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[locnenHue pecATUNIETHS CYNEPKOMIMBLIOTEPLl HAXOAAT CBOE
HPMMEHEHHE TPH PELIEHHH MPaKTHYECKM JIOOBIX 3a/la4 HayKkH W
1eximkn. Cpenn Takux 3ajla4 — MOJENHPOBaHHE Pa3IMYHbIX PU3U-
NCCKUX TPOLECCOB, MPOOIIEMBI BLIYHCIMTENLHON XUMHH W GHolo-
11114, HAHOTEXHOJIOFMH, aBTOMaTHU3aLUsl NMPOEKTHPOBAHUA M MHOIHME
npyrue. Ilporpecc B o6acTi BLICOKONPOU3BOAUTENLHBIX BBIYMCIIE-
Mitii BO MHOTOM ONPpEAENSIET TEMN Pa3sBUTHS HayKH M TEXHUKH, U, B
KONEYHOM MTOFE, YPOBEHb TEXHONOFH4ECKOFO pa3BUTHA CTPaHbl B
nenom. IloaToMy MOXKHO © YBEPEHHOCTBIO YTBEPXKIATh, YTO CO3/a-
1IC U U3YYEHHE METOJIOB Pa3paboTKH MPOrpaMm JUIsl CyNEPKOMIbIO-
1CPOB ABAAECTCA BaKHEHIeH 06MacTeio COBPEMEHHEIX MHPOPMALH-
OHHBIX TEXHOJIOTHIA.

UpesBbluaiiHO Ba)KHBIM ABJISCTCS TMOArOTOBKA CHELMATIUCTOB B
nannoit obnactu. J{nsg 3T0ro B NporpaMMy MHOFHX BBICHIMX Y4eOHBIX
wasezieHnit BeeeH Kype «IlapannensHoe nmporpammupoBanue», ITa-
|uUIeNIbHOE MporpaMMHpOBaHHe siBJIsieTCsi 00606WAaroUM TEPMUHOM,
IIPUMEHAEMBIM JIIs 0003HaY€eHNsi TEXHOJIOFHIA 1 METONIOB pa3paboTku
nporpamm s cynepkommnsiorepos. Ilpenonasanue atoét aucuunsiu-
HLI HA BBICOKOM YpPOBHE Tpebyer oObenuHEeHus ycunuit obpaszopa-
ICNIBHBIX YYPEXAECHHH M KPYNHEeHUIMX HAYYHBIX LEHTPOB, B KOTOphIX
BCJLyTCH MCCNENOBAHUA B o6NacTy MapaulenbHBIX BLIMUCIIEHHIH, obna-
JAIOILMX HEOOXOAMMBIMH BBIMHCIIUTENILHBIMU PeCypcami MHUPOBOFO
vposHs. Takoe coTpynHHuyecTBo Gbu10 OpraHn30BaHO MOCKOBCKHMM
HHCTUTYTOM 3JIEKTPOHHOIN TEXHUKHM W KPYIMHEHIINM POCCHICKUM Bbl-
‘INCIIMTENILHBIM LEHTPOM — MEXBEIOMCTBEHHBIM CYNEPKOMITBIOTEP-
M ueHtpom PAH. B TedeHHe 1iecTH MOCNEHUX JIET CTYAEHTHI
MHUDT npoxoasar o6yuenune Ha 6aze MCL| PAH. Onxum M3 ochos-
1LIX KypcoB nporpammbl oOyueHus spnsercs kype «llapannensroe
nporpaMmupoBaHie». CTyIeHTHl MOCelaloT JIEKIHH CNEeLHaIHCTOB
MCL] PAH wu sumonusoT naGopatopHsie paboThl MO MX PyKOBO-
nereoM. Yuactue corpynnukos MCL| PAH naer Bo3MoxxHOCTh cTy-
NCHTaM OCBaMBaTh MEPENOBLIE TEXHOJIOMUH NapajulebHOro Nporpam-
MHPOBaHHUS, NOJy4aTh MPEJACTABJICHHE O NMOCIEAHUX NOCTHXXEHHSAX B
MaHHOM o6nacTu. MckmounTellbHO BaXKHOI ABNSETCS TAKXKE BO3MOXK-
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HOCThb anpobanuK NOJY4EHHHX 3HAHMI Ha COBPEMEHHBLIX o0pasuax
BBIYMCITMTENLHOM TeXHUKH, ycraHoBneHHbIX B MCL] PAH.

Jauubiii yueGHWK HanmWcaH Ha OCHOBE JIEKUMH M NMPaKTHYECKUX
3aHATH, nposoaumbix B MCL] PAH ans ctynenros MHUOT. B wero
BOLWIKM Hauboriee pacnpocTpaHEHHBIE TEXHOJIOFMH W METOJIbl paspa-
OOTKM NapaieSIbHBIX NPHJIOXKEHHH, OCBOEHHE KOTOPBIX SABJIAETCA He-
06XOMMBIM YCTIOBHEM JUISl  YCTIEIHOM paboTel B 06nacTH co3nanus
NporpamMMm JJist CyNnepKOMMBIOTEPOB.

Pexrop MU3JT,
uneH-koppecnonsieHT PAH,
I.T.H., Npogeccop Yanneirud FOpuit Anekcanaposuy
IlepBhbiit 3aMecTUTEND IUPEKTOPA

MeXXBENOMCTBEHHOTO CYnepKoMIbioTepHoro nentpa PAH,
Jlaypear rocynapcreeHHoii npemun Poccuiickoit @enepaumm,
K.T.H. 1llaGanoB bopuc Muxaiinosuu

BBEJEHUE
]

Tepmun napannenvroe npozpammuposaniie 03Ha4aeT JOCTATOYHO
IMUPOKYIO 0bnacTh, KOTOpas CBfi3aHa C OpraHM3aUMEll pacuyeToB Ha
HLIMMCITUTENBHBIX CHCTEMAaX, COCTOALIMX M3 HECKONLKHMX MpoLieccop-
1LIX yctpoiicts. K TakuMm cucteMaM OTHOCATCS MOJy4MBLIME B T1O-
ClIe[IHEE BPEMS PACTIPOCTPaHEHHE MHOTOSJEPHBIE MPOLIECCOPbI, MHO-
I'ONPOLIECCOPHBIE MAIIWHBI C OOLIEH MamATBbIO, BBHICOKONPOM3BOIH-
ICNbHBIE BBIYHCIHTENBLHBIE KJIACTEpPbl C PACMpPE/IESIEHHON NaMATBIO
1IN THOPHIIHOM apXUTEKTYPOH.

[TapannenbHbIM BBIYHCIIEHHSAM B TOCNIENHEE Bpems ynensercs
Oonbllio€ BHUMaHHE. JTO CBA3AHO INaBHBIM 00pa3oM ¢ aByms (akTo-
pamu. TlepBoiit (pakTop OOYyCNIOBJIEH Hay4HO-TEXHHWYECKHM Iporpec-
COM, B pe3yJibTaTe KOTOPOro NMOsIBUIIMCh HOBBIE 0ONacTH 3HaHMiA, Tpe-
OyrolIMe NPUMEHEHHs METOJIOB MAaTEMAaTHYECKOIO MOJEJIMPOBAHHUS.
CaMy MOJIENH TaKXKe CYIIECTBEHHO YCNIOXKHHIINCE. B utore npoucxo-
JMT HEYKJIOHHOE€ BO3pacTaHHe MOTpeGHOCTH B PECYPCOEMKHMX pacue-
Tax, KOTOpBIE, B PAJIE CIYHA€B MOXXHO BBITIOJIHHTH TOJILKO Ha Gase
BBICOKOTIPOU3BOAMTENLHOH TEXHUKH C TIOMOLUBIO METOJOB Mapal-
NeNbHBIX MITH pacnipeielIeHHbIX BbIYMCIICHHI.

Jpyroit cylecTBeHHbIH GakTop, B pe3yNisTaTe KOTOPOro HHTepeC K
napasie/lbHbIM BHIMHCIIEHUAM CYLIECTBEHHO BBIPOC, COCTOUT B MOBCEME-
CTHOM PacnpoCTpaHEHHH MapasleNibHBIX KOMIBIOTEpoB. B mocrieHee
BPEMS MHOTOIMPOLIECCOPHBIE CEPBEPBI MOXKHO 4YaCTO BCTPETHTEL Ha CPEJi-
HUX M KPYTIHBIX NPEANPHSATHSX, B 6aHKaX, UCCIIEAOBATENILCKUX HHCTHTY-
TaX W LEHTpax. B CBA3M C MOABNIEHMEM MHOTOSZIEPHBIX MPOLIECCOPOB
MHOFHME NOJIL30BATEM CTaM 00NajaTelIiMH MHHH-CYTIEPKOMITBIOTEPOB
Ha cBOMX paboumx MecTax.

CyluecTBeHHbIH nporpecc B 00JIaCTH CETEBBIX TEXHOJIOFHH TIo-
3BOJIMJI MCTIONB30BaTh Ui NMapaJUIeNIbHbIX BLIMHCIIEHHH JIOKAJIbHBIE
CETH MPEANPUATHIA, YueOHbIe K1acChl, CAENall BO3MOXKHBIM CO3JIaHHE
JIELIEBLIX BEIYHMCITUTENLHEIX KJIaCTEPOB.

B uTore MoXXHO ¢ YBEPEHHOCTBIO YTBEPXK/aThb, YTO NMApaJJIENhb-
Hble WHQOPMALMOHHBIE TEXHOJIOTHH NPEBPATHINCL W3 y3KOCMElH-
aNbHON JMCLMIUIMHBL B HEOOXOIMMYIO COCTAaBNSIOUIYIO KOMIUIEKCA
3HaHMI pa3paboTuKa COBPEMEHHOrO NMPOrpaMMHOro obecneyeHusl.

7




O0s1acTH NpHMEHEHH NAPAJUIEIbHbIX BHIHCIICHNI

INapansniesibHBIE BLIYHCIIEHHS TIPUMEHSIOTCA B 00JIaCTAX, CBA3aH-
HBIX C MPOBEZCHHEM CONBLIMX PaCyeTOB:

e cucreMax nomuepxku npoexktuposanus (CAD — Computer
Aided Design). B Takux cucremax HeoOXOAMMOCTb OCYUIECTBIATD
MOJIEJIMPOBAHNE B peaslbHOM MaclTabe BPEMEHH IPEeABABIISET BbICO-
ke TpeGoBaHHA K MPOM3BOAMTENLHOCTH NporpaMmHoro obecreue-
HuA. B pe3ynbrate npuMeHEHHs NapajielbHbIX HH(OPMALMOHHBIX
TEXHONOrHUl YIAaeTCsl CYIEeCTBEHHO YCKOPHTh MpoLecc NPOEKTHPOBa-
HUS K TEM CaMBbIM 3aMETHO CHH3HTL BPEMEHHBIE M TPYIOBBIE 3aTpaTHl
Ha pa3paboTKy HOBOI MOZEH;

e WHXKEHEPHBIX npunoxeHusix. K atomy knaccy otHocATcs pas-
HOOOpasHbIE 3a3a44 u3 00nacTy IPOYHOCTHOIO MOZIENTMPOBAHHUA, MO-
JeJIMPOBAHMS ABAPUITHBIX CUTYALIMI W MHOTHME JIPYrHe;

e MAaTeMaTHYECKOM MOJENUpoBaHMM (M3MuecKHX rpoueccos. B
3TOT LIMPOKHH KJIacc BXONAT 3aJauM JMHAMHMKM XWIKOCTH M rasa,
3NEKTPOMATHUTHBIE W IEPHBIE B3aMMOACHCTBHSA, MPOLIECCH TOPEHMS
v T.1. Takue mpoueccel, Kak NPaBuio, OMHCHLIBAIOTCA CHCTEMaMU
YPaBHEHHH B HacCTHBIX NpPOM3BOJHLIX. IIpHMeHsAeMble ns penleHus
TaKHX 3a/1a4 Pa3HOCTHBIE MeToIbl Hepenko TpebyroT oueHb Gonbiioro
obbema BhIYMCNEHHIT M namsaTd. Mcronb3oBaHue MHororpoueccop-
HBIX CHCTEM I103BOJIAET TOBBILIATHL YUMCIIO YJIOB CETKH, TEM CaMBIM
YBEJIMYMBAs TOUHOCTE MOJEIMPOBAHHS;

e MOJENMPOBaHUH Fo6aNbHBIX [poleccoB B Hayke o 3emie. B
MEPBYIO O4epellb, 3TO — 3aayM MPOrHO3a M3MEHEHMA KJIMMaTa,
npenckasaHye MPUPOAHBIX KaTakin3MoB. Taroke 60nbIIoH BLIYHMCITH-
TENLHOH CIIOKHOCTBIO 00NIanaloT pasiiM4HbBIE reosiornieckme rpobe-
MBI, CBSI3aHHbIE C AHAJIH30M CTPOEHHS 1 MPOLIECCOB B HEJIPAX;

e BBIYMCIIHTENBLHOM XMMHH. PazHooOpasHbie 3agaun 3Toil-0bnacty
HarpasJieHbl Ha M3y4eHHe CBOHCTB BELIECTBa B Pa3lIMYHBIX COCTOSHH-
ax. HInpoko rnpuMeHsieMble METObl MOJIEKYIISIPHOH JMHAMHKH TaKXKe
3a4acTyio TpeOyIOT CYUIECTBEHHBIX BBLIYHCIIMTENIBHBIX PECYPCOB, YTO
OIpaBJLIBAECT NPHMEHEHHE MapaymnesibHoro nporpammuposanus. K
JIaHHOW KaTeropHM MOXKHO TAKXKE OTHECTH 33/1aYH, CBsi3aHHbIE C ONTH-
MallbHOH KOHpuryparueit rnporenHos, paciumdposkd JIHK m mMHorue
Ipyrue npobneMsl cMexXHEIX ¢ XMMueit obJiactei;

o Ousnec-npunoxkenuax. K atoli kareropnu oTHocATcs 3amau,
CBA3AHHBIE C aHAJIH30M (PHHAHCOBBLIX PHIHKOB M MPOrHO3ZUPOBAHHEM
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LVPCOB BAJIIOT. Takke paclpoCTpaHeHbl ONTHMM3ALIMOHHBIE 3aJauH,
110 (pOPMHPOBAHHIO HAMITyHLLIEro BapHaHTa UCMOJb30BaHUA (HUHAHCO-
HLIX WM HHBIX PECYPCOB, NOCTPOCHHS ONTHMAaNbHBIX TPAHCMOPTHBIX
1 TCNEKOMMYHHKAlIMOHHBIX CETEH, pa3MeLleHHs NPEANpUsTHi B pe-
1 1HO1C K MHOTHE JpYTHE 3a1a4H.

MBI NpHUBENU NHUIb HEKOTOpble W3 MHOTOYHCIIEHHBIX NMpHUMEHe-
niit napannensHoro nporpamMmmuposaHus. Clieyer Takke OTMETHTb,
Y10 CITMCOK cep NMPUMEHEHHs NapaJUieNbHOFO MPOrpaMMHPOBaHHMS
HCYKJIOHHO PacUIupAETCs Moc/ieAHeE BpEMSL.

Kpartkuii 0030p apXuTeKTYpbI NapaliieJibHBIX CHCTEM

Mnes napamnenbHoif oOpaboTKH ¢ LENbIO YCKOPEHHs Mpolecca
BLIYHCHIEHHH MOSIBUIIACH JIOCTATOYHO JABHO, MO3TOMY [apaierbHast
RLIYUCITHTENIbHAS TEXHHKA Pa3BUBAETCS Y2KE HE OfHH JIECATOK JieT. 3a
7101 nepruof OblJI0 CO34aHO MHOrO Pa3NMYHBIX THIOB APXHUTEKTYP,
110/ipoOHOE OIHMCaHKME KOTOPBIX BLIXOJIMT 3a PaMKW HaLIEro rnocobus.
O01MpHas MHGOPMAIH 10 3TOMY BOINPOCY CONEPXKHTCS B MOHOrpa-
(pusx [6, 11]. MeI e orpanunmMcs Tosibko Hanbollee ob1nei KiaccH-
(hUKaLHei.

O61mM 115l pasHYHBIX THIIOB MAaPAIENbHBIX apXMTEKTYP ABJIS-
CTCsl HAJTH4YKE HECKONBKHUX MpoLeccopHbIX yeTpoiicTs. [To Tuny B3au-
MOZEHCTBHSA NPOLIECCOPHBIX YCTPOICTB MEXY cobol napasuiennHuie
CUCTEMBI T0/Ipa3/eNIstOTCsl HA CHCTEMBI ¢ obuleit v pacnpeneneHHoM
namsTeto. B cucremax c obleit namMaThio Bce MpoLeccopbl MMEKOT
JOCTYIl K €IMHOMY TIpocTpaHCcTBY naMaTH. OOMEH MaHHBIMH MEXTY
(IPOLIECCOPAMH TIPOW3BOAMTCH CIIEAYIOLMM 0Opa3oM: OIMH Mpolec-
COp 3aNMCBLIBAET JJaHHbIE 110 HEKOTOPOMY aJipecy, a APYrol CUMThIBa-
er nx. K 3ToMy Kiaccy OTHOCSTCS MHOrorpoueccopHble paGoune
CTAaHLIMH M CEPBepa, CYNEepKOMIILIOTEPEl ¢ obwied namsaTbio (Hanpu-
mep HP Superdome), a Taioke nonyumBLIME LIMPOKOE pacnpocTpaHe-
111e B IOCNIEAHEE BPEMS MHOIOSIZIEPHBIE TPOLIECCOPEL.

Cucremsl ¢ obuieit naMATbIO yI00HBI C TOUKH 3peHHst pa3paboTKH
HapajENbHEIX NporpaMM M 00eCiedyHBatOT BLICOKYHO [POM3BOJIH-
TENILHOCTB, HO MpPH GOJILLIOM YHCIle MPOLECCOPOB OHH O4€Hb TOPOrH.
MeHee 3aTpaTHOH aJbTEpPHAaTHBOW SABIAIOTCS CHCTEMBI C pacnpeje-
JeHHO# namATho. B Taknx cucTeMax Kaxkabii rpolieccop HMeeT J10c-
TYN TOJILKO K CBOEH JIOKaJILHOI NamsTH, a Mexty coboil nporeccops!
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B3aHMOZIEMCTBYIOT € NoMolIb'o rNeperaun coobuweHuit no ceru. K
3TOMY KJIaCCY OTHOCHTCS BBLICOKONPOW3BOAMTEINIbHBIE BBIMHCIIHTEIb-
HBIE KJIacTephl, a Takke JiokaibHele ceTH. He penku takke OBM c
rFUOPHIHOY apXUTEKTYpOii, B KOTOPOIl y3nbl ¢ oOLIel NMamsThIO COo-
eIMHAIOTCS MOCPENCTBOM ceTeBoro o6opyoBaHHs.

Paznuuns B apxuteKkType NpefonpenerisiioT U pasHyusa B napa-
IUrMax rporpaMmmupoBanus. s cucteM ¢ obuieil naMsaTbIO OCHOB-
HOM NapajMrMo#i ABIACTCS MHOFOMOTOMHOE NMPOrpaMMHPOBAHHUE, NPH
KOTOpPOM pazfin4HbIE MOTOKM YIIPaBJIEHUs OCYLIECTBJIAIOT NOCTYM K
€[IMHOMY TpOCTPAaHCTBY namsTH. KiaccnyeckMMH WHCTPYMEHTaMH
JUA TAKMX CHCTEM sIBIAFOTCA 6GubnnoTeka pthreads uw naker OpenMP.

Hanbonee pacnpocTpaHeHHBIM croco0OM CO3[aHUA Mapasuielib-
HBIX NPWIOXKEHUH U1 CUCTEM C pacripefi€/IEeHHON NaMATBIO sBJISeTCs
OpraHMzalMs NpOLIECCOB, B3aHMMOIECHCTBYIOLMX TIPH MOMOLUM Tiepe-
naud coobuiennit. Ha 3toit napagurme ocHoBanbl 6ubnunoreku MPI
(Message Passing Interface), PVM (Parallel Virtual Machine) u mHo-
rue Apyrue, MEHEe N3BECTHbIE CPEACTBA MPOrpaMMHpPOBaHMSL.

CTpykTypa U HejieBas ayIMTOpHs Iocodust

VYuebHoe rocobue npeaHasHaueHo Jyis CTYIeHTOB, Mpenoapare-
Jied, a Takke CreLMaMcToB, 4bi obnacte obpazoBarenibHON HIH
npodrecCHOHAILHON IEesTEeNbHOCTH CBA3aHA C TEMAaTHKOH Iapasnesb-
Horo nporpammupoBanus. [Tocobue comepxut Gosbllioe KOIHYECTBO
NPUMEPOB H OPHEHTHPOBAHO, B MEPBYIO O4Epelb, HA (GOPMHpPOBaHHE
NPaKTHYECKHX HABBLIKOB pa3pabOoTKH Nporpamm.

PaccmarpuBatoress Tpu cpelibl, KOTOpbIE SBJIAIOTCS OCHOBHBIMH
CPENCTBAMH CO3/JiaHHsl MapanensHOro NporpaMMHoro obecneueHus B
HacToslIee BpeMsi:

o 6ubnuorexa MPI (. 1);

o 6ubnmnorexka POSIX Threads (rn. 2);

 cpena nporpamMmuposanmst OpenMP (. 3).

