyedv mov Ba
TPENEL VO ATOCTAAOVOV KABe @opd. To eprjunv péyebog evog xoppatiov
givon 1.

o RUNTIME: H onmdépacn dwpoipacpod, avaPdiretar péxpt v
extéleon ToOv Tpoypappotog, pe T Ponbew g petofintig
nepiarihoviog OMP_SCHEDULE. Amayopeveton va  kobopiotei
péyedog chunk ywa avti) T cvvOnqKn.

¢ reduction(operatorfintrinsic:varl,var2,...): EEaopo)iler 6Tt e reduction

Aertovpyie. (Tov teheoth) peto€d tov petofintodv varl, var2, ... 6o
ektedeotel pe aopdhein (Yo topdderypa Eva kabolkd GOpoopa).

e copyin(varl, var2,...): Avnypaoe nig petofintéc varl, var2, ...oto TpéYov

vijpe. H petaPinmy tov vAuatog apynyod ypnotuomoteitar cav m anyn
aviiypaphc. H opdda tov vnudtov apykonowitor pe avtq t Ty pe my

gloodo ot mopdAinin weproyy.

2.3.4. Ileproyés Aiauoipacuod Epyaciag

Mo meproxf] dwpopacpol epyoaciog ywpiler ov kd@dika mov mepucheieTon oTnv
napdAANAn mepoxn peTaly Ttov vnudtov g opddog Tng mepoxng. Ov meproyé
dupopacpov epyaciag dev dnuiovpyodv kavovpra vipato Kol Sev vIapxel KATolog
OLYXPOVIOUOG KaTG TNV €{6000 Ge Wi TETOWL MEPLOYY], VIAPYEL OUMC CUYXPOVIGHOG

Kkotd. v €€060. YRApYOLV TpELG TUTTOL MEPLOYDV SlopOlpacpo epyociag:
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e Odnyio for: Awapopdler mig emaveryelg evdg Ppdyxov omy opddo g
TPEXOVOOG TAPEAANANG TEPLOYNG.

e Odnyia sections: Awapopaler v gpyacio oe Eexmwpiotd, dokpitd tuqpata.
Kda0e tunpa exteieizor amd dopopetikd vipo.

e Odnyia single: To Tunpa extereitor podvo anod Eva vipa.

Onog kot oTig TPGAANAEG TEPLOXEG, £TOL KOl OTIG MEPLOXEG OLAUOIPOCHOD EPYTiag,

VRGPPOVV KATOI01 TEPLOPIGHOL TOV TPETEL VO Lkavorondovv:

"o Y10 vo. ekTELECOEL TapdAANAG i 0dnyia, Ba mpémel N EPrOY| SwporpacUoD

epyooiag va eowkAeictol Suvopukd péco oe po mapdAAnin reproxn.

e 01 eproyég dapopacuod epyaciag Ba mpéner vo dopopdlovv Ta dedopéva
(1 v epyaoia) oe Gha Ta VRATA 1) OE KavEva.

o dwdoykéc meploxés Sopolpacod epyaciog fo mpémer va tpoomehadvovion

and to, pEAN oG opadog pue my ido oepd.

2.3.4.1. Odnyia for
H odnyio. for xaBopiCer 6T o1 emavarfyelg Tov Ppdyxov mov axolovdei mpéner va.

eKTEAEGB0VV TTAPAAANAD, 0mtd TV opdda. Avtd mpotimoBéter 6Tt n mopdAANAN TEPLOYA
éxer 10n apykomoindei, aAhbg extehei oeplokd Tov kwdika. H odvraén tng odnyiog

for eivaun 6mag deiyver o [Tivaxag 2.4.

[Mivaxag 2.4 H odnyio. for

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

for loop

omov k&0t clause givol pia omd Tig TapaKdT® cVVENKEG:
e private(list)
o firstprivate(list)

o lastprivate(list)

et
AR Ay
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reduction(operator: list)

ordered
schedule(type [,chunk] )

nowait

O ouvBnkeg private(list), firstprivate(list), lastprivate(list), reduction(operator: list)

kot schedule(type [,chunk] ) reprypdonrav otnv Evomra 2.3.3.

H ovvOnkm ordered mpémer vo. vmapxer 6tov odnyieg ordered ovpmepihapBavovron

péca oe o, for 0dnyio ko kaBopilovv Kémow TuRpOTE TOV TPETEL VA EXTEAEGTODV

akoAoLOKA.

H ouvOrxn nowait YpnoWOTOIEITOL Y10 VO EMTPEYOVUE GTO VIIHATA VA GUVEYIGOVV

TNV EKTELEGT] TOVG YWPIG VO TEPIUEVOVV TOV TEPUATIOUO KOL TV DEOAOTMV VIUATOV

0710 T€A0g ToV TapdAAniov Bpdyyov.

O eepropropoi o 1oyvovV givar oL e€Ng:

1N 0pBOd™Ta EVOG TTpOYpAppaTOS dev Qo mpémer vo e€apThTan and To mow0 Vijpa
Bo ekTeEAECEL e CUYKEKPINEVT) ETOVAAN Y.

omoryopeveTol o drakhadwon va kotodiyel éEm and éva Ppdyyo o omoiog
oxetiCeton pe ma odnyia for.

10 péyeBog evog koppaTiov mpEmer vo. kabopiletar cav otabepn) Exgpoon
akepaiov evag Bpoyxov, a@oL dev VAAPYEL CVYYPOVICHOG Yia TV OROTIPNGT)
Tov pueyéBovg amod Ta VAR,

o PBpoyyxog for Ba mpémer vo. givor oLYKEKPYLEVIG HOPONS, WG TEPLYPAPETOL
07O TPOTUTO.

ot ppaoeig ORDERED kot SCHEDULE npéne vo epgavifovtor 1o modd pia
©opa n kabepia.

2.3.4.2. Oényia sections

H odnyia sections eivar pa pn emavoinmriki meployn Sopolpacpod epyaocio.

Kabopiler 6T1 10 sooxieidpevo tpuiuate koddika 6o dwopopactodv petald TV

vnudtwev g opddac. Mo odnyie sections umopei va mepiéyel mEPLOOOTEPES OMO pid,
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ave€aprnteg, odnyieg section. KéBe tunpo exteleiton pia opd amd éva vipa g

opddag. Tn odvtaén piag odnyioag sections deiyver o Iivaxag 2.5.

[Tivaxog 2.5 H odnyid sections

{

]
}

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

#pragma omp section
< dopnuévo TpnRua KOd LKx
[#pragma omp section

= dounuévo TpRpe KOS LKA

O pphioerg pmopovv va eivon ot g€Ng:

Onwg

private(list)
firstprivate(list)
lastprivate(list)
reduction(operator: list)

nowait

avtég mEPLYphoNKaY oT mopaypdeovg 2.3.3 wou 2.3.4.1. Xto téhog KkéBe

odnylag section vrovoeital kdmow @paypua mov Ba BondfAceL 610 CLYYPOVIOUS TV

wpdtov, extdg 1 av ypnolponowmfel m ovvBfkn nowait omdte To vApato dev

TEPIUEVODY Y10 CUYYPOVICHO PETO. TO TEPAG TNG EPYACIAG TOVG,

O mepropiopoi wov o)hovv oty odnyia sections givar o e€ng:

]

0mog kat oty 0dnyia for, amayopedeton e Srokhddwon vo sloépyeTol o€ évo.
dopnpévo tunpa kddika N vo katadnyet EEo and ovtd.

ov odnyieg tunpotog mpémer va AapPdvovv ydpa péoa oe o odnyio
TUNHOTOV.

Hovo pio cuvOrkn nowait umopet vo nepiEyetonl o€ P 0dvyyio TUNRGTOV.

PEVEC e

= et vt s o e
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2.3.4.3. Odnyia single
H odnyia single xoBopilel 671 0 kddikag mov ecwrAeieTan and avt), Oo ekteleaTel

udvo and éva vApa. To vipa mov Ba @tdoer tpdto otnv single odnyia, avtd Bo
exteléoel tov kddko. H odnyio avt), efvar xpiown O6tav €xovpe tpnpoato and
kdSika mov dev eEaptdvral anokAeloTikd and To vipota 6mwg Yo Tapdderypo

lmtdupyisg £10030v-e£680v. H odvtagn pog odnylag single deiyver o IMivakag 2.6.

[Tivakeg 2.6 H odnyia single

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

Sounuévo TUHANO KOS LKX

O ppdoeig umopovv va gival o1 TaPaKETO:
o private(list)
o firstprivate(list)

¢ nowait

omwg avtég meprypdenkoy ot nopaypdeovg 2.3.3 kot 2.3.4.1. Ta vijpata wov dev
extelobV Ty 0dnyio, AEPHEVOLY GT0 TENOG TOL ECHOKAEIDHEVOL KK, £XTOC KL av
xpnowonombOei n ovvOikn nowait ondte ta viuote dev Ba mepluévouv yw va

OLYXPOVICTODV.

Ov mepropicpot mov wyvovv eivor o1 e€nc:
e omoyopeveTal pia Srakrddwon vo eioépyeTal o Eva dounpévo Tufpo kdduca
odnylag single 1y va katoAfyst £Ew and avtd xat

e pdvo pio cuvOnkr nowait pmopei vo ypnoonomndel oe kdOe odnyio. single.

2.3.5. Zovovaouéves mapdiindes mepIOyés O1aUoIpaoUOD EPYATIac
O Zvvdvoopéveg mapdiinieg neploxég SLopopacpod epyaciog €ival GUVTOUEVGELS
o va kafopicovpe pwe mopdAAnin meproxh 1) omoio mepéxgel povo pia mEpLoxh

dwpopacpod epyosiog (évo mopdAinio for ) mapdAinia sections). Inpacioloyikd,

$
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o1 cuvdvacuéveg mapaAANAeg meployés Srapolpoacpol epyaciag, ival i1Godovapeg, pe
™m SMAwon pog mapdAAning meproyig, apécmg akoAovBovpevng ot pia meploxy
Swpopacpol epyociog.

Emtpénovrar 6heg o1 vrapkTég ouvoikes Yo pio mapdAAnAn mepoy kol yo Thv
oxetkt| meproxy dwaepoipacpod epyaciag, extdg and tn nowait a@ov, £T01 KL AAMAG,
010 r-éXog kG0Be TAPAAANAOL TUNUOTOC VTOVOEITOL Eva QPPAYUE Y10 TO GLYXPOVIOUS
TOV VIUATOV.

Yrdpyovv 800 tonot TéTotmV odnyibyv:

» odnyia parallel for ko

_e odnyia parallel sections.

2.3.5.1. Odnyia parallel for

H odnyia parallel for xaBopiler pio mapdAinAn weproxn mov mepExel p omhy for
odnyia. H odnyia for Ba npémer va eivan n apéowg exdpevn eviorr| (peta t dMimon
g mopdAANANG meployng) Tov kmdika. H odvraln piog parallel for odnyiog eivor

dmwg deiyver o Tlivaxag 2.7.

ITivaxag 2.7 H odnyia parallel for

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

Bpéxog enavaAnyng

O1 ppdoerg mov propovv vo, xproiporomBovy eival ol €€xg:
o private(list)
o firstprivate(list)
o lastprivate(list)
¢ reduction(operator: list)
o schedule(type [,chunk] )
o if(expression)

o default(shared|private|none)

Tt i~ =

TRTITIS
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o copyin(list)
onwg autég mEPtypdonKay oTn mapdypago 2.3.4.1.

O mepiopiopoi Tov ) vovV otV 0mAT) odnyia for 1woydovY Kt £dd (BAéne maphypapO
2.3.4.1).

2.3.5.2. Odnyia parallel sections
H odnyia parallel sections ka8opiCer po mapdAinin wepioyn n omoio mePExeL a

aniﬁ odnyia sections. Avtf 1 0dnyia sections, Oa npénet vo. eivar 1 apEcmg Endpevy
evtoM} (peto ™ SfAwon ™¢ mapdAAning mepoxig) Tov kddwo. H ocdvialn mog

odnyiag parallel sections eivat 0mwg deiyver o [Tivaxoag 2.8:

[Tivaxag 2.8 H odnyia parallel sections

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

{

[#pragma omp section]
dounpévo TPAPO KOS LK

(#pragma omp section
Sounpévo THAPO XOD LKA
]

O ppboei; mov pmopovv va ypnoiuonomBodv eival o
e private(list)
e firstprivate(list)
e lastprivate(list)
¢ reduction(operator: list)
o default(shared|private[none)
e copyin(list)

e ordered
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Onwg avtég EPLYPAPNKAV OTN Taplypopo 2.3.4.2.

O1 mepropicpoi wov woyvouy oty oA odnyie for wydovv ki edd (BAéne mapdypago
2.3.4.2).

2.3.6. Odnyieg ovyxpoviauod yra. C/C++ |
01 Odnyieg ovyxpoviopod ypnoiporoovvrol yur vo EAEYEOVpE T OEIPE EKTEAEONG
TOV VMuaTOV peg opddag, étor dote vo eacpolicovpe TV okepAOTNTO TOV
Ss%pévmv. O1 0dnyieg cvyypoviopod wov pog diver 1o API givon o €€rig:

e master

e critical

e Dbarrier

¢ atomic

o flush

K ordered

o1 omoieg Ba TeEPLYpapOVV GTIG ERGUEVES TAPAYPEPOVG.

2.3.6.1. Odnyia. master

H odnyia master koBopilel pa mepoyf n onoia Bo. ektedeotel pévo omd to master
vijpa g opddac. Ol o GAAo vipato g Opddog dev ektehodV avTé TO TRAHMA
xkhdwka. T v odnyio avty, dev vabpysl k4o Qpayuo mwov va vrovoeitor. H

ovvtagn g master odnyiag eivan dnwg deiyvet o [Mivakog 2.9:

ITivakog 2.9 H odnyio. master

#pragma omp master

dounuévo TuApa KOS Ko

T T R T T T,
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2.3.6.2. Odnyia critical

H ofnyia critical kaBopiler pio meproyn n omoio wpémet va exteheotel povo and éva

viuo KGO @opd, opilovtog étol pio kpioyn wepoyn. e po, kpiowun weploxy, pévo
pio Sepyosio pmopei vo eyypdyer 1 va SwPdoer o kowyy  petofAnm)
Srac@oAilovag £Tol Ty akepotdTrTa ovTiS TNG neTaBAntic. H ovviaén g odnyiog

critical eivou 6mwc deiyver o ITivaxoag 2.10:

[Tivaxag 2.10 H odnyia critical

#pfragma omp critical [<6vopa>]

SouNUEVO TURRO KOS LKX

6mov 6vopa givat va avayvepioTikd dvopa Tng Kpiotung neploxig mov kabopiler tnv
odnyyia critical (ka8 kpiowun meployn TPEREL vo. £xEL HOVAIIKO ovaryvepioTikd dvouo).
O1 kpioeg meproyég mov dev Eyovv dvopa Bempeital 61 £xovv v b0 TavTdT™TQ,
gve drapopetikég critical 0dnyieg mov €xovv 1o 1610 6vopa, Bewpeital 61 avapEpoviot
oty i kpiown neproyf]. Av éva vijpo, ektedel o kpiown mepoyn Ko évo GAro
VAHO PTACEL OE VT TNV Kpiown TEPLOY Kot TPOOSTABNOEL vo. TNV EKTEALCEL, TOTE TO
devtepo vipo Oo ovayxooTel vo. Tepével pExpl 10 TPMOTO VAHO VO QUYEL ad TNV

Kpiown neproxn.

2.3.6.3. Odnyia barrier

H odnyia barrier cuyxpoviler Ao Ta vijpata Tng opddag anatdvTag amd Kade vipo,

VO GTOMOTIOEL, TPOCWPVE TNV eXTEAECT) TOV, oto onueio 6mov vmapyer n barrier
odnyla, péxpig 6Tov 6Aa Ta VHHATA YTAGOVV GE aVTd TO onueio. Ztn cvvérel, Ol To
viipota Esxavovv mopdAnia omtd ekeivo 10 onueio v extéAecn Tov KOIKA OV

akolovBei. H otvta&n g odnyiag barrier eivan Omwg deiyver o IMivaxag 2.11.




25

[Tivaxkog 2.11 H odnyio barrier

#pragma omp barrier

ITpokeévov vo epopuoctei cwotd 1 odnyia barrier mpémel va oydovv o1 axdérlovbor
TEPLOPICHOL:
e kdabe odnyia barrier o€ pia TapGAANAN TEPLOYN, TPETEL Ve cuvavTnOEl amd OAa

. L3

To VIApOTO 1) A Kaveva Kal
. T OEIPG pe TV onoin Ta VijpaTO TPOGTEAAVVOUVY TIg TEPLOYES SOUOLPACHOD
gpyaciag ko Tig 0dnyieg barrier og pio TapdAANAN wEpLoyn, Tpénel va. ivor

id10, Y10 k6B vijua TG opadac.

2.3.6.4. Odnyia atomic

H odnyia atomic koBopiler 6T1 1 ovykekpyévn tomofecio ot pviun mpénel vo
avavedveTol atopkd (omd kafe vipa), un emrpémovrag MOAAL VIROTO Vo KAVOUV
gYYPaON TOVTOYPOVA 6T SuyKekpuévn tomobecia. ‘Etol anayopeiel o onolodnmote
vijpa va Staxdyer kdmow GAlo vijpua mov Ppioketor ot dradwacio mpoonéhaong 1
aMayng g T pag petafinmg xowfg pvipng. H obviadn g atomic odnyiog

givan 6mwg deiyver o IMivakag 2.12.

[Tivaxag 2.12 H odnyie atomic

#pragma omp atomic

£xppUon

omov ékepacn pumopel va givar pia amd TIg TOPaKATW EKQPPACELG:
® x binop = expr
s X+t

o +i+x
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TG TPONYOVUEVEG EKPPACELS TO X efvan pa petafinth, o expr eivar pua éxppaon n
omoia dev mepiéxer 1o X kat binop givon kadmorog and Tovg eEng (Un VIEPPOPTOUEVOVS)

teheotéc: +, X, -, 1, &, N |, <<, >>.

2.3.6.5. Odnyia flush
H odnyio flush xaBopiler éva onueio cuyypovicuod oto omofo 1 vAomoinon Tov

KOS Ko TPENEL Vo, TaPEYEL VO GUVEREG CTIYHIOTOTO TG HVNuNG. Z€ avtd To onueio 1
péyovca T pag kowig petafAnmig eyypapetar apéowg otn pviiun. H odvroln
mg odnyiog flush eivan 6mag deiyver o MMivakag 2.13.

ITivaxag 2.13 H odnyia flush

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

dmov varl, var2, ...civon pa Aiota omd xowég petafintéc ol omoieg Ba eyypapovv
OTN UVIUT TPOKEIUEVOL VO aoPUYOVUE va eyypdyovpe Oheg Tig kowég uetafAntéc.
Av kdmowo and ta varl, var2, ...efvon deiktng, T6TE EyypdpeTal o defkng kat Oyt To

avtikeipevo oo omofo deiyvel.

O niepropiopof mov 1oydovy Yo Ty odnyia flush eivon:
® 0L VAOTIOUWOEIG TOV TPOYPAUPATOV TPEMEL VO EYYVLOVIAL 6T, OnoEcdmoTe
oAloyég ot petaPAntég opatég and ta vipota Ba eivor opatég ota vipata
petd and ovtd 10 onueio
e 1 odnyia flush vmovoeiton yia ig akdAovBeg 0dnyieg (ekTdg OV VRGPYEL GTOV
Kk®dika 1 cuvBY KT nowait):
o barrier (ot eicodo ko oy £E050),

o critical (cTv gicodo kot oy £E080),
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parallel sections (uévo oty é€0do),
parallel for (n6vo omv é€060),
for (uévo oy é€0d0),

sections(udvo oty £€odo),

O O O o0 o

single (uévo oV ££0d0).

2.3.6.6. Odnyia ordered
H odnyio ordered xaBopiler 41t ov emavaliyews tov zmepipdrrovrog Bpdyxov Oa

EKTEAECTOUV pe TN oepd Omwg Oa extelovviav oe £vo ocepaxd vroloywti. H

m');tagq g ordered odnyiog eivar dmwg deixver o Iivaxag 2.14.

ITivokag 2.14 H odnyia ordered

#pragma omp ordered

SounNuévo TUAHX KOS LK

Orav éva vipa, 1o onoio mpdketar vo ekTeAEGEL TV TPOTN EMOVEANYN TOL PpdyYOV,
cuvavtioel o odnyio ordered, tdte extehet v ordered neproy ywpig va mepipéver.
Avrifeta, dtav VAROTO OV EKTEAOVV EMOUPEVEG ENAVOAYELS, GUVAVINCOVV TNV idia,
odnyla ordered, tote mepwévovuv omv apyi g mepoxis ordered péypr va
TEAEWDOOVV OO VT TNV AEPOXN OADL T VIjHOTA 7OV EKTEAOUV TPOTYOOMUEVEG

emavaAnyews (€101, povo éva vijpa empéneton va givar o o ordered meployn kdOe

Qopa).

O mepropiopoi mow woydovv o€ o odnyia ordered eivat:
e ua ordered odnyia pmopel va eppaviCeton pévo oe wio for 7N parallel for
odnyia.
e évag Bpoyxog o omoiog mepudyer pio ordered odmyia, Bo mpémer va eivon

Bpoyxog ue pa ordered @pdon.
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o o emavaAnyn evog Bpodyxov dev mpémer vo extedel v 1dia odnylo ordered
TAPOTAVE omd pio @opd ko dev mpémerl va extedet mGvo omd pia odnyia

ordered.

2.3.7. Eéeidixevuévy Odnyia.: threadprivate

H odnyio threadprivate kobopilet 6t xabohkd avrikeipeva (1 petafintéc) pmopovv
vo. yivouv 101wTikG. Y10 kot vApe. Me ovtd Tov Tpomo, UTOPOVUE Vo OpicoviE
koQoAkd avtikeipeva, oAMG vo petatpéyovpe ™V EpPEeId TOVG KoL VoL T KAVOUHE
TOmKGA Y10, K4moo vipe. O petaPAntés yio Tig omoieg woyvel n odnyiae threadprivate
cstxicow vo. stval 1SwTikée, Yo kGBe viua, akdpa kot oe SlouQopeTikés TapdAAnAes

neproyés. H ovviagn g threadprivate odnyiog eivat 6mwg deiyver o Ilivoxag 2.15:

IMTivaxoag 2.15 H odnyia threadprivate

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

H odnyia mpéner vo eppavileror apéomg petd g dnhdoeg tav kaboixkdov
petofAntav (dpa mpwv T main()). Metd v odnyia, n ovykekpyévn petafinti mov
éxer oprotei wg threadprivate, avirypagpetor oe kaBe vijpa kot kGBe vijpa Kpatdel 1o
6 tov avtiypogo, £101 doTe dedopuéva To onoia eyypapovion ord £vo vijua vo pnv
givar opatd oto vwdrowma. o va cvvexicovv ol petafintég va elvan Wiwnikég Yo
dAeg Tig TapAAANAES TIEpLoy£S, Ba TpémeL vaL 10OV Ot TopakdT® cVVBNKEG:

® va unv vaapyel TapdAAnAn neployn péca o€ pio GAAT TapGAANAN mEPLOYN.

* 0 0pBpdc TV VNUATOV 0TS TAPAAANAEG TEPLOYES Va Eival 0 1610G,.

® 0 eomtepikdg, Ovvapmkog pnMovicpds TV vnudtev, mpémer vo  givol

QMEVEPYOTOIMMUEVOG KOTA TNV IIPMTN Kpiowun teployn Kot va mapopévet o idrog

OTIG VITOAOITEG TOPAAANAEG TIEPLOYECS.

