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PerÐlhyh

To jèma thc ptuqiakăc mac ergasÐac eÐnai h ulopoÐhsh enìc metafrastă gia th glÿssa C

me epektĹseic OpenMP. Oi epektĹseic autèc eÐnai eidikèc entolèc pou perigrĹfoun ston

metafrastă pÿc na parallhlopoiăsei to prìgramma. O metafrastăc mac eÐnai grammènoc

exoloklărou se C, enÿ èqoun qrhsimopoihjeÐ kai ta ergaleÐa Flex kai Bison. ParĹgetai

kÿdikac se ANSI C o opoÐoc qrhsimopoieÐ th bibliojăkh POSIX threads.

’Eqoume epikentrÿsei to endiafèron mac ston trìpo me ton opoÐo metasqhmatÐzetai o

kÿdikac thc mÐac glÿssac sthn Ĺllh. Autì den eÐnai tìso eÔkolo, diìti pèra apì to ìti

to telikì prìgramma ja prèpei na eÐnai shmasiologikĹ isodÔnamo, ja prèpei na eÐnai kai

apodotikì ìson aforĹ thn taqÔthta ektèleshc kai th qrăsh mnămhc.

To telikì apotèlesma ătan h dhmiourgÐa enìc metafrastă pou plhreÐ to prìtupoOpenMP.

BasikĹ pleonektămatĹ tou eÐnai o mikrìc qrìnoc metĹfrashc kai o apodotikìc paragìmenoc

kÿdikac. Tèloc, h ulopoÐhsh aută eÐnai metafèrsimh se opoiadăpote platfìrma UNIX pou

uposthrÐzei POSIX threads.



Perieqìmena

1 Eisagwgă 6

1.1 ParĹllhla sustămata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.2 Arqitektonikèc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.3 Montèla parĹllhlou programmatismoÔ . . . . . . . . . . . . . . . . . . . . 8

1.3.1 Montèlo koinăc mnămhc . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.3.2 Montèlo metabÐbashc mhnumĹtwn . . . . . . . . . . . . . . . . . . . . 9

1.4 AntikeÐmeno thc ergasÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.5 Domă thc ergasÐac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2 Eisagwgă sto OpenMP 12

2.1 Pleonektămata tou OpenMP . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2 Montèlo ektèleshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.3 Entolèc (directives) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.4 H entolă parallel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.5 Entolèc diamoirasmoÔ ergasÐac . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.5.1 for . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.5.2 sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.5.3 single . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.5.4 Sunduasmìc me parallel . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.6 Sugqronismìc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.6.1 master . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.6.2 critical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.6.3 barrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.6.4 atomic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.6.5 flush . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2



2.6.6 ordered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.7 PeribĹllon dedomènwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.7.1 threadprivate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.7.2 Dhlÿseic oratìthtac dedomènwn . . . . . . . . . . . . . . . . . . . . 23

2.8 Topojèthsh entolÿn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.9 Emfÿleush . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.10 Runtime bibliojăkh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.10.1 Sunartăseic parĹllhlou peribĹllontoc . . . . . . . . . . . . . . . . 26

2.10.2 Sunartăseic gia kleidarièc . . . . . . . . . . . . . . . . . . . . . . . 27

3 O metafrastăc mac 29

3.1 Lektikă anĹlush . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.2 Suntaktikă anĹlush . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4 MetasqhmatismoÐ 34

4.1 Qeirismìc nhmĹtwn me th bibliojăkh

POSIX threads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.2 parallel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.2.1 shared (koinèc metablhtèc) . . . . . . . . . . . . . . . . . . . . . . . 37

4.2.2 private (idiwtikèc metablhtèc) . . . . . . . . . . . . . . . . . . . . . 39

4.2.3 firstprivate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.2.4 reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4.2.5 if . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.2.6 copyin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.2.7 Emfwliasmèna parallel . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.3 single . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

4.3.1 private, firstprivate . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

4.3.2 nowait . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

4.4 sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

4.4.1 private, firstprivate, reduction . . . . . . . . . . . . . . . . . . . . . 49

4.4.2 lastprivate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4.4.3 nowait . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4.5 for . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4.5.1 private, firstprivate, reduction . . . . . . . . . . . . . . . . . . . . . 52

3



4.5.2 lastprivate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

4.5.3 nowait . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

4.5.4 schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.5.5 ordered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.6 ordered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.7 master . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.8 critical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.9 atomic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4.10 barrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.11 flush . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.12 threadprivate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

4.12.1 copyin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4.13 Arqitektonikă paragìmenou kÿdika . . . . . . . . . . . . . . . . . . . . . . 60

4.13.1 * omp.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.13.2 * defs.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.13.3 * typedefs.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.13.4 * threadfuncs.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.13.5 * threadfuncs.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.13.6 * threadp.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.13.7 * copyin.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.13.8 * omp.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.13.9 * omp.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.13.10* omp global.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.14 UlopoÐhsh bibliojăkhc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5 Epidìseic 62

5.1 Qrìnoc metĹfrashc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

5.2 Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

5.2.1 Upologismìc tou π . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

5.2.2 Molecular Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . 64

5.2.3 PeribĹllon ektèleshc . . . . . . . . . . . . . . . . . . . . . . . . . . 64

5.3 Qrìnoc Ektèleshc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

5.4 EpitĹqunsh (speedup) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4



5.5 EpibĹrunsh (overhead) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

6 SumperĹsmata 70

Aþ Lektikă anĹlush  Flex 75

Aþ.1 Nèa token (OpenMP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

Aþ.2 KoinĹ tokens (ANSI C kai OpenMP C) . . . . . . . . . . . . . . . . . . . . 76

Aþ.3 ANSI C-only tokens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Aþ.3.1 Stajerèc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

Bþ Grammatikă OpenMP C 79

Gþ PhgaÐoc kÿdikac 93

Dþ Kÿdikac twn test (pi, molecular dynamics) 167

Eþ OdhgÐec 175

Eþ.1 OdhgÐec egkatĹstashc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

Eþ.2 Perigrafèc arqeÐwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175

Eþ.3 OdhgÐec compilation (ektèleshc) . . . . . . . . . . . . . . . . . . . . . . . . 176

5



KefĹlaio 1

Eisagwgă

1.1 ParĹllhla sustămata

UpĹrqei ìlo kai megalÔterh anĹgkh gia grhgorìterouc upologistèc. H anĹgkh aută gia

megalÔterh upologistikă isqÔ phgĹzei apì dÔo basikĹ aÐtia:

• Thn grhgorìterh epÐlush problhmĹtwn.

• Thn ektèlesh kĹpoiwn upologismÿn me megalÔterh akrÐbeia.

’Etsi, oi upologistèc gÐnontai ìlo kai pio grăgoroi, sugkekrimèna oi epidìseic touc dipla-

siĹzontai kĹje dekaoqtÿ mănec. PolloÐ eÐnai autoÐ pou uposthrÐzoun ìti aută h aÔxhsh twn

epidìsewn den mporeÐ na suneqisteÐ epfl Ĺpeiro. Epiplèon, upĹrqoun dÔskola problămata

pou apaitoÔn Ĺmesh lÔsh Ĺlla h taqÔthta twn shmerinÿn upologistÿn den arkeÐ.

’Ena qarakthristikì parĹdeigma eÐnai to prìblhma tic prìbleyhc tou aurianoÔ kairoÔ pou

apaiteÐ thn grăgorh epÐlush tou (mèsa se èna 24wro) me thn megalÔterh dunată akrÐbeia.

’Etsi dhmiourgăjhke h anĹgkh gia th dhmiourgÐa parĹllhlwn susthmĹtwn.

An to doÔme afairetikĹ, èna parĹllhlo sÔsthma ousiastikĹ spĹei to prìblhma se mi-

krìtera problămata, ta epilÔei tautìqrona (parĹllhla) se polloÔc upologistèc kai èpeita

sugkentrÿnei ta apotelèsmata kai ta sunenÿnei ÿste na exĹgei to telikì. Aută h lÔsh

eÐnai gnwstă wc parĹllhloc upologismìc (parallel computing) ă poluepexergasÐa (multi-

processing).
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1.2 Arqitektonikèc

Prin proqwrăsoume parapèra sthn anĹlush twn parĹllhlwn susthmĹtwn eÐnai anagkaÐo na

gnwrÐsoume kĹpoia basikĹ stoiqeÐa thc arqitektonikăc touc.

’Opwc faÐnetai kai sto sqăma 1.1, èna aplì montèlo upologistă (mh-parĹllhlou) apo-

teleÐtai apì mia monĹda epexergasÐac (CPU) pou sundèetai se kĹpoia mnămh, kĹpoia monĹda

apojăkeushc kai kĹpoiec monĹdec eisìdou exìdou  plhktrolìgio, pontÐki, ojình, kĹrta

diktÔou ktl. . .

ΕΠΕΞΕΡΓΑΣΤΗΣ
ΑΠΟϑΗΚΕΥΣΗ

ΕΞΟ∆ΟΣ
ΕΙΣΟ∆ΟΣ

∆ΕΥΤΕΡΕΥΟΥΣΑ

ΜΝΗΜΗ

Sqăma 1.1: Seiriakìc upologistăc

Ta parĹllhla sustămata pou èqoun anaptuqjeÐ akoloujoÔn dÔo basikèc arqitektoni-

kèc: Touc poluepexergastèc koinăc mnămhc kai touc poluepexergastèc (ă poluupologistèc)

katanemhmènhc mnămhc.

ΕΠΕΞΕΡΓΑΣΤΗΣ ΕΠΕΞΕΡΓΑΣΤΗΣΕΠΕΞΕΡΓΑΣΤΗΣ ΕΠΕΞΕΡΓΑΣΤΗΣ

ΚΟΙΝΗ ΜΝΗΜΗ

Sqăma 1.2: Arqitektonikă koinăc mnămhc

Stouc poluepexergastèc koinăc mnămhc den upĹrqei sÔndesh metaxÔ twn epexergastÿn,

parĹ mìno anĹmesa stouc epexergastèc kai th mnămh h opoÐa eÐnai Ĺmesa prospelĹsimh apì
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ìlouc (sqăma 1.2). KĹje epexergastăc mporeÐ na ekteleÐ diaforetikă entolă epĹnw se

diaforetikĹ kommĹtia ta opoÐa mporoÔn na prospelĹsoun ìloi. Autì èqei san apotèlesma

ìti ìloi oi epexergastèc blèpoun thn Ðdia mnămh kai me ton Ðdio trìpo.

Sta sustămata katanemhmènhc mnămhc, kĹje epexergastăc èqei th dikă tou, idiwtikă

mnămh, thn opoÐa prospelaÔnei apeujeÐac mìno autìc (sqăma 1.3). H epikoinwnÐa eÐnai efiktă

lìgw Ôparxhc diasundetikoÔ diktÔou diamèsw tou opoÐou gÐnetai antallagă mhnumĹtwn.

ΕΠΕΞΕΡΓΑΣΤΗΣΕΠΕΞΕΡΓΑΣΤΗΣΕΠΕΞΕΡΓΑΣΤΗΣ ΕΠΕΞΕΡΓΑΣΤΗΣ

ΜΗΝΥΜΑ

ΜΝΗΜΗΜΝΗΜΗΜΝΗΜΗ ΜΝΗΜΗ

Sqăma 1.3: Arqitektonikă katanemhmènhc mnămhc

1.3 Montèla parĹllhlou programmatismoÔ

UpĹrqoun loipìn sustămata pou eÐnai ikanĹ na epexergastoÔn tautìqrona pollèc ento-

lèc. EÐnai loipìn anagkaÐa h uiojèthsh enìc kaloÔ programmatistikoÔ montèlou gia thn

axiopoÐhsh autÿn twn susthmĹtwn. Autì pou sumbaÐnei sunăjwc eÐnai ìti to prìblhma dia-

qwrÐzetai se pollèc anexĹrthtec diergasÐec (processes) ă nămata (threads) pou ekteloÔntai

tautìqrona mèsa se ènan parĹllhlo upologistă.

Oi diergasÐec autèc prèpei me kĹpoio trìpo na epikoinwnoÔn, ÿste gia parĹdeigma na

mporoÔn na antallĹssoun dedomèna, kai na sugqronÐzontai. ’Etsi, upĹrqoun ta parakĹtw

montèla pou ephreĹzontai apì thn arqitektonikă tou parĹllhlou upologistă.

1.3.1 Montèlo koinăc mnămhc

Sto montèlo koinoÔ qÿrou dieujÔnsewn o programmatistăc blèpei ta progrĹmmata san

mia sullogă diergasiÿn oi opoÐec prospelaÔnoun mia sullogă apì koinèc (kajolikèc) me-

tablhtèc. FusiologikĹ to montèlo autì tairiĹzei apìluta se ènan poluepexergastă koinăc
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mnămhc, ìpou oi kajolikèc metablhtèc apojhkeÔontai sthn koină mnămh kai prospelaÔnontai

apì ìlouc. Autìc ìmwc eÐnai kai o lìgoc gia ton opoÐo upĹrqei perÐptwsh aprosdiorÐstwn

katastĹsewn, ìtan p.q. parapĹnw apì mÐa diergasÐec prospajoÔn na allĹxoun tautìqrona

thn timă miac koinăc metablhtăc. Epomènwc, sto montèlo autì parèqontai trìpoi kai domèc

pou empodÐzoun tic tautìqronec prospelĹseic metablhtÿn. ParĹdeigma tètoiwn domÿn einai

oi shmafìroi. ProgrammatistikĹ, o trìpoc den diafèrei polÔ apì to gnÿrimo seiriakì mon-

tèlo. H epikoinwnÐa metaxÔ twn diergasiÿn gÐnetai mèsw tropopoÐhshc koinÿn metablhtÿn

sth mnămh.

O pio diadedomènoc trìpoc programmatismoÔ se autì to montèlo eÐnai h qrăsh nhmĹtwn.

Mia diergasÐa mporeÐ na perièqei pollĹ nămata ta opoÐa moirĹzontai ton qÿro dieujÔnseÿn

thc. Ta nămata autĹ wc mikrodiergasÐec ekteloÔntai parĹllhla. UpĹrqoun arketèc ulo-

poiăseic nhmĹtwn (me morfă bibliojăkhc). Oi pio dhmofileÐc eÐnai ta POSIX kai Solaris

threads.

1.3.2 Montèlo metabÐbashc mhnumĹtwn

Sto montèlo metabÐbashc mhnumĹtwn to prìgramma eÐnai mia sullogă autìnomwn diergasiÿn

oi opoÐec den èqoun kamÐa koină metablhtă kai oi opoÐec èqoun th dunatìthta na epikoinwnoÔn

metaxÔ touc antallĹssontac dedomèna. Epomènwc upĹrqoun programmatistikèc domèc pou

kajistoÔn dunată thn apostolă kai lăyh mhnumĹtwn metaxÔ twn diergasiÿn. EÐnai logikì

ìti upĹrqei Ĺmesh antistoiqÐa me touc poluepexergastèc katanemhmènhc mnămhc.

Gia pollèc efarmogèc to montèlo autì eÐnai arketĹ apotelesmatikì. ’Omwc sta pro-

blămata ekeÐna pou megĹloc ìgkoc dedomènwn prèpei na eÐnai prosbĹsimoc se pollèc (ă kai

ìlec tic) diergasÐec upĹrqei prìblhma lìgw twn pollÿn mhnumĹtwn pou antallĹssontai.

Epiprìsjeta, o programmatismìc me autì to montèlo eÐnai arketĹ polÔplokoc.

DÔo apì ta pio dhmofilă pakèta pou uposthrÐzoun to montèlo metabÐbashc mhnumĹtwn

eÐnai to LAM/MPI [6] kai to PVM [7]. To prÿto eÐnai mia ulopoÐhsh tou protÔpou MPI

[5] to opoÐo eÐnai kai to poio diadedomèno prìtupo gia programmatismì sto montèlo meta-

bÐbashc mhnumĹtwn. QrhsimopoieÐ stajmoÔc ergasÐac wc epexergastèc kai to dÐktuo sto

opoÐo sundèontai gia thn epikoinwnÐa. Parèqei routÐnec gia apostolă kai lăyh mhnumĹ-

twn. To PVM eÐnai èna peribĹllon to opoÐo epitrèpei parĹllhlo diktuakì programmatismì.

Ektìc apo routÐnec apostolăc kai lăyhc mhnumĹtwn diajètei kai mhqanismoÔc gia diaqeÐrish

diergasiÿn.
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1.4 AntikeÐmeno thc ergasÐac

Kai sta dÔo montèla programmatismoÔ pou anafèrame parapĹnw, o programmatistăc eÐnai

upeÔjunoc gia thn parallhlopoÐhsh tou progrĹmmatoc. O programmatistăc prèpei na qw-

rÐsei to prìgramma tou se diergasÐec, na frontÐsei na apodÿsei stic diergasÐec autèc apì

kĹpoio mèroc tou progrĹmmatoc na epexergastoÔn kai sto tèloc na sugkentrÿsei ta apote-

lèsmata. An sumperilĹboume sta parapĹnw kai touc èlegqouc gia sugkroÔseic, problămata

sugqronismÿn kai epikoinwnÐac, tìte katalabaÐnoume ìti o programmatistăc prèpei na èqei

arketèc gnÿseic pĹnw sta parĹllhla sustămata ÿste na grĹyei èna apodotikì prìgramma.