B noco6uy ectb TpH NPHIIOXKEHHS!, COEPKALLIME CNPABOYHYIO HH-
cdopManuio, nones3Hy o NpH paspaboTke NapaieNibHbIX MPHITOXKEHHUIA,

ABTOpHI BBIpAXKAIOT GJIAFONApHOCTL PYKOBOACTBY MexpemoMmcT-
BEHHOI'0 CYNEpKOMMBIOTEPHOro 1eHTpa Poccuiickol akazeMun Hayk,
aupektopy MCL] PAH akanemnky PAH I'.M. Casuny u nepsomy 3a-
mectutemo nupektopa b.M. lla6aHoBy 3a Bo3MOXHOCTb arnpobauuu
Kypca Ha 0azoBeix Kadenpax MOCKOBCKOTO (H3HKO-TEXHUYECKOTO
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sncnryTa 1 MOCKOBCKOTO MHCTHTYTA 3NEKTPOHHOH TEXHMKH H BHH-
M.UIHC K COIEPXKAHMIO JIEKLMI U yueOHHKa. ABTOphI OnarofapHe! py-
KonoMTeNO HanpasneHus «PacnpeneneHuHbie Bbiuvcnenus» B Mn-
vinryrte cicreMHoro aHansza PAH, npodeccopy A.Il. Adanaceeny 3a
1OIOTBOPHBIE 0OCY)XIEHHs MaTepHanoB Kypca MO NapajiesbHbIM
PLMHCTIEHHAM, BEyLIEMY HAyYHOMY COTPYAHMKY BbIYHCIIMTEJILHOIO
ucnrpa PAH npogeccopy .X. Curany u npoeccopy yHuBepcHTeTa
1. Jlybnuua A Jl. JlacToBerkomy.




1. TAPAJUIEJIHHBIE IIPOTPAMMBI
HA OCHOBE NEPEJJAYHY COOBIEHNN

1.1. INapannensHble Npoueccsl, B3aUMOIeHCTBYIOIME C I10-
MOIILIO Nepeaatii coo0menuii

Haubonee pacripocTpaHeHHo# TeXHOJIOrHeH, NpUMEHsieMoit Juis
NMporpaMMHpPOBAHHA MHOFOTPOLIECCOPHBIX CHCTEM C pacrpeerieHHOH
TIAMSATBIO, SBJIACTCA MCIONb30BAHKUE MNApaITIENIbHBIX MPOLIECCOB, B3aUMO-
JIeHCTBYIOLIMX € MOMOLIBIO Tepesiaum coobluennii. Takas Monenb npen-
CTaBJISIeTCs Takke U Hauboree ecrecTBEHHOH JUIsi NONOOHBIX CHCTEM, TaK
Kak nepeziaua cooOLIeHHH 10 ceTH — MPaKTHYECKH eIMHCTBEHHBIH BO3-
MOXKHBIH €1oco0 B3aMMOZIEHCTBHSA NPOLIECCOB, BLIMONHAIOUIMXCS Ha pa3-
JIMYHBIX MpoOLIECcCOopax, He obiajatolmx obLeit namMsaTeio.

OCHOBHBIM CpeACTBOM pa3paboTKH MporpaMM B paccMaTpuBae-
Moit napanurme sipnsercs MPI (Message-Passing Interface) [17, 15].
B Hactosiiee Bpems MPI Bxomur B CTaHHapTHBIH KOMILIEKT Mpo-
rpaMMHoOro obecrneuyeHus NMpPaKTHYECKH JIIOOOro MHOrONpPOLECCOPHO-
FO BBIYHCIIUTENBHOIO KOMIUIEKCa.

B cocrtas cpenbl nporpammupoBanus MPI Bxonut 6ubnunoteka c
uHTepdeicoM Ul OTHOFO MITH HECKOJIbKHX SI3bIKOB MPOFPaMMHpPOBa-
Hus (o6b1yHO Fortran, Cn m Cut+), a Takoke cpeficTsa Juis 3arycka u
cbopkH napannesnsHOro npunoxenus. urepogeiic 6ubnmorexku coor-
BETCTBYET cTaHnapty Bepcuu 1.1, npuHsitoMy B 1995 rony wnu Gonee
no3gHeMy BapHaHTy Bepcuu 2.0, npuHsatomy B 1998 rony. O6a noky-
MEHTa JIOCTYTIHBI Ha caiite coobwecTsa pa3paboTunkoB craHaapra [[5].
Cnenyer oTtmeTuts, uTO nojasnswoowee GonsumHerso MPI-nipuno-
YKEHNH COOTBETCTBYIOT CTaHAapty BepcuM 1.1, Tak kak cranpapt 2.0
JIOCTYTIEH ANIEKO HE HA BCEX MNapaJuleNIbHbIX CHCTEMAaX.

1.2, IIpocreiimas MPI-nporpamma

TpaaMUMOHHO OCBOEHHME HOBOH CHCTEMBI MPOrpaMMHPOBAHHS
HauMHAaETCs ¢ HarKrcaHus nporpamMel, nevatatouter «Hello, World!».
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Mui roxke HayHeMm u3ywenue MPI ¢ aHanoruuHoro npmmepa, TeKCT
KOTOPOrO TIPUBEEH Ha JIHCTHHTE 1.

#include <stdio.h>

#include <mpi.h>

main(int argc, char* argvl[])

{
MPI_ Init(&argc, &argv);
printf(“Hello, World!\n”);
MPI Finalize():

}

o ~Noos W

JInctunr 1. Ipocreiiiuas MPI-nporpamma

Paccmotpum noapoGHo coaepxaHue 3toro npumMepa. B ctpoke 1
110/(KJTFOYa€ETCA 3aroJIoBouHbli ¢ain craHpapTHol 6MGIHOTEKH BBO-
Na-BeiBOAa s3bika CH. B cTpoke 2 MoAKIIIoUaeTCs 3aro/loBOYHbIM (ak)i
- mpi.h>, conepxauwmii onpenesieHus GyHKUHH, THNOB U KOHCTAHT
MPI. Orot ¢aiin Heo6xonuMO BKJIIOHYATH BO BCE MOAYJIH, HCMOJIb-
syiowme MPL

Kak u B nio6oii nporpamme s3bika CH, B CTpoke 3 pacrioslokKeH
$aroJIoBOK JYHKIMM main, KoTopas sABJISAETCS TOYKOHW BXoJa B Npo-
rpammy. BbizoB ¢yHkumn MPI_Init B CTpoke 5 HyXEH Ui WHH-
nvanusaumd MPL, a dynkums MPI_Finalize B ctpoke 7 Bhi3biBa-
cres Juis 3aBepLueHus paborbl ¢ 6ubnuorexoii. EnuHcTBeHHOE conep-
xKaTeJlbHOE neicTeue, MPOU3BOAUMOE paccMaTpuBaeMoit
11POrPaMMOi, COCTOMT B BLINOJIHEHHH onepaTopa Nne4yaTH B CTPokKe 6.

O®yukuuss MPI_Finalize He umeer napamerpoB. QYHKIMs
MPI Init NpUHHMAaeT Ha BXOJA ajpeca NEPEMEHHBIX, COOTBETCT-
BYIOU[HX apryMeHTaM KOMaHHOH CTPOKH.

int MPI_Init(int* pargc, char*** pargv)
pargc — ykasaTesib Ha CYETHHK apryMEHTOB KOMaHJIHO# CTPOKY;
pargv — YkasareJib HA MACCHB apryMEHTOB KOMaHIHOM CTPOKH.

int MPI Finalize()

Ilepen TeM Kak BBINOJIHMTL HaNMMCaHHBIM NpuMep, HeoOXOaMMO
IIPOM3BECTH €r0 KOMITHIIALMIO C IOMOLIBIO CIIEAYIOUIEH KOMaHbI:
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mpicc —0o myex myex.c

B pesynerare no ¢aiiny myex.c, comepxaiieMy TeKCT I1po-
rpaMMbl, TeHEPUPYETCs BHIMNONHsAEMBIH (aiil myex, KOTOpblii MOXXHO
3aIlyCcKaTh C MOMOLLBLIO koMaHst mpirun. KomManaa mpirun umeer
HECKOJILKO MapaMeTPOB, KOTOpbIE MOTYT CYLIECTBEHHO OTJIMYATBLCH
Juia pasnuuHbix cucteM. IToapobHo cnocobbl 3anmycka nporpaMmel B
pasnnuHeiX Bepcusax MPI ornucanel B npunoxxenus 1. Ha 6onsuiuHeT-
Be cuctem MPIl-nporpamMmy MoXHO 3anycTHTh, yKa3aB 4MC0 3amyc-
KaeMBIX 3K3EMITIAPOB MPOrpaMMbl C MOMOLIBIO OMNLMH —NP, HAMpPH-
Mep, KoMaHaa

mpirun -np 2 myex

3alyCTUT /1Ba 9K3EeMIUIApa NporpamMel myex. Eciu BBIMONHHTEL yKa3aH-
HYIO KOMaH]1y, TO Ha TepMHHas Oy/ieT BbIBEJIEH CIIeIYIOLHH TEKCT:

Hello, world!
Hello, world!

Tlocne BbIMONHEHHMss KoMaHAbl mMpirun OBUIO 3amylieHO Ba
rnpouecca, Kax/blii M3 KOTOPBIX BBIMOMHHII oflepaTop nevyatd, B pe-
3yJibTaTe ABax bl Obla HaneuataHa ¢pasa Hello, world!. 3ame-
THM, YTO BCE NPOLIECCHI BBIMNOJIHAIOT OHY U TY XK€ NMporpammy, TeKCT
KOTOPO#i NpHUBEJIEH HA JTUCTHHrE 1.

Aot npumep wiutocTpupyet Monens SPMD (Single Program
Multiple Data — «onHa nporpaMma, pa3Hbl€ JJaHHBIER), KOTOpas SB-
JiseTcA OCHOBHOI KoHuenuuei sbimonHeHus MPI-nporpammel. Cyrth
napagurMel COCTOMT B TOM, YTO BCE 3a/€HCTBOBAHHEIE MPOLECCOPEI
BBIYHMC/IMTENILHON CMCTEMBI BEITIONHAIOT OIRY M Ty e MPI-tiporpam-
My, KOTopast MoxeT oOpabaTeiBaTs pa3fIMUHbIE NAHHBIE H BHIMOJIHATE-
¢l 110 pa3NIHYHBLIM MyTAM Ha pa3HbIX Npoueccopax. B paccMoTpeHHoM
NpUMEpPe JaHHBIE M MyTh BBIMOHEHUS Y Pa3sHbIX 3K3EMIUISPOB Mpo-
FpaMMBbl HE Pa3JIM4AIOTCH.

Mopens SPMD sensiercst yno6Ho#t ¢ ToukH 3peHHs pa3paboTku
napajuleJIbHbIX MPOrPaMM, H, XOTA clle[IoBaHHe 3TOH MOJIENIN HE ABJIS-
ercs obssateNibHBIM TpeboBanwem MPI, Gonpumucrso MPI-tipuno-
JKEHMI Ha CErOIHALIHMIA JIeHb eii COOTBETCTBYIOT.

B npuseneHHoM nprmMepe BHIBOA Ha OKHO TEPMHHAJIA HE I103BO-
JIAET ONpeNENNTh, KakoMy MNpoleccy NMpUHamIexur Jiobas u3 Tpex
ctpok. Criefyrommi BapHaHT reyaraeT nepesn Kaxaoi CTpokoi rpe-
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{piKC, COOTBETCTBYIOIMIA .00IEMY YHCITy MPOLIECCOB H HOMEpY Mpo-
1eeca, BBITIONHAIOUIETO OfepaTop rneyaTh:

1: #include <stdio.h>

2: #include <mpi.h>

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

4: {

5: int rank;

6: int size;

7 MPI Init(&argc, &argv);

8: MPI_Comm_rank (MPI_COMM WORLD, &rank);

9: MPI_Comm_size(MPI_COMM_WORLD, &size);

10: printf("%d, %d: Hello, World!\n",
size, rank);

11: MPI Finalize();

12:. 1}

JIucrunr 2. MPI-nporpamMma ¢ neyatbio HOMEpOB
¥ 0611ero Yucna nporeccoB

Ot npeppiayulero BapHaHTa JaHHBIA TIPUMEpP OTJIMYAETCH Bhl-
soBamu ¢pyHkumit MPI_Comm _rank u MPI_Comm_size B CTpo-
kax 8-9. B pe3ynbTare BBINOIHEHMS 3TOrO BHI30Ba NEpEMeHHas rank
1HOTy4aeT 3Ha4€HHE, COOTBETCTBYIOIIEE HOMEPY, KOTOPO#l MpucBanBa-
¢TCA MPOLIECCY CHCTEMOId, a B NMEpeMEeHHyIo size Oyner 3ammcaHo
obuiee umcno npoueccos NPHIOKEHHUS:

int MPI Comm size(MPI Comm comm, int* size)
int MPI Comm rank(MPI Comm comm, int* rank)

comm — KOMMYHHWKATop ;

size — ykasarenb Ha obnacTtb namsTH, B KOoTopyio Oymer coxpa-
HeHo ofl1ee YK1CNo MPOLECCOB B KOMMYHHKATOpe Comm;

rank — ykasatesis Ha oOnacTh namsiTv, B koropyto 6yzer coxpa-
HEH HOMEP NPOLIECCa, BBI3BIBAIOLIErO (PyHKLMIO B KOMMYHHKATOpE Cormm.

ITepBrIiii napameTp B BHI30BE 3THX (PYHKIMIA Ha3bIBAETCH KOMMY-
HUKAMOPOM W CIIYXKHUT s 0003Ha4€HHs COBOKYMHOCTH TMPOLIECCOB,
M0 OTHOLUEHMIO K KOTOPOH BBIMMCIISIETCS YHMCIIO MPOLIECCOP U HOMEDP
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npolecca, BLINONHUBLIEro BK30B GyHKUMH. B npuBenenHom npuMe-
pe HCIONB3YeTCs IMPEAONpPENEIEHHbIH KOMMyHHKaTtop MPI_COMM_
WORLD, coOOTBETCTBYIOLIUH BCceM IMpoleccaM MNapamieNibHoil mnpo-
rpamMmbl. Bonee monpofGHO KOMMYHHKATOpbl OYIyT paccMOTpPEHBI B
CIeAYIOLMX pasaerax.

B pesynbTate BHIONHEHHs JaHHOrO MpHMepa Ha TepMuHan Oy-
JIET BEPOATHEE BCETO BHEIBEJIEH OJIMH M3 IByX BapHAHTOB:

BapuaHT 1. BapuaHT 2.
2,0: Hello, World! 2,1: Hello, World!
2,1: Hello, World! 2,0: Hello, World!

OuepenHoCTh TOABJIEHWS TEKCTOBBIX COOOLIEHHI ompenenseTcs
TeM, KaKO#t M3 IPOLECCOB paHbLie BHIMOIHUT ONepaTop NMe4aTH, 4To, Bo-
o011e roBopsi, CIIOXKHO TpeEJCKa3aTh 3apaHee. B HekoTopeIX cHcTemMax
BO3MOXEH, XOTS U MEHEe BEpOSTEH, BApHaHT, MPH KOTOPOM COOOLIEHHs
ot oBoux npoueccos 6yayT cMmeLIaHbI NPOU3BOJILHEIM 06pasoM. B 3Tom
CJlyyae BOCTIPHHMMATD TOJTYy4YEHHBIH TEKCT OYIET 3HAUNTENBHO CIIOXKHEE.

ITousTHO, uTo B GoNiee CNIOXKHBIX NPOrpaMMax, HeETEPMHHH3M,
BO3HMKAIOUIMIA NP BLIBOJE Ha TEPMHHANI WIH B (aiir, MOXKET BbI3bI-
BaTh CEPbE3HbIE 3aTPYAHEHUSA MPH BOCTIPHUATHHM PE3YJILTATOB paboThl
nporpamMmbl. OTHO M3 BO3MOXHBIX PELIEHHH 3TO NpobyieMbl, 0 KOTo-
poM TMOMAET peub B CIIENYIOILEM pa3Jielie, 3aK/TIOHaETCs B TOM, YTOOBI
cobpath aHHBIE HA OJIHOM M3 APOLIECCOB H 3aTEM IPOU3BECTH UX BhI-
BOJI Ha TEPMUHAJ MJTH B aiin.

1.3. IlepecbuIKa JaHHBIX MEKAY ABYMS NPOUECCAMH

IporpaMmbl, COCTOALLME M3 MPOLIECCOB, KOTOPBIE HE B3aUMOJEH-
CTBYIOT MEXy cOOOH PEAKO BCTPEHAIOTCA Ha MPaKTHKE, Tak Kak Juis
OpraHW3aLMK TAapaJUIENIbHBIX BBIYHCIIEHHIT HeoOxoaum ob6MeH naH-
HLIMM MeEXJy nporeccami. MBI HAYHEM pacCMOTPEHHE CPEACTB Ba-
sumopneiicteus B MPI ¢ Tak HasbiBaeMbIX moveunwvix obmernog. DTo
Ha3BaHHE MPOMCXOAWT OT aHIIHHCKOro «point-to-point communica-
tions», KOTOPOE BLIPAXKACT TOT (PAKT, 4TO Y B3aMMOJEHCTBHSA €CTh JIBE
TOYKH: MPOLECC-OTIPABUTEIb W MpoLECC-TIoNy4aTeNlb COOOLIEHHS.

ToueuHble, Tak € Kak ¥ 0OMEHBI IPYrHX THIIOB, BCEraa MPOU3-
BOASTCSA B NMpefeliaXx OJIHOro KOMMYHHKATOpa, KOTOPbIH yKa3bIBacTcs
B KauecTBe napameTpa B BbI3oBax (yHKLmit oOmena. Homepa npouec-
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COB, MPUHUMAIOLINX Y1acTHE B OOMEHaX, BBIUMCIIAIOTCA MO OTHOLLE-
1MI0 K YKa3aHHOMY KOMMyHHWKaTopy. Ha simctvnre 3 npuBesen npu-
Mep MpOrpaMMbl, ONMHMCBIBAIOLLEH MOBEEHHE JIByX B3aUMOJEHCTBYIO-
1UX MPOLIECCOB, OAMH M3 KOTOPBIX MOCBHUIAET AAHHBLIE, a IPYFOH MX
IIPUHUMAET U BBIBOAMT Ha NeyaTh.

1: #include <stdio.h>

2: #include <mpi.h>

3: main(int argc, char* argv[])

4: {

5: int rank;

6: MPI_ Status st;

7: char buf[64];

8: MPI Init(&argc, &argv);

9: MPI Comm rank (MPI COMM WORLD, &rank);

10: if (rank == 0) {

11: sprintf(buf, "Hello from process 0");

12: MPI_Send(buf, 64, MPI CHAR, 1, O,

MPI1 COMM WORLD) ;
13: } else {
14: MPI_Recv(buf, 64, MPI_CHAR, 0, O,
MP I_COMM_WORLD, &st);

15: printf ("Process %d received %s \n",
rank, buf);

16: }

17: MPI_Finalize();

18: }

JIuctuur 3. Ipumep ToueyHol nepechLIKu

BrInosiHEHHE JAaHHOFO MpHUMEpa MPHBOAMT K CJIENYIOUIEMY pe-
3ynbrary:'

> mpirun -np 2 ./ex3
Process 1 received Hello from process 0
>

! 3neck ¥ Aanee B TEKCTE KHHWIM CHMBOJ > yﬂOTpCGIIﬂCTCﬂ ans obo3HaueHHs Tnpu-

rrameHust cpeabl NporpaMmMpoBanusi (koMaHaHO#M cTpokmn). Ha Baweit cucreme
MPUriialieHNe MOXET BBIMNSAETE NO-APYroMy.
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Paccmotpum noppo6ree TekeT npumMepa. Brauane (ctpoxu 8, 9) ¢
NOMOILLIO (PYHKLMH, pACCMOTPEHHBIX paHee, MPOU3BOAMUTCS WHHULMA-
nu3anusi 6ubIMoOTeKH M B nepeMeHHoOW rank 3arioMuHarcss HOMep
npouecca. Jlanee cnenyer oneparop if, nepeas BeTBb (CTPOKH
11, 12) xoToporo BHIONHsETCs fpolieccoM ¢ HomepoM 0, a Bropasi —
BCEMM OCTAJIbHBIMH TpoLieccaMu (B HallleM Clydae — IpOLEecCOM C
HoMmepoM 1):

IIpouecc ¢ panrom 0 Bce octanibHBIE NPOLIECChl
(B HameM cnyyae —

TOJILKO TpoLecc ¢ Homepom 1)

11: sprintf(buf, "Hello 14: MPI Recv(buf, 64,
from process 0"); MPI CHAR, 0, O,

12: MPI Send(buf, 64, MPI COMM WORLD, &st});
MPI CHAR, 1, O, 15: printf ("Process %d
MPI COMM WORLD) ; received %s \n", rank,

buf) ;

B pesynprare nefcTBHi, NPOU3BEEHHBIX ITEPBBIM IPOLIECCOM B
6ydep buf nomemaercs TekcT npueercTBUs (cTpoka 11), KOTOpHIH
3ateM (cTpoka 12) nepecsunaercs npoueccy ¢ HoMmepom 1. Ipornecc 1
nonyuaet (ctpoka 14) npupercTBeHHOe coobiieHne, cPOPMUPOBAH-
HOE M OTMpasyieHHoe npoueccom 0, U pacneuaTsiBaeT ero Ha TepMH-
Han (cTpoka 15).