Kot myv npom gicodo o mo mapdAAnin zmepox, ot Tpéc tov petaBintdv
threadprivate fempovvral axaBopioteg, exTég KL av £xer ypnoiponomBei oty parallel

(section 1} for) odnyia, n pdon copyin (BAéne mapdypago 2.3.3).
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O nepropiopoi mov oyovv i v odnyia threadprivate givon:

. L3

pma odnyia threadprivate npéner va epgavifeton petd tig xaborikég dnAdoeig
Kat TPV TNV APDTN YP1oN TV PeTafAntdv.
me petofAintd threadprivate pmopei vo eupgavifetar poévo oTig cuvOnkeg

copyin, schedule kau if.

2.3:8. Kavdves eupwiioouod

Katéd m ovyypapn apoypoppdreov OpenMP, 1oxbouv o1 e€ng xavoveg yo 6,11 apopd.

TOV ELOMAMACHO SOpGOV KoL 0dNyLDV:

M mapdAinin mepoyn péca oe po GAAN, Aoywd opiler o véa opdda
vnudtov n omoia amoteAeiton amd TO TPEYOV VIUA.

Ot 0dnyyieg for, sections xou single wov Ppickovtar péca oy ido mapdAinin
TEPLOYT dEV EMTPETETAL VO QOALAGOVY PETAED TOVG,.

O 0dnyyieg for, sections kou single dev emtpémovian péca onig Sopég critical,
ordered, master.

Odnyieg critical po. 1o 610 dvopo dev emipémetan vo, poMdoovy 1 pio péoa
oty GAAn.

Odnyieg barrier 8ev emtpénovion péoa oTic douég critical, ordered, master, for,
sections, single.

Odnyieg master dev emrpémovton péco. otig dopég for, sections, single.
Odnyieg ordered dev emtpémovton péco o dopég critical.

Ké&be odnyia n omola emrtpénerar dtav extereiton Svvapka péoa oe pua
napdAANAn TEPIOYT, EmTpémeTan KL 0TV eKTEAEiTOL £E0 OO IO TOPAAANAN
neproyn). Otav exteheizan €€ and po mapdAAnin mepoyn, téte 1 odnyia

ektereital oe pio opdda vnpdtov anoteAoVueVn uévo omd To VAR apxnyo.

2.4. Meragpactéic OpenMP

IIépo. and Tov OMPi vadpyovv kot kdmoleg GAAEG mpoomadeisg Yo T Smulovpyia

HeTappact@v cvpfatav He to tpdtumo OpenMP. Oa avopépBody ol kuprdtepec.
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2.4.1. Eumopixol uerappaotés

2.4.1.1. Fujitsu/Lahey
'Evog petagpaotiic mov vrootnpiter yddwooeg npoypappatiopod FORTRAN, C ko

C++ o Aertovpyikd cvoripato Linux ko Solaris,

2_.4;1 2. Hewlett-Packard
O i.tera(ppaotég FORTRAN, C ki C+ ywo 10 Aewtovpyiké ovommpo TRUG4

vroompilovv 10 TpdTumo OpenMP.

2.4.1.3. Intel
Merogpaotég C++ kot FORTRAN yio cvotipata IA32 ko Itanium oto Asitovpykd

- ovotiuoto Linux kot Windows

2.4.1.4. Portland Group, Inc
O petagpaoctés PGF77 kou PGF90 (FORTRAN) yi0 Agitovpyikéd ocvotipata Linux,

Solaris ko1 Windows.

2.4.1.5. SGI
O peragpaotiic SGI MIPSpro yie ovotiupate IRIX ko yhdooeg C, C++ kou
FORTRAN.

2.4.1.6. IBM
O petagppaotéc IBM XL C/C++ kar Fortran, ov onoiot vroompilovy ko polaouévo

TAPOUAANAIGHO.
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2.4.1.7. Sun
O petappaoctég Tov Sun Studio vrootnpilovv yYAdooeg Fortran 95, C xor C++.

2.4.2. Epevvnuikof peragpactés

2.4.2.1. GNU C Compiler
H éfc&ocn 4.1 tov petappooti C mg GNU nepihappaver Srokdénteg mov evepyonolody

m .psmyl(bmon kddwo pe odvyies OpenMP. Ymootnpiler eppwAevpévo
raporniopd (dou parallel péco oe dopn parallel).

2.4.2.2. OdinMP

O OdinMP eivou eriong ypoppévog o C++, 6mmg ko 1 véa vAomoinon tov OMPi.
Xpnowonoiel evdrapeon avanapdotacn kodika pe Apnpnpévo Zuvioktkd Aévipo
(Abstract Syntax Tree). o v mopaywyn evég «KavOVIKOD» CUVTAKTIKOD OEVIpov
yivovtioan mpocOijkeg otov k@dca €166060v, Omw¢ Yo mapdderypo M wPocOiKn
oOvBeTov ouvdhov eviordv (compound statement) oe pio evioAn if mov dev £xer,

enedn) nePEEL pOVO pLo. EVTOAY.

2.4.2.3. Omni

O Omni mepthapfaver extodg omd Tov peToPpacti Y. YA@ooo rpoypappotiopod C
Kot Tov petagpacth yio YaAdooa FORTRAN77. Eivar ypappévoc oe C xon Java kat
okomdg g opnddag vAomoinorg ivar  popnToTHTE OE MOALEG TAATOOPJLES.

2.4.2.4. OMPi
O OMPi eivanr ypoppévog oe yYAGooa Tpoypopupaticpod C kot vAomompévog yopw
and ta epyaieio GNU flex ko bison. Eivar 0 ap®@Tog peta@pactic mov vrootipile

v €xdoon 2.0 tov wpotirov OpenMP.
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KED®AAAIO 3. ANAAYZH KQAIKA EIZOAOY

3.1. Ewayoym
3.2. O hextikdg avoAvThg

3.3. O ovvtoktikdg avarvtig

—~—

3.1. Ewayo
INa va pnopéoetl vo petaoynuotiotel o xddkog €10660v cOuPwve pe Tig 0dnyieg
OpenMP, npénel mpdto vo. avarvbel oto empépovg aToryeio Tov, TPdTo AEKTIKG Kot

EMELTA CUVTOKTIKG KOl GT)LOCLOAOYIKA.

H vndpyovoa €kdoon Tov OMPI efvar xodikomompévn povohiBikd pe ypnon tov
gpyaieiov bison. O kddikag ovdAivong ™G €0680V KO UETOCYNUATIOHOV Eivol
domopTog 6TOVG CLVTOKTIKODG Kavéves. To amotédeopa eivor 6Tt 1 aAhayh, yio
Topaderypo, otov KddIKe KETOWV UETACKNUOTICHOD OmaiTel KaOOAKY YVOOT TOV
KOJKA TOV HETAPPAOTH, hote va yivouv aAlayég oe OAOVG TOVG EUTAEKOUEVOC

CLVIOKTIKOUG KOVOVEG.

Katéom Aowmév amapaitmm n tunpatoroinon tov kddika tov petappocti. Mo
uébodog tunuatonoinong eival o SowPIoUOG OTO. EMPUEPOVE TUAHATOL:

®  AEKTIKY, CUVTOKTIKY KO GNHACIOAOYIKT avéAvon

*  Metooynpotiopoi

e H xown dwemoeh petald tov d0o Tunudteov eivor e eviidueon

AVOTOPEOTACT| TOV KDSKO 16650V, e T1 xpYion Zvviaktikod Aévipov.



33

H omaitmon yw ™ dnuwovpyia evddpeong avanapdotaong tov kddika GTOV
petappacti 0difymoe ot xpron g YAdooag mpoypappatiopod C++ v tovg £énig
Adyovug:
e EuxoMo om Snuovpyic Tov Zvpmayodg Tuvioktikod Aévipov (EXA -
Concrete Syntax Tree).
. ' Bolwkotepog xewptopds tov mapaydpuevov dévipov o€ oYECH pE TNV ETAOYH
HI0G PN OVTIKELUEVOSTPAPOVS YADGTOG TPOYPAUUATIONOD.
¢ “ITo copmayig Kot EVKOAGTEPOG GTTV KOTAVONOT KOSIKAG,
B EvkoAdtepog oy enfpfoor kon enéxtact KOMKOC.

H yhdooa C++ ypnowyonomfnke o covdvacud pe to. GNU epyaleia flex ko bison.

Yo ™MV avaAvoT T0V K@diKa 1600V Kat TNV TAPAYOYT TOL LA,

To gpyareio flex mapéxer Aektuai avaivon g €10000v. XpHOIHOTOUDYTAG M0 GELPE
and KavOVeg Tov EYOVV oUVTOEN KOVOVIKOV eKPpacewV, mapdyel Teppotikd cOpufora
ue Bdon v eicodo.

To epyakeio bison mapéyer cuviaktikn kol onpacloroyikn avdivon tng £eddov
YPNCHOTOIOVTAG T TEPRATIKG cOpPora mov mapéxel o flex oe avtd. H yAdooa tov
bison amoteleiton and po cePpd ANO YPAPHATIKOVG KAVOVEG OV VAAKOVOVV GTY

YPOPHUATIKY TNG YAMDOGOG ELGOS0V.

3.2, O iexkTikég avarvTiig
O Aexmikog avaivtig mapaydnke pe ypiion tov epyaieiov GNU flex. H gpyacia mov
eKTEAEL gival N avayvdpilon AekTik@v @pdoewv (tokens) kar N peTATPOTY TOUG OF

KOUPOLC-PUALL. TOV CUVTAKTIKOD SEVTPOVL.

3.3. O cvvraxtikég avarvtig
O ovvraktikdg avorvtic mapdydnke pe xprion tov epyoreiov GNU bison. H epyasia
nov emteAei omoteAeitoan and Tig €€Ng VAOEPYATiES:

o Fuvraktikdg EAEYYOG TG £10050V

®  Inuaooloytkdg EAEYY0G TG 10080V
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o Anuovpyia xoppov Sukhaddceng Tov dévipov

AvolvTikoTepa:

3.3.1 Jovtaktikdg EAeyyog TG €100000
Ot kavOveg YPOUUOTIKNG OV XPNOWOTOI0VVIOL OTNV TAPAY®Y TOV GLVIAKTIKOV
QVOAVTT] ATOTEAOVVTAL OTTO:
< Kavoveg ypouponikig and ANSIIEC ISO 9899-1999 v ™ yAdooo
npoypoppatiopot C [1]
o TlpooOrikeg ypappatikig OpenMP pe Bhon 1o mpdrumo €xdoong 2.5 [2]
e Emnléov kavoveg POMP mov agopodv Tn xpovopétpnon Katd v ektéAeon
TOL TTPOYPUPUATOG [4]

Me Bdon tovg ypoppatikovg xkovoveg eivar dvvatr 1 eraANBevon TG CUVTOKTIKNG

opBo™TOg NG E106S0V.

O ITivakoag 3.1 deixver éva mapaderypa ypappatikov kovéva. O kavovag ovopdleral
labeled_statement xon pmopei va tapra&el pa axd TG TEPITTAOGELS TOV AKOAOVOOVY,
xopilopeveg pe tov yapaxtipa pipe «|». Katd ocopfoon, pe kepohoio ypappoto

eppaviCovror ta teppatikd otoxein evd pe weld ta pun teppatika. O xavovag

66,29

teppotiCer pe tov yapaxtipa “;” pdvo Tov G€ o Ypapu.

‘Erol yio mapdderypa o kavovog «IDENTIFIER *:° statement» toupidler 1o tepponikd
otoixeio IDENTIFIER, &nAadn xdémowo Ovopo opiouévo omd 10  YpHoT,

[}

akoAovBoduevo amd 1o xapaxtipae ‘’, akohovBoduevo amd évo pn TEPUOTIKS
ovouforo statement. Ilpékertar ywr v emkéta pag €violig goto, n onoia
akohovBeitar amd TP KddKa, Tov TEPIAaUPAVETAL oTO Statement.

Avtictora 1 ypapuun) «DEFAULT ° statement» toupidler 10 tepuotikd otouyeio
DEFAULT axohovBoidpevo and 1o teppatikd ototyeio ¢:’, axohovBodpuevo and 1o un
TEPPATIKO GTOMYElO statement. ES® mpdxertan yio v éxppaon “default: kdducog” wov

GUVAVTOUNE GTNV EVTOAY] switch.
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Mivaxag 3.1 IMopdderypo ypappatikod xavova

labeled_statement:
IDENTIFIER ':' statement
| DEFAULT ':' statement

2

3.3.2. Znuagiodoyikdg éleyyog tng 106600

To epyaheio bison ypnowomoiei kddwka ypHom nov mopepPfdiletoar GTOVG
ypaﬁpauxof)g KaVOVEG MOTE va YiVEL 0 CNUACIOA0YIKOG EAEYYOG TNG E1GGS0V.

‘Etor eivor dvvatd o avalvtic va eréyEer yw v Ymapén petapfintdv mov
XPNOomo00vVTaL XWpic va Exovv dnNAwbel mponyovpuévee, OTwg Kot Y TN SUTAR
dhAwon petaPintav oto idwo eminedo opatdTTag (Visibility scope).

Emiong yiveton éleyyog v TOmOULG opiopévoug amd 1o xpnot (typedef), dote va

UIOopOovV Vo xp1cipononBodv g THoL HeTOPANTOV HEGO 6TO TPOYPAULUA.

3.3.3. Anuiovpyia un tepuatikwy kopPwv Tov 0évipov

Aapfpavovtag To TEPUATIKA OVTIKEINEVO OO TOV AEKTIKO QVOALTH, O GUVTOKTIKOG
avaAvtig mpoomabel va tayprdéel my €ic0d0 pe TOVG YPOUPOTIKOVG KOVOVEG TTOV
yvopilet.

Ze ka0e eminedo Topracpatog dnpovpyeital Evag un TepROTIKOG KOPPog mov cuvdéet
TO. TEPUOTIKG KO pn TEPHATIKG aviikeipeva mov £xovv ypnowonmowmndei. O kdufog
avtog B ypnopomoindei dote vo dmpovpyndel éva vrodévipo. To vrodévipo
otadwkd Bo evoopatmbei 610 OAkd, OTav TO EMIMEdO TOPLACUATOS PTACEL GTO

KOTAAANAO onpeio.

O Ilivaxag 3.2 deixver mo omhi mepintoon xoavova. Av Bswpricovue 6Tt éxovue
cuvavtiicer v eicodo “goto labell;”, t6te eivoan mpopavég 6t av vmapysl

xoTaywpnuévo 1o labell wg etikéto, Ba Taupra&er o TpdTOG KAVOVAC,
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Mivakog 3.2 Iapdderypo amiod ypoapupuotikod Kavovo,

jump_statement:

GOTO IDENTIFIER ';'
CONTINUE ';'

BREAK ';'

RETURN ';'

RETURN expression ';'

.
r .

Ta rp?a TEPUOTIKA avTikeipeva mov £xovpe dnpuovpymoet (“goto”, “labell” xan «;””) Ba
cuvevboldv pe ) xpiom evog un Teppotikod kéuPov, Tov omoiov Oa yivouv moudwL.
Onng eaivetor oto Zynuo 3.1, £xer dnuovpynbei Evag pn teppotikds k6uPog “jump
statement” o omofog 7mepEyel WG kOuPovg mAdG TOVg TEPUATIKOVG KOUPOLE 7OV

TEPTYPAPNKAV.

jump
statement

Zyqua 3.1 Hapdderypo kotookev g VTOdEVTPOL

3.3.3.1. An6doon YVOPIOUATOV GTOUC UN TEPUATIKOVC KOUBoug

Katd ™ dnuovpyia tov pn teppoatikdv k6ufwv, avatibevioar kdrow yvopiopoata o
QUTOVG, YW TOV EVKOAOTEPO YEPIOGHO TOV TTA 670 SEVTEPO TEPAGUA TOV PETOPPACTY.
Av1td givou

‘Evog amapBuntg mov aneikovilel Tov Kavova mov SNUIOUPYNGE TO GLYKEKPLUEVO

k6pupo (PR_TRANSLATION_UNIT oto rapdoderypa, PR = Parser Rule).
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IMivakog 3.3 IMapddetypo xpriong anopduntr 6€ YPAUUATIKO Kavovo.

translation_unit:

external declaration

{

$$-= new genblock (PR_TRANSLATION UNIT, ..};

AvaQopég o€ YapTeEG INMDOE®V PETAPANTOV Kol TOTOV XpHoty Yo KopBovg mov
TEPIEYOUV cUVeTEG eKPphoel; (compound statements) Gote va givar dvvatdg O

EAeyyoc opatdHTTOC HETARANTAOV.

unit
T

S

extémal extemal external extemal
declaration declaration declaration declaration

‘E"IJ;ED

Zynpe 3.2 Amhomompévo mapddetypa xapTn HeTaPAnTdV

translation < num, ch, ptr, arr :I

Evdweépov mapovowdler n zepimtwon tov xGptn SNADOEOV PETOPANTAV Mg
OoLVAPTNONG, OOV O AVAYVEOPLOTHG TNG oVLVAPTNONS eival dNAopévog aTov KaBoAkd
YOPO OLLBUVeEMY, €V Ol TOPAUETPOL TNG OUVAPTNONG OTWG Kol Ol TOMKES
petafAntég g cuvaptnong eival Nlwpéveg oty tomkt epPérera Tng cuvapTNOTG.
INa mv tipnon idoewv petafAntdv wmog cvuvdpmmong yxpnowonoteitor n idw
dopn pe avTi} TOV KABOAKOV peTafAnTav.

‘Eva yvOpiopa emaédov EPQOMOCUOD Yo TOVG KOMPOVg TV 0dNyIdV TPOg TOV
npoeneEepyaoty (parallel_level), 10 omoio av€dveror xatd 1 amd 10 O Yy xGOe

EMIMESO EPPOALATUOV TOV CVVAVTATON.
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3.3.3.2. Arlonoinon devipumg doung

O ypoppatikoi xavoveg g C99 kot tov OpenMP wepiéyovv kamowa onpeia 6mov
avadpoptkd emavarapBavovtor pun Teppatikd otoweio, 6mwg deiyver o Ilivakag 3.4.

Avto ocvpPaiver dote va koAvpBel cvvtakTikd omooodnmote apBudg exkpphocwv

péoa oTov kddika £166d0V.

[Tivaxag 3.4 TTapdderypa avadpopikod ypopupotikod kavova

.

* -
translation_unit:
€xternal_declaration

| translation_unit external_declaration

.
!

210 ovykekpiuévo mapddetypo emovorapPdveror avadpopikd TOo PN TEPUOTIKG
‘ototygio translation_unit. To mopoybuevo vrodévpo £xer dnpovpyndei ocwotd, yori
yivetal cwotog EAeyyog Tng cvvtaéne. H devrpuc| doun dpwg mov mapdyeton sivar pn

CUMUETPIKT], OWG PaiveTal 6T0 TOpadetypa ato Zyfiua 3.3.

translation
unit
/‘J"‘\-.
//‘- - e
(- T
translation external
unit declaration
_/"J‘-.'~ .
transiation extémal
unit declaration
/'/.- T
,-’// R
transiation external
unit declaration
|
|
external

declaration
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Iyua 3.3 Yodévipo katookevacpévo amd avadpopikd kavove

Eriong n dopny vt mepiéyer mepLtToig Un TeppatIkovg koppoug mov de dievkodbvouv

m™mv avalimon péoa oto dévipo.

ITg MEPTOOES OV epPavifeton avtd 0 Qovopevo, €xer yivelr emépfaocn otov
K®S1ko Tov akoAovOEl TOVG YpappaTIKovs Kavoves date N doun mov Oa mapoaydei va
givay emimedn, Y mo evkoro xepopd tov dévipov. OAlot ot un teppatikoi képufor
yivovtar apeca madrd Tov apywkod. To amotéheopa petd v enépPaomn eivar 6mmg
610 akoiovfo oxfuo. H civdeon tov un teppatikdv kOpuPav £xsl TANCIAGEL IO
TOAD TN HOPPT EVOG TPOYPAUMUATOG E1GOJ0V Kat deV VAAPYEL EVVOLOAOYIKY aAloimon

0V dévipov. ' mMAAPN KATAAOYO CUVTOKTIKAOV KOVOVMV GTOVG omtoiong epapudleto

n texvikn avt BA. [lapaptpa B.

translation
unit

—— // h T-\‘~‘
_/'// “ ! T e
{
external external external external
declaration declaration declaration declaration

Zynua 3.4 Eninedo vmddevipo KaTaoKEVASUEVO OO AVOSPOUIKO KAVOVa
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KED®AAAIO 4. XYMIIAT'EXZ LXYNTAKTIKO AENTPO

4.1. Ewsayom
4.2. Iépapyia kAMoeV
4.3. Z0vOeom TEPUATIKAV KL T} TEPUATIKDV AVTIKEWWEVOV

4.4. EEayoyn dévtpov o€ nopei] XML

4.1. Ewayoyi
‘Eva Zopnayéc Zvvtoktikd Aévipo (ZXA) givor p ovomapdotoon Tov KOSK

£160680V TOV PETOPPOOTY). ZUVSEEL TOL TEPUOTIKG, COUPOAD THG YPOUUOTIKTG TOV UE
“kOpPovg un TepuaTik®vV cupuPormv. Avrifeta, éva Apnpnpévo Zuvtaktikd Aévipo
(AZA) ovvdéet Toug TEPUATIKOVG TOV KOUPOLG pe KOUPOVS TEPUATIKOV GUUPBOA®V.

Zynpo 4.1 Zvpmayéc Zovioktikd AEvtpo o 4.2 Agnpnuévo ZovioKTiko
Yy Vv ékppacn a+b * ¢ Aévipo v v ékppaocn a+b * ¢
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INa va dnuovpynoovpe 1o Tuumayés Tovraxtikd Aévipo (ZXA) xpnouomoovpue 600
€ibn avuikepévav, ta teppaticd kot to pn teppoatikd. Ta teppatikd givar or kOppor

@VAAO. ovtod Tov Oévipov. Ta un teppatikd mailovv cuvdetikd poAo peta&d TV

TEPHATIKAOV.

Mo v evBidueon avarapdotaon emAgxOnke n popet tov Zvpnayods dévipov, yoti

givon amopaitmm 1 Omapén pun TEPUOTIKOV oTOoyEi®V OV aToBNKELOVY EMTAEOV

nAnpogopia Yo Tov kKddika gtado0v.

-

4.2, Iepapyia kAGoenv
Mo ™ dnuovpyio. Tov cLvTEKTIKOL Sévipov vAOTOWONKE Mo OEPE KAGCEWV.

Kdanoeg and avtéc ypnoiponoodvial yo TV anoBKevon TEPUATIKAOV PPUCEWY,
GAheg v T ovvdeon TtV KAACEWV TEPUATIKOV oTOwEiwV kol GAAeg yw Tnv
anofnxevon emmAdov TAnpopopiag, Omwe o1 dnAwuéveg petafintés.

O KMdoeg avtég eivan depéveg oe ma epapyia, oy omofa kKAnpovopoldvrar kot

KANPOJSOTOVVTOL XOPOKTIPLOTIKE.

 Kowdg mpéyovog 6Awv Tev KAAGEWV OV OVORAPIOTOVV TEPUATIKG KOL PN TEPHOTIKG,

avtikeipeva oto dévipo eivon n kKAdon generic_component.

Cgenerlc_componenD

genident

( genterm ’

Zyua 4.3 H wepapyio Tov KAAGEQOV TEPUATIKOV KOL [11) TEPUATIKOV QVTIKEIHEVOV
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Avriotorye, Kowdg mpdYovog TeV KAGGE®V 7OV GVOMOPICTOOV T dnddoelg

petofAnthv ko Torwv eivar 1) kKAdon generic_collection.