H ergasÐa aută èqei wc stìqo thn ulopoÐhsh enìc metafrastă (compiler) o opoÐoc,

ja kĹnei pio eÔkolh th metatropă enìc seiriakoÔ progrĹmmatoc se parĹllhlo kai de ja

apaiteÐ apì ton qrăsth na èqei kalèc gnÿseic pĹnw sta parĹllhla sustămata. Epiplèon o

metafrastăc autìc ja prèpei na eÐnai grăgoroc kai na parĹgei apodotikì parĹllhlo kÿdika.

Tèloc ja prèpei o metaglwttistăc na eÐnai metafèrsimoc se pollĹ leitourgikĹ sustămata.

’Eqei gÐnei arketă èreuna pĹnw se autì to jèma kai èqoun protajeÐ dÔo lÔseic [13, 14]:

Metafrastèc pou analÔoun autìmata olìklhro ton kÿdika gia shmeÐa pou eÐnai dunatìn

na parallhlopoihjoÔn qwrÐc problămata kai metafrastèc pou parallhlopoioÔn mèrh tou

progrĹmmatoc me bĹsh odhgÐec pou dÐnei o programmatistăc. ’Oson aforĹ thn prÿth lÔsh,

lìgw thc poluplokìthtac pou èqei aută h diadikasÐa, oi metafrastèc pou èqoun dhmiour-

ghjeÐ eÐnai sqetikĹ argoÐ, den parĹgoun pĹnta apotelesmatikì kÿdika, kai leitourgoÔn gia

sugkekrimènou eÐdouc progrĹmmata (kurÐwc parallhlopoÐhsh brìqwn for). H deÔterh lÔsh

eÐnai loipìn aută pou aforĹ aută thn ergasÐa.

Sthn ergasÐa aută ulopoioÔme ènan metafrastă pou akoloujeÐ to prìtupo OpenMP

C/C++[3]. KatĹ to prìtupo autì, sthn glÿssa C/C++, prosjètontai kĹpoiec epiplèon

entolèc sthn glÿssa C pou upodeiknÔoun ston metafrastă pwc na parallhlopoiăsei to

prìgramma. Sugkekrimèna, upĹrqoun entolèc sqetikĹ me ton qwrismì se diergasÐec, amoibaÐo

apokleismì kai sugqronismì k.a.

To prìtupo autì eÐnai arketĹ diadedomèno. Pollèc etairÐec (ìpwc oi Sun, Sillicon Gra-

phics, IBM) èqoun anaptÔxei tètoiouc metaglwttistèc. Ektìc apì autèc tic emporikèc ulo-

poiăseic, upĹrqoun kai dÔo eleÔjerec; to OdinMP[8] kai to OmniMP[9]. H prÿth ulopoÐhsh

eÐnai grammènh se Java kai parĹgei kÿdika C. H deÔterh eÐnai grammènh se Java kai C kai

parĹgei kateujeÐan telikì (ektelèsimo) kÿdika.

H dikă mac ulopoÐhsh grammènh exoloklărou se C den parĹgei apfl eujeÐac kÿdika
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mhqanăc, allĹ metasqhmatÐzei to arqikì prìgramma me tic entolèc OpenMP se kÿdika ANSI

C pou qrhsimopoieÐ th bibliojăkh POSIX threads. ’Etsi, ìtan metafrasteÐ to prìgramma

pou dhmiourgăjhke me ènan aplì compiler thc C ja ekteleÐtai parĹllhla sÔmfwna me tic

OpenMP entolèc pou eÐqe o kÿdikac tou qrăsth.

1.5 Domă thc ergasÐac

H ergasÐa aută èqei organwjeÐ wc exăc:

Sto kefĹlaio 2 dÐnetai mÐa perilhptikă perigrafă tou protÔpou OpenMP. ParousiĹzou-

me basikĹ pleonektămata thc qrăshc tou, kai sth sunèqeia perigrĹfoume tic entolèc pou

parèqei mazÐ me merikĹ paradeÐgmata.

Sto kefĹlaio 3 perigrĹfoume thn ulopoÐhsh tou dikoÔ mac metafrastă. AnalÔoume

ta ergaleÐa pou qrhsimopoiăsame gia tic diĹforec fĹseic thc metĹfrashc kajÿc kai ta

problămata pou antimetwpÐsame.

To kefĹlaio 4 oloklhrÿnei thn perigrafă tou metafrastă exetĹzontac me leptomèreia

thn paragwgă tou telikoÔ (metasqhmatismènou) kÿdika. Gia kĹje entolă OpenMP perigrĹ-

foume ton trìpo me ton opoÐo aută metasqhmatÐsthke se kÿdika C, kĹnontac qrăsh twn

sunartăsewn twn POSIX threads.

Sto kefĹlaio 5 parajètoume kĹpoiec metrăseic sqetikĹ me tic epidìseic tou metafrastă

mac. Sugkekrimèna exetĹzoume tìso to qrìno metĹfrashc, ìso kai thn epitĹqunsh sthn

ektèlesh. EpÐshc gÐnetai sÔgkrish me tic dÔo eleÔjerec ulopoiăseic OdinMP kai OmniMP.

Tèloc, sto kefĹlaio 6 sunoyÐzoume ki exetĹzoume mellontikèc epektĹseic.
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KefĹlaio 2

Eisagwgă sto OpenMP

To OpenMP eÐnai èna prìtupo pou kajorÐzei èna sÔnolo apì entolèc gia ton metafrastă,

oi opoÐec prostÐjentai ston phgaÐo kÿdika enìc progrĹmmatoc to opoÐo èqei grafeÐ èqontac

upìyin th seiriakă ektèlesh. Dhladă, xekinĹme apì èna seiriakì prìgramma kai stadiakĹ

mporoÔme na parallhlopoiăsoume kommĹtia tou (incremental parallelization). Oi entolèc

autèc upodeiknÔoun ston metafrastă pÿc na parallhlopoiăsei ton kÿdika gia ektèlesh

se peribĹllon poluepexergastÿn koinăc mnămhc. To prìtupo OpenMP perilambĹnei epÐshc

routÐnec bibliojăkhc gia tropopoÐhsh twn paramètrwn ektèleshc, ìpwc ton arijmì nhmĹtwn.

Gia plărh perigrafă tou protÔpou deÐte to [3].

2.1 Pleonektămata tou OpenMP

Prin thn emfĹnish tou OpenMP, den upărqe tupopoihmènoc trìpoc gia na parallhlopoiă-

sei kĹpoioc eÔkola èna prìgramma se peribĹllon poluepexergastÿn koinăc mnămhc. Parìti

upărqe èna prìtupo gia metabÐbash mhnumĹtwn , oi programmatistèc pou ăjelan parallhli-

smì koinăc mnămhc èprepe eÐte na qrhsimopoiăsoun mh stĹntar kai mh metafèrsima API eÐte

na grĹyoun kÿdika gia thn upokeÐmenh ulopoÐhsh poluepexergasÐac, ìpwc ta nămata POSIX.

AutĹ ta progrĹmmata ătan genikĹ metafèrsima, wstìso katĹ thn anĹptuxă touc h prosoqă

tou programmatistă analÿnontan stic leptomèreiec thc ulopoÐhshc poluepexergasÐac kai

ìqi sto kurÐwc prìblhma. To OpenMP èrqetai na allĹxei thn katĹstash aută:

• To OpenMP eÐnai èna koinĹ apodektì prìtupo. ProgrĹmmata pou anaptÔssontai bĹsei

autoÔ tou protÔpou eÐnai metafèrsima se mia megĹlh poikilÐa susthmĹtwn poluepexer-
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gastÿn koinăc mnămhc. Oi kataskeuastèc autÿn twn susthmĹtwn den èqoun parĹ na

ulopoiăsoun èna kalÿc kajorismèno API.

• To OpenMP den exanagkĹzei ton programmatistă na allĹxei to stul programmatismoÔ

tou. Ta progrĹmmata mporoÔn na grafoÔn prÿta gia swstă seiriakă ektèlesh kai

sth sunèqeia na prostejoÔn oi entolèc OpenMP, qwrÐc na ephreasteÐ h ektèlesh sth

seiriakă perÐptwsh. ’Etsi, diaqwrÐzetai h ergasÐa gia thn epÐlush tou problămatoc

apo thn parallhlopoÐhsă tou.

• H diadikasÐa parallhlopoÐhshc eÐnai kajodhgoÔmenh apì ton qrăsth. Autì shmaÐnei

ìti o metafrastăc de qreiĹzetai na kĹnei diexodikă anĹlush tou kÿdika, allĹ arkeÐ

na basisteÐ stic plhroforÐec pou tou parèqei o qrăsthc. Me autìn ton trìpo o

qrăsthc èqei plărh èlegqo sto ti ja parallhlisteÐ kai pÿc, kajistÿntac tautìqrona

ton metafrastă aploÔstero sthn ulopoÐhsă tou.

2.2 Montèlo ektèleshc

To OpenMP qrhsimopoieÐ to montèlo parĹllhlhc ektèleshc fork-join. To montèlo autì

epitrèpei na grĹfontai progrĹmmata pou ekmetalleÔontai pollaplĹ nămata ektèleshc (th-

reads).

’Ena prìgramma pou èqei grafeÐ me to OpenMP C/C++ API xekinĹ thn ektèlesă tou san

èna mìno năma, pou onomĹzetai năma-afènthc (master thread). To năma-afènthc ekteleÐtai

seiriakĹ mèqri thn prÿth parĹllhlh perioqă (parallel construct). H entolă parallel dhlÿ-

nei thn parĹllhlh perioqă. Mìlic ektelesteÐ mÐa tètoia entolă, to năma-afènthc dhmiourgeÐ

mÐa omĹda apì nămata kai kĹje năma xekinĹ thn ektèlesh tou kÿdika thc parĹllhlhc perio-

qăc. Dhladă, o kÿdikac autìc ekteleÐtai parĹllhla apì ìla ta nămata. UpĹrqoun ìmwc kai

eidikèc entolèc pou orÐzoun perioqèc diamoirasmoÔ ergasÐac (work sharing constructs). Stic

perioqèc autèc, to kĹje năma thc omĹdac analambĹnei èna mèroc thc douleiĹc. Sto tèloc

miac parĹllhlhc perioqăc ìla ta nămata stamatoÔn kai mìno to năma-afènthc suneqÐzei na

ekteleÐtai.
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2.3 Entolèc (directives)

To OpenMP qrhsimopoieÐ tic dhlÿseic #pragma gia thn epèktash tou metafrastă thc C.

MÐa entolă OpenMP èqei thn exăc morfă:

#pragma omp directive-name [clause[ clause] . . .] new-line

Stic epìmenec enìthtec akoloujeÐ mÐa perilhptikă perigrafă twn entolÿn, ìpwc autèc pa-

rousiĹzontai sto prìtupo. Gia kalÔterh katanìhsh, ìpou jewroÔme ìti eÐnai aparaÐthto,

parajètoume kĹpoia paradeÐgmata.

2.4 H entolă parallel

H entolă parallel dhlÿnei mÐa parĹllhlh perioqă, h opoÐa ekteleÐtai apì pollaplĹ nămata.

Aută eÐnai h basikă entolă pou ekkineÐ thn parĹllhlh ektèlesh dhmiourgÿntac ta nămata.

H sÔntaxh thc entolăc eÐnai:

#pragma omp parallel [clause[ clause] . . .] new-line

structured-block

To clause mporeÐ na eÐnai èna apì ta akìlouja:

if (scalar-expression)

private (list)

firstprivate (list)

default (shared | none)

shared (list)

copyin (list)

reduction (operator : list)

Mìlic èna năma sunantăsei mÐa parĹllhlh perioqă, dhmiourgeÐtai mÐa omĹda apì nămata sthn

perÐptwsh pou isqÔei mÐa apì tic akìloujec periptÿseic:

• Den upĹrqei if.
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• H èkfrash tou if èqei mh-mhdenikă timă.

To năma autì gÐnetai o afènthc thc omĹdac me arijmì 0 kai ìla ta nămata mazÐ me ton afènth

ekteloÔn parĹllhla thn perioqă.

Ta private, firstprivate, default, shared, copyin anafèrontai se metablhtèc pou

ja eÐnai koinèc/idiwtikèc se kĹje năma, enÿ to reduction kajodhgeÐ leitourgÐec upobÐbashc

apì ta dedomèna twn nhmĹtwn. Perissìtera gia autĹ parakĹtw (parĹgrafoc 2.7).

ParĹdeigma:

#pragma omp parallel

{

printf("I am a thread!\n");

}

H entolă parallel ja dhmiourgăsei mia omĹda apo nămata kai ìla ta mèlh thc ja ektelèsoun

thn entolă printf.

2.5 Entolèc diamoirasmoÔ ergasÐac

MÐa entolă diamoirasmoÔ ergasÐac anafèretai se mia perioqă kÿdika. H perioqă aută ja

katanemhjeÐ anĹmesa sta nămata thc omĹdac pou sunantoÔn thn entolă. Dhladă, den ekte-

loÔn ìla ta nămata ìlec tic entolèc, allĹ kajèna ekteleÐ sugkekrimèna tmămata. Oi entolèc

autèc de dhmiourgoÔn nèa nămata.

2.5.1 for

H entolă for dhlÿnei mÐa perioqă h opoÐa perilambĹnei ènan brìqo tou opoÐou oi entolèc

ekteloÔntai parĹllhla. H sÔntaxh thc entolăc eÐnai:

#pragma omp for [clause[ clause] . . .] new-line

for-loop

To clause mporeÐ na eÐnai èna apì ta akìlouja:

private (list)
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firstprivate (list)

lastprivate (list)

reduction (operator : list)

ordered

schedule (kind[, chunk size])

nowait

To scedule kajorÐzei ton trìpo me ton opoÐo ja katenemhjoÔn oi epanalăyeic tou

brìqou sta nămata. To OpenMP kajorÐzei treic trìpouc:

• static: Oi epanalăyeic tou brìqou diairoÔntai se stajerĹ kommĹtia kai anatÐjentai me

prokajorismèno trìpo sta nămata.

• dynamic: ’Opwc kai prin, oi epanalăyeic tou brìqou diairoÔntai se Ðsa kommĹtia mìno

pou aută th forĹ, ìtan èna năma eÐnai eleÔjero, zhtĹ to epìmeno kommĹti.

• guided: MoiĹzei me to dynamic, allĹ to mègejoc twn kommatiÿn meiÿnetai ekjetikĹ.

• runtime: KatĹ thn ektèlesh tou progrĹmmatoc kajorÐzetai ènac apo touc parapĹnw

trìpouc.

To ordered epitrèpei th seiriakă ektèlesh orismènwn entolÿn tou brìqou. Oi entolèc

autèc kajorÐzontai me thn entolă ordered (bl. parĹgrafo 2.6.6).

To lastprivate kajorÐzei kĹpoiec metablhtèc twn opoÐwn h telikă timă ja eÐnai Ðdia me

to seiriakì prìgramma. Perissìterec plhroforÐec ja breÐte sthn parĹgrafo 2.7.

’Otan èna năma teleiÿsei thn ektèlesh twn epanalăyewn pou tou analogoÔn, perimènei

kai ta upìloipa nămata prin ektelèsei ton kÿdika pou akoloujeÐ to for. H parĹmetroc

nowait epitrèpei sto năma na suneqÐsei thn ektèlesh tou, qwrÐc na perimènei ta upìloipa

nămata.

ParĹdeigma:

#pragma omp parallel

#pragma omp for scedule(static, 10)

for (i = 1; i < 100; i++)

a[i] = 0;
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DhmiourgeÐtai mia omĹda apì nămata kai kĹje năma ekteleÐ orismènec epanalăyeic tou brìqou.

Ja dhmiourghjoÔn kommĹtia twn 10 epanalăyewn, oi epanalăyeic 1 wc 10 ja dwjoÔn sto

prÿto năma, oi 11`20 sto deÔtero k.o.k. . .

2.5.2 sections

H entolă sections perigrĹfei èna sÔnolo apì enìthtec (sections) oi opoÐec ja diamoi-

rasjoÔn anĹmesa sta nămata. KĹje enìthta (section) ekteleÐtai mìno mÐa forĹ apì èna

(tuqaÐo) năma. H sÔntaxh thc entolăc eÐnai:

#pragma omp sections [clause[ clause] . . .] new-line

{

[#pragma omp section new-line ]

structured-block

[#pragma omp section new-line

structured-block

.

.

.]

}

To clause mporeÐ na eÐnai èna apì ta akìlouja:

private (list)

firstprivate (list)

lastprivate (list)

reduction (operator : list)

nowait

ParĹdeigma:
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#pragma omp parallel

#pragma omp sections

{

#pragma omp section

printf("first section\n");

#pragma omp section

printf("second section\n");

#pragma omp section

printf("third section\n");

}

’Estw ìti èqoume 2 nămata. To prÿto ja pĹrei to prÿto section to epìmeno to deÔtero kai

ìpoio apì ta dÔo teleiÿsei prÿto, ja pĹrei to trÐto. An eÐqame perissìtera apo 3 nămata

tìte ta trÐa prÿta ja èpernan apì èna section kai ta upìloipa aplĹ ja perÐmenan.

2.5.3 single

H entolă single kajorÐzei ìti h sqetikă perioqă ekteleÐtai mìno apì èna năma thc omĹdac

(ìqi aparaÐthta to năma-afènth). H sÔntaxh eÐnai h akìloujh:

#pragma omp single [clause[ clause] . . .] new-line

structured-block

To clause mporeÐ na eÐnai èna apì ta akìlouja:

private (list)

firstprivate (list)

nowait

ParĹdeigma:

#pragma omp parallel

#pragma omp single

printf("I am a single thread!\n");

An kai dhmiourgeÐtai omĹda apì nămata, lìgw thc entolăc parallel, mìno èna năma ja

tupÿsei to mănuma.
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2.5.4 Sunduasmìc me parallel

Oi entolèc for, sections kai single mporoÔn na sunduastoÔn me mÐa parĹllhlh perioqă

se mÐa mìno entolă.