Jis nepelaum IaHHBIX B NIpUMepe, MPUBEAEHHOM Ha JIMCTHHrE 3,
NPUMEHSIOTCS PYHKUMH TOYeuHBIX 0OMeHOoB. OTrpaska COOGILEeHHs!
ocywecteinsiercsi PpyHkumeit MPI Send. [IlepsbiM BXomHBIM napa-
MeTpoM (YHKLMM SIBIISIETCS aJpec obJlacTy IaMsTH, B KOTOpPOM Xpa-
HATCS TiepenapaeMele jlaHHbie. B nipumMepe Ha sinctuHre 3 stoit obna-
CTBIO sIBJIsieTcst Maccue buf. Crenyroluye aBa napameTpa ciy»Kart st
OnMcaHusi niepejiaBaeMblX AaHHBIX. Ilpearonaraercs, YTo HaHHEIE
XpaHATCS B NaMSATH TNOAPSJ YKA3bIBA€TCH UKUCIIO 3JIEMEHTOB W THM
KaXI0ro s5ieMenTa. B Hallem npumMepe nepeceuiaercst Bech MaccHe buf.
Tak KaK 3TOT MacCHB COCTOMT U3 64 31IEMEHTOB, TO B KaueCTBe rapaMeT-
poB count u datatype ykaswiBatorcs 64 W Tun MPI_CHAR cooOT-
BETCTBEHHO:
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OrnpaBka cooOLeHUs
int MPI Send(void* buf, int count,
ML Datatype _datatype, int dest, int tag,
MI’I:Comm comm)
buf — ykazarens Ha Hauano Oydepa nepenaBaeMbiX JaHHBIX;
count — YUCJIO JIEMEHTOB MNEPEAaBacMbIX IaHHbIX;
datat ype — MPI-Tyn 351eMEHTOB NepenaBaeMbIX JaHHHIX;
dest — HOMep npouecca, KOTOPOMY NEpPeslaloTCs IaHHbIE,
tag — Tar cooOLIeHNs;
comm — KOMMYHWKatop, B Npemeliax KOTOpOro TMepesiaioTes
JIAHHBIE,

Ipyem coobuieHus:
int MPI Recv{void* buf, int count,

MPI Datatype _datatype, int source, int tag,
MPI:Comm comm, MPI Status *status)

buf — ykazarens Ha Hayano 6ydepa, B kotopom OynyT coxpa-
HEHBI MOJIyUE€HHBIE IAaHHbIE,

count — MakCHMaJILHOE YHCJIO 3JIEMEHTOB JIAHHBLIX B COOOILIEHHY;

datatype — MPI-Turi 3ieMeHTOB JaHHBIX B COOOLIEHNUM;

source — HOMEp Mpouecca, OT KOTOPOro OCyIIECTBAAETCS
NpHEM JIaHHBIX;

tag — oXKupaeMslii T3 cooOLIEHWS;

comm — KOMMYHHKatop, B TpeneNiax KOTOpOro repenaroTcs
JIaHHbIE;

status — ykazarens Ha CTPYKTYpy, B KOTOpylo Oyner 3aru-
CaH CTaTycC 3aBEpPILEHUs OrlepaLny;

VYka3plpaeMbIH THIT 3JIEMEHTOB, COCTARJISIIOIMX COOOIIIEHMS, Ha-
swisaetrcst MPI-munom. MPIl-tun siBnsiercss oObeKTOM NAHHBIX THIA
MPI Datatype u JoJhKen COOTBETCTBOBATH TUITY HAHHBIX, XpaHHU-
mbiX B obnactu buf. B tabn. 1 npusonsres npenonpenenenHsie MPI-
THIEBI M COOTBETCTBYIOLLME UM THITH s13bIKka CH.

[Tapamerp dest ¢ynkumu MPI_Send ompenenser paHr rpo-
Lecca, KOTOpoMYy IpesiHazHaueHo coobiuenue. Ilapamerp tag 3anaer
TaK Ha3bIBaEMBIN 192 coobuyenus, KOTOpeIN npezactapnser coboil ne-
JI0€ YHUCTIO, Nepe/laBaeMoe BMecTe ¢ COOOIIEHHEM U NPOBEpsIEMOe 1IpH
ero npueme. B npumMepe Ha nuctunre 3 paHr npouecca-nonyvaresis
3ajaeTcsl paBHBIM 1, a Tor — pasHeIM 0. TTocnemnuM napamerpom
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¢yHkumu MPI_Send sBRsSIETCss KOMMYHHUKATOP, B Ipejesiax KoTopo-
ro rniepezaercsi COoOIeHHeE.

Tabnuya 1. Npenonpenenenxbie THLl MPI

Tun MPI Tvn Cu
MPI_ CHAR signed char
MPI SHORT signed short int
MPI INT signed int

MPI LONG signed long int
MPI_UNSIGNED CHAR
MPI_UNSIGNED SHORT
MPI UNSIGNED
MPI_UNSIGNED LONG unsigned long int
MPI FLOAT float

MPI DOUBLE double
MPI_LONG_DOUBLE

unsigned char

unsigned short

unsigned int

Long double

Jnst npuema coobenust Ciryxut gyHkumst MPI_Recv. Ileperiii
napamerp buf 3agaer Hauaso Oydepa Juis coxpaHeHus IAHHEBIX,
npuueuux B coobmennu. Bropoii mapamerp count 3anaer Makcu-
MajbHOE YMCIIO 3JIEMEHTOB NAHHBIX, KOTOpOE MpearnoyiaraeTcs rpu-
HATb. OGBIUHO 37O uKCIIO BBHIOHpaercst TakuM oOpa3oM, YToObI coxpa-
HEHHE NaHHBIX HE TNPUBEJIO K neperiofiHeHuio Oydepa. Tperuii napa-
METp 3ajlaeT THUN 3JIEMEHTOB JaHHbIX. B kauecTBe ueTBepTOro
napaMeTpa source nepeaercs HoMep MpoLecca, OT KOTOPOro OXKH-
naetcs coobiienue. CoobLLUeHHs], NpUilieine OT Mpouecca ¢ JIPyruM
HOMeEpOM, He npuHuMaroTes. Crelyolumii napamMeTp 3alaeT TIr OXKH-
naemoro coobuienus. Tak ke kak 1 B CiTyuae ¢ HOMEPOM, COOOILEeHMSl,
MMeIoLIKe TII, OTJIMYHBIN OT YKa3aHHOro, He NpuruMatotcs. [Ipesrmo-
CJIEIHUI NapaMeTp COmm — 3TO KOMMYHHKATOp, B MpejieNlax KOTopo-
ro BBINIOJIHAETCS MEpPECHUTKAa COOOIIEH! .

3aBepiaeT Cnucok napamerp status, KOTOpHIH sBNsiETCS yKa-
3aTeyieM Ha CTpyKTypy Tuna MPI Status, koTopas 3arojIHseTcs
MocJie 3apeplIeHWH ONepalMy NpUemMa M COIep>KHT MHPOpMALMIO O
TOM, Kakum oOpa3oM 3aBepLuniack orepauusi. 11o7s 310 cTpyKTYpBI
GyayT noapo6HO pacCMOTPEHEI B OiiyKaiIuX pasjenax.
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1.4. UncAeHHOE MHTEIPMpPOBaHHE:
napauieibHas peajusanms Ha ocHose MPI

PaccMoOTpeHHOE B TpEIBIAYILHX pasnenax noaMHoxkectBo MPI
OKa3bIBAETCs MPAKTHYECKH JOCTAaTOUHBIM Uil pealu3alliu fapai-
NENBLHOro 4MCJIeHHoro wuHterpupoBanus. IlpocreinM  crnoco6om
HPHUOIIMOKEHHOrO BBIYMCIIEHHST 3HAYEHHUs ONPEEJIEHHOro HMHTerpaaa
aBJsieTcs MemoO npsimoyzoneHuxkos [10]. OTpe3ok HHTErpHpOBaHUA
pasOuBaeTCs Ha HEKOTOpOe KoNuuecTBO MHTepBaioB (puc. 1). Ha un-
repBaie (x;,x;,;) TUIOLIAKk nox kpueoit f(x) annpokcumupyercs K
IUIOI@IK TPSMOYIOJIbHHKA C OCHOBaHHMeM (X;, X;,;) ¥ BBICOTOM
/(x; +0,5h), rne h=x;,; —x; — JANuHAa mwara pasOueHHs.

HecoMHEHHBIM JOCTOMHCTBOM JJAHHOTO METONA € TOYKH 3peHus
pacnapaieJIMBaHus sSIBJISETCSl BO3MOXKHOCTh HE3aBHCHMOIO BBbIYMC-
NEHMs TJIOLIAIeH Pa3HBIX MPSMOYTrOJIbBHUKOB. ITO HabMIoAeHHE Noj-
CKa3blBaeT €CTECTBEHHYIO MNapajliellbHYI0 pealn3alio, B KOTOpoH
Kbl MpOLIeCC BBHIYHCISET CyMMY IUIOILAJeH HEKOTOPOIro MoA-
MHOXXECTBa MPSAMOYrofIbHUKOB. ECH NMpOM3BOAMTENLHOCTH TpoLiec-
COpPOB, COCTaBJISIIOLLMX MapayieslbHY0 CUCTEMY, COBIA/AIOT, TO LETe-
c000pa3Ho pa3/ieIuTh paboTy MeX1y HHMH NOPOBHY.

S(x)

e

S +h[2)

v

X, +h2
Xy

Puc. 1. UnrerpypoBanre METOIOM NPSIMOYTOJIbHUKOB
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OyHa W3 BO3MOJXKHBIX peanu3al|ii Takoro pacnpefiefieHHs 3a-
KJIIOYAETCsl B BBHIMMCIIEHHHM Ha Ipoueccope ¢ HOMEpoM i rutoilane

. . n—i
Tpaneumii ¢ Homepamu I, i+ p,i+2p,K ,i+mp, rne m =[— , an
p
1 p — ob1iee YMcno Tparielui B pa3GHeHrn u NpoLIeCCOPOB COOTBET-
creenHo. Texcr MPI-nporpamMmsl, pealnsylollei 1aHHbIi anropurM,
TNIpUBE/IeH Ha JIMCTUHTE 4.

1: #include <mpi.h>

2: #include <stdio.h>

3: double f{double x)

4: |

5: return 4./(1 + x * x);
G: }

7: main(int argc, char* argv(])
8: {

9: int r;

10: int p;

11: int 1i;

12: double sum;

13: double h;

14: MPI Status st;

15: double t;

16: int n = 1000000000;
17: double a = 0.0;

18: double b = 1.0;

19: MPI Init (&argc, &argv);

20: MPI Comm_rank (MPI_COMM_WORLD, &r);
21: MPI_Comm_size (MPI_COMM_WORLD, &p);
22: if(r == 0)

23: t = MPI_Wtime();

24: MPI_Barrier(MPI_COMM_WORLD);

25: sum = 0.0;
26: h= (b - a) / n;

27: for(i = r; i < n; i += p)

28: sum += f(a + (i + 0.5) * h);

29: sum *= h;

30: if(r !'= 0)

31: MPI Send(&sum, 1, MPI_DOUBLE, o, O,

MPI_COMM_WORLD) ;
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32: if(r == 0) {

33: double s;

34: for(i = 1; 1 < p; i ++) {

35: MPI_Recv(&s, 1, MPI_DOUBLE, i, O,

MPI_COMM WORLD, &st);

36: sum += S;

37: }

38: t = MPI_Wtime() - t;

39: printf("Integral value = %1f. Time
= %1f sec.\n", sum, t);

40: }

41: MPI Finalize();

42: %}

JIncrunr 4. IMporpamma Ha MPI 151 YHCJIEHHOTO HHTETPUPOBAHUS

PaccmoTpuM naHHy0 nporpammy ronpo6Ho. BHauane onpenersi-
cTCsl MoAbIHTerpanpHast GyHkums £. 3aMeTuM, UTo OfiHYy M Ty K€ Tpo-
rpaMMy MOX>XHO HCIIONIB30BaTh /ISl BBIUHCIIEHUS] MHTErpaja OT pas-
nvuHBIX QyHKUMH, onpenenvB ¢GyHkumioo f mo-gpyromy. QyHKLms
main HauMHaeTCs ¢ y»e 3HAKOMOI HaM MOCIeA0BaTENBHOCTH BHI30-
BOB MHWLMaJIM3aLMHY, ONpEJe/IEeHUs] YHCIIa 3aITyleHHBIX MPOLIECCOB U
Homepa npouecca. [lanee (crpoku 22, 23) npou3BoaUTCs 3aMep Bpe-
MEHH C NMOMOLLBIO GyHKIMKM MPI_ Wt ime Ha HyneBoM Ipouecce. ITa
(yHKUMST BO3BpAILAET BpeMsi B CeKyH/laX Ha MOMEHT BBI3OBa, Mpeji-
CTaBJIEHHOE KaK YKCIIO ¢ [UiaBarolleii TOUKOM.

Brizoe MPI_Barrier B ctpoke 24 HEOOXOAMM UISi CHHXPOHHU-
3alMK BCeX rpoueccoB. CHHXpOHM3alMsl HyKHa JU1sl TOYHOTO OrpeJie-
JIeHWsl BpeMeHHU paboThl Beeit nporpammel. yHkums MPI_Barrier
OJIOKMpPYET BBHI3BIBAIOILMIA TPOLECC N0 TeX MOp, I0Ka BCE [POLECCH,
BXOJSILIME B KOMMYHMKATOp, TepefaHHblli B KauecTBe apryMeHTa,
TAKXXe He BBIIONHAT 3TOT BHI30B.

Onepartopel B cTpokax 25-29 BBIYMCISIOT CyMMY IUIOLIRJEH Mpsi-
MOYTOJIBHHKOB. JTOT KOJI BHITIONIHAETCS BCeMH rpoueccamu. Iporecc ¢
HOMEPOM Y BBIUMCJIIET CYMMY TOJIBKO HacTH MPSIMOYTOJIBHUKOB C HO-
Mepamu r, r+p, H T. A. Jins nonyyeHus: MTOrOBOro pe3ysbraTa 3Haue-
HUsl, BBIYMCIIEHHBIE TpOLIeccaMM, HeOOXOIMMO TPOCYyMMHpPOBATh. st
3TOrO BCE MPOLECCH KPOME HYJIEBOTO TEPECHUIAIOT BHIMMCIICHHOE 3Haue-
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;

Huie HyJsiesomy (ctpoka 31). Tlpuem u cyMMHMpOBaHWe NPUCITAHHBIX 3Ha-
4eHui OCYILECTBIISIETCS OreparopaMu B cTpokax 34-37 HyJneBbIM 1po-
LeCCOM, KOTOpBIH pacneuarhiBacT pesynbTaT M 3arpauyeHHOe Bpems
(ctpoka 39).

Ha puc. 2 npuBeneHa 3aBUCHMOCTL BpeMeHH paboThl OT KoJHe-
CTBa NMPOLECCOPOB, 3a1eiCTBOBaHHEIX B BBIUMCIIEHUsIX. PacueTs npo-
BOAWIMCEH Ha cynepkommnbiorepe MVS-15000 BM, kotopelii umeer
crielyoLMe TeXHHYECKHE XapaKTepUCTHKH:

Ipoueccop PowerPC 970 2.2 GHz

Konuuectso npoueccopos 918

KoMMyHHKaupoHHOE 060py10BanHe Myrinet 2000

50

40 |

30

20

Bpems (cek)

10 4

]

1 4 8 16

l+BpeMﬂ paboTbi 40,17 10,54
Yucro npoueccopos

5,52 3

Puc. 2. 3aBdcyMOCTs BpeMeHN paboThl napaniieNibHoit NporpaMMbl
YUCJIEHHOI'O UHTETPUPOBaHUA OT KOJIMYECTBA NPOLIECCOPOB

Pe3ynsTaThl pacueToB NEMOHCTPUPYIOT CYLIECTBEHHOE CHIMKEHHE
BpeMeHH paboThl NMpH YBEJIMYEHUH KOJIMYECTBA IPOLIECCOPOB B pe-
LIaKoeM foste. ITO NOATBEPXKIaeT Lesiecoo6pa3HOCTE NMPUMEHEHHs
napasiesbHBIX BBIUHCIICHHUI JU1sl pACCMOTPEHHOM 3a/1a4H.
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1.5. CemaHTHUKAa TOYCYHBIX 00OMEHOB

llpu paccMoTpeHnH 6azoBbIX (yHKIMEH oOMeHa COOGILEHMSIMH He
VIOUHAJIOCH, KAKMM  MMEHHO €riocoboM nepenaeTcsi coobllieHHe npo-
1eecy-NpUeEMHKMKY OT TpoLecca-otnpaeurens. Eciu npouecc-npueM-
11K BBI3BAJT PYHKUMIO MpHeMa paHee WM B MOMEHT BBI30Ba (yHKLIMH
NOCLUIKK  COOOIIEHHST NPOLIECCOM-OTIPaBUTENIEM, TO JaHHbIE MOTYT
1epeaaBarbes cpasy, 6e3 3aflepikkH, TaK Kak Mpouecc-nojyvaress
11pOLECC-0TIpaBUTESTb 06a FOTOBH K Nepenaue coobenuii. B nporus-
110M CJTyYae BO3MOXKHBI CJIeJ(yIOLIHE BAPHAHTEI PA3BUTHS CHTYAIIHK:
1) cuTyauus paccMaTtpuBaercs kak oulnbouHas H nepenasaeMoe
COOOLLIEHHE TePSEeTCS;

2) npouecc-OTNpaBUTeENb ONIOKUpPYETCs /10 MOMEHTa BbI30Ba
NapHOH ornepaluu npueMa;

3) coobwenue Oydepusyercs, npouecc-OTIpaBUTENb MPOAO-
»)aet cBoro pabory.

Kaxxpas u3 nepeuncneHHbIX peakiuii uMeeT CBOM JIOCTOMHCTBA U
nenoctarku. IlperMyiiecTeoM nepBoro BapuaHTta peanusauuv obMe-
Ha ABIAETCS MUHMMU3alMsl HAKJIAHBIX PACXOJIOB Ha MEpEChUIKY: He
1pcOyercs 3afep>kMBaTh MPOLECC WM OpraHu3oBBIBaTH Oydep s
¢I'0 BpeMeHHOro xpaHeHusi. Bmecrte ¢ TeM, B TakoM BapuaHTe mnpuiIo-
ACHHE ¢ CONBILOI BEPOSTHOCTHIO MOIAAaeT B OLIMGOUHOE COCTOSIHUE,
11 1IpH 3TOM OIIMOKA MOXET UCHe3aTh U BHOBb IOSBJISTBLCS OT 3aIlycKa
Kk 3armycky. OumbKu Takoro poxa AOCTATOYHO CIOXHO BbISIBJIATH K
verpansaTth. HecmotTpst Ha ctonb cepresHble Henocrarku, MPI npeny-
CMaTpUBaeT TaKOW BapHAHT IEPeChUTKU: I 3TO CIY)XXHT CllelUaslb-
nas GyHkumst MPT Rsend. OHa HMeET TOUHO TakHe Xe napamMeTphl,
kak ¥ Qynkuust MPI Send. [IlpuMensitb 9Ty QyHKUMIO crefyeT
IOJILKO B TOM Clly4ae, €CjIi rapaHTUPOBAHHO M3BECTHO, YTO MPOLECC-
IIPHEMHMK OXKMJ1aeT COOOLIEHHE K MOMEHTY BBI30OBa MPI_Rsend.

CyuiecTBeHHBIM JIOCTOMHCTBOM BapuaHTa 2 SBJISETCS TO, YTO
11pOLIECCY-OTNPaBUTENO He Tpebyercs npoMexxyTouHstit 6ydep s
xpaHeHus coobuenus. [TnaToit 3a Takyl0 3KOHOMUIO NaMSTH MOXKET
ObITh MOTEPs BpeMEHH 3a cueT GIIOKMPOBKM TPOLIECCA-OTITPABHTENA.
MPI npenycmarpusaer cneupansHyio ¢GyHkumio MPI Ssend, Ko-
ropasi peanusyeT UMEHHO 3TOT BapMaHT TOYeuHOll nepechuiku. Ee
llapaMeTpel TakKKe He OTIMYaloTCs OT IapamMeTpoB  (hyHKLMM
MPI_Send.
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Tak kak ckopocTh paboTel sBNAETCS HauGoJlee BAXKHOW XapakTe-
PUCTHKO} MapaUieslbHON MporpamMmel, TO paspabOTUMKH OTAAIOT
npejuiouteHre QYHKIMAM, He BBI3BIBAIOLIMM GJIOKMPOBKY Mpolecca.
Ipu atom (BapuanT 3) coobluenue Gydepusyercs, T.e. COXpaHsieTcs
710 MOMEHTa OTIIPaBKH B CIIELATBHO-BBI/IENIERHON 00/1acTh naMsaTy.
Ecnu Mcnonb3yercsi cucTeMHbli Oydep, To NporpaMMHUCTy HET Heob-
XOIMMOCTH 3a60THTCS O €ro BhAe/IeHnH, Ho Takoi Oydep Moxer ne-
penonHuTbest. OyHkums MPI_Send ucrnob3yer cUCTeMHbIN Oydep
crellyrommm obpa3om: COOOLLEHHE COXpaHSETCsl, €CIIM OHO MOXET
OBITH COXpaHEHO, T.e. €Clli pa3Mep COOOLIEHHA He MPEeBOCXOAUT pas-
mepa cBobozHOro Mecta B cucreMHoM Oydepe. B npotusHoM ciyuae
MpoLecc-OTIpaBuTeNb GIOKUpYeTCs 10 TeX Fop, M0Ka Takoe MeCTO
0cBOGOMTCS, WK JI0 TOIO MOMEHTa, korzia Oy/ieT BhINoTHeHa napHas
onepauus.. Ilpu 3tom BBIOOp Mexay Oydepuzanmeiis 1 6J10KMPOBKOK
npolecca npousBoaurcst cucremoit MPIL

Ecnu Tpebyercss B 00sizatenbHoM nopsiike obecrieunts Oydepusa-
LMIO COOOILEHUS, TO CIIEYET TMONB30BATHCS (byHKI.lneﬁ MPI Bsend,
KOTOpasi UMeeT Te XXe nmapamerpbl, uto 1 MPI_Send. Ota QyHkums
gcez0a coxpauser coobuienve B Oydepe, HO B OT/IMUME OT
MPI_ Send namste noa 6ydep npenocrapisercs He CUCTEMOH, a Bbl-
NETIAETCs CAMUM T10J1b30BaTeNeM.