C generic_collection )

f:_.‘;-f;ae'élara_tioris ,,._collectloD (typenames_‘_-cbllectlon o

Zyina 4.4 H epapyio tov kKAdoewv yo dnAdoeig petafAntdv kol torev

Mapaxdto avaidovrat kot ot 600 1Epapyies

4.2.1. Tepuatixés ko pun TePUOTIKEG KAGOEIS

H xopveny tov 6évipov rAnpovopkémrog yia ™ dnpovpyia TeppuoTikdV Ko pun
TEPUATIKOV OVTIKENEVOV Eivar pio agnpnuévn khdon yevikig xprong He dvoua
generic_component. Ilepihapféaver kdmowr yvopiopata mov ypnoyonolodvrar amd
OAeg g KAnpodotovpeveg KAAOELS, OTOG EMONG KAL TOVG OPICUOVE TAOV EKOVIKOV

peBodwv mov mpéner avTéG Vo vAoTOUcoLV.
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ﬁass generic_component : \

mwpfcpum

class_name classname;
char *value;

char *comment;
generic_component *parent;

] -

@eeoam IRV

virtual void source(FILE 'outfile. int level = 0) = 0;
virtual char *traverse(int level = 0) = 0;

virtual void dumpxml(FILE *outfile, int level = 0) = 0; ,
© e virtual generic_component *get_subtree(parser_rule rule name)

Zyua 4.5 H kAdon generic_component

4.2.1.1. H xkAdon genterm
H don genterm mpokdmTer ©¢ Guecog KANPOVOMOG TG generic_component,

Lnymdtoma g KAGong oavtig mpokvmtovy amd Tov Aekmikd ovoAvty Otav
CULVOVTIOEL:

AéEeic-rkhedra g yAdooog C,

apBunTikég otobepés

ovpforocelpég péca o€ Simhd etcaywykd ()

TEpHATIKG cOpPora TG yYAdooag, onwg ¢, ¢, ‘¢, ), ‘[ ‘1 {5, ¢} xan dAAo

odnyieg mpog Tov mpoemeEepyooT) chupmwveg pue o TpdTVo OpenMP

o ‘1/*:,!,.
h
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@ss genterm : public generic_component \

ﬁwpfopu‘m

int lineno;
int colno;

- N

MéBodo1

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

S -

2yipa 4.6 H xhdon genterm

IIépa amd to yvopicpato mov kAnpovouel and v generic_component, | kKAdon
genterm emmAgov dwbéter yvopiopata yo Tov apiBpd ypappng kol oTHANG oTNV
onoia cuvaviOnie n epdon (token).

_ 4.2.1.1.1. H xAdon genident

H xAdon genident mpoxvrtel and v khdomn genterm. Anpovpysiton and tov AeKTikd
ovolut 6tav ovvavtioel cvpPoroceipd mov Sev eivan AfEn-ihedi. Avtikeipeva
TOmov genident dnpiovpyodvior AoV Yo avoyvmploTés, oV umopsi va sivan m.y.

uetapintég, ovépata cuvopTcE®Y 1) TOTTOL SNA®HEVOL amd To xpriot (typedef).
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( class genident : public genterm \

mwpfapum
genident *p_ident_decl;

; -

/MéBobon

void source(FILE *outfile, int level = 0);
char *traverse(int level = 0);
void dumpxmi(FILE *outfile, int fevel = 0);

) - ’ .

Zynuo 4.7 H khdon genident

Emmléov g xhdong genterm, n xhdon genident mepihapPdver évav deiktm oe
avnikeipevo tomov genident. O deixtng avtdg dev €xer kabopiopévn apykn Ty,
ondte 0 AekTikOG avaiutig tov apyikomotel o Tyury NULL.

Katd ™ ovvtoktiki kol onpacioroywt} avdivon, 6tav cvvavmBei n dfiwon yo

napdderypa puag petafAntic, tpootifetol otov wivaka TV INAhocwv évag deikng

~ om MAwon g petaPintic. Otov Aowdv cvvavindei pio avagopd (xprion) avtig

™m¢ petofAntig otov kKddwka, evnuepdvetan o deixtng p_ident_decl date va deiyver
omv avtiotolyn 8éon tov wivaxka dnAdcewv. ‘Etor eivar mold gdkoho oty éneito
enefepyacia Tov dévipov va Ppedel n dfAwon pog perafinmic ond omorodimote

onueio ovt cuvavnOei.

4.2.1.2. H x¥\Gon gennode
H xhdon gennode ypnoiuomoleitonr ¢ YEVIKNG QUONG UN TEPHOTIKOG KOUPOG TOL

dévtpov.
Emnhéov g Khdong generic_component and Ty omoio. kAnpovopei, mepthappdver
o e€ng yvopiopato:

¢ rulename, évag amapOuntmg
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e params, évag Suvapiidg mivaxag (vector)

e numparams, £Vog aKEPaiog

ﬂass gennode : public generic_component \

- MNwplopara

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

' ﬁteobm \

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

char *traverse(int level = 0);

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

void delete_param(int element);

= o,

Zynuo 4.8 H khdon gennode

To metcpa rulename AopfBdver Tipn and TOV GUVTOKTIKG avOALTH, HEoo amd Evav
amapBunti Tov omoiov k&Be Tiun avriotoel €va mpog £va kol POVOSIKE GTOVG
OVVTOKTIKOUG kovOveg g YAmooag. O Tipég tov amapdunt eivar g Mop@enig
PR_<XYNTAKTIKOX KANONAZX>, £tor 0 oOULVIOKTIKOG kavovag upe Ovopo
translation_unit mov Ba dnpovpyroet éva pn teppatikd koépfo, Oo tov avabécei v
niu] PR_TRANSLATION_UNIT. Me Bdon 10 yvdpwopa ovtd pmopei va yiver
avolnmon puéca 6To SEVIPO Y1 VIESEVTPA, KOl VO AVOLYVMPIGTOVY Ol TAPEUETPOL TTOV
&xouvv mopoayxOei.

O dvvopikdg mivakog params TEPEYEL AVAPOPES OF  GVTIKEIMEVE  TUTOL
generic_component, To. onoia givar Ta woudid Tov cuykekpyévov k6puBov. Eneidn 6o
T0. OVTIKEINEVA OV aviikovv oTo ZXA €xovv Tpdyovo v KAdor generic_component,
HTOPOVV vo. avatedovv ava@opég GE aVTO TOV TVAKD Y10 CTIYUIOTURO OMOGEHTOTE
KAdong.

O axéparog numparams ypnoiponoteitor fondntikd kot amodnkevel Tov apdud tav

a1V TOV VGPXOVY GTOV TivaKa params.



47

To omdomacuo GVVTOKTIKOD Kavova bison mov deiyver o Tlivaxoag 4.1 topialer mv
nepintoon mov sppavifetor pa eviodsj GApatog o GAAO oNUEID TOV TPOYPAUMATOG.
AxolovBeitan o6 TV gvépyewn Tov kavéva, N onoio KaBodNyEl ToV HETAPPAOTH VO
dnuovpyfiost  évo  un  teppotiké  xOpPo  gennode pe  Ovopo  Kovova
PR_JUMP_STATEMENT kot moudid toug Teppatikods kOUBovg mov aviiotoyodv
oTa:

e  GOTO, Ae&n-kAedi g YMbooOg

. :I].)ENTIFIER, aVaYVOPLOTY] TOV TPOYPAUNOTOS Ko

* ";’, TEPUATIKO GUUPOLO TNG YADOGOG.

-

Hivaxag 4.1 Andonacpo YpoUpatikod kovovo

jump_statement:
GOTO IDENTIFIER ';'

{

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

Av voBécoupie Twg N Ypapu} kddko Tov cuvavtionke sival

jump label;
Tére o xatackevaouévog un teppatikds képPog pe To Todd tov Oa givar dnwg 610
Zyfuo 4.9.
jump
statement

R

Zyfipo. 4.9 Topaderypo KoaTackevic VIOSEVTPO
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4.2.1.2.1. H xAdon genblock

H xAdon genblock xAnpovopei amd v gennode. Extdg 10V Yvopiopdtov g
gennode, mepidoppdvel 6o emmAéov deikteg:

deixtn o€ avrikeipevo toHmov declarations_collection

deikm) o€ avtikeipevo THmoL typenames_collection

ﬁlass genblock : public gennode \

Mvwplopara

declarations_collection p_declarations_collection;
typenames_collection p_typenames_collection;

MéBoSol

char *traverse(int level = 0),
void dumpxmi(FILE *outfile, int level = 0);

\ ; 7

Yynue 4.10 H xddon genblock

Zuypdtoma g KAGOMG auTiG XPNOHOTOOVVIAL OF GUVIOKTIKOUG KavOveg, Gmov
eivar Suvatd va adrGEer n opatdTTe PETAPANTOV 1) vV Yivouy véeg dnhdoelg. Avtoi
o1 xavoveg eivon ot translation_unit kot block _item_list.
O xavdvag translation_unit mopéyer o pilikd k6pfo Tov dévipov, kol TEPEYEL TiC
koBohikeg dnAdoew, dnhdaoelg cuvapTHoEwV Kal oTdNmoTe punopei vo. Snhwdel oe
kaBolikn opatdTnTO.
O xavovag block_item_list ypnowponoteiton 6mov vrdpyer oHvOeTo cHVOLo VIOV
(compound statement). H apyf ka1 to €Aog £vOG TETO0D GLUVOAOL ENUATOSOTOVVTAL
oamd 10 dvowypo kou T0 KAgiciwo tov AyKiotpov avtictowo ({. }). Mmopei vo
ocvvavtnOel og TEPIMTOGELG KDOIKO OTWG:

® OOUO CLVAPTNONG

® obdpa eviolnig if

* ompa eviorng for
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Ac Bemprioovpe 10 amA6 mapddetyua cOVOETOL GUVOAOL EvioldV 6mwg deixver o

Mivakag 4.2.

Mivaxag 4.2 Mopaderypa oHvOeTOV CLVOAOV EVIOADY

a++;

- t

—

To andonacpe g devdpiknig doung mov mapdyetal Katd Ty HETAQPACT) TOV KK

tanpudler Toug e€ng ouvraxTikovg kavoveg (dev mapovsraloviar OAeg o1 ekdoYEg TV

Kavovev 1o ardétnTa.):

Mivaxog 4.3 Anéonacua GuVToOKTIKGOV Kavévmv bison

compound_statement :
'{' block_item list '}*

{

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

block_item_list:
block_item

{

$$ = new genblock (PR_BLOCK_ITEM_LIST,
active_typenames_collection,

active_declarations_collection, $1);

O kavévag compound_statement mapdyer tov block_item_list. Avtdg pe ™ oepd tov

napdyer évo, block_item, mov yiveru statement, expression_statement, expression
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ko.k péxpt vo yiver postfix_expression xatr vo koTaAfEEl GTOUG KAVOVEG 7OV

anewovilel o ITivaiag 4.4.

[Tivokog 4.4 An6omOCHO CUVTAKTIKAV KovOvev bison

postfix_expression:
primary_expression

.

oA

*$$ = $1;
}

~—

| postfix expression INC_OP

{

$$ = new gennode (PR_POSTFIX_ EXPRESSION, $1, $2);

lprimary_expression:
IDENTIFIER
{
$$ = $1;

TeMkd oto ZZA pévovv pdévo o kavéveg mov eivar amopaitnrot. H ypooum

avanopdoTooT T0V OToondopatog ZXA Tov cuviieTol pe Tov kmdiko e10ddov sivar

omwg 610 Lyipa 4.11.
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. compound;
statement

m Iblock item listl m

expression
i statement

e
- e

[ 7

poémx m

¢ expression

Zyfpo 4.11 Anéonaopa tov LA

4.2.1.2.2. H xhdom gendecl
H x\dom gendecl dev éxer xbmowa emmAéov yvopiopoto o€ oYECT HE THV TPOYOVIKY

gennode.
Anpovpyeiton ot Béon g gennode, 6tav ot kéuPor mardd eivon pa dHAwon

. HeTaPAnmig Yo EVKOAIC GTOV £mELTO YEPIOUO.

élass gendecl : public gennode , \

ﬁvaioputu

N

- / MégoSor R L

void tokenize_declaration(char *var, char "'var type, char .
“decl front, char **decl_back); _ NEwS:

Zyipe 4.12 H xhdon gendec!

“
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INa wapaderypo, n dShlhoon “int a;” petatpénetar pEcw TOV GLVTAKTIKOV OVaAVTH GTO

vddevipo MAwomng tov Tynua 4.13

declaration

- o -T\\"‘
— -

- S i .‘\‘\'\\"7 ‘
: | init declarator listJ

var

Zyua 4.13 Yrodevipo dnhmong petafintrig

4.2.1.2.3. H xAdon genomp
H «hdon genomp xAnpovopet and myv khdomn gennode. [epiéyoviar emmiiov kamown
Yvopicpota:

e parallel_level, axéparog

e var list, xaptng

e options_mask, axépatog

To yvopiopo parallel level mepiéyer peta m dnmovpyio tov LA évav un apvntikod
apifpd eivar n Tipq Tov emmédov epemiacuod g eviorrg OpenMP. ‘Etot, dtav
gyovpe yio mapdaderypo tpelg dopéc/odnyieg eppwievpéveg ™ pio péoo otnv GAAN ot
tpio emineda, avtég Bo AMaPovv and 10 e£WTEPIKO MPOG TO ECMTEPIKS EMINESO TG TIUES

0, 1 xan 2 avticToya.

O yopmg var_list éxel 0g KAedi pa cvpBorocelpd yopakTipwy kot TEPIEYEL T ot

vardata o¢ kafe k6ppo, n omola dnAdvetar wg e€ng:

Mivakag 4.5 Anhoon g doprg vardata

struct vardata

{




53

int freq;

gendecl *decl;

}i

To nedio freq mepiéyer ™ ovxvoT™TO EPPavicE®V TG PETABANTIAG GTO TUANA KDtk
™G eviodig OpenMP, av givor pun undeviko. Av eivar pikpdtepo tov pundevoc, maipvel
pia oo TG TG EvOg amapiunm) Tov onpaivet Tov TOmo TG peTaPBAnTig néca otov
Kd)SU.caj

To 7t8‘5i0 decl givar deiktng otov un Teppatikd kopPo dniwong (BAére Topandvw) g
petaPAnmic. ‘Exet vonua pévo étav 1 mut tov freq givot pixpdtepn and undév.

Mo mv avalimon avapeco ota ctoxeio Tov ¥apt mapéxetar n dopn ltstr (less-than

string) mov eivat opiopévn Onwg deiyvet o Iivaxag 4.6.

IMivaxag 4.6 H doun Itstr

struct ltstr

{

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

{

return stremp(sl, s2) < 0;

To yvépiopa options_mask eivon pa pdoka yneiov (bit mask) émov amobnredoveo

o1 emAoyEg ov oxetilovtat pe v eviohyy OpenMP.,



ﬁass genomp : public gennode

ﬁvalvuum

int paralle!_level;
map<char *, vardata, Itstr> *var_list;
int options_mask;

) N

m&eo!Sm

void dumpxmi(FILE *outfile, int level = 0);
void tr_omp_clear_transformed(void);

N

~ -

IyAua 4.14 H khéon genomp
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H k\don genomp xpnowonoteital amd 10V GUVTOKTIKO avaAvti Katd T dnpovpyia

£vOg un tEpRaTIKOD KOuBov gviolng N 0dnyiog OpenMP.

Me Béom tovg képuPovg genomp yiverar o0 devtepo népacpa N encepyacia Tov ZXA

Y10 TO HETACYNUATIONS KDIKa.,

422 2vlAoyéc uetafAntadv kar torwy xproty

Kotd ™ ovviokniky avdlvon tov kddko €16600v cvvavidvior dnidoewg

petafintdv ko Tormv ypfiom). Enedn| eivon amapaitn n avapopd otig dnhdoelg

OV HETOPANTOV ot0 devtepo mépaouo, M khdom genblock mephapPdver wg

yvopiopato deikteg oe 600 TETo1Eg GLALOYES.

Kowoég mpdyovog twv cvdloydv givar n kKA&on generic_collection, mov mepiéyel dia

10 Yvopiopota Kot vAootel oyedov oreg Tig nebddovg Tovg.

To yvopiopato tng KAGomng generic_collection eivo:
e classname, amapOuntiic
s vars, Y4pg

e parent_collection, deixtng

O anapiBuntig ypnowonoteizot yio. vo Tovtonotel 1o idog tng cvAhoyrig.
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O yépmg ypnowonotei og kAeWi wa copPoroceipd yapoxmpwv Y apdcPoon ce
. ovapopd oe avrikeipevo generic_component. Xprnotpomoiei v Sopn mwov
TEPLYPAPNKE OTNV KAGOM genomp Y avalnTnon.

H avagpopd oe avrtikeipevo generic_component xpnoiponotsital yio va amofnikedetol

n dfiwon g petafAntig, Yo ypiiyopn nposfac.

To yvdpiopa parent_collection givar deiktng ot ocvAioyn OV TPOWyoLUEVOL
emmédou.

—~—

ﬁlass generic_collection N
ﬂnpfopma

class_name classname;
map<char *, generic_component *, itstr> vars;
generic_collection *parent_collection,;

-
@obw

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);

> )

Zymua 4.15 H xudon generic_collection

H péBodog traverse and_add() dwtpéxer to vmddevipo puag dMAmong petafintig
(amhig — int a; M| moAlamAng — int a, b;) dote va npocBéoer ot cLALOYEG Snhdoewv
kofepia and mg dnhdoew mov ocvvavid. Emotpéper tov apibpd petafintdv mov
Bpédnkav yia TpocOnixm.

H pébodog add() eivar n xouniov emmédov Aertovpyin OV TPOcOHETEL VEEG PETOPANTEG
o€ cLAAOYT] INADoEWV, Kol EMOTPEQEL UNdEV Yo emtTuyia, va yia ooTuyia.

H péBodog find() extedel avalftnon oe cuAhoyéc MMADOCEOY Y10 o GUYKEKPIUEVT
petapint). H napdpetpoc mode koBopilet av n avalftnon Ba yivel avadpopikd mpog
nponyovpeva eminede opatdrog 1 0xl. Emotpéper Tov kduPo g dMAwong péoa
ot cuAdoyr} Omou PBpébnxe. -
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4.2.2.1. 01 x\dosic declarations collection kot typenames collection

Or ¥Mdoeig declarations _collection xou typenames_collection kAnpovopodv and v

kAGom generic_collection. Agv éyovv kdnowo emnAéov yvopiopata 1 ueboddovg kai

VAPYOVV Y10 PEAAOVTIKT| YPTIOM.

ﬁlass declarations_collection : public generic_collection \

Mvwpiopara

Mé@obor

N =

Zyfua 4.16 H xudon declarations_collection

Onwg xor pe mv Kopugaio kAdon g kKANPOVOUIKOTTOG TOV OVTIKEWEVOV TOV
XPTOIUOTOLOVVTOL Y10 TNV SNUIOVPYIO TEPUOTIKAOV KO UN TEPUATIKOV KORPOV TOL
XXA, n xidom generic_collection dev ypnowonoigitoar woté dueca. Avii yi' avtd,
XpNoonolovvIot g eENAG:
o declarations_collection: Tlepiéyer dnidoeig petafAntdv, mvlkwy, dekTdv
KA

e typenames_collection: [Tepiéxer Inhdoeig tonwv mov opilovior and To ypHot

ue 1 deopevuévn AéEn typedef.
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ﬁass typenames_collection : public generic_collection \

ﬁ vwplopara

-
ﬁﬂéﬁobol

- \K "/

Zyipa 4.17 H xdon typenames_collection

4.3. TOvOcoT TEPUATIKOV KO f1) TEPRATIKDV AVTIKELREVOV

Me Béom Tovg SLVIOKTIKOVG Kavoveg Tov Tapiilovv o kGBe AexTiky €icodo, sivat
duvoté va OUVOECOVHE TG TEPUOTIKG KO MY TEPUOTIKG  OVTIKEIMEVE, 7OV
dnpovpynbnkav oe pa dopr dévipov.

Ziomdg g dnpovpyiag avtig g Sopng eivan 1 Swetipnon 6ing g mAnpogopiag
_mov avoktNOnke amd tnv €icodo Tov peragpooty. Avtd kaboTd Svvar ™V
enelepyoocia tng €16660v oe €va aveldpmto mEpoopHa omO GVTO TNG AEKTIKHC,

OUVTOKTIKHG KOl CNUAGIOAOYIKNG AVAAVOTG.

4.4. EEayoyn dévrpov ot popeiy XML
Eivon dvvaté 10 XIA va efoxbei amd tov petagpacti oe popeny XML kat va
arobnkevtei o€ apyeio, yio petémerta e€€taom g Soptig Tov.

Ag Bewpricovpe 10 Tpdypappa mov ancikoviler o [Tivaxag 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 é£od0og Tov petagpacty| 8a eivan dnwg deiyver o [Tivaxag 4.8.

ITivaxog 4.8 'E€odog XML tov petagpacti

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

<CN_BLOCK rule="PR_TRANSLATION UNIT" numparams="2">
<CN_TCOLL var0="__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"s> </CN_IDENT>
</CN_NODE>
<CN_TERM value=";" lineno="0"> </CN_TERM>
</CN_DECL>
<CN_NODE rule="PR_FUNCTION DEFINITION_1" numparams="3"s>
<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"s
<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"s> </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>
<€EN_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 var0O="argc" varl="argv" var2="local var">

</CN?D90LL>
<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_PARALLEI, 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"s>
<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 IHivoxog 4.8 Seixver Tig povadeg XML mov mpoxvmtovy amd v ovaAvon tov

K@dwka 10600V poli Le Ta yvopiopatd tovg,
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KE®AAAIO 5. METATPOITH XE ITOAYNHMATIKO
KQAIKA

. A

5.1 l;icaymyﬁ

5.2. Hapaywyn covaptioewy vipdtov
5.3. MetafAntég

5.4. dohoopéveg odnyieg

5.5. Kodwomnoinom wiothtav petafintdv
5.6. Avédivon odnyidv

5.7. Tponomoinon XA

5.8. Metaoynponiopol

5.1. Ewayom

H ocvyypaery xddwa mov sivar coppwvog pe 1o apdtomo OpenMP nepihouPbver
odnyieg mpog Tov mpoeneepynoTh oV Kabodnyoldv Tov HETAPPUCTY DGTE Va. TaPdyEL
KOOIKO 1OV EXTEAEITOL pE XPTIOT TOMAOTADY VNUATOV.

Mo va propécovpe vo petatpéyovpe Oedopévo kddika oe moAvvnuotikd eivat
avaykoio, 6mov amotteitan dnurovpyia vnpbtwv, vo mapaydel o cvvdptnon v
ornoio. qvtd Bo exteholv. ' TV TOPAYWOYN TNG CUVAPTNONG OMALTEITHL YVDGT TWV
Inrdoewv petofintdv ko Tonwev, pali pe mv TAnpogopia g opatdTTdc TOus.
Kotd 1 ocvviaktikf] ker onuoacioloyikyi avdivon €ywve 1 avélvon tov K@K
€10600v Kal 1 €AYy TV NADCE®V PETafAnTOV Kol TOMWOV OTIK, AviioTOXES

cvloyés Snhboswv. Ze oavth T dedTEpn QAON EKTEAEONG TOV UETAYPACTH,
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aflonolovpe ta dedopbva mov ocvAréEope watd ™ dnpiovpyin Tov TTA Yo va

EMTOXOVIE TOVG BVAAOYOVG HETACKHOTICHOVG,

5.2. Mapaywy) covapTioE®Y VI RATOV
To npt;mmo OpenMP neprhopuBaver Tpeig odnyieg mov mpoxodovv ™ dnpovpyia
noAlamAdv vnpdrav. Avtég efvat ou

e . #pragma omp parallel

o". #pragma omp parallel for

o_ #pragma omp parallel sections

H mpdm eivan n Paoctxn odnyia dnuiovpyiog puag opddag vudrov, no extéheon evog
Tunpatog kddwka. O dAdeg §Vo eivar copntdEelg TV Sopdv:

e #pragma omp parallel, apéowg akorovBodpevn amd o #pragma omp for

e #pragma omp parallel, apuécwg axorovBovpevn and po #pragma omp sections

* QvTioTOWO.

o vo extedeotel v Tuipa ke amd vipata, Tpéner avtd vo. oropovwbei kat vo.
-uetaxtvnBei o o Eexwpioth cuvapmon. Avti KaAeitoar katd TV EKTEAESN TOL
HETACYMHUATICHEVOD TTPOYPARMOTOG antd Tr cuvdptmon BifAodiing Yo T dnuovpyia
viinatoyv. ‘Eva nopadetypa mov apopd m™ xpfion g Bifiodixng viudtov POSIX
threads deiyver o IMivaxag 5.1.