Gia parĹdeigma h akoloujÐa entolÿn

#pragma omp parallel

#pragma omp for

eÐnai isodÔnamh me

#pragma omp parallel for

2.6 Sugqronismìc

To OpenMP parèqei kĹpoiec entolèc pou aforoÔn thn atomikìthta prĹxewn, ìpwc epÐshc kai

entolèc sugqronismoÔ pou anagkĹzoun kĹpoio năma na perimènei kai ta upìloipa na ftĹsoun

sto Ðdio shmeÐo me autì. Tèloc upĹrqoun entolèc pou seiriopoioÔn kĹpoia kommĹtia kÿdika.

2.6.1 master

H entolă master orÐzei mÐa perioqă h opoÐa ja ektelesteÐ mìno apì to năma-afènth thc

omĹdac. H sÔntaxh eÐnai

#pragma omp master new-line

structured-block

2.6.2 critical

H entolă critical orÐzei mÐa krÐsimh perioqă, dhladă mia perioqă pou ekteleÐtai mìno apì

èna năma kĹje forĹ. H entolă suntĹssetai wc exăc

#pragma omp critical [(name)] new-line

structured-block

To name eÐnai proairetikì ìrisma kai kajorÐzei to ìnoma thc perioqăc. ’Ena năma perimènei

katĹ thn eÐsodo se mÐa krÐsimh perioqă mèqri na mhn ekteleÐ kanèna Ĺllo năma kĹpoia krÐsimh
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perioqă me to Ðdio ìnoma. Perioqèc gia tic opoÐec de dhlÿnetai ìnoma, jewreÐtai ìti èqoun

to Ðdio, {akajìristo} ìnoma.

ParĹdeigma:

x = 0;

#pragma omp parallel shared(x)

#pragma omp critical(inc_x)

x = x + 1;

MetĹ thn ektèlesh tou parapĹnw kÿdika to x ja isoÔtai me ton arijmì twn nhmĹtwn, afoÔ

ìloi ja to auxăsoun atomikĹ kai adiaÐreta.

2.6.3 barrier

H entolă barrier sugqronÐzei ta nămata mÐac omĹdac. Mìlic èna năma sunantăsei thn

entolă, perimènei mèqri kai ta upìloipa na ftĹsoun sto Ðdio shmeÐo. H entolă suntĹssetai

wc exăc

#pragma omp barrier new-line

ParĹdeigma:

#pragma omp parallel shared(x)

x = 0;

#pragma omp barrier

#pragma omp critical

x = x + 1;

QwrÐc to barier ja mporoÔse kĹpoio năma na auxăsei thn timă tou x enÿ kĹpoio Ĺllo pou

èqei kajusterăsei na th mhdenÐsei amèswc metĹ. ’Etsi, sto tèloc tou kÿdika h timă tou x

eÐnai aprosdiìristh. Me to barrier eÐnai egguhmèno ìti prÿta ìla ta nămata ja mhdenÐsoun

to x kai metĹ ja arqÐsoun na to auxĹnoun.
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2.6.4 atomic

H entolă atomic bebaiÿnei ìti mÐa sugkekrimènh jèsh mnămhc enhmerÿnetai atomikĹ kai

adiaÐreta, antÐ na ektÐjetai se tautìqronh eggrafă apì pollĹ nămata. H sÔntaxh eÐnai

#pragma omp atomic new-line

expression-stmt

To expression-stmt eÐnai mÐa èkfrash kai paÐrnei mÐa apì tic akìloujec morfèc

x? = expr

x + +

+ + x

x −−

−− x
ParĹdeigma:

x = 0;

#pragma omp parallel shared(x)

#pragma omp atomic

x++;

2.6.5 flush

H entolă flush kajorÐzei èna {dia-nhmatikì} shmeÐo ektèleshc, sto opoÐo h ulopoÐhsh

apaiteÐtai na diabebaiÿsei ìti ìla ta nămata thc omĹdac èqoun sunepă eikìna sugkekrimè-

nwn antikeimènwn sth mnămh. Autì shmaÐnei ìti prohgoÔmenoi upologismoÐ ekfrĹsewn pou

anafèrontai sta antikeÐmena èqoun oloklhrwjeÐ kai oi upologismoÐ pou èpontai den èqoun

xekinăsei akìmh. H sÔntaxh thc entolăc eÐnai

#pragma omp flush [(list)] new-line

structured-block

An ìla ta antikeÐmena pou apaitoÔn sugqronismì mporoÔn na kajoristoÔn apì metablhtèc,

tìte autèc dhlÿnontai sth lÐsta (list). Ean apousiĹzei h lÐsta, tìte h entolă sugqronÐzei

ìla ta koinĹ antikeÐmena. MÐa tètoia entolă (qwrÐc lÐsta) uponoeÐtai stic parakĹtw entolèc1

1Η εντοlή δεν υπονοείται σε περίπτωση που έχει δηlωθεί η παράµετροc nowait.
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• barrier

• eÐsodoc kai èxodoc apì critical kai ordered

• èxodoc apì parallel, for, sections kai single

2.6.6 ordered

H entolă ordered orÐzei mia perioqă h opoÐa ìtan brÐsketai mèsa se for ekteleÐtai me th

seirĹ pou ja ekteloÔntan kai sto seiriakì prìgramma. H sÔntaxh eÐnai

#pragma omp ordered new-line

structured-block

ParĹdeigma:

#pragma omp parallel

#pragma omp for ordered

for(i = 0; i < 10; i++) {

printf("A = %d\n", i);

#pragma omp ordered

printf("B = %d\n", i);

}

Ta mhnÔmata A = i de ja tupwjoÔn aparaÐthta me th seirĹ, enÿ ta mhnÔmata B = i ja

tupwjoÔn egguhmèna me th seirĹ.

2.7 PeribĹllon dedomènwn

2.7.1 threadprivate

H entolă threadprivate dhlÿnei ìti oi metablhtèc pou brÐskontai sth lÐsta list ja eÐnai

(autìmata) idiwtikèc se kĹje năma Me autì ton trìpo, o qrăsthc de qreiĹzetai na tic dhlÿnei

kĹje forĹ. SÔntaxh:

#pragma omp threadprivate (list) new-line
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2.7.2 Dhlÿseic oratìthtac dedomènwn

Merikèc entolèc epidèqontai paramètrouc pou epitrèpoun sto qrăsth na elègqei tic idiìthtec

oratìthtac twn metablhtÿn se mÐa perioqă, dhlĹdă poiec ja eÐnai koinèc, idiwtikèc klp.

private(list)

H dălwsh private orÐzei ìti oi metablhtèc pou dhlÿnontai sth lÐsta pou akoloujeÐ eÐnai

idiwtikèc se kĹje năma thc omĹdac. H arqikă timă twn metablhtÿn eÐnai akajìristh.

firstprivate(list)

H dălwsh aută parèqei èna upersÔnolo thc leitourgikìthtac thc private. Oi metablhtèc

eÐnai idiwtikèc allĹ h arqikă touc timă eÐnai h timă pou eÐqan prin thn entolă aută.

lastprivate(list)

H dălwsh aută parèqei èna upersÔnolo thc leitourgikìthtac thc private. Oi metablhtèc

eÐnai idiwtikèc allĹ h telikă touc timă antigrĹfetai sthn arqikă metablhtă. Wc telikă

timă prosdiorÐzetai h timă thc teleutaÐac epanĹlhyhc tou brìqou eÐte h timă tou teleutaÐou

lektikĹ section.

shared(list)

H dălwsh private orÐzei ìti oi metablhtèc pou dhlÿnontai sth lÐsta pou akoloujeÐ eÐnai

koinèc gia ìla ta nămata thc omĹdac.

default(shared | none)

KajorÐzei thn exfl orismoÔ oratìthta twn metablhtÿn.

H dălwsh default(shared) eÐnai isodÔnamh me to na topojetăsoume ìlec tic oratèc

metablhtèc se mia dălwsh shared.

H dălwsh default(none) apaiteÐ na dhlÿsoume rhtĹ tic idiìthtec oratìthtac ìlwn twn

oratÿn metablhtÿn .
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reduction(op : list)

H dălwsh aută orÐzei upobÐbash stic metablhtèc pou emfanÐzontai sth lÐsta. Oi metablhtèc

autèc eÐnai koinèc kai pĹnw se autèc efarmìzetai o telestăc op. O telestăc mporeÐ na

eÐnai ènac apo touc +, ∗, −, &, |, ∧, &&, ||. Oi metablhtèc thc lÐstac metatrèpontai se

topikèc, ètsi ÿste to kĹje năma na upologÐzei merikĹ apotelèsmata. Sto tèloc thc perioqăc

diamoirasmoÔ ergasÐac, upologÐzetai to telikì apotèlesma sthn koină metablhtă anĹloga

me ton telestă.

ParĹdeigma:

x = 0;

#pragma omp parallel

#pragma omp for reduction (+:x)

for(i = 0; i < 10; i++)

x = x + 2;

H metablhtă x me thn entolă reduction orÐzetai wc topikă gia kĹje năma. MetĹ to

tèloc twn epanalăyewn pou enèlabe to kĹje năma, h topikă metablhtă x ja èqei to merikì

Ĺjroisma (exartĹtai apo to pìsec epanalăyeic ektèlese to kajèna). TelikĹ, oi topikèc

metablhtèc x ajroÐzontai pĹnw sthn koină metablhtă. MetĹ to for h koină metablhtă x ja

èqei to swstì apotèlsma (20).

copyin(list)

H dălwsh aută parèqei ènan mhqanismì me ton opoÐo anatÐjetai h Ðdia timă stic threadprivate

metablhtèc gia kĹje năma pou ekteleÐ thn parĹllhlh perioqă. H timă tou nămatos-afènth

antigrĹfetai sta upìloipa nămata.

2.8 Topojèthsh entolÿn

O trìpoc me ton opoÐo oi entolèc topojetoÔntai sto prìgramma prèpei na upakoÔei stouc

parakĹtw kanìnec:

• Oi entolèc for, sections, single, master kai barrier aforoÔn thn parĹllhlh

perioqă pou tic perièqei, efìson upĹrqei, diaforetikĹ den èqoun kĹpoio apotèlesma.
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• H entolă ordered sqetÐzetai me to for pou thn perièqei.

• H entolă atomic epifèrei apokleistikìthta anĹmesa se ìla ta nămata, ìqi mìno thc

trèqousac omĹdac.

• H entolă critical epifèrei apokleistikìthta anĹmesa se ìlec tic krÐsimec perioqèc

se ìla ta nămata, ìqi mìno thc trèqousac omĹdac.

• MÐa entolă den susqetÐzetai potè me mÐa Ĺllh entolă exwterikĹ thc parĹllhlhc pe-

rioqăc pou perièqei thn prÿth.

2.9 Emfÿleush

H emfÿleush twn entolÿn prèpei na upakoÔei stouc parakĹtw kanìnec:

• Me thn emfĹnish miac entolăc parallel mèsa se mia parĹllhlh perioqă, sqhmatÐzetai

mÐa nèa omĹda pou apoteleÐtai mìno apì to trèqon năma, ektìc kai an èqei energopoihjeÐ

o emfwleumènoc parallhlismìc.

• Ta for, sections kai single pou sqetÐzontai me to Ðdio parallel den mporoÔn na

emfwliĹzontai metaxÔ touc. EpÐshc, den epitrèpetai na emfanÐzontai stic perioqèc twn

entolÿn critical, ordered, kai master.

• KrÐsimec (critical) perioqèc me to Ðdio ìnoma den mporoÔn na emfwliĹzontai.

• barrier den epitrèpetai stic perioqèc for, ordered, sections, single, master kai

critical.

• master den epitrèpetai se for, sections kai single.

• ordered den mporeÐ na brÐsketai mèsa se critical.

• KĹje entolă pou mporeÐ na ektelesteÐ se parĹllhlh perioqă, mporeÐ na ektelesteÐ kai

èxw apì aută. Sth deÔterh perÐptwsh, jewroÔme ìti èqoume mÐa omĹda apoteloÔmenh

mìno apì to năma tou kurÐwc progrĹmmatoc.
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2.10 Runtime bibliojăkh

To OpenMP kajorÐzei èna sÔnolo apì routÐnec bibliojăkhc gia qrăsh sta progrĹmmata.

Oi routÐnec autèc katĹ thn ektèlesh tou progrĹmmatoc kajorÐzoun paramètrouc sqetikĹ

me th dhmiourgÐa nhmĹtwn, epistrèfoun plhroforÐec sqetikĹ me thn trèqousa omĹda, kai

genikìtera diaqeirÐzontai to parĹllhlo peribĹllon ektèleshc.

2.10.1 Sunartăseic parĹllhlou peribĹllontoc

void omp set num threads(int num threads);

KajorÐzei ton arijmì nhmĹtwn pou ja qrhsimopoihjoÔn stic parĹllhlec perioqèc pou ako-

loujoÔn.

int omp get num threads(void);

Epistrèfei ton arijmì nhmĹtwn sthn omĹda pou ekteleÐ thn parĹllhlh perioqă sthn opoÐa

brÐsketai h sunĹrthsh aută.

int omp get max threads(void);

Epistrèfei th mègisth timă pou mporeÐ na epistrèyei h omp get num threads().

int omp get thread num(void);

Epistrèfei ton arijmì tou nămatoc (mèsa sthn omĹda tou) pou ekteleÐ th sunĹrthsh. H

timă epistrofăc brÐsketai metaxÔ 0 kai omp get num threads()−1. Gia to năma-afènth

epistrèfetai 0.

int omp get num procs(void);

Epistrèfei to mègisto arijmì epexergastÿn touc opoÐouc ja mporoÔse na qrhsimopoiăsei

to prìgramma.

int omp in parallel(void);

Epistrèfei mia mh-mhdenikă timă eĹn klhjeÐ mèsa apì mÐa parĹllhlh perioqă, diaforetikĹ

epistrèfei 0.
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void omp set dynamic(int dynamic threads);

EnergopoieÐ/apenergopoieÐ to dunamikì kajorismì tou arijmoÔ nhmĹtwn stic parĹllhlec

perioqèc.

int omp get dynamic(void);

Epistrèfei mh-mhdenikă timă eĹn eÐnai energopoihmènoc o dunamikìc kajorismìc tou arijmoÔ

nhmĹtwn stic parĹllhlec perioqèc, 0 diaforetikĹ.

void omp set nested(int nested);

EmergopoieÐ/apenergopoieÐ ton emfwliasmèno parallhlismì.

void omp get nested(void);

Epistrèfei mh-mhdenikă timă eĹn eÐnai energopoihmènoc o emfwliasmènoc parallhlismìc kai

0 diaforetikĹ.

2.10.2 Sunartăseic gia kleidarièc

Oi kleidarièc eÐnai domèc me tic opoÐec exasfalÐzetai atomikìthta. To OpenMP orÐzei dÔo

tÔpouc kleidariÿn: ta locks kai ta nestlocks.

• locks: ’Otan mia kleidariĹ eÐnai kleidwmènh, tìte ìpoioc epiqeirăsei na thn xanaklei-

dÿsei, mplokĹrei mèqric ìtou na xekleidwjeÐ.

• nestlocks: AutoÔ tou tÔpou oi kleidarièc diafèroun sto ìti an kĹpoioc epiqeirăsei na

thn xanakleidÿsei, tìte mplokĹrei mìno an den ătan autìc pou thn kleÐdwse.

AkoloujoÔn oi sunartăseic pou diaqeirÐzontai autoÔ tou tÔpou tic kleidarièc.

void omp init lock(omp lock t *lock);

void omp init nest lock(omp nest lock t *lock);

ArqikopoieÐ thn kleidariĹ lock.
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void omp destroy lock(omp lock t *lock);

void omp destroy nest lock(omp nest lock t *lock);

Apeleujerÿnei touc pìrouc pou katalambĹnei h arqikopoihmènh kleidariĹ lock.

void omp set lock(omp lock t *lock);

void omp set nest lock(omp nest lock t *lock);

Pagÿnei thn ektèlesh tou nămatoc pou kaleÐ th sunĹrthsh mèqri h kleidariĹ na gÐnei dia-

jèsimh kai èpeita thn kleidÿnei.

void omp unset lock(omp lock t *lock);

void omp unset nest lock(omp nest lock t *lock);

AfaireÐ thn katoqă thc kleidariĹc apì to năma.

void omp test lock(omp lock t *lock);

void omp test nest lock(omp nest lock t *lock);

ProspajeÐ na katalĹbei thn kleidariĹ qwrÐc na pagÿsei thn ektèlesh tou nămatoc.
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KefĹlaio 3

O metafrastăc mac

Gia na ulopoiăsoume thn ergasÐa aută, èprepe na asqolhjoÔme me dÔo jèmata.

1. EÔresh miac antistoiqÐac metaxÔ enìc progrĹmmatoc OpenMP C ki enìc ANSI C, ÿste

autĹ na eÐnai shmasiologikĹ isodÔnama.

2. UlopoÐhsh enìc progrĹmmatoc (metafrastăc) pou anagnwrÐzei th glÿssa OpenMP C

kai epiteleÐ ton parapĹnw metasqhmatismì.