1.6. Opranmnzanms 6y(depnzoBaHHBIX HEPECHLIOK

®yukuust MPI_Bsend Bcera noMeilaer fauieie B 6y¢ep. Bel-
nenenve Oydepa siBnsieTcss 3ajadell NpHIIOXKEHUS: Nepel TeM Kak
OCYILECTBJISITH MEPECHUTKH, HEOOXOAMMO BBIAENHUTH 06J1acTe NaMsTH
HeoOxoaumoro pasmepa. J[ist 3Toro, npexie BCEro, Hy»KHO BBIUMC-
JIUTH 3TOT pasmep. BrruucneHne pasmepa rpou3BOAMTCS 110 Gopmyie:

pasMmep Oydepa =umncjo cOOOWeHut X
x pasMep IaMsaTy IJI_OOHOT'O_COOOWeHus.

OuesnnHo, 4to Takoi o6veM Oydepa HeoOXOAMM il XpaHeHus
6cex COODLLEHHH, nepeckulaeMbiX rpoLeccoM-oTnpasureneM. Peane-
HOM 3aJ1elCTBOBaHHBIM 0OBbEM MNaMsATH MOXET OBITh CYILECTBEHHO
MEHBbILeE.

Pasmep namsru, TpeGyeMoi st XpaHeHHs! OJTHOTO COOOILeHus,
BBIUMCIISIETCS] € TIOMOIIBIO QyHKIMM MPI_Pack size():
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int MPI_Pack_size(int count, MPI Datatype,
Mi*l Comm comm, int* size)

count — YHCIIO 3NIEMEHTOB AAHHHIX;

datatype — THIT OHOro 3/IEMEHTa IaHHBIX;

comm — KOMMYHHKaTOp, B paMkaX KOTOPOro OCYLIECTBJIAETCH OOMeH
COOOIIEHUIMY,

size — HTOroBHIii pasmep.

Hnst nonydvenus pasmepa CooOlueHMsi, BO3BpALaeMOro uepes
1nocyieInnii napamerp, GyHKUMH NepeyaeTcs Yuciio M THII Iepena-
BACMBIX 3JIEMEHTOB JIAHHEIX, & Taloke KOMMYHHKATOp, 0 KOTOPOMY
IUIAHUPYETCs Mepechlika. JIONOMHUTENBHO ¢ KaXAbM coollieHrneM
COXpaHseTCs HekoTopas cityxeOHas uH(opmaumus, JUisi XpaHeHHs
koTopoit Tpebyercs oOBeM MamsTH, OMNpenensieMblii KOHCTAHTOM
MPI BSEND_ OVERHEAD.

Takum o6pasom, JUlsl osTydYeHus! pa3Mepa NMaMsiTH, KOTOPYHO HY>KHO
BLIENUTE 115t 6ydepHsalmu ogHoro coobLUeH s, CHaYana BEIYHUCIISETCS
pasMep cooblLueHns ¢ nomowpio Gynkimm MPI_Pack size (), K ko-
TopoMy 3areM nioGapisieTcss MPI_BSEND OVERHEAD.

[Mocnie Toro kak pasmep BHIYHCIIEH, MTAMSITH MOXKET ObITh BbIzIEsIe-
Ha C MOMOLIBIO CTAHAAPTHBIX QYHKLWMIH YNpaBjieH s NamsThio: mal—
loc, calloc u t.n. O BeeneHHOH naMsTh TpebyeTcst cOOGIUTE

6ubnmoteke MPI npu TIOMOILLH BBEI30Ba dyHKUMK
MPI_Buffer attach:

int MPI_Buffer attach(void* buffer, int size)

buf fer — aapec 6ydepa;
size —pa3mep Gydepa;
int MPI_Buffer detach(void* buffer address, int*

size)

buffer address ~ aapec Gydepa;
size — paimep Gydepa.

B kauecTse nepeoro aprymenra 3toi pyHkumMu nepesaetcs aapec
BbIENIEHHOTO Oydepa, a B kauecTBe BTOPOro — ero pasmep B Gaiirax.

27




Korpna Gydep Gonbliue He HYXEH, NMPOLIECC JO/DKEH BBINOJIHHTD
Bei3o MPI_Buffer detach mepen Tem, Kak ocBOOOIHMTH BbIJIE~
JIEHHY10 NamsTb. [lepBbili U BTOPOH napaMeTpel 3TOH (yHkIMy AB-
nsaotes BhIXoAHbIMU. [10 afpecy, nepelaHHOMY B KauecTBe MEPBOro
aprymenTa, Gyzer 3anucan aapec 6ydepa, a 1o anpecy, neperaHHoMy
B KQUeCTBE BTOPOro apryMeHTa, — €ro pasmep.

CranjiapTHas NnoCieAOBaTe/IbHOCTh AEHCTBUI U1 OpraHH3aLmiy
6y epu30BaHHO# NepechlTKK COOOLIEHUH creyolas:

BriunciuTs Heo6Gxoanmbiii o6bem Gydepa (MPI_Pack_size).
Boinesmts namsTh noxn 6ydep (malloc).

3aperucrpuposars Oydep B cucreme (MPI_Buffer attach).
BRINOJIHUTE NEPECHLIKH.

OtmenuTs peructpaimio 6ydepa (MPI_Buffer dettach)
OcBoGoaNTs MaMsTh, BHIENeHHyIo nox 6ydep (free).

o B W N =

BasxHo oTMeTHTL ocoGeHHocTH paboTel ¢ 6ydepom:

e Oydep Bcerna OAMH W OpPraHM3yerCs Ha Mpoiiecce-OTIpa-
BHTENE;

e JUIA U3MEHeHMs pa3mepa Oydepa cHauana creiyerT BBI3BaTh
MPI Buffer detach, 3aTeM BHIC/INTD HOBBII OJIOK MaMsATH HYX-
HOTO paiMepa M 3aperMCTpMpoBaTh €ro C TOMOLIBIO BBI30BA
MPI Buffer_ attach;

e ¢ynkums MPI_Buffer detach Gnokupyer mpouecc no
TOro MOMeHTa, Koraa Bce OydepusopaHHble coobLieHust OyayT or-
MpaBJieHbl, OSTOMY ee CJIEyeT BCer/ia Bhi3bIBATE nepesi 0cBoOOKe-
HHEM MaMsTH, BelaelieHHo#i nop Oydep — 3To npenoTepallaeT CHTya-
LMIO, TIPY KOTOPOH OCBOGOXKAETCS MaMsITh, B KOTOPOH HAXOMATCs He
OTrpaBieHHbIe COOOILEHUSL.

DparMeHT KoJia Ha JIMCTHUHIE 5 WITIOCTPUPYET MCnosis3oBaHue Oy-
(depuzoBaHHEIX 0OMeHOB coolieHusMu. B ctpokax 1, 2 BerumcsierTcst
pasmep Oydepa, TpeOGyemblli misi nepechUlkM M coolLueHHi Tuna
MPI INT. B crpokax 4, 5 npouseoaurcs BeIZiENeHue NaMsTu noxn Gydep
U peﬁam‘paum Gydepa B cucTeMe. B 1uisie, pacrioioxeHHOM B CTPOKax
5-8, mockutaeTcst M cooBIIeHnH, KaKa0e U3 KOTOPBIX COAEPKHUT B TOU-
HOCTH OJIUH 3JIEMEHT LieJIoro tvna. B crpokax 9-11 cHumaercst pernct-
paums Gydepa 1 0CBOG0XKIAETCS COOTBETCTBYIOILAS ITAMSITh.
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MPI_ Pack size(1l, MPI_INT,
MPI_COMM WORLD, &msize)
blen = M * (msize + MPI_BSEND OVERHEAD);
buf = (int*) malloc(blen):
MPI_ Buffer_ attach(buf, blen);
for(i = 0; 1 < M; 1 ++) {
n = 1i;
MPI_Bsend(&n, 1, MPI_INT, 1, i,
MPI_COMM WORLD) ;

N oW

}
MPI Buffer detach(&abuf, &ablen);
10: free(abuf);

O @

JInerunr 5. Tlockulka naHHBIX ¢ Oydepu3auueii.

1.7. Ilpuem coobienust Mo madaoHy

B MPI npenycmoTpeHa BO3MOYKHOCTh YKa3blBaTh B KAUECTBE HOMepa
11POLIECCA-OTIIPABHTENS U T3Ta OXKUIAAEMOr0 cooDIIeHHs TaK HasbiBaeMble
11a0JIOHBI — TIpeJIoTIpe/iesieHHble KOHCTaHTEl MPT ANY SOURCE (mst
HoMmepa npotlecca) » MPI_ANY TAG (st Tora). Eciu mnentuduxa-
rop MPI ANY SOURCE nopcraeisieTCs B KauecTB€ apryMeHTta, Co-
OTBETCTBYIOLLUEro HOMeEpY IPOLIECCa-OTIPABUTENIsl TIPU BBI3OBE (hYHK-
MK TIpHeMa, TO coobLieHHe OyleT NMPUHATO B HE3aBUCHMOCTH OT TO-
1’0, KaKOB HOMEp IPOLIECCa, MOCHABILEro cooblieHre. AHaIOrM4HoO,
cenu MPI_ANY TAG MOACTaBIAETCS B Ka4eCTBE aprymeHTa, CoOOT-
BETCTBYIOLLETO TIry OXHMAAEMOro COOOLUEHHs, TO COOOLIeHHe Ipu-
NUMAETCs B HE3aBUCUMOCTH OT ero Tara.

Homep nponecca, oT KOTOPOro MpHILIIO cOooOLIeH e, MOXET OBITh
orpeJierieH Ha OCHOBaHHWH TOCJIGAHETO apryMeHTa B BBI30BE (DYHKLMH
MPI_ Recv (cM. ctp. 17). DTOT apryMeHT yKas3blBaeT Ha CTPYKTypY
Tina MPI_Status, nojst KOTOpo# Mojy4yaT 3Ha4Y€HUsl B pe3yNbTare
BeI30Ba QyHKuMM npuema coobuienus. Crpykrypa MPI_Status
HMeeT Tpu obs3aTeNbHBIX nons ¢ MMeHamu MPI_SOURCE, MPI _TAG,
MPI ERROR, KOTOpbIE COJIEpKAT HOMeP Ipolecca, MOCIaBUIero co-
OGLIEHH S, TAT MPUHSATOro COOOIEHUs 1 KOJ OLIMOKH, eCM Nnepejiaya

coOOIIeHHs MPOILIIA HEKOPPEKTHO.
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Ilone MPI ERROR u36BITOUHO MpH OGBIYHOM BBI3OBE (yHKLIMK
npueMa coobLIeHHs, Korja Koy olMOKY COBNANaeT ¢ KOJAOM BO3BpaTa
¢yHkuuu, OHO npeaHa3HA4YeHO raBHEIMK 00pa3oM Jiisl IPUMEHEHHS
B (QyHKUMAX, 33aBeplIAIOIIMX BBINIOJIHEHHE HECKOJNBKMX — oOnepaluii
npyeMa, Kaxzias M3 KOTOPbIX MOXeT BbI3BaTh OIMMOKY. Takne QyHk-
MU PACCMaTPHUBAIOTCS B JATBHEHILINX pa3jienax Kypea.

Tlons MPI_SOURCE v MPI_TAG Hy»HBI i TOro, 4ToObl B
Cllydae HCIIONb30BaHUs IHabJIOHOB OMpeNeNIuTh HOMEp TNpolecca-
OTIIpaBMTENs ¥ TIr npuLenuero coobuenus. Ecnu Homep npoliecca-
OTMpPaBUTENIA M TIT YKa3aHBI TOYHO B apryMEHTaX NpH BHI30BE (YHK-
umu 1npuema coobienusi, To noyist MPI__SOURCE u MPI_TAG ny6-
JIMPYIOT 3Ty UHQOPMALIMIO .

[Tpumenervie 111aGIOHOB TIONE3HO MPU peav3aliMe NapaJuUlelbHbIX
niporpamm, Tpebyroumx OuHamuyeckol banancupoeku nazpysku. B Ta-
KUX IporpaMmax XoJi BBIYMCIIEHMH HENb3si NpeJcKasaTh 3apaHee, OH
CTAHOBMTCS TIOHATHBIM TOJLKO B nporiecce ee pabotel. Benencreue ato-
ro HEeBO3MOXKHO 3apaxee CIUIAHHPOBATh pacripefie/ieHle Harpyskd 1o
npoLieccopaM M repecblUTKK ONTUMaILHBIM 00pazom: paboTy NMpHUXOIMT-
sl Tiepepacnpe/iefsisiTe M0 XONy BBUMCIIeHHH. B yacTHOCTH, B nporpam-
Max 1oJI00HOro pojia 3a4acTyO0 HeM3BECTHBI TOC/IEIOBATENLHOCTE U Ha-
NpaBjieHre IepPechUIOK, IMOITOMY IpUMEHEHHE ILIAaGIIOHOB CTaHOBMTCS
€IMHCTBEHHO BO3MOXHBIM IyTeM peallu3aliMu TakuxX nporpamm. Ilpu-
Mep TaKoro NMpUIIOKEHHs! paCCMaTpPHBAETCS B CIIEJLYIOLIEM pas/erie.

1.8. Ctrparerus ynpasjsiomuii—pa6oune
(master—slave): ananTuBHas KBaApaTypa

Onxum 13 Hanbornee pacrpoCTpaHEHHBIX NMOJXOA0B K OpraHu3aLiu
BBIYHCIIEHHH B MapajUTeSIbHOM NPOrpaMMHPOBAHUH SIBJISIETCS CTPaTErHst
yrpapnstonmii—patotuve [12]. Jta crparerus npenronaraer, 4To BCE
MHOXECTBO TPOLIECCOB MapaUiesibHON MporpaMmbl pa3OHBaeTCs Ha J1Ba
noypmMHOXkectBa (puc. 3). TlepBoe noaMHOKECTBO COCTOMT M3 OJIHOTO
Tporiecca, Ha3bIBAeMOoro ynpasasiouum. Bropoe NMoaAMHOXKECTBO COAEp-
JKMT BCe TPOUHE MPOLECCH], KOTOpbIE HA3BIBAIOTCS pabovumu.

3anauell ynpasnsoLero npouecca sipiseTcs: pacipezenieH!e Bbl-
4YUCeHuit Mexty pabouMMM mpolieccaMu. YIpaBJSIIOLIMIT NpoLece
noceUIaeT 3aja4u cBoCONHBIM pabouuM mpoueccaM st 06paboTku.
Ilocne pewenus cBoei 3amaun pabouuii mpoliecC MOCHUIAET YIpaB-
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SIOLEMY COOTBETCTBYIOIlleE YBEJIOMIJIEHHE, CTAHOBHUTCS CBOOOHEIM
it 110JTy"aeT HOBOE 3aJlaHue OT YNpaBMsIoLero rnpouecca. B HauGosee
11POCTOM BapHaHTe CIUCOK 3ajlay Juif NOoChUIKK pabounM nporeccam
I CHEpUPYETCS CAMMM YTIPaBJISIIOLLMM TIpoLieccoM. Taroke BO3ZMOMXHO
1IOTOJIHEHHE CITMCKA B MPOLIECCE BHIYMCIIEHHMI 3aja4aMu, IpUCiiaH-
nLiMU ¢ paGoumnx npoueccos. Takoil noaxox xapakrepen ans 3amay
JIPEBOBHJIHOTO TIOMCKA, B YaCTHOCTH B METOJIE BETBEH M I'paHMLL.

Pabouwii
npouecc 3

Ynpaenstowjuit
npoyecc

Pabouwnit
npouecc 1

PaGouuit
npouyecc 2

Puc. 3. BzauMoyelicTBHe npoLeccos B cxeMe yrpapisionHit—paGouvie

3anauu, noceiaeMele paGounM NpoLeccam, MOryT GbITh pasfHu-
HOW TPYNIOEMKOCTH, II0ITOMY 3apaHee HEM3BECTHO, Kakol u3 pabounx
rpolieccos OvIcTpee crpasuTCsi Co cBoel 3ajaueil. Js HocTHXKEHUs
MaKCUMaIbHOH 3((eKTHBHOCTH pacnapaslesIMBanHs HOBYIO 3ajady
NOIKEH 10JTyyath paboumnii mpoLece, KOTOPBIH NnepBbIM 0CBOGOTUICS.
IT0 MOXKHO OGECTIEYMTD TONBKO € MOMOLLBIO NPUEMa Mo 11aGIIoHy,
KOTOPBIH TO3BOJISIET OXKKIATH COOOLIEHKE Cpasy OT IPYIIIbi MPOLIECCOB.

Crpaterus ynpasnsiomuii—paGouse HaAXONUT CBOE NPUMEHEHHe
MpU NapavieNbHON peanusalMu pasiuyHbIX MpobiieM onTHMH3aLuH,
KpUIIToaHain3a, 6MOMH(pOpMaTHKH W MHOTMX Apyrux. OfHUM U3 all-
FOPUTMOB, KOTOPHIH MOXeT ObITh 3())eKTHBHO pealM30BaH ¢ MOMO-
UBIO JIAHHOH CTpaTernu, sIBNSeTCs adanmuenas Keadpamypa, KOTo-
pas mpejcTaBiseT cobOi anropHT™M YKCIIEHHOrO MHTErPUPOBAHUS C
aBTOMaTH4eCKUM BHIGOpOM wiara [10].
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AnanTviBHas KBaJiparypa OCHOBaHa Ha TOM HaOMONEHHW, HTO
rpaHyJIsipHOCTh pa3OueHusl, HeOOXOAMMAas J1jisi AOCTXKEHHUS 3a1aHHOM
TOYHOCTU UHTErPUPOBaHMS, 3aBUCUT OT XapaKTepa U3MEHEHHUS (yHK-
umn. Tak, HanpuMep, OLIEHKA MOrPELIHOCTU METo/1a TparieLuii Ha oT-
peske [a,b] 3aBMCHT OT BENMUMHEI 11ara MHTErpUPOBaHUs i W Mak-
CHMAJIBHOro 3HaueHHst aGCOJIIOTHON BENTMYHMHBI BTOPOH NMPOW3BOAHOM

2

Mmax] £"(x)|- Yem Gonp-
xe[a,b]
e aGCcoIIoTHas BeNTMYHMHA BTOPOH NMPOHM3BOJHOM, T.€. Y€M MHTEHCHB-
Hee MeHsieTCsl IepBasi npou3BoAHas, TeM Gosklle norpemHocTs. U3
3TOr0 CeJyeT, UTO JUIsl JOCTIKEHHUs 3a/laHHOI TOYHOCTH WIar uese-
coo0pa3Ho BHIOMpaTh ¢ yueToM abCONOTHOH BENMUYMHBI BTOPOM Mpo-
H3BOJIHOI.

Bo3MOXHBIH 1MOAXOA K aBTOMaTH3alUMK BhIOOpa Ilara B ciyuae,
KOT/ia BHIYKCIECHWE BTOPOI NPOU3BOAHON HEBOIMONKHO UAU CRMIIIKOM
TPYAOEMKO, COCTOMUT B CJIElYIOILIEM: Ha KKAOM CIIEJYIOIEM Liare
OTPE30K MHTErPHPOBAHMSI JIEJTUTCS NOIonam — 1006aBIsAeTCs erle o/iHa
TOYKa, COBMajaloLIas ¢ cepenuHoii oTpeska. Ecnu HoBoe npubnmxen-
HOe 3HaueHHe UHTEerpajla OTIIMYAETCA OT MNpeAblayllero He Gosee yeM
Ha 3aJlaHHOE YMCJIO O, TO CUMTaeTcs, UTo TpebyeMas TOYHOCTH J0C-
TUrHYTa, ¥ MPOLECC BHIYMCIIEHHI MOXKHO ocTaHaBiuBaThk. B npoTus-
HOM clTyuae Ipole/lypa MoBTOpseTcs A1 KaKIO0ro U3 ABYX OTpPe3KOB,
NOCTPOEHHBIX B pe3yNbraTe pazoueHus (puc. 4).

Ha OTpe3ke MHTerpupoBanus: |P|<

Puc. 4. ApanTiBHas KBajJpatypa:
1Iar BBIOUPAETCs B 3aBUCUMOCTH OT XapaKTEPHCTUK M3MEHEHUs! (Y HKLIUM
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OcHoBaHneM I 3TOro MeTONa CHYXWUT npasuiro Pynze:

Ly — 1
I -1, ~——=—— rne I — 3HaueHue UHTErpajla Ha OTpE3KE
i h,i L 1 P p
} X )+ f(x;
C HoMepoM 1, Ihi=-Mhi npubrKeHHoe 3Haue-
’ 2
Hue HHTerpana, BHIUKCIIEHHOE no JABYM TOYKam,
X+ Xin
S+ 2f () )
I, = h, — npubnxeHHoOe 3Haue-
hf2, 9 i

HHE UHTerpasia, BEIYMCIEHHOE 110 TpeM ToukaM. Takum obGpasom, Aist
JIOCTIDKEHMs] 3a7laHHOH TOYHOCTHM € rapaMeTp O cliefyeT BbIOHMpaTh
ncxoss U3 cooTHoluenust 8 =7e. Ecnu anst nepeoHauanbsHoOro otpeska
a, b] wHTerpupoBaHHs 3a7iaHa TOYHOCTH €, TO JJIi HEKOTOpPOro OT-

pe3ka JUIMHOM /;, MOJIyYeHHOro B pe3ynbTaTe TakuX pa3OueHMH, Tpe-

i

Oyemasi TOUHOCTb JOJDKHA COCTABNIATH €; = (BKNax norpeLHo-

—a
CTH TPOTNOPLHOHAJIEH JUTHHE OTpe3Ka).