ITivaxog 5.1 Anpovpyio vijpatog pe xpron POSIX threads

#include <stdio.hs

#include <pthread.h>
int counter = 0;
/* Tuvépinon viuatoc */

void *threadfunc(void *param)

{
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counter++;

return 0;

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

{ .
pthread t tid; /* avayvepiotfig vAhpatog */
pthread_attr t attr; /* xopaxinpetotiké vAuatog */
/*_aéxonnoinon XAPAKTNPLOT LKAV */
pthfead_attr_init(&attr);
/*~EKTEAECN VANXTOC ME 1n ouvépinon threadfunc */
pthread_create(&tid, &attr, threadfunc, (void *)NULL);
/* avopovh yia tepuatiopd tou vAupatog */

pthread_join(tid, NULL);

return 0;

H ?»oﬁrcﬁ nov akoAovBei o petagpactic OMPI civan n) G, pe ™ Swegopd 6T Ty
Topayeyn vipdtav v ovohoufhver e xhion mpog ™ Py ypévov
gktéleong (runtime library), n _omp_create_team. AvtioTouQ, TNV KoTaoTPOQY TOV
viipatov g opddog v avarapBdver n kKiion _omp_destroy_team. O ITivaxag 5.3

TEPIEYEL TOV HETOGYMUOTICUEVO KDSKa TOV TIPOYPapPpoTog Tow deiyver o Tlivakag 5.2.

ITivoxag 5.2 Mpéypopua pe odnyio. OpenMP

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

#include <omp.h>
int counter = 0;

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

{
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fipragma omp parallel
{

counter++;

return 0;

return 0;

[Tivakag 5.3 Anuiovpyio vipdray pe gprion g Prfiodfixng xpdvov extéleong Tov

OMPi

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

#include <ompi.h>
int counter = 0;

/* OfAwon popefic TG ouv&pinong vhpatog */
void *main parallel 0(void *);

int main(int argc, char *argvi])
{
_omp_initialize();
{
/* Apxlxonoinon HeTaBANIGV In¢ ouvEETNOng VAHaTog */
_OMP_PARALLEL_DECL_VARSTRUCT (main_parallel 0);
/* Anpioupyia op&daC vnu&twv */
_omp_create_team((-1), _OMP_THREAD, main_parallel 0,
gmain_parallel 0_var);
_omp_destroy_team(_OMP_THREAD->parent) ;

}

return 0;

/% Zuvaptnon vnudiev */

void *main_parallel 0(void *_omp_thread data)

(void

*)
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int _omp_dummy = _omp_assign_key(_omp_thread_data);

{

counter++;

)

return 0;

Onwe deiyver o Ilivakag 5.3, yie ™ xpfon twv Kincewyv Birobnkng arorteitat,
ext0¢ and Tg idieg T xAfoelg, xar 1 apywonoinon e PByPiwobnkmg. Emiong
analt;ital n dMhwon petafAntdv mov VYOV YPNOWOTOVVTOL OTO TUNHE KddKa
nov petakvinke. Ov petafintég dnhdvoviar oe kabolkig opatdTTag dopn pe

6vopa main_parallel_0_vars, n onoia 670 cuykekpuévo nopaderypa eivon Keviy:

[Tivaxag 5.4 Alwon kevig dopng Yo Tig petaPintég vijpotog

typedef struct {

} main_parallel 0_vars;

"o ovvropia ko gvkolio xatavonong Tov kdduka, YIVETOL EKTEVIG ¥PHON macros,
omwg o _OMP_PARALLEL_DECL VARSTRUCT ka1 _OMP_THREAD, 1a onoia.

etvat dnropévae oto apyeio ompi.h.

5.3. Metapintéc

Katé v amokont} koau perapopd tov kddike vipatog o€ duct) Tov cuvaptnon, siva
avaykaio va dratnpnOei kou n TpdoPaon otig peTaPAntéc Tig onoleg avTd TEPIEXEL.

H amaithion avt) poxdnTel and 10 YEYOVOS OTL av TAPOVHE £va T KOSLKA KOl TO
HETAPEPOVUE OE PO CLVAPTNOT VIUATOG, Ot RETOPANTEG Ko Ol TOTOL TOV 7OV £ival
dnhopévorl kabolukd Ba eivon mpocPaoipa and avtd. Kamoweg petafintéc dumg sivar

mbavé dnAopéveg oe GUVOETA ppmAELPEVE TRROTE KOdIKa PECH GE CUVOPTHOELS.
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Méoo oe avtég cvpnepthapuBavoviol kot o1 petafAntés mov okidlovv TV 0poTOTNTL

VYOV KoBolkdv pe To id10 Gvopo.

Ag Bewpricovpe t0 mopdderypa kdduca OpenMP nov deiyver o ITivaxag 5.5.

Iivaxag 5.5 IMapdaderypo, kaBoruchc ko Tomkig HETOBANTAG O TURUO. KOOIKA,

. &

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

—

int global_variable = 0;

int main(int argc, char *argvi])

{

int local_variable;

#ipragma omp parallel

{

global_variable++;

local_variable++;

return 0;

Z10 dounpévo Tunpa kddika vdpyovv avapopés oe dvo petafintés, po koo
TOV TPOYPEUUOTOE KOL Mo TOTKY| TNG ouvvdptnong main. Agdouévov 6t n véa
ovvapmon Ba tomobetnBei oto0 TEAOG TOV TPOYPOUMATOG, KATA TNV QTOKOTY| Kot
HETOPOPA TOV kMdko 7ov mepikAegietor otnv odnyle #pragma omp parallel, n
kafohk perafint eEaxorovBei va eivon opati. H tomkn petafintn local variable
Opawg dev eivar dnhwpévn ot exeivo To eminedo khdika.

[Tpoavig mpénel n petofAnT mov xhver ) dAnot g vo nAmdel Eava péoa o
véa cuvapmon. o va napoaxapedel avtd o npdBAnua, ypnoponolodue v e€ng
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TEYVIKT): ANAGVETOL OTHV apYXT) TOV TPOYPAppaTog o kaBoAikrg opatdtntag Sopr) 1
omoia tepiEel HEIKTEG TOV TOPATERTOVY OTIG TOMKEG HETAPANTEG.

H dopun apykomoreitor oto TuApe kKddika mov avrikebotd tnv odnyic OpenMP.
Metd and v apykonoinon dnpiovpysitoan n opdda vmudrwv mov extedel ™ véa
cuvapmon. Zmyv apxy mG cuvdptnong yivetar xar 1 SHA@om TV dewtdv Tov
avtikaioTovy g Tomkég petaPAntéc.

AvTé xof1oTd avaykaio Kot TN PETATPOM) TOV TUNHATOC KMOIKO OV pETATEONKE,
Gote * nAdov o1 pun koBohikéc petafAntés mov  ypnowomorovvior EKEl  va
xpncfponmobv mv Tipn tov deixmm mov oplotnke. ‘Etol n ékgpaocn pe ypron g
petafhinmig local_variable:

local variable+t;

8o petatpanei oy e&ng, dedouévng g SNrwong deixtn pe dvopa local_variable kat

id10 Tomo péoa o véa cuvapnon:
(*local_variable)++;

H opatomre twv petofintdv omwog avtég yxpnowomorodviar sivar dvvatd vo
uetoPAnOei pe ) xprion ppdocwv mov axolovBovv TG 0dnyieg. Ma mapdderypa, 7
¢pacm private (list) dnhdver g omy odnyie ovth M petafinty mov dnhddnke
npéner vo BewpnBel 1drwTikn.

H yevikn] ovvtaln eivan 6zmwg deiyxver o Iivakag 5.6.

[Tivaxag 5.6 Zovtaén epdoenv odnyidv

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

Ag dodpe avaivtikd TiG Ppaoeg mov vroopiloviar otig 0dnyieg OpenMP kot nig

aAayég OV EMPEPOVV, GE GYECT) PE TO TAPUTAVD, GTOV TAPAYOUEVO KDSKQ.
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3.3.1. private (list)

H ¢@pdon private pe Aiota petafintov xobodnysli tov mpoenelepyooty ot
Snumovpyia mog petaPintic tomkiig wg mpog Tov Kadika Thg odnyiag, n onoia
okialer omowadHmote peTafAnT ue 1o 1810 Gvopa Bo fTav opath o CVTO TO EMIMESO

K@dko £me1dn eivar SnAwpévn o€ Tponyoduevo cbvleto cHvoro Kddika.

Katd v nopaywyi) tov kddika yivovtar ta ££1g:
e * ic fdon Tig cUAAOYEG HeTaBANTAOV IOV Exouv aofnkevtel 6To XA, Bpioketat
© n 8o g petaBhTig
o~ yivetal dniwon g puetofintic and v apyn pe tov 1610 Tomo ko 6vopa,
oV apy TOL KOIKA OV HETOTOMIGTNKE

o 1 uetofAnm ypnorponoteitat ONWG NTAV PEGH GTOV KMDSIKA

5.3.2. firstprivate (list)

H o¢pdon firstprivate ypnoiponoweiton pe tov idw tpoémo Omwg xou W private. H
dapopd toug eivan 0TL 1 petafAnTn oV éxer dnAwbei wg firstprivate, apyikonoieitot
oTNV TIUN OV Eixe TPV 06 TO TUAHA KDOIKE, auécws PETA T vEa SNAWOT) TG,

‘Etor n petofnm) @éper myv S Tf, aAAd pe t0 TEAOG TOL MMAOK KMOwKa
omowdnmote aAAayq o€ aUTA TV TWH YAVETAL, YWIL O KOdIKAG GEVYEL OO THY

0paToTNTA TN,

5.3.3. lastprivate (list)
H ¢pdon lastprivate cuvavtdtar povo oe odnyieg for kau sections ko eivor avriotoyn
pe t firstprivate. H Swapopd givar 611 n petafinti dnddverar Eava péco 610 umhox

K@dwca, kar 6tav auTd TEAEIDOEL, EVIUEPAVEL TNV TYT] TNG HEXPL TOTE CKIOOUEVNG

petafAnme.

5.3.4. reduction (operator : list)
H o@pdon reduction axorovbeitar omd évav teheot! war pio. Aloto omd pio 1

neprocdtepeg petofantéc. Ia kdbe otoyeio g Aiotag, dnuiovpyeitan o 1wty
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petaPAnth ko apyicomoisiton avaloya pe tov teheot). Metd to téhog tov umhok
k®dika, N oKlaopuévn LeTaBANTA evipepdveTal pe Tv TR ™G WwTikig petafintng,

YPTCLHOTOIOVTOG TOV KABOPISHEVO TEAETTY.

Ot ripég apyrxomoinong Twv wiwTikdv petafintdv givor omwg deixver o Ilivaxag 5.7,

avaAoYo. [LE TOV TEAECTY] TOV XPTGYLOTOLEITOL.

- <

- ITivaxag 5.7 Teheotég kon apués Tipés Yo T @paon reduction

Teheotig Apyuc Tt
+ 0

* 1

- 0

& ~0

l 0

A 0

&& 1

I 0

Metd 1o 1€hog Tov PIAOK, cuvdvalovral ot Tipég OV TV WWTIKGOV HETOBANTGOV
TOv pdtov pe Baon v T ™G apyikig petafAntig, Kai pe 10 amotéieouo
EVNUEPDVETAL 1| CKIIOUEVT) HETOLANTY.

3.3.5. default (shared|none)

H o¢pdon default cvvavtdror pévo oe odnyieg parallel, parallel for kou parallel
sections. Emtpénct 6tov npoypappanioti) vo eAEYEEL Tig 1810TNTEG Sopopacpod twv
petafAntav mov epeavifoviol o1o prhok x@dika, Kot TV omoimy ot WdTNTEG ExoVV

xofoprotel Eppeca, OTWG TEPLYPAONKE GTNV 0pY TNG EVOTNTUG,.

H @pdon akorovbeitor and o mapdpetpo pe 800 duvatéc Tpég:
o shared: Oheg o petaPAntéc mov eugovifovror ko wov dev  Exouvv

npokadopiopéveg 110t TeG Bewpovvral Sraporpaldpeves.
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e none: yw Oheg ov petaPintés mov epgovifovian ko dev  éyouv
npoxabopiopéves 1016MTEG Tpémer va xabopiotodv 1B16™TEG Srapolpacuom,

UECH GAL@V PPAcE®V 1) 0dNYIDV.

5.3.6. sl-mred (list)
H o¢pdon shared okoAovBoluevn amd e Adota petapAntodv kabopiler 6t o1
uetaPAntéc mov TV oakolovBolv eivor Swapopaloupeves avdpecso oto vipata

extéAtong.

—

5.3.7. copyin (list)

H ¢@pdon copyin akolovBodpevn and po Aiota petafAntdv mapéxer Eva pnyaviopd
Yo TV avTiypoRT] TGV omd e petafinty threadprivate Tov vijpatog-apynyod o
koBepia threadprivate petofint) Tov AoV peAdvV ™G opddag vnudtwv 7Tov
EKTEAOVV pia TOPAAANAN TTEPLOX.

5.3.8. copyprivate (list)

H ¢paon copyprivate axolovBoduevn omd pioe Aioto petafAntdv moapéxer évo
UTIXOVIGHO Y10 TN XpTioN Hiog IIOTIKAG HETOBANTAG Y0 HETOPOPE TIHTG 06 Evo. VijpHa
oto GAAe vijpata g idag opddag,

5.4. Polaopéveg 0dnyicg
To npétvro OpenMP emtpéner To OMaco odnNyidv xatd ™ cUYYPaPh) KOSIKO Kot
koBopilel Tig 101dtnTEg Sropoipacpov Yo petaBAntég péoa oc dopég parallel wg e€rg:
e O petofAntég mov eivon opiopéveg oe odnyieg threadprivate, éxovv v
wiotnta diaporpacuov threadprivate
e O petofintég mov etvan opropéveg péoa ot dopr eivar 181w TIkég
o O petaPAntég mov xpnoLomo10vV duvauikn uvipun eivon Sraporpaldpeve
o Ta péin dopdv static eivan Sraporpaldpeva
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e H pstaPinti tov Bpoyov for oe ma dopn for 7 parallel for eivat \1wtuch o1
doun} avtm

5.5. Kodwomoinen rotiitev petafinrov

[Na va -Ka‘l.'a()'tsi duvati n petovopoosio Tov petapintodv mov eppovitoviar oe éva
Tufpe KOdwo, mpénel va amofnkevtel 610 XTA 1 mANPoEOpic. WOV GLVAVTETAL
SaoyiCovtag To dévipo.

I'a 13.A0y0 aVTé YpNoYLomotoVVTAL Ol XAPTES NETOPANTAOV TTOL eidapue oV avdivon

™G kAdong genomp, o€ cVVOLOOUS e Evav amapBpunT).
‘Evag yapmg (map) g Paocicrg PBifrodikng g CH+ eivon o ta&vopnuévy

ovvdeTic) dopn (sorted associative container) 1 onoia cuvdEel avtikeipevo Tov THROL

KAe161 pe avnikeipeva tov Tomov dedouévo [8].

[Tivaxag 5.8 H dMAwon tov xdptn petofintadv

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

v vAonoinon) pog, o Yapmg mov ypnolponoiton Exer wg kAWl &va medio Tomov
char *, émov amoBnkevetor 10 dvopa Tng peTafAnTig Kot g dedopivo T dopd

vardata mov opiletan émmg deiyver o Ilivakag 5.9.

ITivaxag 5.9 H dopn mov ypnowonoieitar otov x6ptn petofintov

struct vardata

{
int freq;

gendecl *decl;

————
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H dloon tov ydpm emipémer kot T dHAwon ™G vmopovutivag ltstr, n onoia

xoBopiler ™ oyéom «pikpdTepo omd» Yo 1o KAEd, Ommg deixver o IMivakag 5.10.

ITivakag 5.10 H vropovtiva «pikpdtepo and» tov xéptn

struct ltstr

{

bool bperator()(const char* sl1, const char* s2) const

{

return strcmp(sl, s2) < 0;

—

}
}:

H Sopt vardata €xer 800 péhn, évav axépoio freq xon éva deiktn decl oe avrikeipevo
tomov gendecl. O aképarog maipvel Tpég amd tov amapOunt var_type o omoiog
opilerar 6mwg otov Ilivakag 5.11, 1 kdmow OeTikn} TWA Yo TN CLYVOTNTO EUPAVIONG

o petofnTig.

Mivakag 5.11 O ipég tov amopBunt var_type (tomuct} petoffAnTi} 6TOV TOPURAVD
mivoka onpaivel Teg i peTaPAntn givor opiopévn o€ eminedo Tov kKddika TPW and
™mv odnyia OpenMP aAla 6y o€ xaBohkod eninedo)

Ty Xption

VAR _PRIVATE MetofAnti private
VAR_FPRIV_LOCAL Tomkr) petafAnt firstprivate
VAR _FPRIV_GLOBAL  KaBohikh) petofAnm firstprivate
VAR_LPRIV_LOCAL Tomwr| petafintii lastprivate
VAR _LPRIV_GLOBAL  KoBolwkr| petaffAnti lastprivate

VAR RED_LPLUS Tomikn petafinth reduction pe teleoty ‘+’
VAR_RED_LMINUS Tomkn perafinti reduction pe teleot -
VAR _RED LMULT Tomuc) petaPAnti reduction pe tedestn *’
VAR _RED LXOR Tomuxn pevapAint reduction pe teheot

VAR_RED_LBITOR Tomuc petafint reduction pe tedeot |’

-
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VAR RED LBITAND Torua petapint reduction pe teheot ‘&’

VAR _RED LOR Tomwky petafinth reduction pe tedest) ‘||’

VAR_RED _LAND Tomxi) petafintn reduction pe tedeot ‘&&’
VAR_RED_GPLUS KaBolkn) petafAnti reduction pe teheom ‘+’
VAR _RED_GMINUS Ka@oAixn petapAnt) reduction pe teheotn ‘-
VAR _RED GMULT KaBohkn petafAint reduction pe tedeom ¥’
VAR _RED GXOR Ka@ohwuhy petapint reduction pe teheom

VAR ‘'RED_GBITOR KaBohkn petafinth reduction ue tekeot ‘|’
VAR:RED_GBITAND KafoAiikn petofinti reduction pe teheot) ‘&’
VAR-RED GOR KaBolixn petapint reduction pe tedeot ‘||’
VAR_RED GAND Ko@oAwkr petafAnt reduction pe teAeoty ‘& &’
VAR _TPRIV_LOCAL Tomwt| petafintn threadprivate

VAR _TPRIV_GLOBAL  Koab6oAwkr| petafintr threadprivate
VAR_NOCHANGE Xprion 1o poAacuéveg odnyieg

O tipég tov amapOunty eivar apvntikég dote va dwympifovv Tig peraintég mov

éyovv mpokafoplopéves 1810t Teg Srapolpaouod and avTég Y10 TIG 0ToieS o1 WOTNTEG

T0Vg opilovrar Eppeca.

5.6. Avaivon 0dnyLdV
Metd 10 TEA0G TG GUVTOKTIKNG Kot CTHAGIOAOYIKNG aVEALOTG TOV KMOWKa, T0 ZXA
nepiEyel odnyisc OpenMP pe ) popef un teppatikdv kéuPov gencomp. INa va

UTOPESOVY VoL avaAVBOY KAl VO, METOCYNHOTIOTOVV 01 dopég avtéc, akolovBeital o

e&nc alydpBuoc:

Exteleitar avalfjtnon péoa 610 XA yio x6pupovg genomp mp@Tov EMRAESOV
Mo k6Be évov amd Toug KOUPoVg owtovg kaeitar N péBodog mov avtioToyel
GtV aVAAVGT TOV

Katé ™ Sidpkea tng avaivong kar mpwv v €vopEn TV HETOCKNHATICUDY,
yiveton gvpeon yio. QoMacuEveg odnyiss pwAoouéves évo, eminedo péco ot
avtt) Tov enelepyalopacte

Me avtictoryo tpomo KkGOe odnyion exteAei TNV avéAlvon kel TOVG

HETAGYNUATICUOVG TTOV OTAITOVVTAL

b
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e O éheyxog emotpépel oty odnyia wponyovpevov emmédov yo va yivouv ot

UETACYNHOTIGHOL

5.6.1. A-vaern]an yia kOuBovg genomp Tp@TOD EMMTEOOD
KaAeitar n pébodog search_and act téoeg popég, 6oeg kor o odnyieg mov eivan
dvvatd va ocvvovnioovpe oto mpdrto eminedo. H tovtomoinon tov emaédov tov

kOpPov yiveran evxola pe ypiion tov yvopicpatog parallel_level tov xouBov avthv.

—

5.6.2. Kinjon avtioroiync peBodov

Orav Bpebdei kOuBog mov Tapualer ota dedopéva g avalitnong, kaieitar n uébodog
nov avuotoyei oty odnyia mov ocvvavtiOnke. ivetor n avdivon g odnyiog
XPNOIHOTOIDVTOG TIG QPACEIS MOV TNV axoAovBovv. Emiong avatifevianr oto ybptn
00 KOuPov ot 1WidtTeg Twv peTafAntdv mov sivor pntd kobopropéveg. Tiveton
avéAvon Tov pmAox k®@dko Ko opifoviar ot ddTTEG dopoPacnod Y TIG

vrdroweg petafAntéc

3.6.3. Evpean pwliaouévawv odnyicov
Zekvovtog and tov kopfo mov Bpébnke oy tehevtaio avalitnon, yayvovpe Yo
poMoopéveg odnyieg évo eminedo Pabvtepa, mAAL pe xpriom TOV YVOPIGHATOS

parallel_level.

5.6.4. KAsjon avriororyns ueBodov
Me avtiotoyo Tpém0 OmWC KAl otV apywt] avalition, xaAeitar n aviictoym
néBodog. AvTH pe TN oElPd g Kdver TV avaivon g odnyiog wov cuvavTiOnke,

yayver i poloopéveg odnyieg éva eminedo fabitepa K.0.x.

[ L LS
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35.6.5. Ematpogy eAéyyov oty apyixn ué6odo petacynuatiopod
Metd 1o téhog ™ avalnmong o ewiiocpéveg odnyieg, o éleyyog emotpéper ot
puébodo mpdTov emmEdov Tov KANOMKE. Avti) exterel TAEov TOUG aMAPAITNTOVG

UETACYNUOTIOUOVE, TOPEYEL TOV KDOIKA OV CVTICTOLXEL GTNV 0dnyia Ko EMOTPEPEL

10V EAEYX0 OTNV 0pxiKh avalHTnon.