Se autì to kefĹlaio exetĹzoume thn ulopoÐhsh tou progrĹmmatoc metĹfrashc, enÿ h anĹ-

lush twn metasqhmatismÿn pou epiteleÐ gÐnetai sto epìmeno.

O metafrastăc pou ulopoiăsame, plhreÐ thn èkdosh 1.0 tou protÔpou [3] kai aforĹ th

glÿssa ANSI C. 1

PaÐrnei wc eÐsodo èna prìgramma grammèno se OpenMP C, ermhneÔei tic entolèc OpenMP

kai parĹgei kÿdika se ANSI C o opoÐoc qrhsimopoieÐ th bibliojăkh POSIX threads gia th

diaqeÐrish twn nhmĹtwn. O kÿdikĹc tou eÐnai grammènoc exoloklărou se C, enÿ gia th

lektikă kai suntaktikă anĹlush qrhsimopoiăjhkan ta ergaleÐa flex kai bison.

3.1 Lektikă anĹlush

H prÿth fĹsh thc metĹfrashc tou progrĹmmatoc eÐnai h lektikă anĹlush. O lektikìc ana-

lutăc eÐnai mia uporoutÐna h opoÐa paÐrnei san eÐsodo to phgaÐo prìgramma kai kĹje forĹ pou

1Κατά την ανάπτυξη του µεταφραστή (Μάρτιοc 2002), βγήκε η έκδοση 2.0 του προτύπου, και έχουν

επιπρόσθετα υlοποιηθεί ορισµένα από τα νέα χαρακτηριστικά.
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kaleÐtai epistrèfei thn epìmenh lektikă monĹda (token) mazÐ me ènan kwdikì (anagnwristikì)

pou thn qarakthrÐzei. Gia parĹdeigma, sth grammă

while (1);

ènac lektikìc analutăc gia thn ANSI C ja epèstrefe kĹti pou moiĹzei me to parakĹtw:

token token id

while WHILE

( LEFT PAREN

1 CONSTANT

) RIGHT PAREN

; SEMICOLON

’Opwc eÐdame sthn parĹgrafo 2.3, oi entolèc OpenMP èqoun thn akìloujh morfă:

#pragma omp directive-name [clause[ clause] . . . ] newline

Gia th lektikă anĹlush epomènwc eÐnai aparaÐthth h eisagwgă kĹpoiwn nèwn lektikÿn monĹ-

dwn, epiprìsjeta autÿn pou qreiĹzontai gia thn ANSI C. Ta kainoÔria token epistrèfontai

mìno stic grammèc pou perigrĹfoun entolèc OpenMP. Se diaforetikă perÐptwsh epistrèfe-

tai to token ìpwc kajorÐzetai apì thn ANSI C. UpĹrqoun epÐshc kĹpoiec lektikèc monĹdec

oi opoÐec èqoun diaforetikă shmasÐa sthn ANSI C kai se mia entolă OpenMP, ìpwc to if

kai to for. KatĹ sunèpeia epistrèfetai diaforetikì anagnwristikì anĹloga me th jèsh thc

lektikăc monĹdac ston kÿdika.

Gia th lektikă anĹlush qrhsimopoiăsame to flex[10]. To flex eÐnai èna ergaleÐo pou paÐr-

nei wc eÐsodo èna arqeÐo me kanìnec. Oi kanìnec autoÐ apoteloÔntai apì kanonikèc ekfrĹseic

gia thn anagnÿrish thc lektikăc monĹdac kai apì kÿdika C pou ekteleÐtai ìtan anagnwri-

steÐ h monĹda aută (sunăjwc epistrèfetai to antÐstoiqo anagnwristikì). Sto parĹrthma

Aþ paratÐjentai oi kanonikèc ekfrĹseic thc ulopoÐhsăc mac mazÐ me ta anagnwristikĹ touc.

’Ena shmantikì prìblhma pou qreiĹsthke na antimetwpÐsoume eÐnai oi dhlÿseic nèwn

tÔpwn pou orÐzei o qrăsthc. ’Otan h lektikă monĹda eÐnai tÔpoc dedomènwn, ja prèpei na

epistrèfetai to katĹllhlo anagnwristikì (TYPE NAME). Me touc basikoÔc tÔpouc thc

C (int, char, double, . . . ) den upĹrqei prìblhma mia kai prìkeitai gia desmeumènec lèxeic,

epomènwc ìpote sunantĹme mÐa apfl autèc tic lèxeic aplĹ epistrèfoume TYPE NAME. Oi

tÔpoi tou qrăsth ìmwc, den eÐnai gnwstoÐ ek twn protèrwn kai epomènwc, ìtan sunantĹme

mÐa mh desmeumènh lèxh den xèroume an ja epistrèyoume TYPE NAME ă IDENTIFIER
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(anagnwristikì pou antistoiqeÐ se ìlec tic mh desmeumènec lèxeic). ’Etsi, kĹje forĹ pou

sunantĹme dălwsh nèou tÔpou, th fulĹme se mÐa domă ÿste o lektikìc analutăc na thn

sumbouleÔetai gia na apofasÐsei an prìkeitai gia tÔpo.

3.2 Suntaktikă anĹlush

H deÔterh fĹsh thc metĹfrashc eÐnai h suntaktikă anĹlush. KatĹ th suntaktikă anĹlush oi

lektikèc monĹdec pou epistrèfei o lektikìc analutăc, exetĹzontai gia ton an sqhmatÐzoun

suntaktikĹ orjèc frĹseic thc glÿssac. O suntaktikìc analutăc ulopoiăjhke qrhsimo-

poiÿntac to ergaleÐo bison[11]. To bison paÐrnei wc eÐsodo èna sÔnolo apo kanìnec pou

apoteloÔn thn grammatikă thc glÿssac pou analÔoume. Wc èxodo o bison parĹgei èna

prìgramma se C to opoÐo kĹnei th suntaktikă anĹlush pou jèloume me ton exăc trìpo:

KĹje forĹ kaleÐtai o lektikìc analutăc kai anĹloga me to poia lektikă monĹda epèstreye,

ekteleÐtai o katĹllhloc kanìnac.

AnĹmesa stouc kanìnec thc grammatikăc, sÔmfwna me to ergaleÐo bison, mporoÔme na

prosjèsoume kai dikì mac kÿdika se C o opoÐoc ekteleÐtai ìtan epalhjeujeÐ kĹpoioc kanì-

nac. OusiastikĹ, edÿ èqoume grĹyei ton kÿdika pou epiteleÐ touc aparaÐthtouc metasqhma-

tismoÔc gia thn paragwgă tou telikoÔ kÿdika.

Gia thn ulopoÐhsă mac xekinăsame me thn grammatikă thc ANSI C ìpwc orÐzetai sto

[1]. AfoÔ thn tropopoiăsame kai prosjèsame touc nèouc kanìnec sÔmfwna me to prìtupo,

proèkuye h grammatikă thc OpenMP C. H grammatikă aută paratÐjetai sto parĹrthma Bþ.

Se aută th fĹsh, ta problămata pou eÐqame na antimetwpÐsoume ătan arketĹ.

Arijmìc perasmĹtwn

Epeidă jèlame o metafrastăc na eÐnai grăgoroc, èprepe o telikìc kÿdikac na parĹgetai me

ìso to dunatìn ligìtera perĹsmata tou arqikoÔ arqeÐou.

Gia parĹdeigma, katĹ thn paragwgă telikoÔ kÿdika, qreiĹzetai na gnwrÐzoume ek twn

protèrwn poiec metablhtèc qrhsimopoioÔntai se kĹje block, ètsi ÿste prin apì autì na

kĹnoume kĹpoiec dhlÿseic kai arqikopoiăseic 2. O profanăc trìpoc eÐnai na diatrèxoume

mÐa forĹ to arqeÐo kratÿntac tic plhroforÐec autèc. ’Etsi, ìtan to xana-diatrèxoume, ja

gnwrÐzoume poiec metablhtèc qrhsimopoioÔntai se kĹje block prin to epexergastoÔme.

2Το παράδειγµα αυτό αποτεlεί µια απlουστευµένη εκδοχή των προβlηµάτων που αντιµετωπίσαµε.
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Brăkame, loipìn, ènan trìpo, ÿste o telikìc kÿdikac na parĹgetai me èna pèrasma,

tautìqrona me th suntaktikă anĹlush. Epeidă gÐnontai metakinăseic kai metasqhmatismoÐ

kÿdika, to telikì apotèlesma apoteleÐtai apì pollĹ arqeÐa, sta opoÐa grĹfoume tautìqrona

katĹ th diĹrkeia thc metĹfrashc.

’Etsi, thn parapĹnw perÐptwsh thn antimetwpÐzoume wc exăc. Prin thn eÐsodo sto block

kĹnoume #include èna arqeÐo to opoÐo ja to dhmiourgăsoume katĹ thn epexergasÐa tou block

pou akoloujeÐ. Me to pou sunantĹme mÐa metablhtă, topojetoÔme th dălwsh/arqikopoÐhsă

thc se autì to bohjhtikì arqeÐo. ’Otan to telikì apotèlesma to perĹsoume apì ton proe-

pexergastă thc C, oi dhlÿseic/arqikopoiăseic ja eÐnai sth swstă jèsh.

AnaforĹ lajÿn

To epìmeno prìblhma aforoÔse thn anaforĹ lajÿn. Epeidă to arqikì prìgramma èqei

perĹsei apì ton proepexergastă thc C, èqoun prostejeÐ se autì pollèc grammèc kÿdika

(exaitÐac twn arqeÐwn pou gÐnontai #include). Se perÐptwsh pou jèloume na anafèroume

kĹpoio lĹjoc, de gnwrÐzoume oÔte se poia grammă, oÔte se poio arqeÐo briskìtan. Autì

to antimetwpÐzoume me to na ekmetalleuìmaste kĹpoiec plhroforÐec pou topojeteÐ sto

proepexergasmèno arqeÐo o proepexergastăc thc C. Sugkekrimèna, o proepexergastăc prin

apì kĹje arqeÐo pou sumperilambĹnei, prosjètei mia grammă thc morfăc:

# arijmoc grammăc ìnoma arqeÐou

’Etsi, diabĹzontac ta stoiqeÐa autĹ, mporoÔme na kajorÐsoume epakribÿc th jèsh tou sfĹl-

matoc.

Oratìthta metablhtÿn

’Ena Ĺllo jèma pou mac apasqìlhse, ătan h oratìthta twn metablhtÿn. Sugkekrimèna, gia

kĹje metablhtă prèpei na gnwrÐzoume poÔ èqei dhlwjeÐ (p.q. kajolikă ă topikă). EpÐshc,

prèpei na xèroume ton tÔpo thc kai to an eÐnai koină/idiwtikă anĹmesa sta nămata, ÿste na

mporoÔme na kĹnoume epiplèon dhlÿseic. Oi metablhtèc pou eÐnai dhlwmènec sto Ðdio block

fulĹssontai se mÐa sundedemènh lÐsta. Oi lÐstec autèc eÐnai sundedemènec anĹloga me to

pÿc eÐnai emfwliasmèna ta block. To sqăma 3.1 parousiĹzei ta perieqìmena twn parapĹnw

domÿn gia to parĹdeigma pou akoloujei, ìtan o suntaktikìc analutăc brÐsketai sthn entolă

printf.
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int a;

int main()

{

int x, y;

if (x == 5) {

int z;

printf("hello, world!\n");

}

}

0

1 y x

z2

a

Sqăma 3.1: Oratìthta metablhtÿn
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KefĹlaio 4

MetasqhmatismoÐ

4.1 Qeirismìc nhmĹtwn me th bibliojăkh

POSIX threads

’Ena prìgramma xekinĹ thn ektèlesă tou wc èna mìno năma (năma-afènthc). Gia na dhmiourgă-

soume epiplèon nămata, ja prèpei na qrhsimopoiăsoume th sunĹrthsh pthread create(). O

kÿdikac pou ekteleÐ to năma pou dhmiourgeÐtai, ja prèpei na brÐsketai mèsa se mia sunĹrthsh

thn opoÐa pernĹme wc ìrisma sthn pthread create(). Profanÿc ta nămata epikoinwnoÔn

metaxÔ touc mèsw kajolikÿn metablhtÿn. ’Ena năma termatÐzei ìtan epistrèyei h sunĹrthsh

pou ekteleÐ. To năma-afènthc mporeÐ na perimènei ton termatismì kĹpoiou Ĺllou nămatoc

ektelÿntac thn sunĹrthsh pthread join(). Tèloc, sthn ulopoÐhsă mac èqoume qrhsimo-

poiăsei routÐnec apì th bibliojăkh pou diaqeirÐzontai shmafìrouc kai metablhtèc sunjăkhc

(gia sugqronismì).

4.2 parallel

’Opwc eÐdame, me thn entolă parallel to năma-afènthc dhmiourgeÐ mia omĹda apì nămata pou

ekteloÔn ìla ton Ðdio kÿdika mazÐ me autìn. KĹpoia apì ta nămata endèqetai na xana-

sunantăsoun entolă parallel. Se aută thn perÐptwsh, an uposthrÐzetai emfwliasmènoc

parallhlismìc, tìte to năma pou sunĹnthse thn emfwliasmènh entolă parallel, wc afènthc

ja dhmiourgăsei nèa omĹda. An den uposthrÐzetai, tìte de ja dhmiourghjoÔn nèa nămata kai

ton kÿdika ja ektelèsei mìno to năma pou sunĹnthse thn entolă.
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Gia parĹdeigma jewreÐste ton parakĹtw kÿdika:

#pragma omp parallel

{

int myid = omp_get_thread_num();

if (myid == 1) {

#pragma omp parallel

{

...

}

}

}

0

0 1 2 3

10 2 3

0

0 1 2 3

0

Sqăma 4.1: Dèndro nhmĹtwn ìtan uposthrÐzetai emfwlismènoc parallhlismìc (aristerĹ)

kai ìtan den uposthrÐzetai (dexiĹ)

’Opwc blèpoume sthn eikìna 4.1, h dhmiourgÐa omĹdwn sqhmatÐzei mia dendrikă domă, me

kĹje năma na antistoiqeÐ se ènan kìmbo.

O kÿdikac pou parĹgetai apì ton metafrastă mac, diathreÐ kai diaqeirÐzetai thn parapĹnw

domă me th morfă pou parousiĹzei to sqăma 4.2. ’Otan èna năma dhmiourgeÐ mÐa omĹda, tìte o

kìmboc autìc antigrĹfetai wc to prÿto paidÐ (id 0). Me èntonh grammă faÐnontai oi kìmboi

oi opoÐoi eÐnai antÐgrafa tou nămatos-afènth. KĹje kìmboc antistoiqeÐ se èna năma, ektìc

apì ta nămata pou eÐnai antÐgrafa. Se kĹje kìmbo apojhkeÔontai diĹforec plhroforÐec

pou perilambĹnoun thn tautìthta (id) tou nămatoc, deÐkth ston patèra, deÐktec se koinèc

metablhtèc kajÿc kai Ĺlla dedomèna sta opoÐa ja anaferjoÔme parakĹtw.

Mìlic sunantăsoume thn entolă parallel, o kÿdikac thc parĹllhlhc perioqăc metafèretai

se mÐa sunĹrthsh ètsi ÿste na ektelesteÐ apì ta nămata pou ja dhmiourghjoÔn. Sth jèsh
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id = 0
number of children = 4
void *parent;
void *first_child;
void *shared_data;

0

0 1 2 3

30 1 2

Sqăma 4.2: Dendrikă domă ìtan uposthrÐzetai emfwliasmènoc parallhlismìc

tou kÿdika pou metakinăjhke, parĹgetai nèoc kÿdikac o opoÐoc ekteleÐtai apì to năma-afènth

kai kĹnei ta exăc:

• Enhmerÿnei thn dendrikă domă sqetikĹ me ta nèa nămata.

• DhmiourgeÐ ta nămata kai ekteleÐ ton kÿdikĹ touc.

• Perimènei ton termatismì touc.

• Epanafèrei th dendrikă domă.

’Estw h parakĹtw sunĹrthsh:

void parallel()

{

#pragma omp parallel

{

printf("I am a thread!\n");

}

}

O metafrastăc ja metasqhmatÐsei th sunĹrthsh aută se:
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void parallel ()

{

/* #pragma omp parallel */

{

/* declare a struct for shared vars */

_OMP_PARALLEL_DECL_VARSTRUCT (parallel_parallel_0);

/* create team of threads */

_omp_create_team (_OMP_THREAD, parallel_parallel_0,

(void *) &parallel_parallel_0_var);

_omp_destroy_team (_OMP_THREAD->parent);

}

}

H omp create team() enhmerÿnei th dendrikă domă kai dhmiourgeÐ ta nămata thc nèac

omĹdac. H omp destroy team() perimènei ta nămata na teleiÿsoun thn ektèlesă touc. To

OMP THREAD eÐnai èna macro pou epistrèfei deÐkth ston kìmbo thc domăc pou aforĹ to năma

pou ekteleÐ ton kÿdika autì.