Tak Kak MIaBHOCTB.TNOBeNieHHsI PYHKUMHM MOXET OTJIMYarsCs Ha
pasHeIX OTPE3KaX WHTErPUPOBAHMS, TO COOTBETCTBEHHO MOXET pasiu-
uarhesl M BpeMs paboTel aJIrOpHTMa aJanTUBHOMH KBajpatypel. Ecnu npo-
CTO PacrpeIeNyIUTh OTPE30K MHTErPUPOBAHKS NOPOBHY MeXTy pabounmu
MpoueccaMu, TO BO3MOXKEH CyLIeCTBeHHBIH ucbalaHce B 3arpyske, KOTo-
pBIA NPUBOMT K noTepe fpousBoauTeNbHOCTH. Tlostomy mnst GanaHcH-
POBKH 3arpy3Ku y3JIOB BBIMMCIIMTESBHOIO KOMILIEKCA LiesiecooOpasHo
MPUMEHHTL CTPATErHIo yrpasistolmii—paboure, KOTOpas yCTpoeHa
crefyronmM obpasoM. OTpe3oK MHTErpUpOBaHKs pa3oUBaeTCs Ha J10CTa-
TOYHO COJBIIOE YHC/IO MHTEPBAJIOB OIMHAKOBOM JUTHHBI. YTIpaB/IstoLuii
rnoceliaeT paboueMy MNpoLeccy HoMep OTpe3ka HHTErpPHUpOBaHuUs, Ha KO-
TOpOM paboumii MpoLECcC BHUMCISET NPUOIKeHHOe 3HaUYeHHe UHTerpa-
J1a, UCTIONB3ysl aIaNTUBHYIO KBAJIpaTypy, H OTChUTAET BHIUHUCIIEHHOE 3HA-
YeHHEe YNpaBJISIOLLEMY TPOLIECCY, MOCIe Yero roydaeT HOBoe 3alaHue.
Ha nuctunre 6 npueenien tekct MPI-nporpamMmel, peanusyioineii crpa-
TErUIO YTpaB/IAoLM—paboure JUIsi METOA afANTUBHON KBapaTyphl.
PaccmoTtpum nonpoGHO neficTeys, MPOU3BOIMMEIE B 3TOM Nporpamme.

B Hauane nporpamMmel MoakoyaeTcs 3aroliopoyHsle (aiinp Ma-
TemaTuyeckol 6ubnuorekn u MPI, a Taxke onpenensiercs monbiHTe-
rpaneHas ¢pynkuus f:
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$include <math.h>

#include <mpi.h>

#define MYABS(A) (((A) < O0)2(-(A)):(A))
double f (double x)

{

return sin(l. / x);

QR WN

.

Crnenyromas pyHkuust adint BbBIUMCIAET NPUOTIHKEHHOE 3Ha-
yeHue Iold uHTerpana Ha orpeske (left, right), 3aTtem npu-
OJIIDKEHHOE 3HAYeHWEe WHTErpasna, BbIYMCIIEHHOE 10 TpeM TOo4YKam
(meBoil rpaHMLe, cepe/MHE OTpe3ka M INpaBOH IpaHMLE), KOTOpoe
coxXpaHsieTCs 1o afpecy nint, mepeflaHHoMy (yHKUMM B KauecTee
aprymenta. Ecnu mpuGmipkeHue 1o TpeM TOYKaM OTJIMYaeTcs OT
NpuGIIHKEHHs TI0 ABYM TOUKaM MeHee YeM Ha 3a]aHHYO BEJIMYHHY
eps, TO QyHKUMs BO3BpallaeT 1, B IPOTUBHOM CJTy4a€ BO3Bpalaer-
cs O:

8: int adint (double (*f) (double), double
left, double right, double eps, double

*nint)
9: {
10: double mid;
11: double h;

12: double Iold;

13: double Ileft;

14: double Iright;

15: h = 0.5 * (right - left);
16: mid = 0.5 * (right + left);

17: Iold = h * (f(left) + f(right));

18: Ileft = 0.5 * h * (f(left) + f£(mid));
19: Iright = 0.5 * h * (f(mid) + f(right));
20: *nint = Ileft + Iright;

21: if(MYABS (Told - *nint) < eps)

22: return 1;

23: else

24: return 0;

25: }
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PexypcuBnas ¢yHkums recadint esrumcnser npubiamkeHHOe
iYeHHe MHTEerpasia METOIOM afalTHBHON KBaJApaTyphl, HCTIONB3Ysl
upn atoM ¢yHkumio adint. Ecnu ¢ynkums adint Bosppaiuaer 1,
10 rpefyemasi TOYHOCTh JIOCTHTHYTa M (DYHKLMSI BO3BPALLAeT BBIUHC-
nceunoe npubmwkenue (cpoka 29-31). B npoTHBHOM cilydae oTpe3ok
ICNUTCSL TI0MOJIaM M Ha KaKAOH W3 IOJIOBUH BHOBBH BBI3BIBAETCS
(pynkumsa recadint ¢ yMeHbIIEHHBIM BJBOE JIONYCTUMBIM 3HAUEHH-
¢M HOTPeIIHOCTH (CcTpoku 36-37). DyHkuMs BO3BpallaeT CyMMY Bbl-
“HCHEHHBIX NpUbmkenuii (cTpoka 38):

26: double recadint (double (*f) (double),
double left, double right, double eps)

27: |

28: double I;

29: if(adint(f, left, right, eps, &I)) {

30: return I;

31: } else {

32: double Ileft;

33: double Iright;

34: double mid;

35: mid = 0.5 * (right + left);

36: Ileft = recadint(f, left, mid, 0.5 *
eps);

37: Iright = recadint(f, mid, right, 0.5 *
eps);

38: return Ileft + Iright;

39: }

40: }

CobGcTBeHHO mnapajUlenbHash HacTh HpPOrpaMMebl  3aKJIIOUEHA B
(pynkumm main. Tlpouecc ¢ paHrom 0 BEIIONHSET posib yrpaBJistoLLe-
1'0, BCE OCTaJIbHBIE NMpoLEcCHl SBNAOTCS pabounM. Tlocne uHHLMAH-
MK CTIelyeT onpeiesieHne paHra BBI3bIBAKOLLEro npouecca u oblie-
1’0 YHUCJIa NMPOLIECCOB, YYacTBYIOLMX B BeIYMCIeHHH (cTpoku 47-48).
B crpokax 49-50 BelumcnsieTcs IMHA OTpe3Ka pa3OMeHHst U1 HoMep
(HaYnHas ¢ HyJisl) NocieIHero 13 3THX oTpe3koB. B cTpoke 51 npous-
BOJIKTCS 3aMep BPEMEHM JI0 Hayajla BBHINOJIHEHHS] OCHOBHBIX BBIUMC-
nicHUA ¢ nomomelo ¢pynkuum MPI Wtime. 3arem ynpapnsiouimii
1POLIECC B LIMKJIE BBIMOJIHAET cienyiolue aeicrens (ctpoku 55-57):
1IPHHUMAET OT JIIoOOoro u3 paboyuX MPOLECCOB BHIUMCIIEHHOE 3Haue-
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HYie UHTerpasa, npubaeinseT ero K obLiell cymMMe U noceliaeT ocBobo-
JIVBILIEMYCS TIPOLIECCY HOBOE 3a/laHHe — HOMep OHEepEIHOro OTpe3Ka
JUIst BBIYKCTIEHUS TIPUOIIIKEHHOro 3HaYeHust MHTerpasia. Lluki 3akan-
yMBaeT CBOKO paboTy, KOrja Bce OTpe3KH OTIPABJIeHB! C YIPaBJIsio-
mero rpouecca pabounm st obpaborku (n = 0) M Bce paboune
NpOLECCH 3aBEPLIMIIM BEIUMCIIEHUs (5 = p — 1).

PaGouuit npouecc BHMIONHAET BBIYKUCIEHH TPUOIKEHHOrO
3HAYEHHsI MHTErpasia Ha NMPHUCIAHHOM eMy OTpe3Ke MHTerpUpOBaHUs:
B CTPOKe 66 ynpaBJisiioleMy MpoLecCy MOCHUIAETCS BBIUMCIIEHHOE Ha
npeibIaylIel UTepaluy 3HaUeHne NpHOJIKeHHs], 3aTeM NPHHHUMAET-
Csi HOMep Ouepe/IHOro OTpe3Ka MHTerpuposaHus (cTpoka 67), ns Ko-
TOPOro BBIYKMCIISETCS NPUONKEHHOe 3HAUeHue HHTerpasa (cTpoka 69).
OtpunarenbHoe 3HaU€HHE HOMEPA OTpe3ka HHTErpHupoOBaHUS BOCIIPH-
HHMMAETCs KaK CHI'HAJT K OCTAHOBKe LMKJIa (pa3phiB LMKUia B cTpoke 71).
B crpokax 7576 npou3BoaAMTCs 3aMep BpeMeHH cueTa, KOTopoe pac-
MeyaThiBAaeTCsl BMECTE C BHIYMCIIEHHBIM 3HaUeHHeM.

41: main(int argc, char* argvl[})

42: {

413: int r, p, n = 100000, s = O;

44 double a = 0.0001, b = 1.0, eps =
0.0001, 1T = 0., h, t;

45: MPI_ Status st;

46: MPI_Init (&argc, &argv);

47: MPI_Comm_ rank(MPI_COMM WORLD, &r);
48: MPI_ Comm_size(MPI_COMM WORLD, &p);:
49: h= (b -~ a) / n;

50: n -—-;

51: t = MPI_Wtime();

52: if{r == 0) {

53: while(s != (p~-1)) {

54: double Islave;

55: MPI Recv(&Islave, 1, MPI_ DOUBLE,

MPI_ANY SOURCE, MPI_ANY TAG,
MPI_COMM_WORLD, &st);

56: I += Islave;

57: MPI_Send(&n, 1, MPI_INT,
st.MPI_SOURCE, 0,
MPI_COMM_WORLD) ;

58: if(n >= 0)
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59: on -=;

60: else

6l: s += 1;

62: }

63: } else {

64: int m;

65: while (1) {

66: MPI_Send(&I, 1, MPI_DOUBLE, 0, O,
MPI_COMM WORLD) ;

67: MPI Recv{&m, 1, MPI_INT, O,

MPI_ANY TAG,
MPI_COMM WORLD, &st);

68: if(m >= 0)

69: I = recadint(f,a+h*m,at+h* (m+1),
eps*h/ (b-a));

70: else

71: break;

72: }

73: }

74 : if(r == 0} {

75: t = MPI Wtime() - t;

76: printf ("Integral value: %1f,

time = %1f\n", I, t);

77: }

78: MPI Finalize();

79: } B

JIncTunr 6. MPI-nporpamMmMa aganTHBHOM KBajpaTypsl

JlaHHete, MosyyeHHble Ha cynepkoMmnbioTepe MVS 15000BM,
JOKa3BIBAIOT, YTO TNPEUIOKEHHBIH aJroputM TNO3BOJSIET MOJTy4YaTh
CYHIECTBEHHOE YCKOPEHHE 32 CHET pacriapajuiefiuBaHus (puc. 5).

Crenyer 3aMeTUTB, UTO CxeMa YNpaB/soLHi—pabouue Mo3poss-
¢r NPOBOIMTh GaNaHCHPOBKY HArpy3KH CHUCTEM, COCTOSILMX M3 Y3JIOB
Pa3/IMYHOM TIPOM3BOAMTENBHOCTU. JleHCTBUTENBHO, €clM  pasNesiuTh
110POBHY paboTy MeXXAy Y3/laMH ¢ pa3HOM NPOW3BOAMTENILHOCTEIO, TO
LLICTPEIE Y3/IBI 3aKOHYAT €€ CKopee U OYIyT NPOCTauBarh B OXKUIAHUH
1asepuleHus paboTel MeieHHBIX. Tlpu NpUMEHeHHH CXeMbl ynpas-
nsroui—paboune GvICTphie y371bl COOOIIAT O 3aBepIIEHHH PACUYETOB
YUPABJIAIOLIEMY TIPOLIECCY M MOJydaT HOBOE 3afaHue. Takum obpazoM
npocToes ynaercd usdexartsb. st addekTHBHOrO nNpUMeHeHUs MeTona
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HeoOXoMMo, YToORI 0bllee 3a1aHKe OBIIO pa3fAesieHO Ha KOTHYECTBO
yacTeii, MPEBOCXOAALIEE YHCIIO Y3TIOB B CUCTEME B HECKOJIBKO pas.
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Uncno npoueccopos

Puc. 5. 3aBucuMocTs BpeMeHH paboThl napauiensHOH MporpaMmsl
aJIaNTUBHOTO YHCJIEHHOTO HHTErPUPOBAHMS OT KOJINYECTBA MPOLIECCOPOB

1.9. OTsoxeHHbBIE NIEPECHLIJIKH JAHHBIX

CHHXpOHHBIE OmNEpalMM OTMpaBKH W TIpHEMA AAHHBIX BCErga
6IOKHMPYIOT BBITIOTHEHHE TMPOLIECCA, BHI3HIBAIOLIETO 3TY ONepanmio, 4o
MOMEHTa BBLINOJIHEHHs] MapHOH onepauuu. B psne npunoxkenwmit no-
JOOHBIE 33IEPXKKK MOTYT CIIYXKHTh CYLIECTBEHHBIM TMpPENsTCTBHEM
JUIsL JOCTHXKEHHsT MakcHUMarbHol TiponsBoauTenbHocTH. HauGonpmue
3aJIEPXKKM BO3MOXHBI TMPH HCMONB30BaHWM ¢GyHKLIMM MPI Ssend,
MpeAnosaraloueil CHHXpOHHBI peXXUM nepenadu JAHHBIX, Hpyruve
BHZBI MEPECHUIOK MO3BOJISIOT M30EKATh 3aJ1EPAKKH Ha CTOPOHE OTTIpa-
BHUTENISl COOOILEHMs, HO HE TO3BONAIOT CHENaTh 3TO Ha Npouecce-
NpHEMHHKe, TaK Kak ¢yHKLMs npuema coobuienus MPI Recv Beerna
npeAnoniaraeT OJOKUPOBKY. B HEMsIX mnpeonosieHys nepeducneHHbIX
npobnem B MPI npenycMoTpeH MEXaHN3M OmI00iCeHHbIX Onepayuii.

Hnes otnioxeHHON onepaumy 3aKiio4yaeTcs B TOM, YTO nepenaya
WM npueM cooluieHys pasbuBaeTcs Ha UHUYUANU3AGYUIO W 3g6epuie-
Hue. B pesynprate MHHUMAIM3AUMKU NPOUECC TOJyYaeT NECKPUITTOP
OTJIOXKEHHOH OmnepaurH, KOTOPBIH 3aT€M MCHONB3YETCSl B KayecTBe
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ApryMeHTa orepauuny 3aBepiieHus. Paccmorpum GyHKUMI HHULMAH-
LIHHY oTiepauUil mpyeMa 1 OTNpaBKH COODIIEHUI:

Otnpaska cooOIIEHHS:

int MPI_Isend(void* buf, int count, MPI_Datatype
‘latatype,int dest, int tag, MPI_Comm comm,
MPT_Request * request)

int MPI_Issend(void* buf, int count,
MPPI_Datatype datatype, int dest, int tag, MPI_Comm
comm, MPI Request * request)

int MPI Ibsend(void* buf, int count,
MPI_Datatype datatype, int dest, int tag, MPI_Comm
comm, MPI Request * request)

int MPI Isend(void* buf, int count, MPI Datatype
Jdatatype, int dest, int tag, MPI_Comm comm,
MPTI Request * request)

buf — ykasatens Ha Hauano 6ydepa nepenaBaeMsIX JaHHBIX;
count — YUCJIO 3JIEMEHTOB MTEPEIABAEMEIX JIAHHBIX;

datatype — MPI-Tum a5ieMeHTOB nepeiaBaeMbIX JaHHBIX;
dest — HOMEp MpoLecca, KOTOPOMY MEPEAAOTCS JaHHbIE;

tag — Tar coobuieHns;

comm — KOMMYHHKATOp, B MPeJieyiax KOTOPOro NEPENatoTCs JaHHbIE,
request — ykasarelb Ha JECKPMITTOP ONEPaLHH.

ITpuem coobieHus:

int MPI_Irecv(void* buf, int count, MPI_Datatype
Jdatatype,

int source, int tag, MPI_Comm comm, MPI_Request
*request)

buf — ykasatens Ha Hayano 6ydepa, B KoTopoM 6YayT coXpaHe-
1Bl [TONTyYEHHbIE TaHHBIE;

count — MaKCHUMaNbHOE YHCJIO 3IEMEHTOB JaHHBIX B COODIIEHU;

datatype — MPI-Tun 3neMeHTOB faHHBIX B COOOIIEHUH;

source — HOMEp NpoLecca, OT KOTOPOTO OCYIIECTBIISAETCS NPUEM
N@HHBIX;

tag — 0XuaaeMblii T3r COODLIEH!S;

comm — KOMMYHHKATOp, B MpeieNiax KOTOPOro MepefaloTCs TaHHELIE,

status — ykas3arenb Ha CTPYKTYypY, B KOTOpy!o Bynet 3anvcan
CTaTyC 3aBepLICHUs OlNepaLuy;

request — yKa3aTellb Ha JECKpUITTOP OTepaLii.




Ot cranpapTHeIX QYHKUMH oOMeHa OTJIOKEHHBIE OMEpauyu oT-
JINYAKOTCSL HAJTMYMEM JOTIONHWUTENILHOTO napaMeTpa request, Koro-
pelii KMeeT Tun ykasaresist Ha Tunn MPI_Request. Ilo aapecy, nepe-
JaBa€MOMY B Ka4eCTBE 3TOIO IMapamerpa, COXpaHseTcs HECKPUNTOp
MHULMANM3UpOBAHHOM ornepanyu, KOTOpbIH MOXeT ObITh HCTIONB30-
BaH B NporpamMMe B AanbHeHIeM [Uis KOHTPOJIs Hajl 3TOH onepaumeit.
B 3TOM Cnyuyae roBOpAT, YTO MOJyYEHHBIH HECKPUNTOpP CEA3aH C OT-
JIO’KEHHOMH ornepaumren.

HawuGonee npoctas GyHKIHs! Ui 3aBEpLICHUs] OTJIOKEHHOH orne-
pauru HocUT HasBaHue MPI Wait. IlepBeiM e€ nmapameTpoM sBJisi-
€TCs JECKpHITOP OTIIOKEHHOH OrnepauyM, a BTOPbIM — YKa3aTellb Ha
obnacte mamaTd, B KOTOpoi Oynmer coxpaHeH CTaTyC 3aBEplICHHs
onepauny. OyHkuus MPT _Wait Onokdpyer BITIOJIHEHHE MpoLuecca
JIO MOMEHTA 3aBEpIICHMSI OTIEpPaLHH.

Ilpy ycrewHOM 3aBepllieHHM onepauuu obmeHa (QyHKUMs
MPI Wait ocBoOOXKIaeT NamsTh, 3aHATYIO 3aMPOCOM U 3arnMChbiBaeT
Mo ajipecy, nepefaHHOMY 4e€pe3 mnapameTp request, KOHCTaHTY
MPI REQUEST NULL, obo3Hauaroutyto Hysneoi 3anpoc. Ecnu B
KayecTBE napameTpa nepenaeTcsi HyJIEBOH AECKpUITTOp WITH JECKPUII-
TOp, HE CBs3aHHBIA C KakoH-THOO onepauue, TO BBIZOB (DYyHKLHH
MPI_ Wait cpasy e 3aBepluaeTcs ¢ myCThbIM CTaTyCcoM.

OxxyaHye 3aBepLICHUs OJIHOM onepaumi:
int MPI Wait(MPI_Request * request, MPI_Status
* status)

request - yka3arenb Ha ICCKPUIITOP OTJIOXKEHHOI OrepaLuH;
status — yKa3arenb Ha CTaTyC 3aBepLICHHs.

ITpoBepka 3aBepUIEHMs OQHOM ONepaLuu:
int MPI Test (MPI_Request * request, int *
flag, MPI_Status * status)
flag - yKasaTtesb HHAMKATOP 3aBEPLUEHUS ONEPALUN;
request — yKasartenb Ha IECKPHITOP OTIIOXEHHOI olepaLy;
status — yKasarenb Ha CTaTyC 3aBepLICHMS.

B MPI Ttakxe nmpeaycMoTpeHa BO3MOXKHOCTb NMPOBEPHUTH 3aBep-
WEHHOCTH onepaiyy 6e3 GrnokupoBanus mpouecca. Jlist 3Toi wenu
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«nykuT QyHkuns MPI_Test. B ornuume or MPI_Wait, s1a QyHk-
st He G6riokupyet npouecc. Ecnd ornepauusi, COOTBETCTBYIOLIAs Jie-
CKPUITTOpY request, He 3aBeplunnack, To Nno ykasareso flag 3a-
micuiBaercs 0. B atom cnyuae 3nayenue craryca 3apepli€HHs onepa-
1K He onpexnernieHo. Ecnu onepaunst ycremHo 3aBepliiiach, TO MO
vkaszatenmo flag Oyner 3anucaHo 3HaYeHMe, OTJIMYHOE OT HyJIs, Na-
MITh, 3aHATas 3anpocoM request, ocBoOoXaeHa, a MO yKa3areso
;i1 atus OyJeT 3anucaH CTaTyc 3aBepLieHHsl ONnepaLyu.