8.7. Tporomoinon LA

Kazd™ m Swdikacio tov petacynuoniopod tuiuatog xddika, eivon amapoaimn 1)
glooyoyn 1M oa@aipeon tunuatwv omd ovtév. Ovowaotikd, mpémel va amokomei
oloxAnpo vddevipo, va dnuiovpyndei véo dévtpo Pacel TOv PETACYNUATIOUEVOL
k®dka ko avTd va TpocapmOei wg véo vtddevipo Tov LA ot 8éo1 Tov TOAOY.
Eivon avaykaio oe 6Aeg Tig mpoodiikeg xar apaipéoeig va dompnbei n axepordTnTO
kot ) dopn} Tov EEA. T vo emTevyBei avtd, Tpénel omoradrmote TPoodKN o€ aVTo
N agaipeon and avtd vo axorovdet avopd TOVg KAVOVEG ME TOVUG OToiovg aVTd

apykd dmuiovpyndnke. v aepintwot pog, ol Kavoveg auTol gival ol cVVTAKTIKOL

kavoveg Tov OMPi.

Ag dovpue  dadikacio xpnorponoibvtag £va mapdderypa amoxonig Thg odnyiog
#pragma omp flush(var)

Omov var o petafint opiopévn 6to eninedo Tov kddika oL encEepyaldpacTe, Kot
oVTIKATAOTAOMG TNG A0 TOV TapayOUEVO KDOOIKO.

_omp_flush((void *)&var);
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[ PR_BLOCK_ITEM_LIST |

P

— "\

rﬁn_rwsn_mnecmh

| PR_FLUSH_VARS_OP'ﬁ

| m;BLE_LIST ]

| var l

Zyfuo. 5.1 Andoracpo Tov ZXA yia v odnyia #pragma omp flush(var)

5.7.1. Apaipeon vrboevipov and 1o 224
H agaipeon ve6devipov and 10 ZXA apopd oxeddv anokieotikd ™ dwypaen and
a6 CAGKANpOV dEvipwv odiyubv, Gote vo unv aAlowdel o khdwkog e1ddov (dev
QPAPOOVTAL OTAd KGmOW TEPPOTIKE N pn TEPUATIKGA OVMPBOAa 0AAG OAOKANPES
. EKPPAGELC).

Iivetou o€ 600 Pripoto:

® QNOBECPEVOT TNG UVAUNG OV YPTICLHOTOIOVV TOL AVTIKEIUEVA TOV VTOOEVTPOU,

a@ov £xovv arofnkevtel Omow otoygio and avtd ival ypicwa

e svpépwon TOL TOTEPQ Mn) TEpRATIKOD kéuPov pe agaipeon g Béong Tov
duvapukov Tivaka,

5.7.1.1. Amodéouevon g uvAUNG VIOSEVTPOY
Kd&be khMon mg omoiag to otrypdtuma amnaptifovv 10 XA mepthopPaver évav

Katootpopéo,  (deconstructor). Xnv  mepintwon TeppoTKdV  kéuPov, yivetat

OmOOECHEVGT] TWV SUVOMIKG SECUEVPEVOV YVOPICHATOV, OTMC T.Y. T0 YvOPIoNL

value,
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Ty nepintwon pun teppatikdv kopPov, dwrpéxovior avadpopkd 6Aot or képPot
woadid.  wov mepiyovior oto Suvapké mwivoko params. Metd amd  avto,

anodeoucdoviol 0 i610g 0 Juvopkdg mivakag Kot 6Tolo YVOPIGHOTA XPTCLUOTOLOVV

Suvapkn déopgvon pviune.

5.7.1.2. Eviuépmon Tov TivaKae IOtV 70V TaTEP (1) TEPUATIKOD Koufov

Meté and tqv anodéopsvon ™mg pvipng mov katoAdpPave to vrodévrpo, xoreitar
1£0080¢ erase Tov duvapkol mivake pe TapapeTpo T Béon tov mov Oa Swaypagei.
Evnpepdvetar xon 1 Bonbntuai petafAnthi numparams pe o véo opliuo tov Bécewv

GTOV TivVOoKQ.

5.7.2. Ipocbhikn vrddevipov oro 224
Mo va mpootelel éva Tunfuo kMdika oto XA mpémer apywkd vo amobnkevtel o
Kk®dkag o pa cvuPorocepd kot €netta vo Tpo@odotndel miow oTov cuvTaKTIK
avaivt). ‘Etol Ipokintel éva vmwdevipo GOUQ®MVO pHE TOVG KOVOVEG dnputovpyiag Tov
apyikov 6Evipov.
Adyw doung g €10680V OV TPEMEL VoL LETATPEYOVUE OE VAOSEVTPO, POKVITOVY OL
e&ng 6o meputtdoes:

e avaivon pioag oAdKANPNG véEag cuvaptnong 1 kaborng dnrwong

® avaAvon pIOgG 1) TEPIOCOTEPMV EKPPACEMY, YOPig TEpBEAlovTo. kDo,

Imv npdt™ mepintwon, propovpe amAd va KOAEGOVHE TOV GUVIOKTIKO OVOALTY, O
onoiog Oa pog emotpiyer 10 embBountd vaddevipo. Iaipvovtag Opwg éva véo
Eexwprotd vaddevipo, ot kabohkég dnhdoeig Tov Ppiokovion og Eexmpiotéc cuALoYEG
dnhdoewv ko tHm@V, Gpo yperdleTor va yivel cuvEVDon TV VEoV KoBoAMkdv
MAdoEWV pe Tig apykés, Tov ZZA.

INa va anogevyfel avtd 10 mpdPfanua, o avolvtig kareitar pe pio TaPGUETPO TOL
Tov 00nyel 610 VO Ypnopomon|oel T GVAAOYEG INADoEwV oV HdN VAGPYOLY KoL

amAd va TIg EVIIUEPDOEL PE TO VEO KDIKQL,
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21 devTEP MEPINTMOGT, 1) AVTIHETOMION Eivan Afyo mo moAvmAokn. Ened) dev givon
CUVTAKTIKG oot 1 YrapEn exppacewv (LY. a =b + ¢;) 610 Kabohikd eminedo Tov
K@dwka, dnuiovpyeitor pia ewovikn cuvdptnomn void transform() n omoio mepucheiet
T0v KOOwKa mov Bélovpe vo avoAvoovpe. Me avty v mpoimdleon, N avdivon
yiveton Kovovikd, aAAd €MOTPEPEL GTO VWOSEVIPO KOl Tn OSNAMON TNG EWKOVIKIG
ovvapmmong. Eival 1ol e0xoro va omopovdoovpe 1o vtOSEVTIPO MOV oG EVOLaPEPEL,
amAG YAXVOVTOG Yot TOV TPATO un TEPUOTIKO KOpPo pe koavova dnpiovpyioag
PR_BLOCK_ITEM_LIST. H avéivon pe avtd tov tpémo anontel GAAn Tiufn oty
napdu:s‘rpo KAnong tov avaivtn. Me avté tov tpdmo opifovtor emiong avténata ot
cuvAloyég dnAmoewv ko TOm®V Tov onueiov eviuépaotg tov XXA, xoi dev
ennpedlovial amd TV YEHTIKN CLVAPTHON 01 GVALOYEG TOV.

Mmnopovpe €nerto va YPNCINOTOMCOVUE TO VITODEVIPO aVTod O7IWG YperdleTal, o vo

10 TpocBEcovpe oto LXA.

210 mMopaderypa MG APONYOVUEVTC evOTTAG, Ao £xovue agaipécel Tnv odrnyio
#pragma omp flush (var) ané 10 ZXA ka1 £xovpe xpatioel ™) petofAnt) evnuépwong
var, mopayovpe T cvpfoAoocelpd avrikatdotoong, n omoio givar 6mw¢ deixver o

[Tivaxag 5.12.

[Tivaxoag 5.12 H ewkovikn} cuvaptnon transform()

void transform()

{

_omp_flush((void*) &var) ;

}

To ovvtaktikd 8évipo mov mpoxvmrer ywa v transform() petd mv oavdivon g

ocupPolrooepig £XEl OmmG oT0 ZYpa 5.2.

. -
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| PR_TRANSLATION_UNIT |

[ PR_FUNCTION,_DEFINITION_1 |

IPR_DIRECT_D!%CLARATOR_13] | PR_COMPOUND_STATEMENT_FULL |
1

| .
. Iransform . m;mzm_uy ]

~ [ PR_EXPRESSION_STATEMENT J

]
| PR_POSTFIX_EXPRESSION 4 |

[ PR_ARGUMENT_EXPRESSION_LIST |

| PR_CAST_EXPRESSION |

T

| PRTYPE NAME | . [ PR_UNARY_EXPRESSION |

Zynua 5.2 Yrodevipo avdivong g ovpPorocelpls _omp_flush((void *) &var); pe
xPNOT) ™G EKOVIKNG GLVEPTNOTG transform()

AT 10 VIOBEVTIPO TTOV TPOKVMTEL, PpicKovpe TOAD £VKOAN TOV N TEPUOTIKO KOUPO
PR_BLOCK_ITEM_LIST kot omd ovtdv ZTOipvovpe TNV EKQPACY] 7OV  pOG
EvOLIQEPEL.
"o, vo. Tpootedel 70 VEOdeVTPO 610 XA pog, akolovbovpe Vv &g dwdkaoio:
e Bpiokovpe ™ 6éomn oV omoio BEAovE va 10 eldyovpe, av dev yvopifovue
7on
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e 7y xG0e modi tov PR_BLOCK _ITEM_LIST (omn yevikh) mepintwon) to
glodyovpe ot Béon mov BEhovpe

e cvnuephvouvpe Tov deiktn parent 10V moudOV GOTE va deiyver T0 véOo ToV
TOTEPQ.

o gynuep@vovpe ™ Pondntiki petafAnti numparams

® anOSEGUEVOVUE TO VIIOAOLTO TOV VLOOEVTPOL OV POMIG ElGayapE

5.7.2.1. Avaxton x®owka pe stringstreams

g neplocotepes neputdoelg dev apkei anhd 1 arwobiikevon pog petafintig and
™mv odnyie wov eneepyalopacte, adld ypedletar va petatpanei 6Ao o THHpO
k@ddwko oec o ovuPolrooeipd, @ote va avoivOei eEopyng, agov yivouv o1
amapaiTRTEG LETATPOTEG,

[Na va petotpanei éva veddevipo oe cupPolocepd, ypnoponoovpe pa doun g
Baowcrg BifAodnikng g C++, o stringstream. Me 1 dopun avt pmopovpe vo
enavadopfcovpe Tov kddka mov £xer peratpamei oe devipiki) doun wow oTV
apxIKN TOV HOPPT.

INa ™ Aertovpyic avty xodovpe Tn péBodo source tov piikod kOpPov TOUL
vrddevipov pe mapdpetpo €va stringstream mov £xovpe opicel. O pikdg xopPog
kahel avadpopkd T source otovg kOpBovg-mondid tov Kou TEAKG M stringstream
HETAPANTA pag TePEYeL OAO TOV KDOIKO, TOV VTOSEVIPOV.

‘Ectw os n petafAntn stringstream mov opicape. O khdikag tov mapadeiypotog mov
anewkoviler o Tlivakag 5.13 deiyvel mhG xPNOIUOTOOVUE TV 0S YO VO AVAKTHIGOVUE

KOSka and vddevipo Kat £merTa Vo TOV TUTDOGOVUE OTHY 006V,

[Tivakag 5.13 IMopaderypa xpriong e Soung stringstream

// ®dfhwon 1ing os

ostringstream os;

// subtree_root eival Selking o10 PLI{LXS AVILKE{pEVO TOU UNOSEVIPOU

// nou po¢ evdiapépel
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subtree_root->source (&os) ;

// thpa n Sopf OS MEPLEXEL TOV aVAKINUéEVO KAS LK.
// yvia va petatponel o C++ string xodolpe 1nv péBodo str()
// kot yto peratponf tou string oe char * wnv c_str()

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

Me avtiotolyo Tpdmo PTOPOVUE VO HETATPEYOVHE VO VTOSEVIPO OE TUAHA KOIKA TO
omofo [imopei apov nepdoel amd HETACYNUATIOUOVS Kat petapepfel 1 evompatmOel og
dAho onueio tov kddika. A@old cvpPei avtd sivar gvkoro vo Eavapetatponei oe

TUNpa SEVTpov, £T01 OOTE vo SrotnpnOei n akepardtTa TG dopng Tov TEA.

5.8. Meracynpatiopoi

H wvpidtepn epyocia mov emtedei 0 HETAPPAOTIG EIVOL VT TOV UETACTYNUATICUDV
KoK, AQov €xel yivet n avdilvom oe AEKTIKO, CULVIOKTIKO KOl ONUAGLOAOYIKO
eminedo, eival duvatd TAEOV va pETATPATE] 0 KOIIKOG £10000V pe TETOW0 TPOTO DOTE
Vo TPOKLYEL Eva moAvvnpotikd tpdypaupe. H petotpont yiveton pe Paon Tig odnyieg
OpenMP tig omoieg £xet €164 YEL O TPOYPAUUATIGTIG GTO GEPLOKO TPOYPAUNUG TOV.

. o va peraoynpomotel kdmowo tuNpo kddwka, €ivor oamapaitnTo TPAOTA VO
eviomotel. H dwadicacia eviomopod yiverar pe edpeon katd wAdrog o€ kGbe eminedo
0V 0évTpov, pe 6T0Y0 10 Opécng PabuTtepo eMinedo. LTov KMOSIKA TOL CYNHATOS OV
axolovBel, cuvavtodue TV odnyia #pragma omp parallel dtav BpeBodpue 610 erinedo
™G oUvleTG £xQpaomg TG cuvapTnong myfunc, oe avTiOGTOAN HE TNV EVPECT] TNG

6tav Oa Sratpéyoue tov 6o Tov kopPo ™ odnyiog.

[Tivaxag 5.14 Evpeon pog dourig OpenMP

r—

void myfunc(void)

{

mpragma omp parallel

{
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H witepémro ovty mpokvntel amd tov Tpdmo Agltovpyiag TwWV GUVEPTNCEWV
petaoymuotiop@v. o exteleotel TANPOG 0 PETOOYXNMUATIOHOS, Eivar aropaitnTo 1)
{610 1 odmyia vo apapedei and o cvvraxtikd dévipo. Alatpéxoviag Toug kOuPovg-
nm&td-‘anlé 10 7ponyovuevo eninedo, npocdopifovue ™ Béom tov vrddevipov pe
péon rév natpikd Tov kOpPo. ‘Eror eivan duvard va kKhnbei o petaoynuationds ond
0V TaTpkd kOpPo pe mapduetpo tov opdpud madod kar va oroxAnpwdei n
HeTOTOMOT Kot Soypat] Tov kddike dnwg eivar amapaitmro.

Avtifeto, xdm tétoro de Ba frav Ouvatd av KkaAovviav 1 GUVAPTNON
HETOOYNHATIOHOD KaTd TN cuvévinon Tov képuPov 610 povomdt. Avto, ywti Oa
énpene n do m ovvdpmon vo dypdyel tov kéuPo amd Tov omoio KARONKE, pe

ompOPBAento amoTEAEGHATO Yio TN CUVEXELR TNG avalAToNG Y10 endpevn odnyia.

Ag e€etdoovpe ToV KDOIKO, KAl TOV TPOTO AEITOVPYIOG PEPIKAOV PETUCYNUATIOUAV:

5.8.1. omp parallel

// transform a “#ipragma omp parallel” construct.
// element is 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,

iy ey
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1/
/7
//
//
//

*tmpstr = NULL,
*outstr = NULL;
int ps;

/7 guick way to address the omp node
genoﬁp *go = (genomp *)params[element];
int nested = go->parallel_level;

int *parallel_mode_mask;
parallel mode mask = &{(go->options_mask);

ostringstream oldcode;

go-

*parallel_construct_prefix = NULL,
*parallel construct_infix = "_parallel ",
*num_threads = NULL, // number of threads
*if cond = NULL,

* R

- e e e e = T G P W e e S R e e wm e e e e e A e e e W M e . W A e e e v e v - -

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, ltstrs;

2116 SNAOGEIG NG GUVAPTNOTG XPTCLHOTOIOVVTOL OPKETOL deikTeG Ko ueETaPANTéG OV

Ba. fonbricovv o0 YEIPIoUS TOL dévTpov apydrepa. Iditepng onpaciog sivar ou:

go: deixtng o€ avnikeipevo TOMOL genomp o onoiog deixver oV KopLET) TOV
vddevipov wov enetepyalduaocte,

nested: axépatog mwov amobnkever to Pdbo¢ Sopdv OpenMP o10 omoio
Bpioképacte. To yvidpiopa parallel_level tov k6uPov genomp nepiéyet /161
CWOTH TUT] HETE TO TEAOG TNG CUVINKTIKNG AVAAVGNG

parallel_mode_mask: Jeixver oto yvapiopo options mask Tov kOuPov
genomp, to omoio eivar pa pdoxa bit mov apopd TG Ppaoe Tng dourg

#pragma omp parallel, n.x. ™ @paon private(list), av avti vapyEL.

A amBerrv et B N

ave— -
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o var list: yvdpiope TOv KOuBov genomp 7TO omoio mEPEXEL TO XOpTN
petafAntov o ™ dopry OpenMP mov emekepyaldpaote. Edd dnuiovpyeiton
&vog VB0 XAPTNG LE YOPAKTNPIOTIKG OTWG MEPLYPAPOVTOL GE TPOTNYOVUEVN

gvotTO

*parallel_mode_mask = tr_get_construct_options(element);

. &

-

H won g tr_get construct options() Swtpéxer mig @pdoeig g Ooung, av
vdpyovv, kor opifer ™ pdoka bit avéroya. Me Paon v tehua] TN Tov
parallel_mode_mask kalovvrar apydtepa cuvvaptioelg yra va Bécovy Tipég and Tig

omnoigg e€apTdTan 1) por} TOV PETACYNUATICHOV.

// node of the parallel directive
gn = {(gennode *) ((gennode *)params[element])->
get subtree (PR_PARALLEL DIRECTIVE) ;

- o mopamépa xpfiom, kpoTovpE M0 ava@opd otV odnyic omp parallel.
Xpnowonoodue T yvoom pia tov vrédevipov ko and exei kahodpue ™ pébodo
get_subtree pe mopduetpo Evav amoplOunT) wov avricToyst oy Tiur Tov Kavova

g odnyyiag mov BéAovpe.

Sy o
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parallel
construct
) parallel compound
directive statement

C - paralle!
b clause

optseq

Tynua 5.3 Andorocua tov dEvpov 610 eninedo g doung #pragma omp parallel

I ovykekpipévn mepintoon Béhovpe amd tov deiktn oto plkd avTikeipevo tov
VROSEVTPOV VO TPOXWPTICOVUE TPOG TO VOdEVTPO Pphoemv (parallel clause optseq).
To kévovpe avtd og Prjpata, eTavoviag npOTe oTov KOpPo parallel directive kot
Katémv otov embountd. Me awtd tov tpdmo eEocparilovpe mmg de Ba emieyei
MaBo¢ k6uPog, yiati 6To 6evtEPO Pipo nopaKdTw,

// options subtree (might be null)
optseq = {(gennode *)gn->get subtree (PR_PARALLEL CLAUSE OPTSEQ) ;

vrapxeL N eepintoon va pn Ppedei o Cnroduevog xépuPog, av 1 dopn parallel dev £xer
opaocel;. Av  ywoétav  m avelimon  yw  kOufo  pe  kavdva
PR_PARALLEL_CLAUSE_OPTSEQ om0 tov pwuéd tov vaddevipov, otnv
TEPINTWON 7OV dev vaNpyav epacel;, N avalimon Bo cvvepldtav 610 dehTEPO
VROSEVTPO MOV apyilet kKbtw amd To compound statement. Avtd Qo eixe anotéleopa

mBavil ebpeon ppdorng and Kamow GAAY pwlacpévn Sopr 1 odnyia 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:>Fr_omp_c1ear_transformed();

} <,

else

in. parallel construct = 1;

Av 1 Sopny mov eEetdlovpe civr gowhaopévn péca oe GAAN (éxev emimedo
POMAGHATOG UEYAAOTEPO OO UNSEV), TOTE OPYIKOMOOVUE TO YOPTY PETaPAnTdV pe
Bdon avtév Tov wponyovpevou emnédov. ‘Etor pmopodue gvkora va yvmpilovpe av
VGpyel pn amodekt aAlayn oty opatéTTE Kdmowag petaPAntig mov Eixe pnTd
optopévn ™y opatdTd ™G o Tponyovpevo eminedo. Ov petaPintéc mov eiyov
EUpESO, OPLOPEVT TNV 0paTdTNTA TOVG TPV, offvovian ard o XGpT YTl puropei va
op1oTEL pTTA TDPO, HE TN xpNon g HeBSdov tr_omp_clear_transformed().

H opyikomoinon tov yéptn petaPintdv yiveton pe yprion avébeong pe avaypoen
(copy assignment), dote kébe eminedo va éxerl To d1kd TOV AMOKAEGTIKG Y&PTN.

Av 10 eminedo g dopng pag eivar undév, tdte dev vrapyet dopr 1 odnyio TP omd
™V Tapovoe koi opiCovpe v kebolu petaPinth in_parallel_construct ywa yprion
o€ TVXOV QOAMACHEVEG dopéc/odnyies.

/e
// get parallel options

/= e

if (*parallel_mode_mask & TR_PAR_IF)

{
optseqg->get_if_ cond(&if_cond);

if (nested) // transform if variables "local" and nested
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( (gennode *)if cond)->trx_omp_transform_variables (NULL, go-

>var_list, nested);

}

Me ™ ogpd ovykpivovpe ™ pdoko bit Tov apywonotoapE HE TV EKKIVIION TNG
cvvapmong pe Tig mbavég TiPEG ™G 6N dopn oV, YPNCIUOTOLDVTOG CVTIGTOLOVG
araplBuntéc. v mepintwon g epaong if, kpatdpe t0 vddevipo ™G cuvlnkng
070 SS_{K‘L:!] if cond yw va ewooybei otov mopaydpevo kdSika opydtepa. Av T0
unéﬁsvfpo nov e€etdlovpe eivar poiacuévo, iomg eivar avaykaia kot 1 petovopooio

peTafAnTdv 61N cuvenKN.

if (*parallel mode_mask & TR_PAR PRIVATE)

{

optseq->search_and_act (PR_DATA CLAUSE_PRIVATE,
AN_OMP_PARALLEL PRIVATE, 0, go->var_list, SEARCH_CURRENT SCOPE) ;

}

Av vrdpyel 1y ppdon private, 16te Eextvhvtog amd tov kopfo parallel clause optseq
Kévovpe pia avalnmon o doeg Qopég avti amavindei. Le kGbe evpeon Ba KAnbel
uébodog xewpropov get_private_opts() (6mwg opiletor ond tov amapOunt| evépyelag
AN_OMP_PARALLEL_PRIVATE) dote va eheyyfei av vmdpyst emavadiioon
0paTOTTOG Kot av Oyt vo mpocBécel T petafAnti oo xGpTn petafAnTov.

Me avticTorxo tpémo yiveton éleyyog Yo dheg Tig mbaveg Ppaoeig pag doung omp

parallel.

if(!nested)

{
/l
/! make some preparations

/ —
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// 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");

}

* <

// ge;l'erate 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);

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

active_parallel_construct_name = parallel_construct_name;

I

// add the generated forward function declaration to the

// beginning of the program
/

// parser runs, t_start points to the top level object of the new subtree
parse_buffer(p_start, "void *", parallel_construct_name, "(void *);\n");
// 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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// 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;

. L}

Av 10 vtddevipo mov eketalovpe dev eivor pwAlocuévo, TOTE yivovial KGmOLEC
EVEPYELEG:

® OVOKOADTETOL TO GVOHO. TG CUVAPTNONG WOV ECWKAEIEL TN dopn)

o mopdyetar po  ovpPoloceElpd  XOPOKTP@OV NG  HOPONS  <Ovoua
ovvaptnone>_parallel_<oapiOpdéc> mov Oo amoteAéoer 10  Ovopo TG
ocuvvdpong vipdtev tov Oa mapayfei

o gwpoctifeTal N dMNAwon ™G CVVEPTNONG OTNV apPXT TOV TPOYPAUpaTOG. p_start
eivat o deiktng o pila Tov opyIKOD cuVTakTKOD dEvTpov Kau t_start ival 1)

- pia Tov cuvtakTikod dévipov petd and kabe eravektéAeot Tov avaivTy.