Ta nămata thc omĹdac ekteloÔn ton kÿdika thc parĹllhlhc perioqăc o opoÐoc èqei me-

takinhjeÐ sth sunĹrthsh parallel parallel 0(). Ta onìmata autÿn twn sunartăsewn

parĹgontai me ton exăc trìpo: Prÿta parajètoume to ìnoma thc sunĹrthshc sthn opoÐa

sunantăjhke entolă parallel. Sth sunèqeia parajètoume th lèxh parallel kai tèloc, ènan

arijmì pou qarakthrÐzei monadikĹ thn parĹllhlh perioqă mèsa sth sunĹrthsh pou thn pe-

rièqei. ’Etsi, gia to parapĹnw parĹdeigma èqoume:

void *parallel_parallel_0 (void *_omp_thread_data)

{

int _omp_dummy = _omp_assign_key (_omp_thread_data);

{

printf ("I am a thread!\n");

}

return 0;

}

4.2.1 shared (koinèc metablhtèc)

’Opwc anafèrame, h parĹmetroc shared orÐzei tic koinèc metablhtèc anĹmesa sta nămata. EĹn

prìkeitai gia kajolikèc metablhtèc, tìte den upĹrqei prìblhma. Se diaforetikă perÐptwsh
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parĹgetai mÐa domă me deÐktec stic koinèc metablhtèc. H domă aută fulĹssetai ston patèra

kĹje omĹdac kai arqikopoieÐtai prin th dhmiourgÐa twn nhmĹtwn. ’Otan èna năma anafèretai

se mia koină metablhtă, h anaforĹ aută gÐnetai mèsw tou deÐkth pou upĹrqei sth domă.

’Estw o parakĹtw kÿdikac:

int global_a;

void parallel_shared()

{

int local_b;

#pragma omp parallel shared(global_a, local_b)

{

global_a++;

local_b++;

}

}

Epeidă h local b eÐnai koină metablhtă allĹ ìqi kajolikă, parĹgetai h exăc domă:

typedef struct {

int (*local_b);

} parallel_shared_parallel_0_vars;

To ìnoma thc domăc parĹgetai me ton Ðdio trìpo pou parĹgontai kai ta onìmata sunartăsewn

mìno pou ston tèloc paratÐjetai h lèxh vars. O arqikìc kÿdikac antikajÐstatai me:

int global_a;

void parallel_shared ()

{

int local_b;

/* #pragma omp parallel shared(global_a, local_b) */

{

/* declare a struct for shared vars */

_OMP_PARALLEL_DECL_VARSTRUCT (parallel_shared_parallel_0);

_OMP_PARALLEL_INIT_VAR (parallel_shared_parallel_0, local_b);

/* create team of threads */

_omp_create_team (_OMP_THREAD, parallel_shared_parallel_0,

(void *) &parallel_shared_parallel_0_var);

_omp_destroy_team (_OMP_THREAD->parent);

}

}
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Tomacro OMP PARALLEL DECL VARSTRUCT() dhlÿnei mÐa metablhtă gia thn parapĹnw domă.

To OMP PARALLEL INIT VAR() arqikopoieÐ ton deÐkth pou perièqei h domă, ÿste na deÐqnei

sthn pragmatikă metablhtă. Tèloc, h domă aută me tic koinèc metablhtèc perniètai wc ìrisma

sthn omp create team() h opoÐa me th seirĹ thc ja thn topojetăsei sth dendrikă domă

(ston kìmbo-patèra, prin dhmiourgăsei ta nămata).

Ac èrjoume tÿra sth sunĹrthsh pou parĹgetai:

void *parallel_shared_parallel_0 (void *_omp_thread_data)

{

int _omp_dummy = _omp_assign_key (_omp_thread_data);

int (*local_b) = &_OMP_VARREF (parallel_shared_parallel_0, local_b);

{

global_a++;

(*(local_b))++;

}

return 0;

}

H prospèlash twn koinÿn metablhtÿn gÐnetai me th makroentolă OMP VARREF(). Gia lìgouc

taqÔthtac sthn arqă thc sunĹrthshc dhlÿnontai topikoÐ deÐktec (me ta Ðdia onìmata) stic

koinèc metablhtèc kai arqikopoioÔntai. ’Etsi, h prospèlash gÐnetai pio aplĹ me (*<ìnoma

metablhtăc>). UpenjumÐzoume ìti gia tic kajolikèc koinèc metablhtèc den allĹzei o kÿ-

dikac.

4.2.2 private (idiwtikèc metablhtèc)

KĹje năma prèpei na diathreÐ xeqwristì antÐgrafo gia tic idiwtikèc metablhtèc. Epomènwc,

arkeÐ na tic epanadhlÿsoume sthn arqă thc sunĹrthshc tou nămatoc.

Gia ton kÿdika

void parallel_private()

{

int x;

#pragma omp parallel private(x)

{
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x++;

}

}

h sunĹrthsh nămatoc pou dhmiourgeÐtai eÐnai:

void *parallel_private_parallel_0 (void *_omp_thread_data)

{

int _omp_dummy = _omp_assign_key (_omp_thread_data);

int x;

{

x++;

}

return 0;

}

ParathreÐste ìti h metablhtă x dhlÿnetai pĹli mèsa sth sunĹrthsh.

4.2.3 firstprivate

Dhlÿnetai deÐkthc sth domă ìpwc sto shared, allĹ gÐnetai kai topikă dălwsh ìpwc sto

private. Gia ìsec apì autèc tic metablhtèc eÐnai pÐnakec, parĹgetai kÿdikac pou tic arqi-

kopoieÐ mèsw tou deÐkth pou kratăsame, kai topojeteÐtai prin thn prÿth ektelèsimh entolă

thc parĹllhlhc perioqăc. Oi upìloipec metablhtèc arqikopoioÔntai katĹ th dălwsă touc

(pĹli mèsw tou deÐkth).

ParĹdeigma:

void parallel_firstprivate()

{

int x, a[5];

#pragma omp parallel firstprivate(x,a,global_a)

{

int foo;

x++;

global_a++;

foo = a[1];

}

}
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H domă me touc deÐktec pou dhmiourgeÐtai eÐnai:

typedef struct {

int (*x);

int (*a)[5];

} parallel_firstprivate_parallel_0_vars;

Kai h sunĹrthsh tou nămatoc:

void *parallel_firstprivate_parallel_0 (void *_omp_thread_data)

{

int _omp_dummy = _omp_assign_key (_omp_thread_data);

int a[5];

int x = _OMP_VARREF (parallel_firstprivate_parallel_0, x);

int (*_omp_firstlastprivate_global_a) = &global_a;

int global_a = *_omp_firstlastprivate_global_a;

memcpy (a, &_OMP_VARREF (parallel_firstprivate_parallel_0, a), sizeof (a));

{

int foo;

x++;

global_a++;

foo = a[1];

}

return 0;

}

’Opwc blèpoume, gia thn aplă metablhtă x ègine dălwsh me arqikopoÐhsh. Gia ton pÐnaka a

ègine dălwsh kai sthn prÿth ektelèsimh entolă arqikopoÐhsh (me thn memcpy()). SqetikĹ

me thn kajolikă metablhtă global a erqìmaste antimètwpoi me to exăc prìblhma. MetĹ

thn topikă dălwsh (me to Ðdio ìnoma) den mporoÔme na èqoume prìsbash sthn kajolikă me-

tablhtă. Gifl autì kratĹme ènan topikì deÐkth sthn teleutaÐa, prin thn topikă epanadălwsh.

’Etsi, h arqikopoÐhsh gÐnetai mèsw autoÔ tou deÐkth.
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4.2.4 reduction

Sthn arqă tou kÿdika thc parĹllhlhc perioqăc dhlÿnontai oi metablhtèc pou kajorÐzontai

me thn parĹmetro aută kai arqikopoioÔntai sthn katĹllhlh timă anĹloga me ton telestă

upobÐbashc. Prin to tèloc thc parĹllhlhc perioqăc, parĹgetai kÿdikac pou efarmìzei

ton telestă anĹmesa sthn koină metablhtă kai to topikì antÐgrafo. O kÿdikac autìc

prostateÔetai me ènan duadikì shmafìro gia lìgouc antagwnismoÔ. Sthn pragmatikìthta,

dhlÿnetai ènac pÐnakac tètoiwn shmafìrwn. KĹje stoiqeÐo tou pÐnaka antistoiqeÐ se mÐa

entolă pou perièqei thn parĹmetro reduction.

ParĹdeigma:

void parallel_reduction()

{

int z;

#pragma omp parallel reduction(+: z)

{

z = 1;

}

}

H sunĹrthsh tou nămatoc pou parĹgetai eÐnai:

void *parallel_reduction_parallel_0 (void *_omp_thread_data)

{

int _omp_dummy = _omp_assign_key (_omp_thread_data);

int z = 0;

{

z = 1;

}

pthread_mutex_lock (&_omp_reduction_lock[0]);

_OMP_VARREF (parallel_reduction_parallel_0, z) += z;

pthread_mutex_unlock (&_omp_reduction_lock[0]);

return 0;

}
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4.2.5 if

ParĹgetai kÿdikac pou upologÐzei thn sunjăkh tou if. An h sunjăkh eÐnai alhjăc ekteleÐtai

o kÿdikac pou dhmiourgeÐ ta nămata ìpwc perigrĹyame parapĹnw. DiaforetikĹ kaleÐtai h

sunĹrthsh tou nămatoc qwrÐc na dhmiourghjoÔn epiplèon nămata, opìte ousiastikĹ ton

kÿdika ton ekteleÐ mìno o gonèac.

ParĹdeigma:

void parallel_if()

{

int k;

#pragma omp parallel if (k > 0)

{

k = 0;

}

}

O parapĹnw kÿdikac antikajÐstatai me:

void parallel_if ()

{

int k;

/* #pragma omp parallel if (k > 0) */

{

_OMP_PARALLEL_DECL_VARSTRUCT (parallel_if_parallel_0);

_OMP_PARALLEL_INIT_VAR (parallel_if_parallel_0, k);

if (k > 0) {

_omp_create_team (_OMP_THREAD, parallel_if_parallel_0,

(void *) &parallel_if_parallel_0_var);

_omp_destroy_team (_OMP_THREAD->parent);

} else {

void *tmp = _OMP_THREAD->sdn;

_OMP_THREAD->shared_data = (void *) &parallel_if_parallel_0_var;

_OMP_THREAD->sdn = _OMP_THREAD;

parallel_if_parallel_0 ((void *) _OMP_THREAD);

_OMP_THREAD->sdn = tmp;

}

}

}
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Autì pou prèpei epishmĹnoume eÐnai ìti ìtan den isqÔei h sunjăkh, den dhmiourgoÔntai nămata

kai aplĹ kaleÐtai h sunĹrthsh pou dhmiourgăjhke. ’Omwc gia na gÐnei swstĹ h klăsh, mia

kai den allĹzei h dendrikă domă, ta koinĹ dedomèna prèpei na eÐnai ta swstĹ. ’Etsi, prin thn

klăsh, tropopoieÐtai o kìmboc pou antistoiqeÐ sto năma kai epanafèretai metĹ.

4.2.6 copyin

Epeidă to copyin sqetÐzetai Ĺmesa me tic threadprivate metablhtèc, h anĹlusă tou gÐnetai

sthn parĹgrafo 4.12.1.

4.2.7 Emfwliasmèna parallel

H ulopoÐhsă mac den uposthrÐzei emfwliasmèno parallhlismì. Se perÐptwsh emfwliasmènhc

parĹllhlhc perioqăc dhmiourgeÐtai omĹda pou apoteleÐtai mìno apì èna năma. 1 ’Etsi, den

upĹrqei lìgoc na gÐnei metakÐnhsh kÿdika stic lektikĹ emfwliasmènec parĹllhlec perioqèc.

KatĹ sunèpeia de qreiĹzetai na kratĹme deÐktec stic koinèc metablhtèc mia kai h anaforĹ

se autèc den tropopoieÐtai.

ParĹdeigma:

void parallel_nested()

{

#pragma omp parallel

{

int x;

#pragma omp parallel

{

x++;

}

}

}

H sunĹrthsh pou parĹgetai exaitÐac thc prÿthc parĹllhlhc perioqăc eÐnai:

1Και αυτή η περίπτωση είναι σύµφωνη µε το πρότυπο OpenMP.
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void *parallel_nested_parallel_0 (void *_omp_thread_data)

{

int _omp_dummy = _omp_assign_key (_omp_thread_data);

{

int x;

/* #pragma omp parallel */

_omp_create_team (_OMP_THREAD, 0, _OMP_THREAD->sdn->shared_data);

{

{

x++;

}

}

_omp_destroy_team (_OMP_THREAD->parent);

}

return 0;

}

ParathreÐste ìti sthn emfwliasmènh parĹllhlh perioqă de metakineÐtai o kÿdikac.

4.3 single

’Opwc eÐdame, h entolă single orÐzei mÐa perioqă h opoÐa ekteleÐtai mìno apì èna năma thc

omĹdac. Sth dikă mac ulopoÐhsh, h perioqă aută ekteleÐtai apì to prÿto năma pou ja th

sunantăsei. H parakĹtw perioqă single

#pragma omp single

printf("I am a single thread!\n");

metasqhmatÐzetai se

/* #pragma omp single */

{

/* the first thread executes the code */

if (_omp_run_single (0)) {

printf ("I am a single thread!\n");

}

_omp_barrier_wait (&_OMP_THREAD->parent->barrier);

_omp_flush_all (); /* implied flush */

}
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H routÐna omp run single() exetĹzei an to sugkekrimèno năma mporeÐ na ektelèsei thn

perioqă. ’Omwc o èlegqoc autìc den eÐnai kai tìso aplìc, giatÐ èqoume na antimetwpÐsoume

ta exăc problămata:

• O kÿdikac thc perioqăc mporeÐ na ekteleÐtai apì diaforetikèc omĹdec. ’Ena aplì

parĹdeigma tètoiac perÐptwshc eÐnai to parakĹtw:

#pragma omp parallel

#pragma omp parallel

#pragma omp single

printf("Hello\n");

Sthn perÐptwsh aută, to prÿto parallel dhmiourgeÐ mia omĹda twn n nhmĹtwn. To

deÔtero parallel (epeidă eÐnai emfwliasmèno) dhmiourgeÐ n anexĹrthtec omĹdec. KĹje

mÐa apì autèc prèpei na ektelèsei apì mÐa forĹ to printf. ’Etsi sunolikĹ, to “Hello”

prèpei na tupwjeÐ n forèc. Epomènwc, h plhroforÐa sqetikĹ me to an ja ektelesteÐ

h perioqă prèpei na sqetÐzetai me thn omĹda (năma-afènthc) kai ìqi me thn Ðdia thn

perioqă.

• H Ðdia perioqă single mporeÐ na sunanthjeÐ pollèc forèc apì thn Ðdia omĹda, ìpwc

deÐqnei to parakĹtw parĹdeigma, ìpou o kÿdikac thc perioqăc brÐsketai mèsa se su-

nĹrthsh.

void print_message()

{

#pragma omp single nowait

printf("Hello\n");

}

void main()

{

#pragma omp parallel

{

/* A */
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print_message();

/* B */

print_message();

print_message();

/* C */

}

}

O kÿdikac autìc ja prèpei na tupÿsei 3 forèc to mănuma. To prìblhma eÐnai ìti den

mporoÔme na apojhkeÔsoume, gia parĹdeigma, mÐa boolean metablhtă sto năma afènth,

ÿste na gnwrÐzoume an mÐa omĹda èqei ektelèsei ă ìqi thn perioqă. Jewrăste thn

parakĹtw perÐptwsh:

’Estw ìti kĹpoio năma èqei kajusterăsei kai brÐsketai sto shmeÐo A, enÿ ta upìloipa

brÐskontai sto C. ’Otan kalèsei kai autì thn print message(), ja prèpei na gnwrÐzei

ìti kai tic 3 forèc h perioqă tou single èqei ektelesteÐ. Autì ja mporoÔse na

epiteuqjeÐ an kratoÔsame treic boolean metablhtèc. ’Etsi o arijmìc twn metablhtÿn

sqetÐzetai me to pìsec forèc sunantĹme to sugkekrimèno single katĹ thn ektèlesh.

Protimăsame loipìn mia dunamikă domă gia na kratĹme autèc tic plhroforÐec.

Sthn ulopoÐhsă mac antimetwpÐzoume ta parapĹnw problămata me ton exăc trìpo. To

năma afènthc diathreÐ mÐa ourĹ (FIFO) ston kìmbo tou. KĹje kìmboc thc ourĹc autăc

anaparistĹ mia ektèlesh/sunĹnthsh thc entolăc. To prÿto năma thc omĹdac pou sunantĹ

(kai ekteleÐ) thn perioqă, prosjètei ènan kìmbo sthn ourĹ (ìtan xanasunantăsei thn Ðdia

perioqă prosjètei kai deÔtero kìmbo k.o.k.). Epeidă h plhroforÐa gia mia sunĹnthsh de

qreiĹzetai plèon, ìtan h entolă èqei sunanthjeÐ apì ìla ta nămata thc omĹdac, to teleutaÐo

năma pou sunantĹ thn perioqă sbănei ton kìmbo pou eÐqe prostejeÐ. Me autìn ton trìpo

diathreÐtai mÐa lÐsta me tic {anoiqtèc ektelèseic} 2 thc perioqăc. Ta nămata thc omĹdac

gnwrÐzoun se poia ektèlesh brÐskontai diathrÿntac ènan deÐkth ston antÐstoiqo kìmbo.

Sto parapĹnw parĹdeigma, èstw ìti h omĹda apoteleÐtai apì 3 nămata, me to prÿto na

brÐsketai sto shmeÐo C, to deÔtero sto B kai to trÐto sto A. Tìte sthn ourĹ ja upĹrqoun

3 kìmboi. To prÿto năma ja deÐqnei ston trÐto, to deÔtero ston deÔtero kai to trÐto

poujenĹ, ìpwc faÐnetai kai sto sqăma 4.3.