B HekoTOpBIX CryudasX Hy>XHO OXKHJATh 3aBeplieHHUE JIBYX WIIH
bosee OTIOXKEHHBIX onepauuii. Jins 3THX neneh cnyxar Clieyoire
(hyHkumm:

Oxxunanve 3aBepiueHYs OIHOI oTicpauuy:
int MPI_Waitany(int count, MPI Request * ar-
ray of requests, int * index, MPI':Status *
status)
count — YHCIO AECKPUIITOPOB OTJIOKEHHBIX OMEPALIUIL;
array_of requests —MacCHB JIECKPHUNITOPOB OTIIOXKEH-
HBLIX onepanuii;
index - ykasatenb Ha MHACKC 3aBEPLIECHHOI ONEpaLum;
status — ykazaTenb Ha CTaTyC 3aBEpUICHMS.

ITposepka 3aBepiueHUs ONHOM OnepaLyu:
int MPI Testany(int count, MPI Request * ar-
ray_of requests, int * index, int* flag,
MPI_ Status * status)
flag - ykasarenb Ha UHAMKATOp 3aBEpIIEHUS onepall;
array of requests — MacCHB JECKpHITTOPOB OTIIOXKEH-
HBIX OlEpaLMi;
index - ykasareib Ha MHIEKC 3aBEPUICHHOI oNepauyy;
status — ykasartenp Ha CTaTyC 3aBEpILECHHS.

Oxxupanuve 3apepLIeHHsT MHOXECTBA ONepaLuii:
int MPI_Waitall(int count, MPI Request * ar-
ray_of requests, MPI Status * array of statuses)
count — KOIMUYECTBO OXKMAAEMBIX OlEpaLWii;
array of requests - MacCuB IECKPUITTOPOB OTJIOXKEH-

HBIX onepauwii; array of statuses - MaccuB CTaryCOB 3aBep-
LIEHMS OMEpalyH.

41




1.10. KoMMyHHKATOPHI U rPyNIbI

Jhro6oe nocTaToyHO GONBIIOE MPHUIIOKEHHE PEAKO COCTOUT M3 Ofi-
HoH ¢yHkupn. Kak npaBusio, moMMMO OCHOBHOM (GyHKUMHM main,
TPOrpaMma TakkKe CONEPIKHMT elle HeckoJibko. DYHKUMH, YacTo Mc-
NoJIb3yEMBbIE Pa3JIMYHBIMH TPWIOKEHUAMH, HEPEKO OOBEMHSIOT B
O6uOMoTEeKH.

B paccMOTpeHHBIX BbIlLIE NpUMEpax TakKXe MPUCYTCTBOBAIM
¢bynkunn. Ho 911 QyHKUNM BBINONHANIA TOJIBKO TIOCIIEAOBATENBHBIN
KOX W He Conepxali AEeWCTBUH, CBSI3aHHBIX C MapajulesIbHBIMH BHI-
qrcneHusaMd. OUeBHAHO, YTO CyIIECTBYeT NMOTpeOHOCT: U B ByHKIM-
X, BBIMOJHAIOUMX NapajuienbHelil Koa. Bri3oB Takoit GyHKIMH BeI-
TIOJTHAETCS TPOLECCaMK, BXOSIIMMH B HEKOTOPOE TIOAMHOYXECTBO,
KOTOpPO€ MOXKET B YAaCTHOM CJTy4ae COBMajaTh CO BCEM BBIYHMCIIUTENb-
HBEIM TPOCTPAHCTBOM, HO MOXET M OTIHYaThest oT Hero. IlpoGrnema
COCTOHUT B OTpeENENIEHUH criocoba, KOTOPBIM CIEAYET nepenath QyHK-
UMKH MHQOPMALMIO O TOM TOJMHOXECTBE BBIMHCIIUTENIBHOTO MPO-
CTPaHCTBa, Ha KOTOPOM TMPOM3BOJINTCS €€ BHI3OB.

Iosichum cka3aHHOe Ha crienyroliem npuMepe. Boigenum w3 pa-
HEE PacCMOTPEHHOr0 MPHUMEpa YHMCIEHHOrO WHTErpupoBaHus (JiKc-
TUHT 4) QyHKUMIO BBIYMCIEHHs WHTerpana quad (ctuHr 7). Oue-
BHUJIHO, YTO peajin30BaHHas TakuM obpa3oM dyHKuMst quad He Gynaer
KOPPEKTHO paboTaTh Ha MHOXECTBE NPOLECCOB, OTIMYHOM OT BCEro
BBIYMCITUTENILHOIO MPOCTPaHCTBAa, TaK KaK BCE B3aMMOIEHCTBHUS Mpo-
U3BOAATCS B paMKax KOMMYyHHKaropa MPI COMM_ WORLD, KoTOpbiit
COOTBETCTBYET BCEMY BBIYHMCIIMTENIbHOMY NpoctpaHcTBy. Criefora-
TEJIHO, €€ MOXKHO BBITIOJIHATE TOJIbKO Ha BCEM BBIYMCITHTEIILHOM TNPO-
crpaHcTBe. CHATh 3TO OrpaHHuYEHHE MOXHO, €CJIH HalTH CrIocob me-
penauv QyHkuMM quad UHGOPMALMIO O MHOXECTBE MPOLIECCOB, KO-
TOpbIE BHIMOJHAIOT €€ BBI30B. Crenare 310 MOXHO, HCIIONB3Ysl
MEXaHHW3M KOMMYHUKQIMOPOoE, KOTOphIi npeaycmorpeH B MPI umento
At MAEHTH(UKAIMH TOAMHOXECTB BEIYMCITUTENTLHOTO MPOCTPaHCTBA.

1: double quad(double a, double b, int n)
2: {
3: int r, p, i;
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4: double h, sum;

5: MPI Status st;

6: MPI_Comm_rank (MPI_COMM WORLD, &r);

7: MPI Comm size (MPI_COMM WORLD, &p);

8: sum = 0.0;

9: h= (b - a) / n;

10: for(i = r; i < n; i += p)

11: sum += f(a + (1 + 0.5) * h);

12: sum *= h;

13: if(r t= 0)

14: MPI Send(&sum, 1, MPI DOUBLE, 0, O,
MPI_COMM_WORLD) ;

15: if(r == 0) {

16: double s;

17: for(i = 1; i < p; i ++) |

18: MPI_ReCV(&S, 1, MPI_DOUBLE, i, O,

MPI_COMM__WORLD, &st);

19: sum += S;

20: }

21: return sum;

22: }

23: }

Jluctumr 7. OYBKUUA BLIYHCIICHUsA HHTETpata

KoMMyHMKaTOp — 3T0 0OBEKT, WICHTHHUMPYIOUIMH HEKOTOpOe
1IOJMHOXKECTBO BBIUMCITMTENBHOIO mpocTpaHcTsa. [lpenonpeneneHHblit
xkommyHukarop MPTI_COMM_ WORLD CyIECTBYET C Ha4alia BHIMOJTHCHIs
HApaJUIENEHOTO MPUIIOKEHHS U COOTBETCTBYET MHOXECTBY BCEX MPOLIECC-
COB BBIYMCIIUTENBHOrO MpocTpaHcTBa. KOMMYHMKaTophbi, COOTBETCT-
BYIOUME NPYTHM MOJAMHOXECTBAM BHIYHCIUTENBHOTO TMPOCTPAHCTRA,
11cOOXOAMMO CO3/AaBaTh C TOMOLIBIO CrieUHAIbHBIX (YHKUMH, KOTOpbIE
paccmarpuBatoTest jianee. Tak e kak v kommyHukarop MPT_COMM
WORLD, 3TU KOMMYHHKATOPbl MOXKHO MCIOJNB30BATh U1 OpraHn3alnv
0OMEHOB JaHHBIMH, TepefiaBas MX B Ka4yeCTBe NapameTpoB B QYHKUMK
HOCBUIKM M mpHeMa cooOlieHui. BHyTpM KOMMyHHKAaropa rmpouecchl
HYMEPYIOTCsI MTOCNIEA0BATE/IbHBIMH LIEJTBIMU YHCTIaMH, HAYMHAS C HYJIA.

Jlns obecnieueHust HE3aBUCHMOCTH OT TMOJAMHOMXECTBAa BBIYHCIIH-
I'¢NIBHONO MPOCTPAHCTBA, HA KOTOPOM MPOM3BOMTCA BBHI3OB, (PyHKLMH
«quad HeoOXOAMMO mNepenaBaTh KOMMYHHKATOp, COOTBETCTBYHOIIMH
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TOMY MHOXECTBY IpPOLECCOB, HA KOTOPOM OHa Bhi3bIBaeTcs. Ilpumep
TaKOMN peajiM3auMH MPejCTaBNieH Ha JIMCTHHIe 8: B KauecTBe MepBOro
napaMerpa comm B ¢YHKUMIO quad nepenaercs KoMMyHUkaTtop. B
CTpoKe 45 noka3aHo, KakiM 00pasoM MOXKHO BBI3BIBATE 3TY GYHKUMIO.

XD WN =

22:
23:
24
25:

26:
27:
28:
29:
30:

31:

32:
33:
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#$include <math.h>
#include <mpi.h>
#include <stdio.h>
double f (double x)
{
return 4/(1 + x * x);
}
double quad(MPI_ Comm comm, double a,
b, int n)
{
int r, p, i;
double h, sum;
MPI Status st;
MPI_Comm rank(comm, &r);
MPI Comm size(comm, &p);
sum = 0.0;
h= (b~ a) / n;
for(i = r; 1 < n; i += p)
sum += f{a + (i + 0.5) * h);
sum *= h;

if(r '= 0)
MPI_Send(&sum, 1, MPI_DOUBLE, O,
comm) ;
if(r == 0) {
double s;
for(i = 1; i < p; i ++) {

MPI_Recv (&s, 1, MPI_ DOUBLE, i,
comm, &st);
sum += s5;
}
return sum;
}
}

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

int r;

double

34: int p:

35: double t, sum;

36: int n = 10000000;

37: double a = 0.0;

38: double b = 1.0;

39: MPI_Init(&argc, &argv);

40: MPI Comm rank(MPI_COMM WORLD, &r});

41: MPI_Comm size(MPI COMM_WORLD, &p);

42: if(r == 0)

43: t = MPI Wtime();

44: MPI Barrier (MPI_COMM WORLD);

45: sum = quad(MPI COMM WORLD, a, b, n);

46: if(r == 0) {

47 : t = MPI Wtime() - t;

48: printf ("Integral value = $1f. Time = %1f
sec.\n", sum, t);

49: }

50: MPI Finalize();

51: }

JIncrunr 8. ITporpamMma Ha MPI fu1st YHCIIEHHOrO WHTETPUPOBAHKSA:
BBIYHCIIEHUE UHTETpaia BHILENIEHO B OTAEIbHYIO {yHKLIMIO

B nporpaMme, npuBeneHHol Ha JHUCTHHre 8, MOXXHO ObuIO Obl

HCRIOJTB30BaTh U NEpBbIH BapHaHT QYHKIMH quad, Tak KakK BbI3OB
(p)YHKLMH MPOU3BOAMTCH Ha BCEM BBIYHCIMTENIBHOM MpocTpaHcTee. B
TO YK€ BpeMmsl, BEI3BaTh (PYHKIHIO quad Ha NOJAMHOXKECTBE, OTIIMYHOM
OT BCEro BBIYMCIUTEIBHOIO MPOCTPAHCTBA, BO3MOXKHO TOJILKO B pam-
Kax peanu3aluy, npeacTasyieHHoN Ha yucruHre 8. st Toro urobbt
IIPUBECTH TPUMEpP TaKOro MCNOJIB30BaHMs, Ham notpebylorcs QyHK-
MM [UTs CO3LAHUs W YAANeHUsi KOMMYHHKaTOPOB.

OnMH U3 Hanbonee obmMX cnoco®oB co3aHMs KOMMYHHMKAaTopa

OCHOBaH Ha pa30HEHHM CYUIECTBYIOLIETO KOMMYHHKaTOpa Ha He-
ckonbKo. Js aToro npeanasHavena Gynkums MPI_Comm split:

Pa3zbneHne KOMMYHUKATOpa Ha HECKOJIBKO:
int MPI_Comm split{(MPI Comm comm, int color, int

key, MPI_Comm *newcomm)

comm — HCXOJHbIIf KOMMYHUKATOp;
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color — WHAMKATOp pa3bueHus;

key — MOpsIOK MPHCBOEHHUA HOMEPOB B CO3/IaBa€MbIX KOMMYHM-
KaTopax;

newcomm — yKasaTesb Ha o0JIacTk MaMATH, U1 COXPaHEHNs CO3-
JABAEMbIX KOMMYHUKATOPOB.

Co3zranye KOMMYHHKATOPa 110 FpYINIE NPOLECCOB:
int MPI Comm create (MPI Comm comm,MPI Group
group, MPI:Comm “*newcomm) B
comm — MWCXOAHbIH KOMMYHHKATOP;
group — rpynna, rno KoTopoi co3iaeTcs KOMMYHHUKATOP;
newcomm — 06NacThb /1A COXpPAHEHHs PE3yNbTaTa Onepatun.

Ocpobox/ieHre KOMMYHUKATOPA:
int MPI Comm free(MPI Comm *comm)

HCCCHl € YeTHBIMM W HEYEeTHBIMM HOMEpaMH M3 KOMMYHWKATOpa
MPI COMM WORLD coorBeTcTBeHHO. I1pn 3T0M HOMEpaA MpoHEccoB,
BOILEAUIMX B MEpBBIH KOMMYHHMKaTop, OyIyT ynopsiioyeHsl TakK e,
KaK HoMepa B KOMMYyHMKatope MPI COMM WORLD, Tak Kak 3Haye-
1HA napameTpa key y HUX Bcex opuHakoBwl. IIpouecchl, BoLIeAUINE
BO BTOPOH KOMMYHHKaTOp, OyayT UMETh 0OpaTHBIi MOPSAAOK, B COOT-
BETCTBHM CO 3HAYCHUEM KIItOueit:

MPI COMM WORLD 4
3Hauenus COLOR 0
3HayeHus key —4
KomMyHHkaTop 1 -

Iepseiii napameTp comm cIy»uT Ui Nepefayud uaeHTHUKATO-
pa pazbuBaemoro koMMyHukaropa. DYHKLHs JIOJDKHA BBIZBIBATHECS HA
BCEX MpoLeccax, BXOAALMX B 3TOT KomMmyHHKarop. Iapametp color
CITY>KUT IJIs BBIAEJICHHUS CO3aBacMbIX KOMMYHHKATOPOB: MPOLECCH €
OIMHAKOBBIM 3HaYeHHeM color oOpasyloT OAMH W3 CO3NaBaeMbIX
KOMMyHHKaTopoB. [lapamerp key 3agacT YacTUuHBIH MOPSJIOK Ha
MHOXECTBE MPOLECCOB KAXKAOT0 U3 CO3MABAEMEIX KOMMYHHMKATOpPOB.
PaHru mponeccam B co3iaBaeMom KOMMYHHMKAaTOpe TPHCBaWBAIOTCA B
nopsifike Bo3pacTaHusi 3HayeHus key. Iocnenuuit mapamerp new-
comm yKa3piBaeT Ha 00J1acTh MaMsITH, B KOTOPOI COXPaHAIOTCS WJieH-
TUPUKATOPHl CO3IAHHBIX KOMMYHUKAaTopoB. B pesynbrare Beimonue-
Hust pyHkiu MPI Comm_split koMMyHMKaTop comm pa3OuBaer-
Csl HA HECKOJIBKO KOMMYHMKATOpPOB, KOJIMYECTBO KOTOPLIX COBMAJAET
€ YMCIIOM pasJIMyHBIX 3HAYEHHI1 NapameTpa color.

B kauectBe WLUTIOCTpauMM HCNONIL3OBaHUs mMapaMeTpoB key U
color paccMOTpHM Crienylonrit pparMeHT Koja:

MPI_ Comm rank (MPI COMM WORLD, &r):;

MPI Comm_ split(MPI_ COMM_WORLD, r%2, r%2 ? O
: — ¥, & newcomm);

B pesynbTrare BBINOMHEHHs 3TOH MOCIEAOBATENBHOCTH OIepaTo-
poB Oy[eT co3maHo ABa HOBBIX KOMMYHMKAaTopa, CONEpXALIMX Tpo-
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KommyHuKaTOp 2 2 0

B HekoTopeix ciyuasx TpeOyercs co3gath HECKOJIBKO HOBBIX
KOMMYHHKATOPOB U3 YacTH NPOLIECCOB, BXOAAIMX B UCXoaHsId. Jins
YTOro ClIEAYeT yKa3aTh Ha MpoLeccaX, KOTopble He BOMIYT HU B OOMH
13 cO3aBaeMbIX KOMMYHMKaTopoB, 3HaueHue MPI UNDEFINED B
xa4ecTBe Nnapamerpa color. Ha atux npoleccax mo agpecy new-—
comm OyneT 3anucaHo 3Hayenne MPI_COMM NULL.

Cnenyer OTMETHTB, YTO KOMMYHHKATOpBI, CO3JaHHbBIC B TpPO-
IpaMMe, CIIelyeT yAamnaTh ¢ nomMoupio ¢yHkuMn MPI Comm free.
(DyHKUHS JOIDKHA BBIZBIBATHCS HA BCEX MPOLECCaX, BXOASIIMX B yna-
JisiemMblil KOMMyHHKaTop. [IpeHeOpekeHre cBoeBpeMEHHBIM OCBOOOXK-
JICHHEM CO3JIaHHBIX KOMMYHHMKATOPOB MOXET TPHUBECTH K MEperosi-
HEHHIO MaMATH W, KaK CJIE[CTBHE, K aBapHHHOMY 3aBEplIeHHIO Mpo-
IpaMMBl.

Ha nuctunre 9 nmpuBenen ¢gparmeHt kona, B KOTopom (yHKIHs
guad BBI3BIBAETCA Ha ABYX HEMEPeceKaloUMXCs KOMMYHWKATOpax,
CO3AAHHBIX MpH oMo gynkuun MPI Comm_split. B ¢ynkumio
quad nobasneH HONMONMHUTENbHBIHA NMapamerp f, yepe3 KOTOpbIi Me-
penaercs ykasaTeslb Ha HMHTErpHpyeMylo QYHKIHIO. OTO M03BOSSIET
MCTIONB30BaTh quad /ISl BBIYMCIIEHUS] HHTETPaioB pasiIMyHbIX (yHK-
uMit B ORHOM 1 TOH e mporpamme. B crpoke 48 mpousBogures co3-
JlaHWE  KOMMYHMKaTopa C  TOMOLIBIO  BHI30Ba  (PyHKUMH
MPI Comm_split paccMoTpeHHBIM paHee criocoOoM. TTomyueHHbie
KOMMYHMKATOpPBI COXpaHsIOTCA B MEpeMEHHON newcomm, 3HaueHHe
KOTOpOH nepejiaeTcs B KA4€CTBE BTOPOro napamerpa QyHkuuu quad.
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B ctpokax 52—55 npousBonauTcst BEI3OB QyHKUMH quad Ha co3-
JaHHBIX KOMMyHHkaTtopax. Ilpu 3ToM Ha mpoueccax, BXOOALIUX B 32: }

nepBblii KOMMYHHMKATOp B KayecTBe MEPBOro rnapamerpa (yHKLHH ;Z } }
quad, nepenaetcs yHkuus £1, a Ha nmpoueccax BTOporo KOoMyHH- ’
katopa — ¢yHkuus £2. OTpe3ky MHTErpupoBaHHs TaKKe OTJIMYAKOT- 35: main(int argc, char* argv[])
co. 36: {
37: int r, p, newr;
1: #include <math.h> 38: gouble t, sum;
. . 39: int n = 10000000;
2: #include <mpi.h>
. . 40: double a = 0.0;
3: #include <stdio.h>
. 41: double b = 1.0;
4: #$include <math.h>
5: double f1(double x) 42:  double ¢ = 0.0;
. {O 43:  double d = 3.14;
) 44: MPI Comm newcomm;
. * - J—
;: } return 4./(1. + x * x); 45: MPI_Init(&argc, &argv);
: 46: MPI_Comm_ rank(MPI_COMM WORLD, &r);
36, ?OUble £2(double x) 47: MPI_Comm_size (MPT_COMM _WORLD, &p);
: . 48: MPI Comm split(MPI COMM WORLD, r % 2,
11: return sin(x); T e o - o
r $2 2?20 : - r, &newcomm);
12: ) 49:  if(r == 0)
. * . -
13: double quad(double (*f) (double), 50+ t = MPI wtime();

MPI Comm comm, double a, double b, int n) 57 - MPI Barrier (MPI COMM_WORLD);

1gf { int r, by i; 52: if(r % 2)

. ’ 1 ’ : = f ’ 7 7 ;
le. double h. sum; 22. elzzm quad(fl, newcomm, a, b, n)
17 MPI_Status st; 55: sum = quad(f2, newcomm, c, d, n);
18: MPI Comm rank(comm, &r);

— - . 56: MPI Comm rank(newcomm, &newr);
19: MPI Comm_size (comm, &p):; 57 if (newr == 0) {
ggf sun Tboio;) s 58+ t = MPI Wtime() - t;
: o ar fomi 59: printf ("Integral value = %1f.
22: for(i = r; i <mn; i += p) Time = %1f sec.\n", sum, t);
23: sum += f(a + (i + 0.5) * h); . B L
60: fflush(stdout);
24 sum *= h;
. 61: }
ggf lfé§1!2e2é<&s m, 1, MPI DOUBLE, 0, O 62:  MPI_Comm_free (&newcomn) ;
: — um, L — vV 63: MPI Finalize();
comm) ; 64: } -
27:  if(r == 0) { '
28: double s;
29: for(i = 1; i < p; 1 ++) { JIucrunr 9. INporpamMma Ha MPI fuist 4KCIIEHHOrO WHTETPHPOBAHUS:
30: MPI Recv(&s, 1, MPI_DOUBLE, i, O, BBIUUCHEHYSA Ha IBYX HeMepeceKaloluxcs KOMMYHUKaTOpax
comm, &st);
31: sum += s;
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Ilpu cbopke npumepa Ha JIUCTHHrE 9 HEOOXOAMMO MOAKIIKOYUTE
MatematHueckylo 6ubnuorexy. Ha GonpuumnctBe UNIX-cuctem s
3TOro HeOoOXOAMMO yKa3aTh ONLKIO — 1m:

mpicc -0 ex4 ex4.c -lm,

IZie €X4 — HMMs BBITIOJTHAEMOTO MOYJISl MPUMEPA, a €x4 . C — HUMS UC-
xoxHoro ¢aiina. Ilocne 3aBepiueHus NPUIOKEHHsT HAa SKpaHe reyaTaroT-
Cs1 3HAYEHHA MHTErPaioB U BpEMEHa, 3aTPaueHHbIE Ha X BBIYHCIICHHE.