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

Ep_declarations_collection;

// 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) ;

3 s g, e
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Opifovpe 800 deixteg emmhéov oV Seiyvouv ot GLANOYES peETafAnT@V Kat THRWVY
nmov kpatder n pilo Tov Sévrpov p_start. Apa eivar ot kaBoiikég cuvAloyég

HETAPANTOV KOl TOTTWV.

Eriong xpatdpe 1o Sounuévo tunua mov ecwkieicton 610 tunpa mov e&etdlovpe oe

Ao deiktm yw peténerta yprion.

// 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) ||
(*parallel_mode_mask & TR_PAR_REDUCTION) )

tr_omp check variables(gencomp, go-s>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
({gennode *)newfunc)->get_nested_pragmas(nested + 1);

Apov Ppovdpe tov matpikd kOuPo TV INAOCEMV KAl EVIOADV TOL THNHOTOG TOL
npoypaupotog mov edéyyoope (PR_BLOCK_ITEM_LIST), opifovpe ocav evepyég

ovAAoyEg petafAntdv ko THreV auté Tov eivan amobnikevpéveg o anTo.

B e D
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Av vnapyovv  petaPintég  firstprivate 1 reduction, pe T péBodo
tr omp_check_variables() nig dwuywpilovpe oe kaboMkéc kor pn, agod avtd Oa
nai&el poro apydtepa oTIG INAOGELG TOVS O1TT VER GLVAPTNOT.

H péfodog tr_omp_transform_variables() exteAel ™ perovopaocio petafintov émov
APELLETOL, OTMG MEPYYPAPT|KE OE TPOTYOUHEVT] EVOTITA.

A@ot yivovy 6ha Ta mopoamdve, extersital 1 péBodog get nested_pragmas(), n omoia
yaxver yuo. dopég kat odnyieg OpenMP mov eivor poAacuéveg axpidg €va eninedo

ROPOKATO 0d avtd ToL 1dN PPLoKSpCTE.

// substitute the #pragma omp parallel (parallel directive) and the

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

// threads
T LT T

// 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) ;

Agarpovpue and 10 vddevipo mov enetepyalOpacte 10 VAOIEVTIPO MOV MEPIEXEL TNV
odnyia #pragma omp parallel, apo¥ npdTa amodeopedoovpe Tig dopég tov. ‘Exovpe
10N maper 6heg TG Ppdoerg Tov kor TALOV pag eivar dypnoto. Emiong apaipodpe 1o
deiktn and tov vector madudv Tov TaTéEPQ KOpPov.

LBnvoupe and tov vector mudidv tov képPov amd 6mov KARONKe N péBodog v
Kataxdpnon ya o nardi nov enelepyalopacte. Topa o kddkag Tov PpiokdTav exei

vapyeL pévo otov deiktn newfunc.
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// generate function stub to replace the #pragma omp
char *prestr = NULL,
*poststr = NULL;

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

initstr (&outstr) ;

3 ‘

generate_parallel_function stub(&prestr, &poststr,

pafallel_constructﬂname, *parallel_mode mask, if_cond,

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

Metd and Myn npoepyacia, kaheiton n pébodog generate parallel function_stub, n

onoio dnuiovpyei T0 TPNHO KOdKo OV Ba avTikatacTioel To #pragma omp parallel

010 onueio mwov Ppiokdtav. Metald GAMAWV ekel TEPIEXOVTOL KAl EVTOAES Y TN

dnpovpyio KoL KATAGTPOPT VIUATOV, TNV apyikoroinon petafAntdyv, 1 cuvofkn Tov

if, av vdpyer, Kot dAAC.

if (nested)

{

char *tmpsty = NULL;

ostringstream os;
initstr (&tmpstr) ;

// 0ld 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-s>var_list);

Av n dopn mov e&etdlovpe eivar poracpévn, tdte anid maipvovpe Tov oo kddika

Kl Tov El6dyovpe oty maAd 6éon pali pe véeg ONAMOELG KAl EVTOAES.

Av 6x1: mopayovpe T véo cuvdptmon, kabdg ko t SnAmon g kaboiucig doprig

7oL Ba-weprExel Toug (Tyov) deikTeg Yo TIg U TomikEG Kot un kafoAkég petafAntég

TOV KDSKA.

// 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;

C e
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Tehxé, nepvépe and Tov cvvtakTiké avaivt ™ cvpfoloceipd wov dnpovpyiicope
OT0. TPONYOVHEVE PALATO, OTOHOVAVOLHE TOV KAOKO OV MG EVOOPEPEL KaL TOV

elodyovpe o Béon g naALag dophg.

termstr (&parallel construct_name) ;

free(num_threads) ;

if (mested)

{

// increase construct number

parallel_ construct_ num++;

in_parallel_construct = 0;

Aot amoSeopeboovpe pviiun and Sopég mov Tovg exxwprbnke, avidvovpe tov
. 0pBud TV TapdAAninv dopdv katd éva ko pndeviCovpe Ty kafolw petafint

in_parallel_construct,

5.8.2. omp for
H hoyui tov petaoympatniopod avtod £ivon rapdpota pe avti Tov omp parallel. Oa
TEPLYPOPOVV TOL TUMHOTE OOV Tapovodletor oapket) Owapopd ot oyfom e

TOPATAVE.

if (*for_mode_mask & TR_FOR_SCHEDULE)
{
gennode *gn = (gennode *)optseqg->
get_subtree (PR_UNIQUE_FOR_CLAUSE_SCHEDULE) ;
if (gn == NULL) // PR_UNIQUE_FOR_CLAUSE_SCHEDULE_CHUNKSIZE

R e I T )



94

gn = (gennode *)optseg->
get_subtree (PR_UNIQUE_FOR_CLAUSE_SCHEDULE_CHUNKSIZE) ;
if (gn == NULL)

{

_exit_errorline(this, "schedule: error getting schedule

parameters") ;

}
bl
// 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 (Istrcasecmp (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 isg

specified

exit_errorline(this, "error: no chunk size can be

e e S

e
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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
{ . L
Oostringstream os;
gn-s>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 mapopétpovg tov omp for mepiéxetoan pia epdom schedule, o wapamive
kddkag avaroufdver vo e&ayel Tig TIuEG mov mopEXOVTAL, aAMGDE opilEl KdmolES
epiunV tée, 6mwg £xovv avtiotoyotel ot BifAobixn extédeong (runtime library)
To0v OMPi.

Tho ovykekpwéva, av dev eupaviotel TpofAnpo ov aviktnon g ToPoUETPOV
schedule, opiler 6T0 dpopohoynt pa and Tig TIHEG static, dynamic, guided 1 runtime.
Katémv, av vrdpyer ko péyebog tunpatog enetepyaciog (chunk size), amofnkedet

ot cvpPorooerpd chunksize v Tiuy.

// get the iterator and iteration values

iter_stmt = (gennode *)params[element]->

C e e e
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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");

Yoo

if (iter_stmt->params[2] ->check_rule (PR_ASSIGNMENT_ EXPRESSION))

.

iterator = (genident *)iter stmt-sparams[2]->find first_ident ();
// iterator is PRIVATE or LASTPRIVATE
if (go->var_list->find(iterator->value) == go->var_list-s>end())
// not assigned by any clause
{
(*go->var_list) [strdup (iterator-s>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-svar_list);
}
else

if ((*go->var_list) [iterator->value].freq > VAR_NOCHANGE)

{
// set in this construct, ensure it is a lastprivate variable.
// declaration node should be ok

if (((*go->var_list) [iterator->value].freq !=

VAR_LPRIV_GLOBAL) && ((*go->var_list) [iterator->value] .freq l=
VAR_LPRIV_LOCAL) )
{ // an errox

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_list) [iterator->value] .freq = VAR _PRIVATE;

varnames_add_gendecl (iterator, go->var_list);

Tiveton édeyyog yw T popen tov for, dote va dwumotwbel av eivar cOpuewvn pe 1o
npéwn}_) OpenMP. E&dyetor o petpntig emavéinyng and m covlinm pe ) puébodo

find_first_ident() n onoia Ppiokel Tov mpdTO OvOyvepLoTh péca oe £va VOdEVTPO.

ITpéner emiong va anoxherotel n} mepinton o petpnTng emavaAnyng vo Xl opiopévn
pNTA ™MV 0patdTNTA TOL OE KATL GAAO €kTOG amd private 1) lastprivate. ‘Etol yivetou
avalntnon oto xaptn petafAntdv mg doung omp for. Av dev vmapyel n petafinm
exel, mpootiBetan pe pntr opatdtnTa private. Av VRAPYEL, EAEYXOVUE QV 1) OPOTOTNTO.
opiotnke oc @pdomn g mopovoog dourig for. Av opiotnke o€ avti) ™ dopr) mov
eEetdlovpe, mpéner va Sromotdoovpe av £xel optotel o€ KATL GAAO ekTOG 0o private

. 1 lastprivate, aAlMdg avruabotodpe Ty opatdéTyTa pE 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 is ready, let's have a look for nested pragmas a level

deeper
((gennode *)params [element])->get nested_pragmas(nested + 1);

Kdvovpe avalitnon péoe 610 vwddevipo tov omp for yio vo Bpovue évov pun
teppoTikd képufo block item list. Av vmapyet, onpaivel nwg n for mepudkeiet éva
O‘l')VO}»O.‘KO:)ﬁlKa. Av 6y, mepiéxet pévo pua evioAn| (Yo mopdderypa pia avédeon), Kot
avéloye kahovpe T péBodo tr_omp_transform_variables() yio vo HETOVOUAGTOVV

omoieg petafintég yperdlovran

Tehikd, kévovpe avalfimon yo eolocuéveg dopég ko odnyieg OpenMP oe éva

eninedo Pabvtepa omd avtd Mov EipacTE.

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

gennode *is = (gennode *)iter stmt->params[é6];

switch(is->rulename)

{

case PR_UNARY EXPRESSION INC OP: // e.g. ++i
incr = strdup("l");

break;

case PR_UNARY EXPRESSION DEC_OP: // e.g. --i
iner = strdup("(-1)");

break;
case PR_POSTFIX EXPRESSION_INC_OP: // e.g. i++
incr = strdup("1i');

break;

case PR_POSTFIX EXPRESSION DEC _OP: // e.g. i--

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

SieI PN LT
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break;

case PR_ASSIGNMENT EXPRESSION:

{

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

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

}

glse

{

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

initstr (&incr) ;

}

break;

default:

break;

genstr (&tmpstr, " _omp _incr = (", incr,

free(incr);

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

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

if (1stremp (is->params[1l]->value, "+=")) // i += 1

if (!strcemp (is->params (1] ->value, "-=")) // i -=1

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

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

")i\n");

E)éyyovpe v éxppaon pe v onoio. petaBdAieton o HETPNTAG EMOVAANYNG, YioTi

wpéneL va. tapdyovpe kdduca mov Ba Soviedel avéhoyo.

AT

[ A
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// get initial lower bound

{

ostringstream os;
gennode *1lb_expr = (gennode *)iter_ stmt->params[2];

// for(i = blah; ...)
1lb_expr->params [2] ->source (&os) ;

> «

initial_lower_ bound = strdup(os.strx().c_str());

Kpatdpe mv apy Tiun 100 PeTpnTh ERAVIANYNG.

// get bound and logical operator
{
ostringstream o0s;

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

// bound
log_expr->params[2] ->source (&os) ;

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;

I SRV, TATANEK ),

TR
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default:
exit_errorline(log_expr, "error: no suitable relational
operatox found");

break;

. ¢

Bpickoupe 10 6p1o Twv ERaVOAYE®Y Kol TOV A0k TEAEGT GUYKPLOTG.

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

A AT
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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 {\nn);
}
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"
v {\n");

}

A

else
genstr (&tmpstr, " {\n"
B _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"
R {\n"

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

" _omp_chunksize = -1;\n"

" }\nn);

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

" _omp_chunksize = _omp_sched_info.chunksize;\n"

" _omp_static_bounds_chunk(", bound, ", ",
initial_lower_bound, ", _omp_incr, _omp_chunksize,

&_omp_nchunks, & omp_init_start);\n"

[ } \n "

" break;\n") ;

genstr (&tmpstr, " case _OMP_DYNAMIC:\n"
t _omp_sched bounds_func = _omp_dynamic_bounds;\n"
" _omp_chunksize = _omp_sched_info.chunksize;\n"
L if (_omp_chunksize == -1) _omp_chunksize = 1;\n"
i 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"

" }\n"

" Wn");

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"

] {\nu);

if (*for mode_mask & TR _FOR_ORDERED)

{

genstr (&tmpstr, "_omp_push_for_ data(_omp_for_id,

_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, " ", logical op, " _omp_end; ", step_expr, ")\n"
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] {\nu);

// append transformed code

{

ostringstream os;

// get block source

gb->source (&os) ;

¢ 1

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

—

genstr (&tmpstr, " \n");

if (*for mode_mask & TR_FOR_ORDERED)

{

genstr (&tmpstr, © _omp_pop_for_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_omwp_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

W T e e
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compound statement
if (go->var_list-»>size())
{
char *varstr = NULL,
*memcpystr = NULL;
initstr(&varstr);

initstr (&memcpystr) ;

LI |}

tr_omp_generate_variables_initialization(go->var_list, &varstr,
gmemcpystr, nested);

—~—

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

termstr (&varstr) ;
termstr (&memcpystr) ;
}
glse

{

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) ; |
freegiqitial_lower_bound);

-

for_construct_ num++;

} -

To tehevtaio Tppo Kddke nTpoeTondler T0 PETUCYNUATIGUEVO TPOYPOUUE, KAAEL

TOV GUVTOKTIKO OVOALTH Kol €104yl t0 7mapaydpuevo vaddevipo oto onpueio

npocHKne.

5.8.3. omp sections
O petooynuoTiopds ya t doun sections £xer ta e€fg onuavtikd onueio:

,Agdopévov 6T pa dopr sections mepiéyet poMaopéveg Sopég section 1) éva Sopnpévo
tunpo kd@dwka (structured block) xan petd dopég section, Srutpéyovpe Tov mivako

adr1dv Tov kduPov-noTépa.

// sec_seqg should contain a sequence of:

// structured block [section_directive structured_block]*
// or

// lsection_directive structured block] +

int i = 0;

int count = 0;

// 1f the first parameter is a directive, start from params[l)
if (sec_seq->params[0] ->check rule(PR_SECTION DIRECTIVE))

it4+;

ST LA A TR AT ST

FATTRAE
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for(;i < sec_seqg->numparams; i += 2, count++)

// skip over directive declarations
ostringstream section_code;

// update pointer to param's block_item list
gencomp = sec_seq->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-svar_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_seq->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");

SR
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smemcpystr, nested);

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

gensty (&tmpstr, "}I\n"
"}\nn) ;

// 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,

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

termstr (&varstr) ;
termstr (&memcpystr) ;

}

else

{

genstr (&outstr, tmpstr);

}

termstr (&tmpsty) ;

// 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

e M A
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insert_tree(gencomp, element);

termstr (&outstr) ;

sections_construct _num++;

} ;

Mo xaBéve and ta madid extdg Tov idwv Tov 0dnyidv OpenMP petovopdlovpe Tig
petafincég mov ypeidlovral, avalntodue pwiocuéveg doués OpenMP oto enduevo
eminedo_kat éneira eEdyovpe tov kddka pe TN Ypron stringstreams. 1o téAog TOV
HETOOYXNUATIOHOU OAOG O KMAIKAG GAVOAVETOL ONG TO CUVTAKTIKG QVOAVTH KAl TO

VOdEVTPO MOV mapdyeETaL EIGAYETAL 0TI OE0M TNG APYLKTG SopNG.

5.8.4. omp parallel for/sections
H Loywn| mov axolovBeiton 6tav cuvavindei pio dopn Tov TOTOL:
e #pragma omp parallel for [clauses ...]

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

-eival vo Sunpedei o xddkag oe po dopny #pragma omp parallel xor o Gueca
poAlacuévn #pragma omp for W sections, avihoya pe TV TEPINTOGT. ApEcng PETA,
KoAgitar 0 petacynuaticpdg tov #pragma omp parallel, o omoiog 6a PBper xou ™
QOAMOCPEVT SOM.

[Tpoypapponiotiké avtd dievkohdver moAd v enéufoon o KOOSO,
UETOCYNUOTIONDV, Aoy dev vrdpyel EexwploTds KOSIKOG Yoo TG CLUVOVAGUEVEG

dopég parallel for kon parallel sections.

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

// and a for/sections construct

127 2 g

void gennode::tr_omp_break_combined_parallel (int element)

{

gennode *gn,
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*gnp;
generic_component *gencomp;

char *outstr,

NULL,
NULL;

*par_opts

*for_opts

// 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);

inifstr(&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 i = 0; i < gnp->numparams; i++)

{

ostringstream os;
// ordered
if (gnp-sparams[i]) ->classname == CN_TERM)

{

// this can only be an “ordered" clause

if (1strcasecmp(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) ;

}
elge

{

-

’ // a gennode

-~ gn = (gennode *)gnp-s>paramsl[i];

switch(gn->rulename)
{
// omp parallel options
case PR_UNIQUE_PARALLEL_CLAUSE IF:
case PR_DATA CLAUSE_DEFAULTSHARED:
case PR_DATA CLAUSE DEFAULTNONE:
case PR_DATA_ CLAUSE_SHARED:
case PR_UNIQUE_PARALLEL CLAUSE NUMTHREADS:
gn->source (&os) ;
genstr (&par_opts, os.str().c_str(), " ");

break;

// owp 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 {&os) ;
genstr(&for_opts, os.str().c_str(), " m);

break;

default:

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

if(paréllel_for)

params [element] ->get_subtree (PR_ITERATION_STATEMENT OMP_FOR)->
sburce(&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}\nu) ;

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;

- L

Oleg ot mapapetpor tng cvvdvoouévng doprig #pragma omp parallel for/sections
gketdlovior hote va popactodv otic S0 véeg dopss. Tmv gohacuévn doun for 1
section; avotifevion o1 €€1ig mopapeTpot, av cuvavindouvv:

e private (list)

o firstprivate (list)

o lastprivate (list)

¢ reduction (operator: list)

s ordered

o schedule (kind [, chunk_size])

Arnd tig mopapérpoug, ot ordered kar schedule cuvavtdvra pévo ot doun #pragma
‘omp parallel for.

H rapapetpog nowait dev sivon omodexti) otig dopée avtéc,

3.8.5. Hapaderyua ueraoynuoriouod
Ag dovue g yiveron o peTaoynuoTiopdc o€ o dopr #pragma omp parallel pe
speoMacpévn pio odnyia #pragma omp critical:

#include <stdio.h>

#include <omp.h>

int global_a;

void myfunc(void)

e AR
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int local_a;

#pragma omp parallel

{

#pragma omp critical

{

global_a++;

local a++;

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

{

myfunc() ;

Mivaxag 5.15 Mapaderypa xpfiong tng doptig #pragma omp parallel

Adyw g Omopéng pwog doprig parallel oto mpdypappa, eivor avoaykeio vo
.Bﬁulovpyneei po emmiéov cuvaptnon, 1 omoia Oo mepyer Tov kddwka wouv O
extedéoovv ta vijpata. To onueio 6mov Ppicketon thpa i dopn Oa avtikatactadei pue
pa GEPE EVIOADY TTOL:
®  OPYIKOTOWOVV TIG METOBANTEG
* JSnuovpyodv v opddo vnudrav pe T véa cuvaptnon

®  KOTAGTPEQOLV TNV Opada vnudtev dtav TeEAEIDoEL 1) epyacia

AxolovBolpe o €€ng Pripata Yy TNV avédAvon Kou T0 UETOCYNUATICHO TOV
TPOYPAUNQTOG:
e XIm cuvvdptnon myfunc, péoa oto TPd®TO Eninedo Tov TuMuaTOg parallel d¢
APNCYOTO00VTOL PeTaBANTES.
o Yayvovrag oto LA 1o eppwrevpéveg dopéc/odnyieg Ppiockovpe péca oto

np®TO eMinedo T dopn) #pragma omp critical.

LS L Vv v St o S A
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e EMyyovue 10 véo mpdto eminedo Tng dounig critical yo petafAntéc kon
Bpiokovpue mwg gpnowomorovvrar dvo petafintéc. H pio (global_a) eivan
opwopévn oe xofohiki| opatdtnia, evd n GAAn (local_a) otnv Tomum
opatdTnTa TG cvvéptnong myfunc. Enedn n petapopd tov kddika and péco
ot dopn parallel mpog T véa cvvéptnon Bo petapépel kot T petafinti
local_a mov dev eivan optopévn o€ kaBohikn opardtTa, Eivar anapaitnto va
dMrwdei ariide. Av vofBécovpue mwg To dvopa TG CLVAPTNONG VNHATOV gival
myfunc_parallel 0, 8o dnuiovpynoovpe e dopn KaBoMKHG 0paTOTNTAG NE
:5\/oua myfunc_paralle] 0_vars n omoia 0o mepiéyer éva pérog: deiktn o€

#etafAnTA Tomov idov pe g local_a, pe 6vopa local_a.

typedef struct

{

int (*local_a);

}

myfunc parallel 0_vars;

"Wayvovtog péco oto emimedo g doprg critical dev Ppiokovue kdmow GAAN
eppmicvpévn dopu/odnyia. ‘Etol tpv emotpéyovpe tov £Aeyy0 GTO PETOCYNUATIONS

tov parallel, kdvovpe Tig amapaitreg oAayég oto Tupa critical

othread_set_lock(&_ omp_critical_lock);
{

global a++;

(*(local_a)) ++;

}

othread_unset_lock(& omp_critical lock);

To tpunpe kddiko avrikadiotd 6An ™ dopn critical 6To apyikd TPOYPOUU.

Emotpépovpe o0 peraoynpuaniopd tov parallel. Apod dev vrapyer GAAn odnyia péoa

omv parallel, amokémTovMEe TO TUAMA KMOWKO ONpOVPYOVTOG TN CuvdpThon



116

myfunc_parallel 0 xor ApocOétovpe o 8éon Tov Tig dnAdoeg petafintdv and ™
véo, kaBoAucr) dopn ko TV Evapén kot TEpHOTICRS TV VNRATOV.

Ztn véa ovvaptmon yivetor 1 apykonoinon 6cwv perafintov yperdfovior kot o

K®OKAG YiveTo ORWC TAPAKATO:

#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_ 0,
(void *)&myfunc_parallel 0_var);
_omp_destroy_ team(_ OMP_THREAD-s>parent) ;

}

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

{

myfunc () ;

3TN e AR LA o

-
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oid *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++;
g*glocal_a))++;

}

otﬁ}ead_unset_lock(&_omp_critical_lock);

| S
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KEPAAAIO 6. ATIOTEAEXMATA

6.1. Ewcuyoyn
6.2. Yrohoyiopog

6.1. Ewcayomi
O véog petagppactig vrofAndnke oe doxun ya va emPefarwdei n opy Aertovpyia
TOV OAAG KOL 1) WOWOTNTA KO Ol EMIOCEG TOV TAPAYOUEVOL KDIKa. XTO KEQGAMO

av16 divovpe éva Sefypa exTédeong HETACYNHOTIONEVOD TPOYPAUNATOC,

6.2. Yroloyiopbég &

.Fw ™ SOKWUT TOV UETAPPACTI| KAl TN XPOVOUETPNON EKTEAESTIS XPNOIHOTONONKE O
kddkag mov Oeixver o Ilivaxag 6.1. H ypovopétpnon é£ywe vy 100000000
emavalnyers Tov Bpdyov, kat yu apiBpoie vipdtov 1, 2 kot 4.