2Με τον όρο αυτό εννοούµε το ότι η συγκεκριµένη εκτέlεση τηc εντοlήc (π.χ. single) δεν έχει οlοκlηρωθεί

από όlα τα νήµατα τηc οµάδαc.
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2
3

Sqăma 4.3: OurĹ {anoiqtÿn ektelèsewn}

Mìlic to trÐto (teleutaÐo) năma ftĹsei sto shmeÐo B, ja afairèsei ton prÿto kìmbo,

afoÔ autìc den eÐnai pia aparaÐthtoc. ’Otan ìla ta nămata èqoun ftĹsei sto shmeÐo C, h

ourĹ ja eÐnai kenă. Tèloc, prèpei na shmeiÿsoume ìti mia tètoia ourĹ diathreÐtai gia ìlec

tic perioqèc single pou upĹrqoun sto prìgramma.

4.3.1 private, firstprivate

Oi parĹmetroi autoÐ èqoun ulopoihjeÐ parìmoia me tou parallel.

4.3.2 nowait

AplĹ den parĹgetai kÿdikac barrier (bl. parĹgrafo 4.10).

4.4 sections

KĹje enìthta (section) aparijmeÐtai kai metakineÐtai mesa se èna switch-case. KĹje năma

zhtĹ thn epìmenh douleiĹ kai ekteleÐ to katĹllhlo case, mèqri na ektelestoÔn ìlec oi

enìthtec. Gia parĹdeigma o parakĹtw kÿdikac

#pragma omp sections

{

#pragma omp section

printf("first section\n");

#pragma omp section

printf("second section\n");

#pragma omp section

printf("third section\n");

}
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metasqhmatÐzetai se

/* #pragma omp sections */

{

{

int _omp_section_job;

_omp_init_sections (0, _omp_num_section[0]);

while (1) {

_omp_section_job = _omp_get_next_section (0);

if (_omp_section_job < 0) break;

switch (_omp_section_job) {

case 0:

printf ("first section\n");

break;

case 1: /* section */

printf ("second section\n");

break;

case 2: /* section */

printf ("third section\n");

break;

} /* switch */

} /* while */

}

_omp_barrier_wait (&_OMP_THREAD->parent->barrier);

_omp_flush_all (); /* implied flush */

}

Kai se aută thn perÐptwsh, ufÐstantai ta Ðdia problămata me to single sqetikĹ me tic

pollaplèc ektelèseic thc perioqăc. Ta problămata autĹ antimetwpÐzontai me ton Ðdio trì-

po (ourèc) mìno pou epiprìsjeta, kĹje kìmboc thc ourĹc perièqei plhroforÐa sqetikĹ

me tic enapomeÐnantec enìthtec. H routÐna omp init sections() arqikopoieÐ kai dia-

qeirÐzetai tic ourèc (prosjètei/diagrĹfei kìmbouc eÐte proqwrĹ touc deÐktec). H routÐna

omp get next section() epistrèfei thn epìmenh enìthta apfl ton katĹllhlo kìmbo (meiÿ-

nontac thn timă tou katĹ èna).

4.4.1 private, firstprivate, reduction

H ulopoÐhsh twn paramètrwn autÿn èqei gÐnei ìpwc kai sto parallel.
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4.4.2 lastprivate

To năma pou anèlabe thn teleutaÐa (lektikĹ) perioqă, enhmerÿnei th lastprivate metablhtă.

ParĹdeigma:

int i;

#pragma omp sections lastprivate(i)

{

#pragma omp section

i = 1;

#pragma omp section

i = 2;

#pragma omp section

i = 3;

}

Metasqhmatismìc:

int i;

/* #pragma omp sections lastprivate(i) */

{

int (*_omp_firstlastprivate_i) = &i;

int i;

{

int _omp_section_job;

_omp_init_sections (1, _omp_num_section[1]);

while (1) {

_omp_section_job = _omp_get_next_section (1);

if (_omp_section_job < 0) break;

switch (_omp_section_job) {

case 0:

i = 1;

break;

case 1: /* section */

i = 2;

break;

case 2: /* section */

i = 3;

break;

} /* switch */

if (_omp_section_job == 2) {

*_omp_firstlastprivate_i = i;

}
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} /* while */

}

_omp_barrier_wait (&_OMP_THREAD->parent->barrier);

_omp_flush_all (); /* implied flush */

}

4.4.3 nowait

AplĹ den parĹgetai kÿdikac barrier (ìpwc kai sto single).

4.5 for

H ulopoÐhsh tou for akoloujeÐ parìmoia logikă me to sections. UpĹrqei èna while se

kĹje epanĹlhyh tou opoÐou èna năma zhtĹ thn epìmenh douleiĹ (h opoÐa eÐnai èna mèroc tou

brìqou for) kai thn ekteleÐ. Gia parĹdeigma o kÿdikac

int i;

#pragma omp for schedule(dynamic,2)

for (i = 0; i < 100; i += 3)

printf("%d\n", i);

metatrèpetai ston

int i;

/* #pragma omp for schedule(dynamic, 2) */

{

int i;

int _omp_lb, _omp_ub, _omp_incr;

int _omp_num_job = 0, _omp_last_iter = 0;

int _omp_schedule, _omp_chunksize = -1;

_omp_schedule = _OMP_DYNAMIC;

_omp_chunksize = 2;

if (_omp_chunksize < 0)

_omp_chunksize = _omp_get_default_chunksize (_omp_schedule, 100, 0, 3);

_omp_incr = (3);

_omp_init_directive (_OMP_FOR, 0, 0, _omp_incr, 0);

_omp_incr *= _omp_chunksize;
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while (1) {

/* get next job */

_omp_lb = _omp_get_next_lb (_omp_schedule, 0, _omp_incr, &_omp_num_job);

/* if none left, break */

if (!(_omp_lb - _omp_incr < 100)) break;

_omp_ub = _omp_lb + _omp_incr;

if (100 <= _omp_ub) { /* check if out of bounds */

_omp_ub = 100;

_omp_last_iter = 1;

}

_omp_push_for_data (0, _omp_lb);

for (i = _omp_lb; i < _omp_ub; i += 3)

printf ("%d\n", i); /* original code */

_omp_pop_for_data ();

} /* while */

if (_omp_last_iter) { /* lastprivate assignments */

}

_omp_barrier_wait (&_OMP_THREAD->parent->barrier);

_omp_flush_all (); /* implied flush */

}

Katarqăn, h metablhtă tou for (i) xanadhlÿnetai, afoÔ prèpei na eÐnai topikă gia kĹje

năma. Ta problămata sqetikĹ me tic pollaplèc ektelèseic thc perioqăc antimetwpÐzontai

ki edÿ me ton Ðdio trìpo (ourèc). Sth sunèqeia, mèsa sto while, kĹje năma, afoÔ pĹrei

douleiĹ (me th sunĹrthsh omp get next lb()), upologÐzei to kĹtw kai Ĺnw ìrio gia th

metablhtă tou brìqou (i) kai ekteleÐ ton aujentikì kÿdika.

4.5.1 private, firstprivate, reduction

H ulopoÐhsh twn paramètrwn autÿn èqei gÐnei ìpwc kai sto parallel.

4.5.2 lastprivate

To năma pou anèlabe thn teleutaÐa epanĹlhyh tou brìqou, enhmerÿnei th lastprivate meta-

blhtă.

4.5.3 nowait

AplĹ den parĹgetai kÿdikac barrier.

52



4.5.4 schedule

To default schedule eÐnai to static. H sunĹrthsh omp get next lb(), dèqetai wc ìrisma

ton tÔpo tou schedule kai epistrèfei tic katĹllhlec ergasÐec. Sthn perÐptwsh pou to

schedule eÐnai dynamic, stouc kìmbouc thc ourĹc apojhkeÔetai plhroforÐa gia thn epìmenh

douleiĹ.

4.5.5 ordered

’Otan emfanÐzetai aută h parĹmetroc, stouc kìmbouc thc ourĹc apojhkeÔetai epiplèon plh-

roforÐa gia to pìsec epanalăyeic èqoun ektelesteÐ me th seirĹ. Sthn perÐptwsh pou de

dhlÿnetai aută h parĹmetroc, oi entolèc ordered agnooÔntai.

4.6 ordered

H entolă aută èqei nìhma mìno ìtan ektelesteÐ mèsa apì èna brìqo for pou èqei thn pa-

rĹmetro ordered. H ulopoÐhsă thc ègine me qrăsh metablhtÿn sunjăkhc thc bibliojăkhc

POSIX threads. KĹje forĹ pou èna năma eisèrqetai se mÐa tètoia perioqă, exetĹzei an

h perioqă aută èqei ektelesteÐ apì ìlec tic prohgoÔmenec (seiriakĹ) epanalăyeic tou for.

EĹn de sumbaÐnei autì, to năma anastèlletai mèqri na èrjei h seirĹ tou. ’Otan èna năma

exèrqetai apì mÐa tètoia perioqă, afupnÐzei ta nămata pou perimènoun, ta opoÐa me th seirĹ

touc exetĹzoun kai pĹli an mporoÔn na eisèljoun sthn perioqă.

ParĹdeigma:

#pragma omp ordered

printf("%d\n", i);

Metasqhmatismìc:

/* #pragma omp ordered */

_omp_ordered_begin ();

printf ("%d\n", i);

_omp_ordered_end ();
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H sunĹrthsh omp ordered begin() diaqeirÐzetai ton èlegqo eisìdou kai thn anamonă. H

sunĹrthsh omp ordered end() diaqeirÐzetai thn afÔpnish.

4.7 master

O kÿdikac thc entolăc master, gia parĹdeigma:

#pragma omp master

printf("I am the master thread!\n");

metasqhmatÐzetai wc exăc:

/* #pragma omp master */

if (_OMP_THREAD->thread_num == 0) {

printf ("I am the master thread!\n");

}

Dhladă exetĹzetai h tautìthta tou nămatoc apì thn dendrikă domă, gia na diapistÿsoume

an prìkeitai gia to năma-afènth.

4.8 critical

AparijmoÔntai ìlec oi krÐsimec perioqèc me diaforetikĹ onìmata kai dhlÿnetai ènac pÐnakac

duadikÿn shmafìrwn me antÐstoiqo mègejoc, ètsi ÿste se kĹje ìnoma na antistoiqeÐ ènac

shmafìroc. ’Etsi, o parakĹtw kÿdikac

int x, y;

#pragma omp critical (alpha)

x++;

#pragma omp critical (beta)

y++;

#pragma omp critical (alpha)

x*=2;
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metasqhmatÐzetai se

int x, y;

/* #pragma omp critical (alpha) */

pthread_mutex_lock (&_omp_critical_lock[0]);

_omp_flush_all (); /* implied flush */

x++;

_omp_flush_all (); /* implied flush */

pthread_mutex_unlock (&_omp_critical_lock[0]);

/* #pragma omp critical (beta) */

pthread_mutex_lock (&_omp_critical_lock[1]);

_omp_flush_all (); /* implied flush */

y++;

_omp_flush_all (); /* implied flush */

pthread_mutex_unlock (&_omp_critical_lock[1]);

/* #pragma omp critical (alpha) */

pthread_mutex_lock (&_omp_critical_lock[0]);

_omp_flush_all (); /* implied flush */

x *= 2;

_omp_flush_all (); /* implied flush */

pthread_mutex_unlock (&_omp_critical_lock[0]);

4.9 atomic

H èkfrash pou dhlÿnetai sthn entolă atomic topojeteÐtai anĹmesa se entolèc pou kleidÿ-

noun kai xekleidÿnoun ènan duadikì shmafìro opoÐoc eÐnai kajolikă metablhtă. O parakĹtw

kÿdikac

int x;

#pragma omp atomic

x++;

metasqhmatÐzetai se
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int x;

/* #pragma omp atomic */

pthread_mutex_lock (&_omp_atomic_lock);

x++;

pthread_mutex_unlock (&_omp_atomic_lock);

4.10 barrier

Sto shmeÐo pou sunantĹme thn entolă aută, kaleÐtai h routÐna omp barrier wait() h opoÐa

anagkĹzei kĹje năma na perimènei mèqri ìla ta nămata thc omĹdac na ektelèsoun th routÐna

aută. ’Etsi, o kÿdikac

#pragma omp barrier

i++;

metasqhmatÐzetai se

_omp_barrier_wait (&_OMP_THREAD->parent->barrier);

_omp_flush_all (); /* implied flush */

i++;

Oi metablhtèc (shmafìroc kai metablhtă sunjăkhc) pou qreiĹzontai gia na ulopoihjeÐ to

barrier apojhkeÔontai ston kìmbo tou patèra, ÿste na eÐnai koinèc gia ìla ta paidiĹ.

4.11 flush

’Otan sunantĹme thn entolă flush me lÐsta metablhtÿn, kaleÐtai h routÐna omp flush()

gia kĹje mÐa apì tic metablhtèc. Ean den upĹrqei lÐsta metablhtÿn, kaleÐtai h routÐna

omp flush all(). O parakĹtw kÿdikac
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#pragma omp flush(global_a)

#pragma omp flush

metasqhmatÐzetai se

/* OMP FLUSH BEGIN */

_omp_flush ((void *) &global_a);

/* #pragma omp flush (global_a) */

/* OMP FLUSH END */

/* OMP FLUSH BEGIN */

_omp_flush_all ();

/* #pragma omp flush */

/* OMP FLUSH END */

O kÿdikac twn routinÿn pou anafèrame, exartĹtai apì thn arqitektonikă tou upologistă

ston opoÐo trèqei o metafrastăc, kai sunăjwc apoteleÐtai apì entolèc se assembly.

4.12 threadprivate

SÔmfwna me to prìtupo OpenMP, threadprivate metablhtèc mporeÐ na eÐnai mìno oi kajoli-

kèc. O metafrastăc mac parĹgei mÐa domă pou perièqei ìlec tic metablhtèc autèc. EpÐshc,

dhlÿnetai ènac kajolikìc pÐnakac tètoiwn domÿn. KĹje jèsh tou pÐnaka antistoiqeÐ se èna

năma. Katfl epèktash, kĹje năma èqei to dikì tou antÐgrafo twn threadprivate metablhtÿn.

KĹje anaforĹ se mia tètoia metablhtă apì èna năma, metasqhmatÐzetai se anaforĹ sto

antÐstoiqo pedÐo thc domăc. H arqikopoÐhsh tou pÐnaka domÿn gÐnetai me thn ekkÐnhsh tou

progrĹmmatoc.

ParĹdeigma:

int global_b, global_c;

#pragma omp threadprivate(global_b,global_c)

void threadprivate()

{

global_b = 1;

global_c = 2;

}
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H domă pou dhmiourgeÐtai eÐnai:

struct _omp_threadprivate_s {

int global_b;

int global_c;

};

H arqikopoÐhsh gÐnetai sthn arqă thc main() kalÿntac thn parakĹtw sunĹrthsh:

/* global threadprivate initialization */

void _omp_init_global_threadprivate ()

{

int i;

for (i = 0; i < _omp_max_threads; i++) {

_omp_tp_vars[i].global_b = global_b;

_omp_tp_vars[i].global_c = global_c;

}

}

Tèloc, oi anaforèc metasqhmatÐzontai wc exăc:

void threadprivate ()

{

_omp_tp_vars[_OMP_THREAD->real_thread_num].global_b = 1;

_omp_tp_vars[_OMP_THREAD->real_thread_num].global_c = 2;

}

4.12.1 copyin

An kai prìkeitai gia parĹmetro tou parallel, sqetÐzetai Ĺmesa me to threadprivate. Autì

pou gÐnetai eÐnai ìti prin th dhmiourgÐa twn nhmĹtwn antigrĹfontai oi metablhtèc pou dhlÿnei

h parĹmetroc apì th jèsh 0 tou pÐnaka domÿn se ìlec tic upìloipec.

ParĹdeigma:
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int global_b;

#pragma omp threadprivate(global_b)

void parallel_copyin()

{

#pragma omp parallel copyin(global_b)

global_b++;

}

Ja dhmiourghjeÐ mia sunĹrthsh pou to ìnomĹ thc sqetÐzetai me thn parĹmetro aută:

void _omp_copyin_0()

{

int i;

for (i = 1; i < _omp_max_threads; i++) {

_omp_tp_vars[i].global_b = _omp_tp_vars[0].global_b;

}

}

H sunĹrthsh aută kaleÐtai lÐgo prin th dhmiourgÐa nhmĹtwn:

void parallel_copyin ()

{

_omp_copyin_0 ();

/* initialize copyin variables */

/* #pragma omp parallel copyin(global_b) */

{

_OMP_PARALLEL_DECL_VARSTRUCT (parallel_copyin_parallel_0);

_omp_create_team (_OMP_THREAD, parallel_copyin_parallel_0,

(void *) &parallel_copyin_parallel_0_var);

_omp_destroy_team (_OMP_THREAD->parent);

}

}
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4.13 Arqitektonikă paragìmenou kÿdika

’Estw èna prìgramma grammèno se OpenMP C, me ìnoma name.c. KatĹ th metĹfrash autoÔ

tou progrĹmmatoc ja dhmiourghjeÐ o katĹlogoc omp name. Ston katĹlogo autìn ja dh-

miourghjoÔn ta arqeÐa name omp.c, name defs.h, name typedefs.h, name threadfuncs.c,

name threadfuncs.h, name threadp.h, name copyin.c, Makefile. To metafrasmèno prì-

gramma sumplhrÿnetai apì ta arqeÐa omp.c, omp.h kai omp global.h.