AnbTepHaTHBHBIH MEXaHH3M CO3aHHsl KOMMYHHKATOPOB OCHOBAH
Ha WCTIOJB30BaHUH OHATHS 2pynnet npoyeccos. I'pynna sisisiercst 00b-
ekToM MPI, cooTBeTCTBYIOIIMM YNOPSIOYEHHOMY MHOXECTBY WIEH-
THGHMKATOPOB MpoLieccoB. B omnune oT KOMMyHHKaTopa, rpynmna cas-
3aHa He ¢ MPoueccaMH NPHUIIOKEHHA, & TOJIbKO ¢ UX WAEHTH(UKaTOopa-
MM, U SBJISIETCS JIOKAILHBIM OOBEKTOM MO OTHOLICHHIO K MPOLIECCY .

Ipouecchl B rpymnre, TaK ke Kak 1 B KOMMYHHKATOpe, HyMepyIoTcs
TIOCTIEAOBATENLHO, HaYyWHas ¢ Hyms. Takum oOpazom, rpynna 3anaer
orobpakeHHe MAEHTH(HKATOPOB MpPOLECCOB B MX Homepa. Konunuectso
MPOLECCOB B IPyIlie U HOMEp MpolLiecca MOXeT OBbITh OrpesierieH ¢ no-
motpio GyHkunidi MPI_Group size uMPI_Group rank.

OnnomMy M TOMY k€ MHOXECTBY MPOLIECCOB MOTYT COOTBETCTBOBATE
JBE pasjMYHBIE TPYNIBL, 3371a0IHE€ HA 3TOM MHOXECTBE Pas/IMYHYIO
Hymepauuro. Iloatomy [Be Ipynmbl MOTYT CUMTATBCS OAMHAKOBHIMH
TOJILKO TIPH YCJIOBUH, YTO B HUX BXOISAT OHH M Te K€ MPOLECCH B Ofi-
HOM W TOM ke nopsiake. CpaBHeHHe JIBYX I'PyIiT Ha COBIIaJIeHHe Ocylie-
CTBJISIETCS TpU noMouM pyHkumMn MPI Group compare. Jlns yc-
TAHOBJIEHUS COOTBETCTBUSI MEXIY HOMEpPaMHU, IPUCBOCHHBIMU OJHMM
¥ TE€M K€ MPOLECCaM B PaslMYHBIX IpyInax, npejHasHadeHa QyHK-
s MPI_Group_translate ranks.

OnpepeneHue pasMepa rpymniib:
int MPI_Group_ size(MPI_Group group, int *size)
group — rpyfma;
size ~yka3zarenk Ha 06nacTbk MAMSITH JUIs 3AIMCH MHPOPMALIUH O
KOJIHYECTBE MTPOLECCOB B IPyIIe.

Ornpeienenye HOMepa MPOLIECCa, BBITOJIHAIOIETO BH30B (lYHKLIMH, B

rpyfime:
int MPI_Group rank(MPI_Group group, int *rank)
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group — rpynna;
rank — ykazateJib Ha 065acTb MamMATH JUIsi COXpPaHEHHA HOMepa
npouecca.

VcraHOBEHME COOTBETCTBHSA MEXAY HOMEPAaMH IMPOLIECCOB B Pa3yivi-
HBIX TPyNnax:
int MPI Group translate ranks (MPI Group groupl,
int n, int “*ranks1l ’ MPI_Grgup groupZ, int *ranksZ2)
groupl — nepsas rpynia;
n — YUCJIO 3JIEMEHTOB MaccHBOB ranksl U ranks2;
ranks1 — MaccuB HOMEPOB NPOLIECCOB B [1EPBOH rpyrne;
groupZ - BTOpas rpynna;
ranks2 — MacCHB Juisi COXPaHEHHs1 HOMEPOB IIPOLIECCOB BO BTOPOit
1 pyIIe.
Ira QYHKUMS 3aMOJIHAET MaccuB ranks2 HOMepaMH IPOLIECCOB B
1 pyne group2, KOTOpble HIMEIOT HOMEpA, ITEPEUHCIIEHHBIE B ranksl B
ipynne groupl.

CpaBHeHue ABYX rpyI NPOLECCOB:
int MPI Group compare (MPI_Group groupl,MPI_ Group
qroup?, int *result)
groupl — nepsas rpynna,;
group?Z — BTOpas rpynia;
result — yKkazarenb Ha 00nacTh NaMsATH Ui COXPAHEHHS pe3y bTaTa.

Ecnu rpynna groupl COOEPXUT T€ XK€ MPOLECCH, YTO W Tpynna
(roupZ2 ¥ NopsJOK NPOLECCOB B 3THX Ipynnax COBMAAAeT, rpynmbl cUUTa-
IOrcsi OJMHAKOBBIMM, W I10 ajpecy result 3anMChIBaeTCs KOHCTaHTa
MPI_IDENT, B MPOTHBHOM Cllyuae pesysinTartoM Oymet MPI_UNEQUAL.

Jnst GopMHUpOBaHMs HOBBIX TPYMI M3 co3naHHBIX paHee B MPI
npeaycMotpeH Habop onepaupii MPI_Group union, MPI_Group
intersection, MPI Group difference, KOTOpBIE SABJSIOTCS
aHaJIoraMK TeOPETHKO-MHOKECTBEHHBIX onepaLiuii (06peanHeHune, nepe-
CCUEHHE W pa3HOCTh) € y4eToM nopsizika. Takke BbIIEeHa crienralibHas
rpyrmita MPI_GROUP_EMPTY, He copepallas mnpoueccos. Crenyer
omyuars uaeHTHGuKarop MPI GROUP_EMPTY oOT WIEHTH(QUKaropa
MPI_ GROUP_NULL, KOTOpbI COOTBETCTBYET HECYIIECTBYIOLIEH IPyTI-
1Ie ¥ CITY>KHT aHalloroM HyJsieBoro ykasatens. dynkuvu MPI_ Group
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incl wu MPI_Group_ excl Mo3BojisilOT co34aTh HOBYIO IPYNIly M3
3alaHHOro Habopa HOMepOB CylecTByHOLeH rpynmel. Tak >ke kak M
KOMMYHMKATOPHI, aMATh, OTBEACHHYIO TOJ IpyMibl NPOLIECCOB, He-
00X0AMMO y[ansaTh ¢ noMoiupto GyHkuud MPI_Group_free.

O6beauHeHMe ABYX rpynm:
int MPI Group union(MPI Group grl, MPI Group g2,
MPI_Group*—ér3) - -
grl — nepsas rpynna;
gr2 — BTOpas rpynna;
gr3 — ykasaresib Ha 061acTh I1sl COXPAHEHUs! pe3ynbTaTa Onepatyu.
Ha6op npoueccoB, BXOAAIMX B gr 3 1nojyyaeTcs 00beAMHEHHEM TPO-
LECCOB, BXOIALIMX B grl U gr2, MpHUYeM 3JIEMEHTHI IPYNIbl gr2, HE BO-
weAwpe B grl, cleayroT 3a aJieMeHTaMu grl.

Tlepeceuenue asyx rpynm:
Int MPI Group intersection(MPI Group grl, MPI
Group g2, I\ZPI__Gro_up* gr3) B
grl - nepsas rpynna,
grZ2 — BTOpas rpyiia;
gr3 — yKasaresib Ha 00NacTb 1Sl COXpaHEeHUs pe3ynbTaTa OrnepaLvi.
I'pynna gr3 cocTaBneHa U3 NpoLeccoB, BXOAAIWUX B grl W B grz2,
PacrnosioXXEHHBIX B TOM € MOPAAKE, YTO U B grl.

Pa3HoCTb ABYX rpyni:
int MPI Group difference(MPI Group grl,
MPI Group g_r2, ME?I__Group* gr3) a
grl —nepsas rpynna,
grZ2 — BTOpas rpynmna;
gr3 — yKasarelib Ha 0051acThb Ji1si COXpPaHEHHs! pe3yJibTaTa onepaLyn.
I'pynna gr3 cocraBjieHa U3 MPOLIECCOB, BXOAALIMX B grl, HO HE BXO-
JAILIMX B gr2, PacnoJiOXXeHHBIX B TOM € NOpsiIKe, YTO U B grl.

ITepeynopsinourBasMe (C BOIMOXHBIM yIaleHHeEM) MPOLIECCOB B Cylie-
CTBYIOMIEH rpynre:
int MPI Group incl(MPI Group group, int n, int*
ranks, MPI_ Group* newgroup)
group — UCXOJHas Irpyiia;
N — YHCJIO 3JIEMEHTOB B MAaCCHBE ranks;
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ranks — MaccHB HOMEPOB MPOLIECCOB, 13 KOTOpBIX OyzeT co3nana
HOBas rpyImna;

newgroup — yKkasatesib Ha 0051acTh JUis COXpaHEHUs pe3ynbTaTa
ornepauuu.

CospnanHas rpynna newgroup COAEPXUT 3JIEMEHTH MPYNITb group,
liepevrCsIEHHbIE B MaccuBe ranks: i-il npowuecc co3xaBaeMoil rpynnel
newgroup COBMNaJaeT C MPOLECCOM, UMEIOLUM HoMEp ranks [1] B rpyn-
e group.

YV naneHue npoueccos U3 rpynmbl:
int MPI Group excl (MPI Group group, int n, int*
ranks, MPI_—Group*— newgroug_)—)
group — UCXOJIHas rpynna;
N — YUCAO 3JIEMEHTOB B MacCHBE ranks;
ranks — MacCHB HOMEPOB YJANs€MbIX IPOLIECCOB;
newgroup — ykasarefib Ha o0J1acThb 14 COXPaHEHUs pe3ysibrara
ornepaumm.
B pesynbraTe BoINONHEHHs 3TOMH onepauyy Co34aeTcs HoBas rpyria
newgroup, Mojyyaemas yJaJleHHeM U3 UCXOIHOM FPYIIbl MPOLECCoB C
HOMepaMH, NepeuHCIeHHBIMY B MaccHBe ranks.

TlonyueHne KOMMYHUKaTOpa Mo rpymnmne:
int MPI Comm group(MPI Comm comm, MPI Group
*group) B B - N
comm — KOMMYHHKATOD;
group - yKasaTenb Ha 00nacth MamMsaTH [UIs COXpaHeHUs Nosy-
YEHHOW rpyIs.

OcBobox/ieHHe NamsTH, OTBEJEHHOI AJIA rPyNIbL:
int MPI_Group free(MPI_Group* group)
group — HaeHTHPHUKATOP 0CBOOOXKIAEMOI IpyIIIbI.

IToHATHA «TpyNibI» W KKOMMYHHKATOpa» TECHO CBA3AHBL KaX-
JIOMY KOMMYHHKATOpY COOTBETCTBYET Ipyniia BXOASIIHUX B HETO MNMPO-
LIECCOB. JTa Irpynmna MoXeT ObITh MOJyyYeHa C MOMOLIBIO (YHKLUH
MPI Comm_ group. Ilo rpynne MoxHO co3mare KOMMYHHWKaTOp C
nomollero GyHkuuu MPI_Comm create (cM. cTp. 45). B kauectse
NepBOro apryMeHTa 3T1oH QyHKUMH nepepaeTcss WACHTH(UKATOP HC-
XOJIHOTO KOMMYHMKATOpa, a B Ka4yecTBE BTOPOro — rpyina, obpa-
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3yloLlas MOAMHOMKECTBO TMPOLIECCOB 3TOro KOMMyHHKaropa. B pe-
3yJIbTaTe CO3/Ia€TCst HOBBI KOMMYHHKATOp, 00BeAMHSIONIMIA npoLec-
Chl M3 3TOH rpymnmel. Pe3ynsrar onepauuu coxpassercs B o0JacTH
naMmsTH, yKasaTesib Ha KOTOpYIO MepesiaeTcs B Ka4eCTBE TPEThEro ap-
ryMeHTa. (I)yHKlIHH MPI Comm create AOJKHA BBISBIBATHCS Ha
BCEX TIpolieccax, BXOMALIMX B ICXOAHBIH KOMMYHUKATOP.

B npaHHoM paspene ObUiH paccMOTpeHsl Haubornee ynoTpeOu-
TeJIbHBIE (YHKUMH, KOTOpBIE, OJHAKO, HE HCYEpPIBIBAIOT BCEX BO3-
MOXHOCTeH, npefocraensieMeix MPI st ynpaBneHust KoOMMyHHUKaTO-
pamMy W rpynnamu. B uyactHocTH, He ObUIM paccMOTpeHBl aTpHOYTEHI
KOMMYHHKATOpPOB, TOMOJIOTHMH, HMHTep-koMMYHHKaTophl. [loapoGhoe
OMUCAHHE 3TUX BO3MOKHOCTEH MOXKHO Haiith B [17].

1.11. Kosutek THBHBIE B3aHMO/IEICTBHUS MPOECCOB

Jlo HacTosiliero MoMeHTa Mbl paccMaTpUBalid B3aUMOJICHUCTBHS, B
KOTOPBIX YHaCTBYHOT POBHO JiBa Mpoecca — OTMPaBUTENb U NOTyYaresib
coobuieHus. Takve OOMEHBI OTHOCATCS K KJIACCy — «HOYKG-TNOUKG»
(point-to-point communications), X MHOrAA TAaK)Ke HA3BIBAIOT MOYey-
HeIMU 0OMeHamy. AnnapaT ToueuHsIX OOMEHOB 103BoJIseT 3¢ (eKTHBHO
OpOrpaMMHpPOBATE HIMPOKUH KI1ace NMPUIOKEHUH H, B PUHLMIE, JOCTa-
TOYEH JIIs BBIpKeHHst J1toboro napawiensHoro anropurMa. OnHako Ha
TPAKTHKE 334acCTYIO MOABJISIOTCS 33a¥M, B KOTOPBIX TpeOytoTcs B3au-
MOJICHCTBHS, BOBJIEKAIOIIME Cpasy HECKOJIBKO MpoteccoB. Takue onepa-
LMK HA3BIBAIOTCS KOUIEKIMUGHBIMU G3AUMOOCTCINGUAMU.

Beenenne konnexkTHBHBIX OMepauuii npeciiefiyer ABe OCHOBHBIE
uenu. Ilepeas coctour B obneryeHnu mpouecca MPOrpaMMHpOBAHUs
3a cuyeT Ooree BBIPA3HTENBHBIX CPEACTB. B yacTHOCTH, cokpamaercs
00bEM MCXOAHOTO TECTa, YMPOLIACTCA BOCMpPUSTHE nporpammbl. Bro-
pas Lesib COCTOMT B MOBBILIEHWH NMPOM3BOAUTENILHOCTH MPHIIOKEHMS,
KOTOpO€ JOCTUraeTcsi 3a CHET ONTUMM3ALIMH MEPECHUTOK JIAHHbLIX.

Ilosicuum cka3anHoe Ha mpumepe. [lycte TpeGyeTcs BHLIMOIHUTE
PACCHUIKY 3Ha4Y€HMsI MEPEMEHHOM LEJIOro THIA ¢ Mpoliecca 1Moy HoMe-
pom 0 ocraneHbIM mpoueccam. PparMeHT Koxa, MCHOJIb3YIOUIMH TO-
YeyHbBIE TIEPECHUTKY, BBITIOJHSIOMMI 3TH AEUCTBHA, W allbTepHATHB-
HBIF BapMaHT C MCMOJIb30BAHUEM KOJUIEKTHBHOM Ofepain rpuBee-
HBI Ha TUcTUHTrEe 10,
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Pacchinka [anHbiX € NOMOIIBIO TOYEUHBIX NEPECHNOK &

1 if(r == 0){
2 for(i = 1; 1 < s; i ++)
3: MPI_Send(&a, 1, MPI INT, i, O,
MPI_COMM_WORLD) ;
} else
5: MPI Recv(&a,1l,MPI_INT,0,0,MPI_COMM WORLD,
&st);

Pacchuika JaHHBIX C UCTIOJIb30BAHHEM KOJUIEKTHBHOMW onepaunu.

MPI_Bcast(&a, 1, MPI_INT, O,
MPI_COMM WORLD) ;

JIncruur 10. Pacchiiika JaHHBIX C TOMOILBIO TOYEYHBIX OOMEHOB
¥ KOJUIEKTHBHOM ollepaumu

Peanu3auus pacchbUIKH, NMpUBEAEHHAs B CTpOKax 1-5, He TonbKO
3aHuMaeT OoJbllle MecTa B NporpaMme, HO M, Kak MpaBwIo, MeHee (G-
(bekTHBHA, yeM cooTBETCTBYIONIAs Oubnuoreunas ¢yHkuus. Ilpuunna
ITOrO 3aKJIIOYAETCS B TOM, YTO (PyHKLMs, npenocTapisieMas Onbnuore-
KOH, MOXET peanu30BaTh HaHHYIO ornepauuio Gonee agdexkrusHo. Ha
puc. 6 npencTaByieHbl AB€ BO3MOXKHBIE peann3auiy pacChUTKH cooOie-
HHS OT npouecca ¢ HomepoM 0 ocraBlnmes 7 npoueccam. Peanmzanus,
npejicTaBlIeHHas Ha puc. 6, a, COOTBETCTBYeT (pparMeHTy KOAa B CTpPO-
kax 1-6 nucrunra 10. Ecnm npeanonoxuts, yro Ha OAHY NMEPECHUTKY
npouecc 0 pacxonyer eAMHUYHBIN KBaHT BPEMEHH, TO pacchlyika coob-
LEHUs 1O CeMU MporieccaM Tpebyer 7 Takux KBaHTOB. bornee skoHOM-~
Has peanusauust paccblTku (puc 6, 6), 3aHUMaeT 3 BpeMEHHBIX KBaHTa.

6

Puc. 6. Bo3MOXHBIE BapHaHTHI PacChlIIKH COOOIIEHMs. BepiuHbl
COOTBETCTBYIOT NpoLeccam. JIyru noMeueHsl HoMepaMu BpEMEHHbBIX KBAHTOB
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B npejuioxkeHHBIX peanyu3auusX yYUTBIBAETCA TOJLKO BPEMsi, KO-
TOpO€ TPAaTUT MPOLECC, MOCHUTAIIMI COOOLIEHe, HO HE YUYHTHIBA-
10TCA ceTeBbie 3a7iepKKU. KonnuecTBo mepechiniok, KOTopble MOMXHO
TIPOU3BOANUTH OJHOBPEMEHHO 3aBHCHT OT YCTPOMCTBA KOMMYHHKal(H-
OHHOM Ccpefbl MHOTOMPOLECCOPHOrO BBIYMCIUTENILHOTO KOMIUIEKCA.
Xopoluas peanusalus KOJUIEKTHBHON ONEPALMK JIOJIDKHA TAKKE yuH-
THIBATh XapaKTEPUCTUKH KOMMYHHKALMOHHON Cpenpl.

1.11.1. Bapbhepuas CHHXpOHH3AUHS

Ilpocteituas komiekTuBHas onepauus MPI Barrier mnpuHH-
MaeT Ha BXOJ JIMUIb OIMH apryMEeHT — KOMMYHHWKATOp — M BBHI3bIBa-
€T CHHXPOHH3ALMIO BCEX MPOLIECCOB, BXOAALIMX B Hero. bonee TouHo
ceMaHThKa (QyHKUMH (HOPMYIHMpYyeTcs CIIEAYIOUMM 00pa3soM: BBI3bI-
BaKOLMH npouecc 6IOKUpYETCst A0 TEX MOp, M0Ka BCE NMPOLECCH, BXO-
OAME B KOMMYHUKATOP, NEPeNaHHblil B KAUECTBE apryMeHTa, He BhI-
NOJIHAT BbI3oB MPI_Barrier.

coB. KoHKpeTHBII BapHaHT MOBEAEHUS ONPEACIIAETCS peanu3aure.
[MosToMy mepeHocHMas nporpamMma He JIOJDKHA MpPEAroaraTb CHH-
XPOHU3aLMIO TMPOLECCOB, BHIMOJHAIOLIMX KOJUIEKTUBHYIO ONE€paluio,
HO Takoke JODKHA KOPPEeKTHO paboTaTh B CHTyalluM, KOrja Takas
CUHXPOHM3aLUs UMEET MECTO.