H petdppaon tov kddiko kar 1 ekTéLECT) TOL £yive oTOV LTOAOYOTH atlantis Tov

Tunqpoatog TTinpogopwciic tov Ilavemompiov lwavvivev. Ilpdékeiton ywo évav
voloyioth pe 1éaoepig enelepyactéc Intel Xeon toydtnrag 700MHz pe 2MB level 2
cache ka1 1.5GB ouvvoAun pvAun cvotiuatoc. H apytextovikn tov cuetmipotog

£ivol Kowng pviung.

ITivaxag 6.1 Kd@dwkag vwoAoyiopov tov ©

int main()

{
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int i;
double x,
pi,
sum = 0.0;

step =-1.0/(double) num_steps;

#pragma omp parallel for reduction(+:sum) private (x)
for(I.=¢l; I <= num _steps; i++)
{ -

X = (i-0.5) *step;
sunff= sum + 4.0/ (1.0+x*x);

pi = step * sum;

To anotedéopata gaivoviar 610 Zyfpa 6.1. Onwg eivan pavepd, o apbypoppo sivon
TAMPOG TAPOAANAOROTOIUO KAl 1 emLTaXVVON givon Ypappud] Kot ion pe tov apdpd
TOV VIHATOV.

YTroAoyiopuog

4,0

e
d
Xpévog (sec) 3,0-/
e
vd

2,01

1,0-

0,0-¢

APIBN6S vpudrwy




TETD A ‘&,‘.;r.@.“ Ay ,‘_évﬁgg-;ﬁ m;m St ‘,,,,g-x—,.

.' X “5 ‘!2 .

“yb,, u.mé




121

KEDAAAIO 7. LYMITEPAXMATA KAI
MEAAONTIKH EPTAXIA

- L]

-

7.1, Zvuﬁepdopam

7.2. MeXhovtikn epyacia

7.1. Zopnepaopara

Z1m epyooio avt acyoAndnikope pe ™v VAOTOINGT £VOG CUVTOKTIKOD AVOAVT Y
ToV TapariniomomTikd petoppacti OMPi, o onoiog vrootnpiler Tig npodiaypopéc
OpenMP yia opdAAnio TPOYpapUATIGUO KOG HVIUNG.

e onpovtikd 1ocooTd 1) PO yoduevn vAomoinomn dv diEbete AemTopepn M €mopK)
“oyohMaopud tov kddika. H véa vhomoinom tov petappocti OMPi aroteleitar ond
ovvoro mepinov 8000 ypappés kddwa kot 3500 ypapuéc oxdMa mov cuvodevovv 6Aa

70, ONpPEiR TOV KOIIKA.

H véa viomoinon ypnowonoiei wg facikh YAdooa viomoinong tv C++. H emhoyn
avt padi pe ™ dnpovpyia pag wepapyiog kKAdoewv Boridnoe oty Tapaymnyy kHdika

0 TUNHATOTOINHEVOL KO EROPEVAG IO CVLVINPICLUO.

7.1.1. EXAeiyerg
H vlonoinon éxer kamoeg ehheiyeig 660 apopad Tig 0dnyieg ko epaoeg OpenMP mov
neprypdgpoviarl 1o mpotvno. ITo cuykekpiuéva:

e H odnyia threadprivate ovayvopiletor and tov petoppacti cdAd awth

OTIyun oyvoeiTor.
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e H ¢pdon copyin efaptdrar Gueco amd v vAomoinon g odnyiag
threadprivate. I'ia ocvt6 0 Adyo 1 vVAomoinoy g eivan aterrc.

7.2. Mellovtiki} epyocio
H Uxono{ﬁon TOV UETOQPOCTH CQNVEL OPKETO YOPO YO CTUAVTIKEG EREKTACEIS Kol
BeAnivoei,

A4 <

7.2.1. Enexrdoeic

—

7.2.1.1. Doiocuévoc toparinAouoc

Eivar dvvatd xatd ™ ovyypaen kmdike pe enektdoelr; OpenMP  va eoaybovv
nePLoyEg mapaAAnAtopod péca oe GAeg meproxég maporAiniwopod. H mponyoduevn
viontoinon Tov OMPi, Adyw dopfc 1660 TOV GUVTOKTIKOV-CNUAGIOAOYIKOD aVOAVTH
600 kor g PProbfikng extéleong (runtime library), Snuiovpyel Yo xk@Be
EUPOAEVUEVT] TTAPAAANAT TEpLoy Mo opdda VMpdAToV aroteAodpevn ond éva povo
vijpa.

Me v mapovoa vionoinon kol mv avdhoyn BeAtioon g PProdning ektédeong
.sivou duvatd vo vhomomPei mANpwg pe opddo mMOAAGV vnudtov n ektéheon

POAOPEVOV TApIAANA®V TEPLOYDV.

7.2.2. BeAnigromonjoeig

7.2.2.1. Aroro1on tAeovaldvinv @payudTomyV

H vdmap&n 6Ang g mAnpogopiag yw Tov KOOIKA CUYKEVIPOUEVIG GTO GUVTAKTIKO
dévipo pag emTpémel va 1o JoTpEXOVHE Kot va TRV avaktioovpe. ‘Evag tpdmog va
EKPETOALEVTOVUE OVTO TO yeyovlg eivon 1 eVpecy Kol amoAowr] TAEOVOLOVIGV
QpaypdTav.

Katd 10 peraoynpationd tov dopdv xor odnywwv OpenMP agfivetor yopig va

aAhowwfei omowadnmote odnyia Ppaypatog vadpyet (#pragma omp barrier). Me avtéd
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0V TPOTO, OTOV TEAEIDGOLY A0 OL PETOCYNUOTIONO! TO GUVTOKTIKG OEVTIPO TEPLEYEL
uévo kaBopd kddxa C ko Toxdv 0dnyieg ppdynatog.
Bpiokovtag péoa oto dévipo T odnyieg pphypotog eival edkoro va kabopiotel av

Kdmoleg omd ovTég Eivan mAeovalovoeg, dote vo. amoloipodv [].

-
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ITAPAPTHMA A

Kddwkog tov epyaheiov mopaywyng cuvraktikod avaivti 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 <iostreams>




// 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;

128
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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)
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declarations_collection *active_declarations_collectién = 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

declarat%pns_collection *function_declarations_collection = NULL;

-

// poinés 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
// 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;

%}

%¥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 ﬁUB_ASSIGN LEFT ASSIGN RIGHT ASSIGN AND ASSIGN

%$token XOR_ASSIGN OR_ASSIGN SIZEOF

-

$token.. TYPEDEF EXTERN STATIC AUTO REGISTER RESTRICT
$token CHAR SHORT INT LONG SIGNED UNSIGNED FLOAT DOUBLE
%token CONST RESTRICT VOLATILE VOID INLINE

%$token UBOOL UCOMPLEX UIMAGINARY

ttoken STRUCT UNION ENUM ELLIPSIS

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

$token  PRAGMA_OMP PRAGMA_OMP_THREADPRIVATE OMP PARALLEL
OMP_SECTIONS OMP_NOWAIT OMP_ORDERED
$token OMP_SCHEDULE OMP_STATIC OMP_DYNAMIC OMP_GUIDED OMP RUNTIME

*OMP_SECTION
$token  OMP_SINGLE OMP_MASTER OMP_CRITICAL OMP_BARRIER OMP_ATOMIC

OMP_FLUSH
$token OMP_PRIVATE OMP_FIRSTPRIVATE
$token OMP_LASTPRIVATE OMP_SHARED OMP_DEFAULT OMP_NONE

OMP_REDUCTION
¥token 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

%%

R S
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/7
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//
//
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//
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/1

//
//
//
//
//
//
//
//
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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.

T:eg.f&attening --------------------------------------------------
Rules:

1. argument_expression_list
2. init_declarator_ list

3., struct_declaration list
4, specifier qualifier list
5. struct_declarator list
6. enumerator_ list

7. type_qualifier list

8. 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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argument_expression

the flattened tree contains all argument expression as children of

the
argument_expression_list:
argument_expression_list
/ I | \
/ I
/ I | \
| |argument_expression
I

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.g.

function parameter

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

enumeration_constant:

IDENTIFIER
{
$$ = 81

b
H
/] e
/] —--=lemenan ISO/IEC 9899:1999 A.1.6 String literals ----------m-=n-
S

// ISO/IEC 9899:1999 6.4.5

string literal: // "abcd" "abcd"
STRING_LITERAL
A
$$ = $1;
}
| STRING_LITERAL string_literal
{
$$ = new gennode (PR_STRING_LITERAL, $1, $2);
}
A et etttk
/] ==--=- ISO/IEC 9899:1999 A.2 Phrase structure grammar ------------
AR e e el -
[/ = s
/l =====-- ISO/IEC 9899:1999 A.2.1 EXpressions -----=---------~-c----=
A R L e e L L LR EE L L E L ety

// ISO/IEC 9899:1999 6.5.1
primary_expression: 1/
(2+43)
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IDENTIFIER

{

int declaration_erroxs = 0;
$8 = $1;

/*
// update the genidents in the subtree starting from $$
// to use the current declarations_collection node

~if((declaration_errors = $$->update_genident_pointers()) > 0)

B

{

~ fprintf (stderr, "primary_expression_l: %d errors
encountered\n", declaration_errors);

exit (1) ;

*/
}

| CONSTANT
{
$$ = 81;
.
| string_literal
{
$$ = §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
{
$$ = $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 '.' IDENTIFIER

{

$1->update_genident_pointers();
$$ = new gennode (PR_POSTFIX EXPRESSION_MEMBER, $1, $2, $3);

}

| postfix_expression PTR_OP IDENTIFIER
{
$1->update_genident_pointers();
$$ = new gennode (PR_POSTFIX_ EXPRESSION PTR_MEMBER, $1, $2, $3);
}
| postfix_expression INC_OP
{
$$ = new gennode (PR_POSTFIX EXPRESSION_INC_OP, $1, $2);

}

| postfix_expression DEC_OP

{

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

}
| '(* type_name ')' '{' initializer list '}’
{
$% = new gennode (PR_POSTFIX_EXPRESSION 9, $1, $2, $3, $4, $5,
$6);
b
| *(' type_name ')' '{' initializer_list ',' '}!
{
$$ = new gennode (PR_POSTFIX_EXPRESSION 10, $1, $2, $3, $4, §5,
$6, §7);
}

// ISO/IEC 9899:1999 6.5.2

ceamt bedidean
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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
{
- 8% = 851;
}
| INC_OP unary_expression
{
$$ = new gennode (PR_UNARY EXPRESSION_INC_OP, $1, $2);

}

| DEC_OP unary_expression

{

$$ = new gennode (PR_UNARY_EXPRESSION DEC_OP, $1, $2);

}

| wnary operator cast_expression

{

$$ = new gennode (PR_UNARY EXPRESSION 4, $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 9899:1939 6.5.3

unary_operator: /] & *, ~, |
1!
{
$$_= $1;
}
| e
Lo
§5 = 5L
o
| ren
{
$$ = $1;
}
| r-r
{
88 = 81
}
| e
{
$$ = 81;
-}
| e
{
$5 = $1;
}
// ISO/IEC 9899:1999 6.5.4
cast_expression: // (int)++a

unary_expression

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

{

$% = new gennode (PR_CAST EXPRESSION, $1, $2, $3, $4);




// ISO/IEC 9899:1999 6.5.5
multiplicative_expression: // (int)++a / (char)--b
cast_expression
{
$$_= $1;
}

| multiplicative expression '*' cast_expression

{ * L]

~ $$% = new gennode (PR_MULTIPLICATIVE EXPRESSION 2, $1, $2,

}

| multiplicative_expression '/' cast_expression

{

$$ = new gennode (PR_MULTIPLICATIVE EXPRESSION 3, $1, $2,

}

| multiplicative_expression '$%' cast_expression

{

$$ = new gennode (PR_MULTIPLICATIVE EXPRESSION 4, $1, $2,

// ISO/IEC 9899:1999 6.5.6
additive expression: //12/ 2 +3 *5

multiplicative_expression

{

$% = SL;
}
| additive_expression '+' multiplicative expression
{
$$ = new gennode (PR_ADDITIVE_EXPRESSION 2, $1, $2, $3);
}
| additive_expression '-' multiplicative_expression
{
$$ = new gennode (PR_ADDITIVE EXPRESSION 3, $1, $2, $3);
}

// ISO/IEC 9899:1%999 6.5.7
shift_expression: // 1/2+43%5 << 5%4-3/3

additive_expression

139

$3);

$3);

$3);




$§ = $1;
}
| shift_expression LEFT OP additive_expression
{
$5_=
}

| shift_expression RIGHT OP additive_expression

tL.

$5 =
;T

// ISO/IEC 9899:1999 6.5.8
relational_expression: // ++a < -~b
shift expression
{

§$ =
}

| relational_expression '<' shift_expression

{
$$ = new gennode (PR_RELATIONAL EXPRESSION LT,

}

| relational_expression ‘>' shift expression

{
$$ =
}

| relational_expression LE_OP shift_expression

{

new gennode (PR_RELATIONAL EXPRESSION_GT,

$$ =
)

| relational_expression GE_OP shift_expression

{

new gennode (PR_RELATIONAL_ EXPRESSION LE,

$$ = new gennode (PR_RELATIONAL EXPRESSION GE,

// ISO/IEC 9899:1999 6.5.9
equality expression: // ++a == --b

relational expression

$1,

$1,

$1,

$1,

new gennode (PR_SHIFT EXPRESSION_ 2, $1, $2, $3);

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

$2,

$2,

$2,

$2,

$3);

$3);

$3);

$3);
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$5 = $1;
}

| equality_expression EQ OP relational_expression

{

$$_= new gennode (PR_EQUALITY_ EXPRESSION_2, $1, $2, $3);

}

| equality_expression NE_OP relational_expression

{ . L]

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

}

// ISO/IEC 9899:19929 6.5.10
AND_expression: // ++a == --b & 1 l= 2
equality expression
{
-85 = 8L
}
| AND_expression '&' equality expression
[

$8 = new gennode (PR_AND_ EXPRESSION, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.11
exclusive_OR_expression: // ++a == --b * 1 1= 2

AND expression

{
$$ = 81,
}
| 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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$5 = $1;
}

| inclusive_OR_expression '|' exclusive_OR_expression

{

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

o ¢

// ISOLIEC 9899:1999 6.5.13
logical;AND_expression:

inclusive_OR_expression

{
$$ = $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:

logical AND_ expression

{
$$ = $1;
}

| logical OR_expression OR_OP logical AND_ expression

{

$$ = new gennode (PR_LOGICAL, OR_EXPRESSION, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.15
conditional_expression:

logical_ OR_expression

{
$$ = $1;
}

// a & b

// a |l b

// a?b:1==
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| 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 += £
conditional_expression
L] L]
$§ = $1;
!
} - |
| unary_expression assignment_operator assignment_ expression

{

$$ = new gennode (PR_ASSIGNMENT EXPRESSION, $1, $2, $3);

// ISO/IEC 9899:1999 6.5.16

assignment_operator: /] =, +=, -=, <<=, >>=

{
. $% = $1;

)
| MUL_ASSIGN

{
$§ = $1;

}
| DIV_ASSIGN

{
$% = $1;

b

| MOD_ASSIGN

{
$$ = $1;

}
| ADD_AssiGN

{
$$ = $1;



| SUB_ASSIGN
{
$$ = $Ls
}
| LEFT_ASSIGN
{ .
9% = $L;
}
| RIGHT_ASSIGN
L.
$$ = $1;
} ~
| AND_ASSIGN
{
§% = §1;
}
| XOR_ASSIGN
A
$$ = $1;
}
| OR_ASSIGN
A
$8 = $1;
)

// ISO/IEC 9899:1999 6.5.17
expression:
// 1=2, a=3
assignment_expression
{
88 = $1;
$8->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

{
$$ = 81,
b
[/ mmmmmm oo
/] =emmrmmmeaae ISO/IEC 9899:1999 A.2.2 Declarations --------c--wu-o-
AR e e P L LT

// 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)
{
Af(tstremp(((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)?"s":"");

exit(1);
: }
} // 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, (numvaxs - 1)?"s":"v);

. 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");
$2->traverse();
£flush(stdout) ;

* L

. 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)?"s":"");

exit (1) ;

}

| threadprivate_directive // OpenMP Version 2.5 ISO/IEC 9899:1999
' // addition

A
$$ = $1;

// ISO/IEC 9899:1999 6.7
declaration_specifiers: // int a extern auto
storage_class_specifier
{
$5 = $1;
Y
| storage_class_specifier declaration specifiers
{

$$ = new gennode (PR_DECLARATION_SPECIFIERS 2, $1, $2);

}
| type_specifier

{
$5 = $1;
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| type_specifier declaration_specifiers

{

$$ = new gennode (PR_DECLARATION_SPECIFIERS_4, $1, $2);
}

| type_qualifier

{

-

$$ = $1;
}
| type_qualifier declaration_specifiers
L.
$$ = new gennode (PR_DECLARATION SPECIFIERS 6, $1, $2);
} o~
| function specifier
{
$$ = $1;
}

| function_specifier declaration_specifiers

A

$$ = new gennode (PR_DECLARATION_ SPECIFIERS_8, $1, $2);

// ISO/IEC 9899:1999 6.7
*init_declarator_list: // a =5, b=28, c
init_declarator

{

$$ = new gennode (PR_INIT DECLARATOR LIST, $1);

}

| init_declarator_list ',' init declarator
{
// flatten the init_declarator list tree (see translation unit
// rule)
$$ = ((gennode *)$1)->add_parameter($2, $3);

// ISO/IEC 9899:1999 6.7
init_declarator: // a =5

declarator

{
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| declarator '=' initializer
int declaration_errors = 0;

int numvars = 0;

$$ = new gennode (PR_INIT DECLARATOR_INITIALIZER, $1, $2, $3);

-

if (numvars = active_declarations_collection-

>travexse_and_add($1l, SEARCH CURRENT SCOPE))

{

fprintf (stderr, "%s: error: %d variable%s redefined\n",
orig_fname, numvars, (numvars - 1)?"s":"");

exit(1l);

// 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
{
$% = $1;
}
| EXTERN
{
$$ = $L;
}

| sTATIC

A o
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{
$$ = $1;
}
| auTo
{
$$_= $1;
}
| REGISTER
L.
8% = 81
y o

// ISO/IEC 9899:1999 6.7.2
type_specifier:
// enum { ... }
VOID
A

$$ = 81,

n
v
]

$1;

v
Or
]

$1; i

“
n
]

$1;

$8 = $1;




| DOUBLE
{
$$ = $1;
}
| SIGNED
{ .
§$ = $1;
}
| UNSIGNED
L.
$$ = $1;
} ~
| UBOOL
{
$$ = $1;
}
| UCOMPLEX
-
$$ = $1;
}
| UIMAGINARY
{
$$ = $1;
}
| struct_or_union_specifier
{
$$ = $1;

}
| enum_specifier
{
$$ = $1;
}oo.
| typedef_ name

{
$$ = 8§1;

// ISO/IEC 9899:1999 6.7.2.1

struct_or_union_specifier: //

struct blah { int counter }

151
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struct_or_union '{' struct_declaration_list '}’

{

$$ = new gennode (PR_STRUCT_OR_UNION SPECIFIER_1, $1, $2, $3,
54);
}

| struct_or_union '{' '}' // NON-ISO empty declaration
// (added by Spyros Melissovas)

$$ = new gennode (PR_STRUCT OR_UNION_SPECIFIER_1, $1, $2, $3);

b,

| 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,

54, $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: 7/
STRUCT
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$§ = SL;

| UNION

$8 = $1;

// ISO/IEC 9899:1999 6.7.2.1
struct_declaration_list: // char a; int b;

stxuct_declaration

{

$$ = new gennode (PR_STRUCT DECLARATION LIST, $1);

}

| struct_declaration_list struct_declaration

{

// flatten the struct_declaration_list tree (see translation
// unit rule)

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

}

*// ISO/IEC 9899:1999 6.7.2.1

struct_declaration: // char b;
specifier qualifier list struct_declarator_list ';'
{

$$ = new gennode (PR_STRUCT DECLARATION, $1, $2, $3);

// ISO/IEC 9899:1999 6.7.2.1
specifier_qualifier_ list:
type_specifier
{
$$ = $1;
}
| type_specifier specifier_qualifier_ list

{

$$ = new gennode (PR_SPECIFIER_QUALIFIER_LIST 2, $1, $2);




}
| type_qualifier
{
$$ = $1;

)

| type qualifier specifier qualifier list

$$ = new gennode (PR_SPECIFIER_QUALIFIER LIST 4, $1, $2);

// ISO/LIEC 9899:1999 6.7.2.1
struct_declarator_list:

struct_declarator

{

$$ = new gennode (PR_STRUCT DECLARATOR_LIST, $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
{
$$ = $1;
}
|1declarator ':' 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 %8s in line
%¥d, ¥d\n", orig fname, $2->value, {(genident *)$2)->lineno, ((genident

*)$2) ->colno) ;

exit(1);
}
|
| ENUM IDENTIFIER
{

int numvars = 0;
> L 3

;é = new gendecl (PR_ENUM_SPECIFIER 5, $1, $2);

// add the identifier to the active typenames collection

if (numvars = active_typenames_collection->traverse_and_add($2,
SEARCH_CURRENT_ SCOPE) )

{

fprintf (stdexrr, "%s: error: redefinition of %s in line

%$d, %¥d\n", orig fname, $2->value, ((genident *)$2)->lineno, ({(genident
*)é2)—>colno);

exit(1);

// ISO/IEC 9899:1999 6.7.2.2
enumerator_list: // enum_a, enum b

enumerator

{

$$ = new gennode (PR_ENUMERATOR_LIST, $1);

}

| enumerator_list ',' enumerator

{

// flatten the enumerator list tree (see translation unit rule)

$$ = ((gennode *)$1)-s>add parameter($2, $3);

// ISO/IEC 9899:1999 6.7.2.2

A At
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enumerator:
// enum_a = {2}
enumeration_constant
{
$$ = 8L,
b

| 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

{
$8 = $1;

// ISO/IEC 9899:1999 6.7.4
function_specifier:
INLINE

{ .