4.13.1 * omp.c

To arqeÐo autì perièqei ton arqikì kÿdika perasmèno apfl ton proepexergastă thc C. Epi-

plèon, èqoun efarmosteÐ oi metasqhmatismoÐ pou anafèrame stic prohgoÔmenec paragrĹ-

fouc. Den perièqei tic sunartăseic nhmĹtwn pou dhmiourgăjhkan, kajÿc kai tic dhlÿseic

twn nèwn domÿn.

’Ola ta parapĹnw arqeÐa (ektìc tou Makefile) gÐnontai #include edÿ.

H main() èqei tropopoihjeÐ, ÿste na kaleÐ thn omp initialize() h opoÐa ekteleÐ

aparaÐthtec arqikopoiăseic.

4.13.2 * defs.c

To arqeÐo autì perièqei tic dhlÿseic twn domÿn me touc deÐktec stic koinèc metablhtèc.

4.13.3 * typedefs.h

’Ola ta typedef tou arqikoÔ progrĹmmatoc èqoun metakinhjeÐ edÿ. ’Osa den ătan dhlwmèna

sto global scope èqoun allagmèna onìmata. H metakÐnhsh aută gÐnetai gia na antimetwpisteÐ

to exăc prìblhma. Epeidă metakineÐtai kÿdikac apì kĹpoio scope mèsa se sunĹrthsh (sto

global scope), prèpei ta typedef na exakoloujoÔn na eÐnai oratĹ.

4.13.4 * threadfuncs.c

Edÿ èqoun paraqjeÐ oi sunartăseic twn nhmĹtwn pou perièqoun ton metakinhmèno kÿdika.

4.13.5 * threadfuncs.h

Sto arqeÐo autì topojetoÔntai ta prwtìtupa twn parapĹnw sunartăsewn.
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4.13.6 * threadp.h

Perièqei th domă me tic threadprivate metablhtèc.

4.13.7 * copyin.c

Edÿ parĹgontai oi routÐnec pou arqikopoioÔn tic threaprivate-copyin metablhtèc.

4.13.8 * omp.c

Sto arqeÐo autì perièqontai routÐnec pou kaleÐ o kÿdikac pou parĹgoume.

4.13.9 * omp.h

Sto arqeÐo autì brÐskontai ta prwtìtupa twn parapĹnw routinÿn. EpÐshc perièqontai oi

dhlÿseic twn domÿn pou qrhsimopoioÔntai katĹ thn ektèlesh (p.q. dèndro nhmĹtwn), kajÿc

kai kĹpoiec makroentolèc (ìpwc to OMP VARREF()).

4.13.10 * omp global.h

Edÿ dhlÿnontai oi metablhtèc twn domÿn (p.q, dendrikă domă, pÐnakec shmafìrwn klp.) pou

qrhsimopoioÔntai apì tic routÐnec sto omp.c.

4.14 UlopoÐhsh bibliojăkhc

H bibliojăkh apoteleÐtai apì ta arqeÐa omp.h kai omp.c. Sto prÿto perièqontai ta prw-

tìtupa twn sunartăsewn kai oi dhlÿseic twn domÿn pou perigrĹfontai sto prìtupo. Sto

deÔtero upĹrqei o kÿdikac twn sunartăsewn.
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KefĹlaio 5

Epidìseic

Sto kefĹlaio autì parousiĹzoume kĹpoiec metrăseic pou kĹname gia na diapistÿsoume thn

taqÔthta metĹfrashc, allĹ kurÐwc thn taqÔthta tou paragìmenou parĹllhlou progrĹmma-

toc. Sugkekrimèna metrĹme thn epitĹqunsh, to qrìno ektèleshc, allĹ kai thn epibĹrunsh

(overhead) pou prokÔptei apì ton kÿdika pou parĹgoume gia na ermhneÔsoume tic entolèc

OpenMP.

5.1 Qrìnoc metĹfrashc

Sthn eikìna 5.1 faÐnetai o qrìnoc metĹfrashc gia èna aplì prìgramma. ParathroÔme ìti

epeidă o dikìc mac metafrastăc eÐnai ulopoihmènoc exoloklărou se C, eÐnai polÔ grăgoroc.

FaÐnetai qarakthristikĹ h diaforĹ me to OdinMP to opoÐo eÐnai grammèno se Java. To

OmniMP eÐnai lÐgo pio argì apì to dikì mac metafrastă, epeidă leitourgeÐ se dÔo fĹseic:

arqikĹ parĹgei endiĹmeso kÿdika kai Ôstera ton telikì.

5.2 Test

Gia na metrăsoume thn apotelesmatikìthta tou paragìmenou kÿdika, ìson aforĹ to qrì-

no ektèleshc, qrhsimopoiăsame dÔo progrĹmmata: To pi kai to molecular dynamics. Ta

progrĹmmata autĹ ta părame apfl to OdinMP.
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Sqăma 5.1:

5.2.1 Upologismìc tou π

To prìgramma autì upologÐzei to π qrhsimopoiÿntac ton tÔpo

π =
∫

1

0

4

1 + x2
dx

To parapĹnw oloklărwma proseggÐzetai me to Ĺjroisma

N−1∑
i=0

4w

1 + [(i + 0.5)w]2

To Ĺjroisma autì upologÐzetai me èna brìqo parallel for N bhmĹtwn (w = 1/N kai ìso

megalÔtero to N tìso megalÔterh h akrÐbeia), kĹnontac upobÐbash ajroÐsmatoc. O kÿdikac

tou progrĹmmatoc brÐsketai sto parĹrthma Dþ.
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5.2.2 Molecular Dynamics

To prìgramma autì upologÐzei tic dunĹmeic pou askoÔntai metaxÔ morÐwn. Gia perissìterec

plhroforÐec anatrèxte sto [12]. Kai autì to prìgramma qrhsimopoieÐ parĹllhlouc brìqouc

for. O kÿdikac kai autoÔ tou progrĹmmatoc brÐsketai sto parĹrthma Dþ.

5.2.3 PeribĹllon ektèleshc

Oi metrăseic èginan se dÔo diaforetikèc arqitektonikèc. O paragìmenoc kÿdikac metafrĹ-

sthke se kÿdika mhqanăc qwrÐc th qrăsh optimization (–O, –O2, –O3).

• SGI Origin 2000 me 16 CPU kai 3.2GB mnămh. Ston upologistă autìn trèxame to

prìgramma pi me N = 100000000 kai to molecular dynamics me nparts = 1024.

• SUN SparcServer me 4 CPU kai 512MB mnămh. Edÿ trèxame to prìgramma pi me

N = 30000000 kai to molecular dynamics me nparts = 512.

5.3 Qrìnoc Ektèleshc

’Opwc parathroÔme sta sqămata 5.2 kai 5.3, o qrìnoc ektèleshc eÐnai polÔ kontĹ ston

idanikì 1/N (ìpou N o arijmìc epexergastÿn), epeidă to prìgramma parallhlopoieÐtai

plărwc. ParathroÔme ìti o metafrastăc mac parĹgei arketĹ apotelesmatikì kÿdika, se

sÔgkrish me tic Ĺllec ulopoiăseic.

’Opwc parathroÔme sta sqămata 5.4 kai 5.5, o dikìc mac kÿdikac eÐnai elafrĹ pio argìc.

Autì ofeÐletai sto ìti sto deÔtero prìgramma (molecular dynamics) dhmiourgoÔntai kai

katastrèfontai nămata. Oi upìloipec ulopoiăseic den katastrèfoun ta nămata, aplĹ ta

apenergopoioÔn. Se mellontikă èkdosh skopeÔoume ki emeÐc na kĹnoume tètoiou eÐdouc

beltiÿseic.

5.4 EpitĹqunsh (speedup)

H epitĹqunsh orÐzetai wc o lìgoc tou qrìnou ektèleshc me èna năma proc to qrìno ektè-

leshc me n nămata. Profanÿc to idanikì eÐnai h epitĹqunsh na isoÔtai me ton arijmì twn

epexergastÿn. ’Olec oi ulopoiăseic, ìpwc faÐnetai sta sqămata 5.6, 5.7, 5.8, 5.9 eÐnai polÔ
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Sqăma 5.2:

kontĹ sta idanikĹ apotelèsmata. Oi kuriìteroi lìgoi pou sthn prĹxh den paÐrnoume idanikĹ

apotelèsmata eÐnai:

• Potè den parallhlopoieÐtai to 100% tou progrĹmmatoc. PĹnta upĹrqei èna mèroc pou

ekteleÐtai apì ènan mìno epexergastă.

• UpĹrqei anisokatanomă fìrtou anĹmesa stouc epexergastèc.

5.5 EpibĹrunsh (overhead)

Gia na metrăsoume thn epibĹrunsh pou prokÔptei apì èna parallel for construct metrăsame

to qrìno ektèleshc tou paragìmenou progrĹmmatoc qrhsimopoiÿntac mìno ènan epexerga-

stă, auxĹnontac ton arijmì nhmĹtwn. Sth sunèqeia, afairèsame to qrìno tou seiriakoÔ

progrĹmmatoc apì tic prohgoÔmenec metrăseic.

’Opwc blèpoume sthn eikìna 5.10, tìso h dikă mac ulopoÐhsh, ìso kai to OdinMP èqoun

parìmoia sumperiforĹ, mìno pou h deÔterh èqei mÐa stajeră epiprìsjeth kajustèrhsh. To

OmniMP blèpoume ìti epifèrei megĹlh epibĹrunsh kajÿc auxĹnetai o arijmìc nhmĹtwn.

MĹlista, gia megĹlo arijmì nhmĹtwn to prìgramma den ètreqe!
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KefĹlaio 6

SumperĹsmata

O stìqoc thc ergasÐac autăc ătan h dhmiourgÐa enìc metafrastă, o opoÐoc dojèntoc enìc

progrĹmmatoc C me epektĹseic OpenMP, parĹgei kÿdika ANSI C pou qrhsimopoieÐ th bi-

bliojăkh POSIX threads gia thn epÐteuxh tou parallhlismoÔ. ParĹllhla prospajăsame,

ÿste tìso o kÿdikac tou metafrastă, ìso kai o paragìmenoc kÿdikac na eÐnai metafèrsimoi

se pollèc platfìrmec. ’Ena Ĺllo kritărio pou prospajăsame na ikanopoiăsoume ătan o

ikanopoihtikoc qrìnoc metĹfrashc ki ektèleshc tou metaglwttismènou arqeÐou.

To apotèlesma ătan h dhmiourgÐa enìc metafrastă pou plhreÐ ìlouc touc parapĹnw

stìqouc. IkanopoieÐ plărwc to prìtupo OpenMP. Oi epidìseic tou metafrastă mac, suna-

gwnÐzontai kai se pollèc periptÿseic xepernoÔn autèc twn Ĺllwn eleÔjerwn ulopoiăsewn,

plhsiĹzontac autèc twn emporikÿn ulopoiăsewn.

An kai o metafrastăc mac sqediĹsthke arqikĹ ÿste na plhreÐ thn èkdosh 1.0 tou pro-

tÔpou, ton MĹrtio tou 2002 bgăke epÐshma h èkdosh 2.0 [4]. ’Etsi, tropopoiăsame to

sqediasmì mac, ÿste mellontikĹ na uposthriqjeÐ h nèa èkdosh. ’Hdh se aută thn ulopoÐhsh

uposthrÐzontai orismèna apì ta nèa qarakthristikĹ. Sugkekrimèna, uposthrÐzontai oi static

threadprivate metablhtèc kai h epanadălwsh miac metablhtăc wc private.

Tèloc, gia na pĹrete mia idèa thc èktashc thc ergasÐac, anafèroume ìti o phgaÐoc kÿdikac

pou anaptÔqjhke xepernĹ tic 4200 grammèc kÿdika ă alliÿc ta 123kb. AutĹ qwrÐc na

sunupologÐsoume ta dekĹdec test pou grĹyame gia dokimèc.
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Mellontikèc epektĹseic

Se prÿth fĹsh, skeftìmaste na beltistopoiăsoume thn apodotikìthta tou paragìmenou

kÿdika, ètsi ÿste na meiwjeÐ peraitèrw o qrìnoc ektèleshc. Gia parĹdeigma, anĹmesa apì

dÔo parĹllhlec perioqèc, ta nămata katastrèfontai kai xanadhmiourgoÔntai. Autì eÐnai

kĹti pou prosjètei arketèc kajusterăseic kai mporeÐ na apofeuqjeÐ. ’Enac trìpoc eÐnai na

mhn katastrèfoume ta nămata, allĹ na ta diathroÔme anenergĹ.

Epiprìsjeta, pisteÔoume ìti mporeÐ sqetikĹ eÔkola na ulopoihjeÐ o emfwliasmènoc pa-

rallhlismìc mia kai upĹrqei h basikă upodomă ston kÿdikĹ mac. EpÐshc, mÐa pijană epè-

ktash eÐnai na uposthriqjeÐ o dunamikìc parallhlismìc, dhladă katĹ thn ektèlesh tou

progrĹmmatoc na paÐrnontai autìmata apofĹseic sqetikĹ me ton arijmì twn nhmĹtwn pou ja

dhmiourgoÔntai se kĹje parĹllhlh perioqă.

Tèloc, èqontac upìyin thn èkdosh 2.0 tou protÔpou OpenMP h opoÐa anakoinÿjhke

prìsfata, kai to ìti kammÐa eleÔjerh ulopoÐhsh den thn plhreÐ gia thn ÿra, ja jèlame na

eÐmaste oi prÿtoi pou ja to petÔqoume!
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ParĹrthma Aþ

Lektikă anĹlush  Flex

Stouc pÐnakec pou akoloujoÔn, h prÿth stălh perigrĹfei thn kanonikă èkfrash kai oi

upìloipec ta epistrefìmena anagnwristikĹ.

Aþ.1 Nèa token (OpenMP)

parallel OMP PARALLEL TYPE NAME IDENTIFIER

sections OMP SECTIONS TYPE NAME IDENTIFIER

nowait OMP NOWAIT TYPE NAME IDENTIFIER

ordered OMP ORDERED TYPE NAME IDENTIFIER

schedule OMP SCHEDULE TYPE NAME IDENTIFIER

dynamic OMP DYNAMIC TYPE NAME IDENTIFIER

guided OMP GUIDED TYPE NAME IDENTIFIER

runtime OMP RUNTIME TYPE NAME IDENTIFIER

section OMP SECTION TYPE NAME IDENTIFIER

single OMP SINGLE TYPE NAME IDENTIFIER

master OMP MASTER TYPE NAME IDENTIFIER

critical OMP CRITICAL TYPE NAME IDENTIFIER

barrier OMP BARRIER TYPE NAME IDENTIFIER

atomic OMP ATOMIC TYPE NAME IDENTIFIER

flush OMP FLUSH TYPE NAME IDENTIFIER

threadprivate OMP THREADPRIVATE TYPE NAME IDENTIFIER

private OMP PRIVATE TYPE NAME IDENTIFIER

firstprivate OMP FIRSTPRIVATE TYPE NAME IDENTIFIER

lastprivate OMP LASTPRIVATE TYPE NAME IDENTIFIER
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shared OMP SHARED TYPE NAME IDENTIFIER

none OMP NONE TYPE NAME IDENTIFIER

reduction OMP REDUCTION TYPE NAME IDENTIFIER

copyin OMP COPYIN TYPE NAME IDENTIFIER

^"#"[ \t]*"pragma"

[ \t]+"omp"[ \t]+ PRAGMA OMP

Aþ.2 KoinĹ tokens (ANSI C kai OpenMP C)

default DEFAULT OMP DEFAULT

for FOR OMP FOR

if IF OMP IF

static STATIC OMP STATIC

&& AND OP OMP LAND

|| OR OP OMP LOR

& ’&’ OMP BAND

- ’-’ OMP MINUS

+ ’+’ OMP PLUS

* ’*’ OMP MULT

^ ’^’ OMP XOR

| ’|’ OMP BOR

Aþ.3 ANSI C-only tokens

auto AUTO

break BREAK

case CASE

char CHAR

const CONST

continue CONTINUE

do DO

double DOUBLE

else ELSE

enum ENUM

extern EXTERN

float FLOAT

goto GOTO

int INT
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long LONG

register REGISTER

return RETURN

short SHORT

signed SIGNED

sizeof SIZEOF

struct STRUCT

switch SWITCH

typedef TYPEDEF

union UNION

unsigned UNSIGNED

void VOID

volatile VOLATILE

while WHILE

>>= RIGHT ASSIGN

<<= LEFT ASSIGN

+= ADD ASSIGN

-= SUB ASSIGN

*= MUL ASSIGN

/= DIV ASSIGN

%= MOD ASSIGN

&= AND ASSIGN

^= XOR ASSIGN

|= OR ASSIGN

>> RIGHT OP

<< LEFT OP

++ INC OP

-- DEC OP

-> PTR OP

<= LE OP

>= GE OP

== EQ OP

!= NE OP

= ’=’

! ’!’

~ ’~’
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/ ’/’

% ’%’

< ’<’

> ’>’

? ’?’

; ’;’

{ ’{’

} ’}’

, ’,’

: ’:’

( ’(’

) ’)’

[ ’[’

] ’]’

. ’.’

... ELIPSIS

Aþ.3.1 Stajerèc

’Eqoume orÐsei kĹpoiec omĹdec qaraktărwn, ÿste na aplopoihjoÔn orismènec kanonikèc ek-

frĹseic.