// ISO/IEC 9899:1999 6.7.5
declarator:
// counter, *counter

direct_declarator




$§ = $1;
)

| pointer direct_declarator

{

$$ = new gennode (PR_DECLARATOR POINTER, $1, $2);

.« X
// ISO/IEC 9899:1999 6.7.5

direct_declarator:
L/ a (a) all
IDENTIFIER

{

int numvars = 0;

$8 = $1;
/*

if (numvars = active_declarations_collection-

straverse_and_add($$, SEARCH_CURRENT SCOPE))

{

fprintf (stderr,

orig_fname, numvars, (numvars - 1)?"g":"");

exit (1) ;

*/
}

| '(' declarator ')’

{

$$ = new gennode (PR_DIRECT DECLARATOR 2, $1,

}

al4],

| direct_declarator '[' ']’

{

$$ = new gennode (PR_DIRECT_DECLARATOR 3, $1,

}

| direct_declarator ‘[ type_qualifier list ']’

{

$$ = new gennode (PR_DIRECT DECLARATOR_4, $1,

}

| direct_declarator '[' assignment expression ']’

$2,

$2,

$2,

$3);

$3);

$3,

"%¥s: error: %d variable%s redefined\n",

$4);
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$$ = new gennode (PR_DIRECT_DECLARATOR_5, $1, $2, $3, $4);

}

| direct_declarator '[' type_qualifier_ list assignment_expression
v]l

$$ = new gennode (PR_DIRECT_DECLARATOR_6, $1, $2, $3, $4, 85);

}

| direct_declarator '[' STATIC assignment_expression ']'
{ -
$$ = new gennode (PR_DIRECT DECLARATOR_7, $1, $2, $3, $4, $5);
} —
| direct_declarator '[' STATIC type_qualifier list

assignment_expression ']'

{

$$ = new gennode (PR_DIRECT_DECLARATOR 8, $1, $2, $3, $4, $5,
$6);
}

| direct_declarator '[' type qualifier list STATIC
assignment_expression ']
{
$$ = new gennode (PR_DIRECT_DECLARATOR 9, $1, $2, $3, $4, §5,
$6);
© )
| direct_declarator '[' '*' ']

{

$$ = new gennode (PR_DIRECT DECLARATOR 10, $1, $2, $3, $4);
}
| direct_declarator '[' type_qualifier list '*' ']
{

$$ = new gennode (PR_DIRECT_DECLARATOR 11, $1, $2, $3, $4, $5);

}

| direct_declarator '(' parameter_type_list ')’

{

$$ = new gennode (PR_DIRECT_DECLARATOR 12, $1, $2, $3, $4);

}

| direct_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: // *, k%, *Char*l
!
{ -
$$ = $1;
} ~
| '*' type_qualifier list
{

$$ = new gennode (PR_POINTER_2, $1, $2);

}

| **' pointer

{

$$ = new gennode (PR_POINTER 3, $1, $2);
}
| '*' type qualifier list pointer

{

. 5% = new gennode (PR_POINTER_4, $1, $2, $3);

// ISO/IEC 9899:1999 6.7.5
type_qualifier_ list: //. char, enum,
type_qualifier
{
$$ = new gennode (PR_TYPE_QUALIFIER LIST, $1);
b
| type qualifier list type qualifier
{
// flatten the type_qualifier list tree (see translation unit
// rule)
$% = ((gennode *)$1)->add_parameter ($2);
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// ISO/IEC 9899:1999 6.7.5
parameter_ type list: // a, b, ...
parameter_list
{
$% = $81;
b

| parameter_ list ',' ELLIPSIS

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

// 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
(-
// flatten the parameter_list tree (see translation unit rule)

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

~e

// ISO/IEC 9899:1999 6.7.5
parameter_declaration: // int argc
declaration_specifiers declarator
{
$$ = new gendecl (PR_PARAMETER_DECLARATION_1, $1, $2);
} N
| declaration_specifiers
{
$$ = new gendecl (PR_PARAMETER_DECLARATION_ 2, $1);
}

| declaration specifiers abstract_declarator

{

$$ = new gendecl (PR_PARAMETER DECLARATION_3, $1, $2);
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// ISO/IEC 9899:1999 6.7.5
identifier list: // a, b, ¢
IDENTIFIER

.

$$ = new gennode (PR_IDENTIFIER_LIST, $1);
}
| identifier list ',' IDENTIFIER
{.
// flatten the identifier list tree (see translation unit rule)

$8 = ((gehnode *)$1) ->add_parameter ($2, $3);

// ISO/IEC 9899:1999 6.7.6
type_name:
// char*
specifier qualifier_list
{
$$ = $1;
}

- | specifier_qualifier list abstract_declarator

{

$$ = new gennode (PR_TYPE NAME, $1, $2);

// ISO/IEC 9899:1999 6.7.6

abstract_declarator: // *(char)
pointer
{ .
$$ = $1;
}
| direct_abstract_declarator
{
$$ = $1;
}

| pointer direct_abstract_declarator

{




163

$$ = new gennode (PR_ABSTRACT DECLARATOR, $1, $2);

-e

// ISO/IEC 9899:1999 6.7.6
direct_abstract_declarator: // [3) (10

' (' abstract_declarator ')

$$ = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_1, $1, $2, $3); ‘

{ - ;
$$ = new gennode (PR_DIRECT_ ABSTRACT_DECLARATOR_2, $1, $2);

}

| direct_abstract_declarator '[' ']!

{

$$ = new gennode (PR_DIRECT_ ABSTRACT_ DECLARATOR_3, $1, $2, $3);

}

| '[' assignment_expression ']’

{

'$$ = new gennode (PR_DIRECT_ABSTRACT DECLARATOR 4, $1, $2, $3);

}

. | direct_abstract_declarator '[' assignment expression ']

$$ = new gennode (PR_DIRECT ABSTRACT_DECLARATOR 5, $1, $2, $3,

| vy txr ]
$$ = new gennode (PR_DIRECT_ABSTRACT_DECLARATOR_ 6, $1, $2, $3);
| direct_abstract_declarator '[' '*' ']

{
$8

new gennode (PR_DIRECT_ABSTRACT DECLARATOR_7, $1, $2, $3,

$$ = new gennode (PR_DIRECT_ ABSTRACT DECLARATOR_8, $1, $2);
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| direct_abstract_declarator '(' ')

{
$$ = new gennode (PR_DIRECT ABSTRACT DECLARATOR_ 9, $1, $2, $3);
}
| ' (' parameter_type list ')'
{ .
$8 = new gennode(PR_DIRECT_ABSTRACT_DECLARATOR_I0, $1, $2, 8$3);
}

| direct_abstract_declarator '(' parameter_type_list ')’

{

-

$$ = new gennode (PR_DIRECT ABSTRACT DECLARATOR_11, $1, $2, $3,
$4); -
}

// ISO/IEC 9899:1999 6.7.7
typedef_ name:
TYPE_NAME

{

((genident *)$1)->set_typename() ;
$8 = $1;

// ISO/IEC 9899:1999 6.7.8
initializer:
// {a=0,b=23}
assignment expression
{
$$ = $1;
}
| *{'.initializer_ list '}
{
$$ = new gennode (PR_INITIALIZER 2, $1, $2, $3);
}
| *{' initializer list ',' '}!

{

$$ = new gennode (PR_INITIALIZER 3, $1, $2, $3, $4);

~e

Lo uRLAN TG,



// ISO/IEC 9899:1999 6.7.8

initializer list: // { a

initializer

{

}

$$ = $1;

| designation initializer

{

}

-

$$ = new gennode (PR_INITIALIZER_LIST_2, $1,

| initializer_list ',' initializer

{

}

$$ = new gennode (PR_INITIALIZER_LIST_3, $1,

| initializer list ',' designation initializer

{

$$ = new gennode (PR_INITIALIZER_LIST 4, $1,

// 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

{
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{b=2)
$2);

$2, $3);

$2, $3, $4);

// flatten the designator_list tree (see translation unit rule)

$$ = ((gennode *)S$1)->add_parameter ($2);
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// ISO/IEC 9899:1999 6.7.8

designator:

'[' constant_expression ']’

.

$$ = new gennode (PR_DESIGNATOR_1, $1, $2, $3);

| '.' IDENTIFIER
{ -
$$ = new gennode (PR_DESIGNATOR 2, $1, $2};
} ~
i :
i
[ = s :
[/ === ISO/IEC 9899:1999 A.2.3 Statements ------------=----
[ == e

// ISO/IEC 9899:1999 6.8
statement:

labeled_statement

{
$$ = $1;
}
| compound_statement
{
$$ = $1;
}
| expression_statement
{
85 = 515
}

| selection_statement

{

$% = $1;
}
| iteration_statement
{

$$ = $1;
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}

| jump_statement

{
$$ = $1;
}

| openmp_construct // OpenMP Version 2.5 ISO/IEC 9899:1999 addition

{

// 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:

vt v}

{

$$ = new gennode (PR_COMPOUND_STATEMENT EMPTY, $1, $2);
}
| *{' block item_ list '}

{

$$ = new gennode(PR_COMPOUND_STATEMENT FULL, $1, $2, $3);




168

// ISO/IEC 9899:1999 6.8.2
block_item_list:
{
if (!buffer_scanning_enabled)

// lst level block_item_list: this is a hack for scanning

// in-memory buffers.

//.see the comments in treeproc.c

- .1
'// The typenames collection is always created in this step 1

~ 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
// is 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 *)$1)
->p_typenames_collection;
active_declarations_collection = ((genblock *)$1)
->p_declarations_collection;

}

block_item

{

// £latten the block_item_ list tree (see translation unit rule)

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

-~

// ISO/IEC 9899:1999 6.8.2
block_item:
declaration
{
$5 = $1;
}
| statement
{ .
$$ = 8§81,
}
| openmp_directive // OpenMP Version 2.5 ISvO/IEC 9899:1999
// addition

$§ = $1;




170

// ISO/IEC 9899:1999 6.8.3

expression_statement:

LI |
’

{
$8 = $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);

// 1SO/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,
$5, $6, $7);
}

| SWITCH ' (' expression ')' statement
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$$ = new gennode (PR_SELECTION_STATEMENT SWITCH, $1, $2, $3, %4,

$5);

~e

// ISO/IEC 9899:1999 6.8.5

iteration_statement:

WHILE ' (' expression ')' statement
{.
$$ = new gennode (PR_ITERATION STATEMENT 1, $1, $2,
} ~
| DO statement WHILE '(' expression ')' ';'
{
$$ = new gennode (PR_ITERATION_STATEMENT 2, $1, $2,
$6, $7);
}
| FOR '(' ';' ';' ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT 3, $1, $2,
$6);
}
| FOR '(' expression ';' ';' ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT 4, $1, $2,
$6, $7);
}
| FOR '(' ';' expression ';' ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT 5, $1, $2,
$6, $7);
| N
| FOR ' (' *;' ';' expression ')' statement
{
$$ = new gennode(PR_ITERATION_STATEMENT_G, $1, $2,
$6, $7);
}
| FOR '(' expression ';' expression ';' ')’

{

statement

$3,

$3,

$3,

$3,

$3,

$3,

$4,

$4,

$4,

$4,

$4,

$4,

$5);

$5,

$5,

$5,

$5,

$5,




172

$$ = new gennode (PR_ITERATION STATEMENT 7, $1, $2, $3, $4, $5,

$6, $7, $8):
}
| FOR *(' expression ';' ';' expression ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT 8, $1, $2, $3, $4, §5,
$6, $7, $8);
}
| FOR '(' ';' expression ';' expression ')' statement
$$ = new gennode (PR_ITERATION_STATEMENT 9, $1, $2, $3, $4, $5,
$6, $7. $8);
}
| FOR '(' expression ';' expression ';' expression ')' 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,

54, $5l 56, $7, $81 $9);
}.

| FOR '(' declaration ';' ')' statement
{
. $$ = new gennode (PR_ITERATION STATEMENT 11, $1, $2, $3, $4, $5,
$6) ;
}
| FOR ' (' declaration expression ';' ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT 12, $1, $2, $3, $4, §5,
$6, $7);
}
| FOR '(' declaration ';' expression ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT_ 13, $1, $2, $3, $4, §5,
$6, $7);
}
| FOR ' (' declaration expression !';' expression ')' statement
{
$$ = new gennode (PR_ITERATION_STATEMENT 14, $1, $2, $3, $4, §S,

$6, $7, $8);
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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);
y
| 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();



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;

}
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// 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

// £or ompi

if (program_start)

{
program_start_element = ((gennode *)$$)->numparams - 1;
// initial value for inserting elements

program put_element = program_start_element;
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program_start = 0;

}

else
t_start = $§;

| translation unit

ompi

}

{

j/.reset the collection pointers to the original collections

// since anything following is either a new global declaration
Z/ 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);

// 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

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;

e

O




// ISO/IEC 9899:1999 6.9

external_declaration:

function definition

I

// 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))
fprintf (stderr, "%s: error: %d variable%s redefined\n",

orig_fname, numvars, (numvars - 1)?"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)

. L]

fprintf (stderr, "%s: %d function parameters added\n",

T -

orig_fname, numvars);
3
}
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)?"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)
fprintf (stderr, "%s: %d function parameters added\n",

orig _fname, numvars);

. e

}

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)?"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)




179

fprintf (stderr, "%s: %d function parameters added\n",

orig_fname, numvars);

}
}
compound_statement
t .
$$ = new gennode (PR_FUNCTION_DEFINITION_OLDSTYLE, $1, $2, $3,
$5);
}

// ISQ/IEC 9899:1999 6.9.1

declaration_list:

declaration
{
$$ = new gennode (PR_DECLARATION LIST, $1);
}
| declaration_list declaration
{
// flatten the declaration_list tree (see translation unit
"// rule)

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

openmp_construct:

parallel_construct

.

$$ = S1;
}
| for_construct
{
$% = $1;

)

| sections_construct

{




$$ = 81;
}
| single_construct
{
$$ = $1;
}

-

| parallel_for_construct

© -

| pafalle1_sections_construct
{~
$$ = S$1;
}
| master_construct
{
$3 = 51,
}
.| critical_ construct
{
$$ = $1;
}
- | atomic_construct
{
$$ = $1;
}

| ordered_construct

{
§8 = $1;

.

openmp_directive:

pomp_construct

{

85 = $1;
}
| barrier_directive
{

$$ = $1;
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}

| £lush_directive

{
$8 = §1;

structured_block:

statement
L] e

{.

§$ = $1;
Y <

parallel construct:

parallel directive { parallel level++; } structured_block

{

parallel_level--;
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$$ = new genomp{PR_PARALLEL CONSTRUCT, parallel_level, $1, $3);

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)




$$ = new gennode (PR_PARALLEL CLAUSE_OPTSEQ, $2)/
else
((gennode *)$1)->add_parameter(32);

}

| parallel_clause_optseq ', ' parallel_clause

{

-

// parallel_clause_optseq tree flattening
// see translation_unit rule
if($1 == NULL)

$$ = new gennode (PR_PARALLEL CLAUSE OPTSEQ, $2, $3);

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

}

parallel clause:
unique_parallel_clause
{
$$ = $1;
}

| data_clause

{
§¢ = $1;

unique parallel_clause:
OMP_IF '(' expression ')’

{

$3->update_genident pointers();
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$$ = new gennode (PR_UNIQUE_PARALLEL CLAUSE IF, $1, $2, $3, $4);

}

| OMP_NUMTHREADS ' (' expression ')

{

$$ = new gennode (PR_UNIQUE_PARALLEL_CLAUSE_NUMTHREADS, $1, $2,

$3, $4);
}

for_construct:
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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_optseqg '\n'

{
$$ = new gennode (PR_FOR_DIRECTIVE, $1, $2, $3, new
gentexrm("\n"));

}

for_clause_optseq:
// empty
{
$$ = NULL;
}
| for_clause_optseq for_ clause
{
. // tree flattening
// see translation_unit rule
if ($1 == NULL)
$$ = 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)
$$ = new gennode (PR_FOR_CLAUSE_OPTSEQ, $2, $3);
else

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

unique_for_clause

{
88 = $1;
}

| data_clause

{
$% = $1;

| OMP_NOWAIT
("
S$$ = $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, $4, $5, $6);
}

.

schedule_kind:
OMP_STATIC

{
§% = $1;

}

| oMp_DYNAMIC

{
$6 = $1;
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}

| OMP_GUIDED
{
5% = $1;
}

| OMP_RUNTIME

{
$8 = $1;

sections_construct:
sections_directive { parallel_level++; } section_scope
{
parallel_level--;
$$ = new genomp (PR_SECTIONS_CONSTRUCT, parallel_level, $1, $3);

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);

AN




}

| sections_clause_optseq ',' sections_clause

{

// tree flattening
// see translation_unit rule
if ($1 == NULL)

$$ = new gennode (PR_SECTIONS_CLAUSE_OPTSEQ, $2, $3);

else

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

sections_clause:

data_clause

{

88 = $1;
}

| OMP_NOWAIT
{

$$ = $1;
y
* section_scope:
'{' section_sequence '}'

{

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

section_sequence:

{ parallel_level++; } structured block

parallel_level--;
8% = new gennode (PR_SECTION_SEQUENCE,

}

// 1 shift/reduce
// conflict here

$2);

| section_directive { parallel_level++; } structured block

{

parallel_level--;

186
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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);

-~

sectign 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,
genterm("\n"));

}

new

single_clause_optseq:
// empty
{

$$ = NULL;
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| single_clause_optseqg single_clause
{
// tree flattening
// see translation_unit rule
if ($1 == NULL)
$$ = new gennode(PR_SINGLE__CLAUSE_OPTSEQ, $2);
else
((gennode *)$1)->add_parameter($2);

}

. e

| single_clause_optseq ',' single_clause
("
J/ tree flattening
// see translation unit rule
if ($1 == NULL)
$% = new gennode (PR_SINGLE_CLAUSE_OPTSEQ, $2, $3);
else
((gennode *)$1)->add_parameter($2, $3);

single_clause:
data_clause

- A

$$ = $1;
}
| OMP_NOWAIT
{
$$ = $1;
}

parallel for_construct:
parallel_ for_directive { parallel_level++; } iteration_statement
{
parallel level--;
$$ = new genomp (PR_PARALLEL FOR_CONSTRUCT, parallel level, $1,
$3);




parallel for_ directive:
PRAGMA_OMP OMP_PARALLEL OMP_FOR parallel_for clause_optseq '\n'

{

189

$$ = new gennode (PR_PARALLEL_FOR_DIRECTIVE, $1, $2, $3, $4, new

genterm("\n"));

}

parallel_for_ clause_optseq:

// empty

"

~$§ = NULL;
}

| parallel for_clause_optseq parallel for_ clause

{

}
| p
{

// tree flattening
// see translation_unit rule
if($1 == NULL)
$$ = new gennode (PR_PARALLEL_FOR _ CLAUSE_OPTSEQ,
else

((gennode *)$1)->add_parameter ($2);

arallel_for_clause_optseq ',' parallel_for_ clause

// tree flattening
// see translation_unit rule
if ($1 == NULL)
$$ = new gennode (PR_PARALLEL FOR CLAUSE_OPTSEQ,
else

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

parallel for_clause:

unique_parallel_clause

{

}

$$ = $1;

| unique_£for_clause

{

$2);

$2,

$3);
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$$ = $1;
}

| data_clause

{
$$ = 81;

paralle%_sections_construct:
'pé;allel_sections_directive { parallel_level++; } section_scope
{
parallel level--;
$$ = new genomp (PR_PARALLEL. SECTIONS_CONSTRUCT, parallel_level,
$1, $3);
}

parallel sections directive:
A 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
{
$$ = $1;
}

| data_clause

{
$$ = 81;

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
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parallel_ level--;

$$ = new genomp (PR_CRITICAL_CONSTRUCT, parallel_level, $1, $3);

critical_directive:

PRAGMA_OMP OMP_CRITICAL '\n'

 $$ = new gennode (PR_CRITICAL DIRECTIVE, $1, $2, new
genterm("\n"));

I~
| PRAGMA OMP OMP_CRITICAL region phrase '\n’
{
$$ = new gennode (PR_CRITICAL_DIRECTIVE_REGION_ PHRASE, $1, $2,

$3, new genterm("\n"));

}
H
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, $1, $2,
new genterm("\n"));

b .

-

atomic_construct:

atomic_directive expression_statement

{

$$ = new genomp (PR_ATOMIC_CONSTRUCT, parallel_level, $1, $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'

{~
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$$ = new genomp (PR_FLUSH_DIRECTIVE 1, parallel level, $1, $2,

new genterm("\n"));

}

| PRAGMA_OMP OMP_FLUSH flush vars '\n'

{

$$ = new genomp (PR_FLUSH DIRECTIVE_2, parallel_level, $1, $2,

$3, new genterm("\n"));

}

flush vars:
'(' variable_list ')

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

ordered_construct:

ordered_directive { parallel_level++; } structured_block

{.

parallel_ level--;

$$ = new genomp (PR_ORDERED_CONSTRUCT, parallel_level, $1, $3);

ordered_directive:
PRAGMA_OMP OMP_ORDERED '\n'

{
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$$ = new genomp (PR_ORDERED DIRECTIVE, parallel_level, $1, $2,

new genterm("\n"));

}

threadp;ivate_directive:
PRAGMA_OMP_THREADPRIVATE ' (' variable_list ')' '\n'
{
$$ = new genomp (PR_THREADPRIVATE_DIRECTIVE, parallel_level, $1,
$2, $§,.$4, new genterm("\n"));

}

.
1] —

data_clause:
OMP_PRIVATE ' (' variable_ list ')
{
$$ = new gennode(PR_DATA_ CLAUSE_PRIVATE, $1, $2, $3, $4);
}

| OMP_COPYPRIVATE ' (' variable_list ')*

{

$$ = new gennode (PR_DATA CLAUSE COPYPRIVATE, $1, $2, $3, $4);

}

| OMP_FIRSTPRIVATE ' (' variable_list ')’

{

$$ = 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 ')

{

$$ = new gennode (PR_DATA_CLAUSE_DEFAULTSHARED, $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 ')

{

$$ = new gennode (PR_DATA CLAUSE_REDUCTION, $1, $2, $3, $4, $5,
$6);
}

| OMP_COPYIN ' (' variable_list ')°'

$$ = new gennode (PR_DATA_CLAUSE_COPYIN, $1, $2, $3, $4);

reduction_operator:

1et
{
$$ = $1;
}
| e
{
C$$ = 81,
}
| -
{
$5 = $1;
}
| e
{
8% = $1;
}
| oA
{.
$§ = $1;
}
| ']
{
$% = $1;
}
| anp_op
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$$ = $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();

* // OpenMP Version 2.5 ISO/IEC 9899:1999 additions end ---------------
/] == oo

[/ == e e
[/ -==--eememmennn Additional POMP construct type: ---------c--ceceo--
[ == e e e e
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'

L

$$ = new gennode (PR_POMP_CONSTRUCT POMP_OFF, $1, $2, $3, new

gentexm("\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, g2,

new genterm("\n"));

}

| PRAGMA_OMP POMP_INSTRUMENT '\n'

{

$$ = new gennode (PR_POMP_CONSTRUCT POMP_INSTRUMENT, $1, $2, new

genterm("\n"));

-

// 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)
{
fprintf (stderr, "%s: error: %s (%s: %s) in line %d,%d\n",
orig_fname, s, class_names[yylval->classname], yylval->value, line_no

-- new_line + orig_line, column);

* )

int main(int argec, char *argv(])

{
FILE *dumpfile;

int parse_ret = 0;

if (arge > 1)

{

if (!strcmp(argv([1], "-v")) // verbose

{

dEbugf lag = 1;

}

else



199

if (1stremp (argv (1], “-vv")) // even more verbose

{

debugflag = 1;
yydebug = 1;

}
b
switcp(argc)
-

‘case 2:

~if((yyin = fopen(argv[l], "r")) == NULL)
{

fprintf (stderr, "Error opening file %s for reading!\n",
argv[1]);
exit(1l);
}

break;

case 3:
if ((yyin = fopen(argv(2], "r")) == NULL)
{

fprintf (stderr, "Error opening file %s for reading!\n",
argvi2]);
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 l= 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 (stdexrr, "Error opening %s for writing!\n", XMLOUTFILE);

fflush(stdout);

// recover allocated memory

delete p_start;

fprintf (stdexr, "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

B - // implement error recovery the value should be 1 at this point

fprintf (stderr, "%d error%s encountered\n", yynerrs, (yynerrs -

1)?"8"! "")1'

return 0;
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¢ argument_expression_list

e init_declarator_list

¢ struct_declaration_list

o specifier qualifier list

e struct_declarator_list

e enumerator_list

o type qualifier_ list

e parameter_list

¢ identifier_ list

e designator_list

e block_item_list

¢ translation_unit

¢ declaration_list

e parallel clause_optseq

e for clause optseq

e sections_clause_optseq

¢ single_clause_optseq

¢ parallel_ for_clause_optseq
¢ parallel sections_clause_optseq

e variable list
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