D [0-9]

L [a-zA-Z\_]

H [a-fA-F0-9]

E [Ee][+-]?{D}+

FS (f|F|l|L)

IS (u|U|l|L)*

’Olec oi parakĹtw kanonikèc ekfrĹseic epistrèfoun CONSTANT wc anagnwristikì.

{L}({L}|{D})*

0[xX]{H}+{IS}?

0{D}+{IS}?

{D}+{IS}?

’(\\.|[^\\’])+’

{D}+{E}{FS}?

{D}*"."{D}+({E})?{FS}?

{D}+"."{D}*({E})?{FS}?

78



ParĹrthma Bþ

Grammatikă OpenMP C

Sto parĹrthma autì parousiĹzoume th grammatikă thc OpenMP C se mia morfă parìmoia

thc BNF, ìpwc apaiteÐ o bison.

string_literal_seq:

STRING_LITERAL

| STRING_LITERAL string_literal_seq

;

primary_expr:

identifier

| CONSTANT

| string_literal_seq

| ’(’ expr ’)’

;

postfix_expr:

primary_expr

| postfix_expr ’[’ expr ’]’

| postfix_expr ’(’ ’)’

| postfix_expr ’(’ argument_expr_list ’)’

| postfix_expr ’.’ identifier

| postfix_expr PTR_OP identifier

| postfix_expr INC_OP

| postfix_expr DEC_OP

;

argument_expr_list:

assignment_expr

| argument_expr_list ’,’ assignment_expr

;
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unary_expr:

postfix_expr

| INC_OP unary_expr

| DEC_OP unary_expr

| unary_operator cast_expr

| SIZEOF unary_expr

| SIZEOF ’(’ type_name ’)’

;

unary_operator:

’&’

| ’*’

| ’+’

| ’-’

| ’~’

| ’!’

;

cast_expr:

unary_expr

| ’(’ type_name ’)’ cast_expr

;

multiplicative_expr:

cast_expr

| multiplicative_expr ’*’ cast_expr

| multiplicative_expr ’/’ cast_expr

| multiplicative_expr ’%’ cast_expr

;

additive_expr:

multiplicative_expr

| additive_expr ’+’ multiplicative_expr

| additive_expr ’-’ multiplicative_expr

;

shift_expr:

additive_expr

| shift_expr LEFT_OP additive_expr

| shift_expr RIGHT_OP additive_expr

;

relational_expr:

shift_expr

| relational_expr ’<’ shift_expr

| relational_expr ’>’ shift_expr

| relational_expr LE_OP shift_expr

| relational_expr GE_OP shift_expr

;
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equality_expr:

relational_expr

| equality_expr EQ_OP relational_expr

| equality_expr NE_OP relational_expr

;

and_expr:

equality_expr

| and_expr ’&’ equality_expr

;

exclusive_or_expr:

and_expr

| exclusive_or_expr ’^’ and_expr

;

inclusive_or_expr:

exclusive_or_expr

| inclusive_or_expr ’|’ exclusive_or_expr

;

logical_and_expr:

inclusive_or_expr

| logical_and_expr AND_OP inclusive_or_expr

;

logical_or_expr:

logical_and_expr

| logical_or_expr OR_OP logical_and_expr

;

conditional_expr:

logical_or_expr

| logical_or_expr ’?’ logical_or_expr ’:’ conditional_expr

;

assignment_expr:

conditional_expr

| unary_expr assignment_operator assignment_expr

;

assignment_operator:

’=’

| MUL_ASSIGN

| DIV_ASSIGN

| MOD_ASSIGN

| ADD_ASSIGN

| SUB_ASSIGN

| LEFT_ASSIGN

| RIGHT_ASSIGN

| AND_ASSIGN
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| XOR_ASSIGN

| OR_ASSIGN

;

expr:

assignment_expr

| expr ’,’ assignment_expr

;

constant_expr:

conditional_expr

;

declaration:

declaration_specifiers ’;’

| declaration_specifiers init_declarator_list ’;’

| threadprivate_directive

;

declaration_specifiers:

storage_class_specifier

| storage_class_specifier declaration_specifiers

| type_specifier

| type_specifier declaration_specifiers

;

init_declarator_list:

init_declarator

| init_declarator_list ’,’ init_declarator

;

init_declarator:

declarator

| declarator ’=’ initializer

;

storage_class_specifier:

TYPEDEF

| EXTERN

| STATIC

| AUTO

| REGISTER

;

type_specifier:

CHAR

| SHORT

| INT

| LONG

| SIGNED

| UNSIGNED
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| FLOAT

| DOUBLE

| CONST

| VOLATILE

| VOID

| struct_or_union_specifier

| enum_specifier

| TYPE_NAME

;

struct_or_union_specifier:

struct_or_union identifier ’{’ struct_declaration_list ’}’

| struct_or_union ’{’ struct_declaration_list ’}’

| struct_or_union identifier

;

struct_or_union:

STRUCT

| UNION

;

struct_declaration_list:

struct_declaration

| struct_declaration_list struct_declaration

;

struct_declaration:

type_specifier_list struct_declarator_list ’;’

;

struct_declarator_list:

struct_declarator

| struct_declarator_list ’,’ struct_declarator

;

struct_declarator:

declarator

| ’:’ constant_expr

| declarator ’:’ constant_expr

;

enum_specifier:

ENUM ’{’ enumerator_list ’}’

| ENUM identifier ’{’ enumerator_list ’}’

| ENUM identifier

;

enumerator_list:

enumerator

| enumerator_list ’,’ enumerator

;
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enumerator:

identifier

| identifier ’=’ constant_expr

;

declarator:

declarator2

| pointer declarator2

;

declarator2:

identifier

| ’(’ declarator ’)’

| declarator2 ’[’ ’]’

| declarator2 ’[’ constant_expr ’]’

| declarator2 ’(’ ’)’

| declarator2 ’(’ parameter_type_list ’)’

| declarator2 ’(’ parameter_identifier_list ’)’

;

pointer:

’*’

| ’*’ type_specifier_list

| ’*’ pointer

| ’*’ type_specifier_list pointer

;

type_specifier_list:

type_specifier

| type_specifier_list type_specifier

;

parameter_identifier_list:

identifier_list

| identifier_list ’,’ ELIPSIS

;

identifier_list:

identifier

| identifier_list ’,’ identifier

;

parameter_type_list:

parameter_list

| parameter_list ’,’ ELIPSIS

;

parameter_list:

parameter_declaration

| parameter_list ’,’ parameter_declaration
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;

parameter_declaration:

type_specifier_list declarator

| type_name

;

type_name:

type_specifier_list

| type_specifier_list abstract_declarator

;

abstract_declarator:

pointer

| abstract_declarator2

| pointer abstract_declarator2

;

abstract_declarator2:

’(’ abstract_declarator ’)’

| ’[’ ’]’

| ’[’ constant_expr ’]’

| abstract_declarator2 ’[’ ’]’

| abstract_declarator2 ’[’ constant_expr ’]’

| ’(’ ’)’

| ’(’ parameter_type_list ’)’

| abstract_declarator2 ’(’ ’)’

| abstract_declarator2 ’(’ parameter_type_list ’)’

;

initializer:

assignment_expr

| ’{’ open_brace initializer_list ’}’

| ’{’ open_brace initializer_list ’,’ ’}’

;

initializer_list:

initializer

| initializer_list ’,’ initializer

;

statement:

labeled_statement

| compound_statement

| expression_statement

| selection_statement

| iteration_statement

| jump_statement

| openmp_construct

;
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openmp_construct:

parallel_construct

| for_construct

| sections_construct

| single_construct

| parallel_for_construct

| parallel_sections_construct

| master_construct

| critical_construct

| atomic_construct

| ordered_construct

;

openmp_directive:

barrier_directive

| flush_directive

;

structured_block:

statement

;

parallel_construct:

parallel_directive structured_block

;

parallel_clause_optseq:

/* empty */

| parallel_clause_optseq parallel_clause

;

parallel_directive:

PRAGMA_OMP OMP_PARALLEL parallel_clause_optseq ’\n’

;

parallel_clause:

unique_parallel_clause

| data_clause

;

unique_parallel_clause:

OMP_IF ’(’ expr ’)’

;

for_construct:

for_directive iteration_statement

;

for_clause_optseq:

/* empty */

| for_clause_optseq for_clause
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;

for_directive:

PRAGMA_OMP OMP_FOR for_clause_optseq ’\n’

;

for_clause:

unique_for_clause

| data_clause

| OMP_NOWAIT

;

unique_for_clause:

OMP_ORDERED

| OMP_SCHEDULE ’(’ schedule_kind ’)’

| OMP_SCHEDULE ’(’ schedule_kind ’,’ expr ’)’

;

schedule_kind:

OMP_STATIC

| OMP_DYNAMIC

| OMP_GUIDED

| OMP_RUNTIME

;

sections_construct:

sections_directive section_scope

;

sections_clause_optseq:

/* empty */

| sections_clause_optseq sections_clause

;

sections_directive:

PRAGMA_OMP OMP_SECTIONS sections_clause_optseq ’\n’

;

sections_clause:

data_clause

| OMP_NOWAIT

;

section_scope:

’{’

section_sequence

’}’

;

section_sequence:

structured_block
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| section_directive structured_block

| section_sequence section_directive structured_block

;

section_directive:

PRAGMA_OMP OMP_SECTION ’\n’

;

single_construct:

single_directive structured_block

;

single_clause_optseq:

/* empty */

| single_clause_optseq single_clause

;

single_directive:

PRAGMA_OMP OMP_SINGLE single_clause_optseq ’\n’

;

single_clause:

data_clause

| OMP_NOWAIT

;

parallel_for_construct:

parallel_for_directive iteration_statement

;

parallel_for_clause_optseq:

/* empty */

| parallel_for_clause_optseq parallel_for_clause

;

parallel_for_directive:

PRAGMA_OMP OMP_PARALLEL OMP_FOR parallel_for_clause_optseq ’\n’

;

parallel_for_clause:

unique_parallel_clause

| unique_for_clause

| data_clause

;

parallel_sections_construct:

parallel_sections_directive section_scope

;

parallel_sections_clause_optseq:
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/* empty */

| parallel_sections_clause_optseq parallel_sections_clause

;

parallel_sections_directive:

PRAGMA_OMP OMP_PARALLEL OMP_SECTIONS parallel_sections_clause_optseq ’\n’

;

parallel_sections_clause:

unique_parallel_clause

| data_clause

;

master_construct:

master_directive structured_block

;

master_directive:

PRAGMA_OMP OMP_MASTER ’\n’

;

critical_construct:

critical_directive structured_block

;

critical_directive:

PRAGMA_OMP OMP_CRITICAL region_phrase_opt ’\n’

;

region_phrase_opt:

/* empty */

| ’(’ identifier ’)’

;

barrier_directive:

PRAGMA_OMP OMP_BARRIER ’\n’

;

atomic_construct:

atomic_directive expression_statement

;

atomic_directive:

PRAGMA_OMP OMP_ATOMIC ’\n’

;

flush_directive:

PRAGMA_OMP OMP_FLUSH flush_vars_opt ’\n’

;

flush_vars_opt:
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/* empty */

| ’(’ variable_list ’)’

;

ordered_construct:

ordered_directive structured_block

;

ordered_directive:

PRAGMA_OMP OMP_ORDERED ’\n’

;

threadprivate_directive:

PRAGMA_OMP OMP_THREADPRIVATE ’(’ variable_list ’)’ ’\n’

;

data_clause:

OMP_PRIVATE ’(’ variable_list ’)’

| OMP_FIRSTPRIVATE ’(’ variable_list ’)’

| OMP_LASTPRIVATE ’(’ variable_list ’)’

| OMP_SHARED ’(’ variable_list ’)’

| OMP_DEFAULT ’(’ OMP_SHARED ’)’

| OMP_DEFAULT ’(’ OMP_NONE ’)’

| OMP_REDUCTION ’(’ reduction_operator ’:’ variable_list ’)’

| OMP_COPYIN ’(’ variable_list ’)’

;

reduction_operator:

OMP_PLUS

| OMP_MULT

| OMP_MINUS

| OMP_BAND

| OMP_XOR

| OMP_BOR

| OMP_LAND

| OMP_LOR

;

variable_list:

identifier

| variable_list ’,’ identifier

;

labeled_statement:

identifier ’:’

statement

| CASE constant_expr ’:’

statement

| DEFAULT ’:’

statement

;
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open_brace:

;

compound_statement:

’{’ ’}’

| ’{’

statement_list ’}’

| ’{’ open_brace declaration_list ’}’

| ’{’ open_brace declaration_list

statement_list ’}’

;

declaration_list:

declaration

| declaration_list declaration

;

statement_list:

statement

| openmp_directive

| statement_list statement

| statement_list openmp_directive

;

expression_statement:

’;’

| expr ’;’

;

else_statement:

/* empty */

| ELSE

statement

;

selection_statement:

IF ’(’ expr ’)’

statement else_statement

| SWITCH ’(’ expr ’)’

statement

;

iteration_statement:

WHILE ’(’ expr ’)’ statement

| DO statement WHILE ’(’ expr ’)’ ’;’

| FOR ’(’ ’;’ ’;’ ’)’ statement

| FOR ’(’ ’;’ ’;’ expr ’)’ statement

| FOR ’(’ ’;’ expr ’;’ ’)’ statement

| FOR ’(’ ’;’ expr ’;’ expr ’)’ statement

| FOR ’(’ expr ’;’ ’;’ ’)’ statement
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| FOR ’(’ expr ’;’ ’;’ expr ’)’ statement

| FOR ’(’ expr ’;’ expr ’;’ ’)’ statement

| FOR ’(’ expr ’;’ expr ’;’ expr ’)’ statement

;

jump_statement:

GOTO identifier ’;’

| CONTINUE ’;’

| BREAK ’;’

| RETURN ’;’

| RETURN expr ’;’

;

file:

external_definition

| file external_definition

;

external_definition:

function_definition

| declaration

;

function_definition:

declarator function_body

| declaration_specifiers declarator function_body

;

function_body:

compound_statement

| declaration_list compound_statement

;

identifier:

IDENTIFIER

;
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ParĹrthma Gþ

PhgaÐoc kÿdikac

Edÿ parajètoume ton phgaÐo kÿdika thc ulopoÐhsăc mac. Sugkekrimèna paratÐjetai o kÿ-

dikac twn arqeÐwn:

scanner.l Lektikìc analutăc (flex)

parser.y Suntaktikìc analutăc (bison)  Paragwgă telikoÔ kÿdika

omp.h, omp.c, omp global.c Epiprìsjetoc telikìc kÿdikac (anexĹrthtoc thc eisì-

dou)

omp.h, omp.c Runtime bibliojăkh
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ParĹrthma Dþ

Kÿdikac twn test (pi, molecular

dynamics)
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ParĹrthma Eþ

OdhgÐec

Eþ.1 OdhgÐec egkatĹstashc

To prìgramma eÐnai diajèsimo se morfă ompc-X.Y.Z.tar.gz, ìpou X.Y.Z. o arijmìc èkdo-

shc. AfoÔ aposumpiesteÐ (me tic entolèc gunzip kai tar xvf) dhmiourgeÐtai o katĹlogoc

ompc-X.Y.Z pou perièqei ton phgaÐo kÿdika tou metafrastă.

Gia th metĹfrash tou metafrastă arkeÐ na trèxoume thn entolă make. MetĹ th metĹ-

frash èqei paraqjeÐ to ektelèsimo tou metafrastă, kajÿc kai h runtime bibliojăkh.

Eþ.2 Perigrafèc arqeÐwn

scanner.l Lektikìc analutăc. Prìkeitai gia thn eÐsodo tou flex.

parser.y Suntaktikìc analutăc. To megalÔtero mèroc thc ulopoÐhshc brÐsketai edÿ. To

arqeÐo autì apoteleÐ to arqeÐo eisìdou tou bison. O kÿdikac autoÔ tou arqeÐou kĹnei

suntaktikă anĹlush, èlegqo lajÿn kai epiteleÐ metasqhmatismoÔc.

lib/ omp.h, lib/ omp.c, lib/ omp global.c Ston paragìmeno kÿdika qrhsimopoioÔntai

kĹpoiec domèc kai sunartăseic. Autèc brÐskontai se autĹ ta arqeÐa ta opoÐa gÐnontai

#inlcude apì ton paragìmeno kÿdika.

lib/omp.h, lib/omp.c Runtime bibliojăkh

ompc, ompcc To ompc eÐnai to apotèlesma thc metĹfrashc tou metafrastă. KaleÐtai

eswterikĹ apì to script ompcc.
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tests/ Edÿ upĹrqei èna sÔnolo apì progrĹmmata OpenMP, gia exètash thc orjăc leitour-

gÐac tou metafrastă.

Eþ.3 OdhgÐec compilation (ektèleshc)

Katarqăn, sto prìgramma tou qrăsth prèpei na gÐnetai #include eÐte to omp.h eÐte mazÐ

ta pthread.h, stdlib.h, stdio.h. ’Estw ìti to OpenMP prìgrammĹ mac brÐsketai sto

arqeÐo name.c. Gia th metĹfrasă tou akoloujoÔme ta parakĹtw:

1. EkteloÔme ompcc name.c. Ja dhmiourghjeÐ o katĹlogoc omp name, pou perièqei ton

metasqhmatismèno kÿdika.

2. MpaÐnoume ston parapĹnw katĹlogo ki ekteloÔme to make. Autì ja dhmiourgăsei to

telikì ektelèsimo.
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