[lepeiinem Tenepp x 6onee NOAPOOHOMY pacCMOTPEHHMIO OCHOB-
HbIX (QYHKUMH JUIf KOJUIEKTMBHOM pacChUIKM W MpUEMa JaHHBIX.
Oynkuus MPI_Bcast npeaHasHauyeHa Jijisl pacChUIKM OJHOK KOMUH
JaHHBIX rpyrre npouecco. JlaHHBIE pacrionaralorcst B naMstd Mpo-
pecca ¢ HOMEpOM root B KOMMYHMKaTope comm no ajpecy buffer
U cocrosaT U3 count snemeHToB THna datatype. B pesynerate
BBITIOJTHEHHUS OMEPALM BCE NMPOLIECCHE MOJTYyYaT 3TH JaHHbIE U COXpa-
HAT UX no ajapecy buffer:

int MPI_Barrier (MPI_Comm * comm)

comm — KOMMYHMKaTOp, OOBEAWHAIOUN CHHXPOHHM3YyEeMblE
MPOLIECCHI;

OyHkLus 6apbepHO CHHXPOHH3aLKH OOGBIYHO NPUMEHSETCS 1A
TOYHOIO M3MEPEHHUsl BPEMEHHU BBITIOJIHEHHA NMapasuiebHOW Mporpam-
Mbl (CM. IPUMEP Ha JTUCTHHIE 4) WK [UIsl NPEOAOIICHHs CIIOKHOCTEH,
BBHI3BAHHLIX HEAETEPMHUHHPOBAHHEIM MOBEJICHHEM.

1.11.2. OcHoBHBIE KOJJIEKTHBHBIE ONEPALHH CHHXPOHU3ALMH,
paccbuIKu B c6opa AAHHbIX

Tax e kak ¥ paccMorpeHnas GpyHKiws GapbepHOi CHHXPOHHU3a-
UMM, J1o0asi KOJUIEKTHBHAS Ornepaurs JO/KHA BHI3BIBATBCSH BCEMM
MpoLeCcCaMu, BXOAAUIMMU B KOMMYHHKATOp, Nepe/iaBaeMblii el B ka-
yecTBe napamerpa. CUTyaluHsi, B KOTOPOH 3TO YCJIOBHC HE BHIMOJIHE-
HO, cuHTaeTcsi oMOOouHON. [Tpy 3TOM BBINONHEHHE KOJUJIEKTHBHOM
ornepaly, OTIHYHOM oT MPI Barrier, He 0653aHO, XOTA U MOXET,
BBI3BIBATH CMHXPOHU3ALMIO YUYaCTBYIOIMX B €€ BBHIIOJIHCHUN TPOLIEC-
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int MPI Bcast (void* buffer, int count,

MPI Datatype datatype, int root, MPI_Comm comm)

buffer - Hanpoiecce ¢ paHroM root — ykasarenb Ha 1ochliae-
MBl€ JaHHbIe, Ha JIDYrHX Npoueccax — yka3areslb Ha o6sacTb namMsTi s
COXPaHEeHUs IPHHATHIX AaHHBIX;

count — KOJIMYECTBO NEPECHINIAEMBIX 3JIEMEHTOB IaHHBIX;

datatype - THI MEPECHINIAEMBIX 3JIEMEHTOB IaHHbIX;

root — HOMED IpOLECCa, C KOTOPOro pacChiialoTcst JaHHbIE;

comm — KOMMYHHUKatop, 00beIUHSAIOILHIT NPOLIECCHI, yYaCTBYIO~
LME B 1IEPECHINKE;

Mpotiece 0 (<] A
Mpouecc 1 \

Mpouecc 2 \D

3auactylo TpeOyeTcsi pacChiylaTe Pa3IMYHBIE, @ HE ONWHAKOBEHIE
KOTIHY JIaHHBIX pa3/IMYHBIM TipoueccaM. J[ist 3Toro mpenHasHaueHa
dyHkius MPI_Scatter. JlanHas ¢yHKuMsi pacceuiaet Onoku AaH-
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HBIX OJIMHAKOBOI'O pa3Mmepa, cojaepxkaulpe sendcount 3JEMEHTOB
THNa sendtype, pacnolIOKEHHBIE TIOAPAN Ha4yvHasg C ajpeca
sendbuf Ha nporecce ¢ paHroMm root, BCEM OCTalbHBIM FIpOLieC-
cam, BXOJSIIMM B KOMMYHUKaTop comm. Yucno 6nokor coBnafaer ¢
YHUCIIOM MIPOLIECCOB B KOMMYHHKATOpPE comm, fIEpefaBaeMbIM B Kaye-
CTB€ FOCIIE/IHErO MapamMeTpa:

int MPI Scatter({void* sendbuffer, int sendcount,

MPI Datatyge sendtype, void* recvbuffer, int
rec;count, MPI Datatype recvtype, int root,
MPI Comm comm) a

sendbuffer - ykasartens Ha NOCHUIaEMBIE TAHHEIE (CylLECTBE-
HEH TOJIBKO Ha MpOLECCE € paHrom xoot);

sendcount — KOJIMYECTBO 3JIEMEHTOB B NepechiiaeMoM Onoke
JaHHBIX;

sendtype — THN 3JIEMEHTOB NEPECHUIAEMBIX OAHHbIX;

recvbuffer — ykasarenb Ha 00NacTh NaMATH JUIS COXpaHEHHS
TPUHATBIX JAHHBIX;

recvcount — KONMYECTBO IJIEMEHTOB B GJIOKE IPUHUMAEMBIX
JaHHBIX;

recvtype — THN NPWUHUMAEMBIX JJIEMEHTOB NAHHBIX;

root —HOMEp Mpouecca, ¢ KOTOPOro pacChlIaloTCA NaHHbIE,

comm — KOMMYHWKATOpP, 00BENVHAIOLIHH MPOLIECCHI, Y4aCTBYIO-
iye B KOJINIEKTUBHOH OTiepaLivy.

MNpouecc O

Mpouecc 1

MNpouecc 2

BaxHO OTMETHUTD, YTO I (byHKunn MPI Scatter, Kak U JJis
JIPYTHX KOJUIeKTHUBHBIX Orepalyii, 0OOhEM JaHHEBIX B MOCHIIAEMOM CO-
obuieHny, onpesiensemslii napamerpamMu sendcount U sendtype,
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JIOTDKEH B TOYHOCTH COBIIQJIaTh ¢ 00BEMOM JAHHBIX, YKa3aHHBIM IS
MIPUHHUMAaEeMOTo COOOLIeH s, KOTOPBIH 3ajaeTcsl NapaMeTpoM recv-—
count u recvtype. 9ta 0coOEHHOCTb OTNMHYAET KOJJIEKTHBHBIE
OfiepaLlK OT TOYEYHBIX MEPECHUIOK, B KOTOPbIX 06beM JaHHBIX, YKa-
3aHHBIX B (PYHKLHMH FipHeMa COODLIEHUs MOXET MpeBbIIaTh 0Obem
MpULIEIIEro COOOIIeHHS.

QOyukips MPI Gather BBHIMONHAET onepaLyio, obpaTHyio o
OTHOLIEHHIO K QYHKIIMM MPT_Scatter, T.e. cobHpaeT OIWHAKOBbIE
ONOKH JTaHHBIX, MEPEChUIaeMble C Pa3HBIX MPOLIECCOB, B MACCHB Ha
OZTHOM M3 HUX:

int MPI Gather(void* sendbuffer, int send-

count, MPI Datatype sendtype, void* recvbuffer,
int recvcount, MPI Datatype recvtype, int root,
MPI Cormm comm)

sendbuffer —ykasareib Ha NOCHUIAEMEIE NAHHBIC,

sendcount - KOJMMYECTBO 3JIEMEHTOB B NEPECHLIIAEMOM OJ10-
K€ JaHHBIX;

sendtype — THIT 3JIEMEHTOB MEPECHUIAEMBIX JaHHbIX;

recvbuffer - ykaszarenb Ha 06nacTb NamMsTH A/ COXpaHe-
HHSl IPHHATBIX JAAHHBIX (CYLLECTBEHEH TOJBKO Ha MpoLEcce € PaHroM
root);

recvcount — KOJMYECTBO 3JIEMEHTOB B OJIOKE MPHUHUMAEMBIX
JaHHBIX;

recvtype — THI NPUHUMAEMBIX NIEMEHTOB JAHHBIX;

root — HOMep NpoLecca, Ha KOTOPOM BBITIONHAETCSA pUEeM
JAHHbIX;

comm — KOMMYHMKaTOp, 00bEIMHAIOLIMIt IPOLIECCH!, Y4acT-
BYIOLIHE B KOJUIEKTVIBHOM OTiepalym.

MNpouecc O

Mpouecc 1

MNpouecc 2 - """""""""""
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B kauecTse WIUTIOCTpaUMH NMpUMEHEHHs onepauni MPI_Bcast,
MPI Gather u MPI_Scatter pacCMOTpHM MapalJiENbHYIO pea-
nu3auMio meroaa AkoOH pelneHrs cCUCTeMbI THHEHHBIX YpaBHEHHIH.

IpuBenem kpatkoe onucanue anropurma Skobu. (Bonee non-
pobHoe onmcaHue MOXKHO HaiiTH B moHorpadwuu [10].) ITycte nana
crcreMa NTHHEHHBIX ypaBHEHUH BHAA

Ax=f, ¢y

rae A=(a,-j) — KB3JpaTHas MaTpuLa pa3MEpHOCTH  m;

T T
x=(x,K,x,) , f=(f,K,f,) — Bekropa nepeMeHHBIX H Npa-
BO# YacTH COOTBETCTBEHHO. ECNM BCe @j; OTIIMYHBI OT HYJIS, TO CHCTE-
mMa (1) Moxer ObITH rmeperdcana B  CIEAYIOUIEM  BUJE:

i-1 a aij f, .
X; =——Z Z —X;+, i= 1,2,K , m. Takas 3armcek yno6Ha
j=1 i j=i+l G a;;
JUIA TIpUMEHEHUs] HTePALIMOHHBIX METOJIOB pelieHus cucteMsl (1).
MeTton SkobH cocTOUT U3 cneyonux neHcTBHiA:

1. TlpousBonbHeIM 00pa3oM BeIOHpaeTcs HavalbHOe MPHONIHKe-
HHeE (x,O,K , x,?,) K pEeLIEHHIO.

2. Ha n-m ware ouepeaHoe npHONIDKEHHE BLIMHUCIAETCA T0O

i~1 a aij f )
dopmyne x* = E E —=xj+=, i=1,2,K,m.
J= la J=i+t Gii i

3. TlpoBepsiercss ycnoBHEe OKOHYAHHUS TMPOLIECCa BbIYHCICHHE

& I 2
> —x)
i=]

HEHO 33aHHOE KOJIMYECTBO UTEPALMi, TO MPOLIECC BBIYHCIIEHHH 3a-
KaHuuBaeTcs. B nMpoTHBHOM cilyyae rocneioBaTesibHOCTh Waros 2—3
MOBTOPSIETCH BHOBb.

Breiuncnenue ouepenHoro npuOJIMKEHUsT MOXKHO TiepericaTh B
MaTpHyHOH opMe cneyrommmM obpazom:

< &. Ecriv oHO BLINOJNIHEHO WK BBITION-

'—_Bx"+g,

TrJie 37IEMEHTBI MaTpyibl B ¥ BEKTOpa g BBIYKUCIISIOTCS B COOTBETCT-
BUM ¢ popMyTIoit
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b _ a; [a; npui# j,
Onpui=j;
Ji

ajj

(2)
8 =

MoxxHo IoKa3aTb, YUTO €CIIH A— CUMMETpPHUYHAA MONOKUTENb-
HO-ONpeneEnceHHass MaTpvLa ¢ JuarosHajlbHbIM npeoGnanaHHeM, T.C.

a; >Z|a jl 1o MeTol SkoOm cxomurcs. Hpyrumu crnosamu, ans
_]#I
TaKMX MaTpHI] YCJIOBHE OKOHYaHMs BBIMHCIICHHI OyneT BBINOIHEHO
NOCJIE KOHEYHOrO YHCNa UTepaLii npu JIr0boM HavaabHOM NpHOIH-
JKEHHH.
PaccMoTpuM MaTpHLy A, COCTOALLYIO U3 3TIEMEHTOB CIIEAYFOLIETO
BUNa: a; =2m,a; =1 mpu i# j. Tak Kak ycnosue AHaroHaJIbHOro

npeobnagaHus s HEe BBINOIHEHO, TO MeToA Skobu cxomures. Ty
MaTpHLly BO3bMEM B Ka4yeCTBE BXOAHBIX JIAHHBIX JUISl paccMaTpHBae-
MbIX Jaiee npuMepos. KoMoHeHTH npasoii yacTH f monbepemM TakuMm
obpasoM, utobbl BekTOp (1,2, ..., m) Obin pemmenuem cuctemnl (1).

m(m+1)

Jinst 3TOro HeobXoMMO MONOXKHUTL f; = +i(2m—1). B stom

citydae ko3duimenTsl Marpuisl B U BeKTOpa g cormnacHo ¢opmyse (2)
HMEIOT CIIEAYIOLIHI BU:

la,; npui= j,
Ompui=j;

_m_“+,-(1__1_)
& 4 2m)

®opmyna (3) ucnonb3yercs B (QyHKLIHH WHUIMANHA3ALMM HC-
XOIIHBIX JaHHBIX, npuBefeHHoil Ha nuctuhre 11. Ilomumo wum-
LManTu3alyy MaTpulbel B v sextopa g ¢yHkiua init Takke HHU-
HATU3UPYET BEKTOP X, KOTOPHIH ABNAETCA HAa4YaTbHBIM NpHOIMKe-
HUEM K peieHuro. Tak Kak Mpu TakuX HUCXOIHBIX JaHHBIX METOJ
Akobu cxoguTtes npu MOOOM HayabHOM MPHOJIMXKEHUH, TO BBIOOP
B KauecTBe HauyanbHoro BekTopa (1, 1, ..., 1) KoppekTeH.

3)
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1: wvoid init(int m, double* B, double* g,
double* x)

2: {

3: int i, j;

4: for(i = 0; i < m; 1 ++) {

5: glil=((double)m+l)/4.+(1.~-1./
(double) (2*m) ) *(i+1);

6: x[i] = 1.;

7: B[i *m + i] = 0.0;

8: }

9: for(i = 0; 1 < m; i ++) {

10: for(j = 0; J < m; j ++)

11: B[i * m + j] = 1./(double) (2 * m);

12: }

13: }

JIucrunr 11, Unvupanvzalys UCXOIHEIX JaHHBIX U1 MeTona STko6u

Ha ynucrunre 12 npuseseH Kox Apyroi BComMoratensHol QyHK-
uvu evalDiff, koTopas npumeHsieTCs JUlsl BBYYHCIIEHUS BHIPAXKEHHS

2
> HCHOJIL3YEMOTO MPH OLICHKE MOTrPeIIHOCTH.

B anropuitMe MOXHO, BBIAETMTH €LIE OJIHY BCHOMOTaTeNbHYIO
(GYHKIMIO, BBITIONHSIOYIO BBIYHMCIEHHE OYEPEIHOro MpUONmKeHUs

no gopmyne x™' =—Bx" + g:

1: wvoid matvec(double* B, double* g, double*
xo0ld, double* x, int k, int m)

2: {

3: int i;

4: for(i = 0; 1 < k; i ++) {
5: int 7;

6: double a = 0.;

7: double* row = B + i * m;
8: for(j = 0; j < m; j ++)
9: a += row[j] * xold[j}]:
10: x[i] = -a + g[i];:

11: }

12: }

double evalDiff(double* u, double* v, int m)
{

int i;

double a = 0.0;

for(i = 0; i < m; i ++) {
double b;
b = v[i] - ul[i];
a +=b * b;

}

return sqrt(a);

e o

HEOOoOdaU & WN -

= O e

}

Jiucrunr 12. Brruncnenue HOpMBI Pa3HOCTH BEKTOPOB
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JIucrnur 13. OyHKIHA BBIYUCIEHHS 0YE€PENHOTO NPUOITHKEeHNS

B kauecTse aprymMeHTOB B yHKIHIO NEpeaeTcsi MaTpuLa B, BEKTop
g, aJpeca Mepeoro aMeMeHTa NMpepIynero npubmokenns xold (x,)
TMIEPBOTO 3JIEMEHTA OYEePeHOrO NMPHONMKEHHS X (X, ). Taroke nepenaet-
€A KOJTMYECTBO CTPOK k M cTonbrioB Marpuubl m. B paccmarpuBaemMoM
MpUMepe MaTpHLia KeaapaTHas, 1 MOXHO ObUIO ObI OrpaHHYHUTLCS OJTHUM
flapamMeTpoM, HO B NapaJuieNibHOM BapHaHTe MoTpeObyeTcst BapuaHT 3Toi
(YHKIIMM JUTS MaTPHULIBI MPOM3BOIBHOTO BHJA.

Oyukupy init, evalDiff u matvec UCMIONB3ylOTCA KakK HO-
CIeI0OBATENLHBIM, TaK W MapajuleNbHBIM BapHaHTaMH peajin3aliii Me-
Tona Slkobu. [locnenoBarenbHbli BapHaHT MpHUBEAEH Ha NHUCTHHre 14.
PaccmotpuM ero Gonee moppobuo. B crpokax 5—6 mpousBoautcs
pa3bop napaMeTpoB KOMaHJHOH CTPOKH: MONyYarOT 3HAa4YeHHs pas-
MEpHOCTB 3a/1a4¥ m U Tpebyemas TouHocTh eps. lanee B crpokax 7—10
BBIJIENISIETCA MaMSATh JUIss MaTPHULbI B, BEKTOpa g , KOTOPBIC HCHONb-

3YHOTCS IJIA MOJTYHYEHHsT HOBOI'O 3Ha4YCHHUSA anGJIH)KeHP[ﬂ o Q)Opmyne
n+l

x™ =—Bx" + g, BEKTOPOB X 1 x01d, NpeaHasHaYeHHBIX 1S Xpa-
HeHus ouepentoro (X1 ) u npensinywero (x") npubnimkeruit. Jlanee
B cTpoke 11 annoKHpoBaHHBIE MACCUBBI HHHIMATM3NPYIOTCS C FIOMO-

b0 QYHKLMH init.
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1: main{int argc, char* argvl[])
2: {3: int m, I = 0;
4: double *B, *g, *x, *xold, eps, diff, t;
5: m = atoi{argv([1l]):
6: eps = atof(argv(2]);
7: B = (double*)malloc{(m * m *
sizeof (double));
8: g = (double*)malloc{m * sizeof(double));
9: xo0ld = (double*)malloc{m *
sizeof (double));
10: x = (double*)malloc(m * sizeof(double)):;
11: init(m, B, g, xold); '
12: t = time (NULL);
13: do {
14: matvec(B, g, xold, x, m, m);
15: diff = evalbDiff (xold, x, m);
16: I ++;
17: printf("diff=%1f, eps = %$1f\n", diff,
eps);
18: memcpy (xo0ld, x, m * sizeof (double)});
19: } while ((diff >= eps) && (I <= MAX-
ITERS));
20: t = time(NULL) - t;
21: printf("%d iterations consumed %1f
seconds\n", I, t);
22: }

Jincrunr 14. TocnenoBatenshelii BapuaHT peannsanun Metona Jkoon

OcHoBHo# 1k (ctpoku 13—19) BerumcnseT ouepenHoe npubnu-
xenue no popmyne x"' = —Bx" + g 110 Tex rop, MOKa He BBINONHEHO

n+l n

OJHO U3 )/CJIOBHﬁ OCTaHOBa: HOpMa pa3HOCTH X X crana

MEHBILE 33JaHHOM TOYHOCTH €PS WIIH BBIMONHEHO Gonee orpe/iesneH-
HOTO YHCIla UTepaLHii.

HecnoxHo 3ameTuTh, YTO BHIYHCIIEHHE Pa3iTHYHBIX KOMIIOHEHTOB
OUYEPETHOrO NMPUOITMKEHHS MOXET MPOU3BOJNUTLCS NapaieNbHO. 3TO
HabmosieHe OKa3bIBa€TCs MOJIE3HBIM TIPH MapaJUIeNIbHON peain3a-
LMK KaXABIM MPOLECcCOp BBIUUCIAET OMNPEIENEHHYH) YacTh 3JIEMEH-
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TOB OUYEPETHOrO NMPUONIDKeHHs. BeMHCIIEHHsT OpraHu3yloTes 1o clie-
nyrouwel cxeme. Ha iepsoM stane HCXOOHBIE J@HHBIE 3aia4H — MaT-
puylia B ¥ BEKTOP g — pacchinaroTes no paboyuM mporeccam: BCe Mno-
NMYYaT OAWHAKOBBIE YaCTH MaTpHLIbl M BEKTOPA, KOTOPBIE COXpaHs-
10Tcs B MaccuBax Bloc u gloc. HMnmroctpanps pns MarpHibl
6 x 6 npuBefieHa Ha pUC. 7: KaXAblH U3 TPEX NPOLIECCOB TONYYaeT JiBe
CTPOKM MaTpHibl B W 1Ba 3MEeMEHTa BEKTOPA g.

Npouecc 0 Mpouecc 1 MNpouecc 2

Puc. 7. Pacchinka MCXOAHBIX TaHHBIX 3aJ1a4H
B MapajyielbHOM BapHaHTe MeTona Axko6u

5 8295 65
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Ilepsas yacts nporpaMMbl, cojiepkainias oObsABIEHHE MEPEMEH-
HBIX, HHULWAJIH3AIHI0 H PACCBUIKY HCXOAHBIX JIAHHBIX MPHBENCHA Ha
nuctunre 15. B crpoke 11 Berumcnsercs yucno crpok chunk, obpa-
GaThIBaEMOE KaX/BIM TporieccopoM. B curyaumy korza Bce nporec-
COpbl HMEIOT OIMHAKOBYH) TPOM3BOIMTENBHOCTD, LienecoobpasHo
pasfenuTh CTPOKHA MEXIY TPOIECCOPaMH OJHHAKOBBIMH MOPLIUAMH,
PaBHBLIMH OTHOLIEHHIO YMCHa CTPOK MaTpuLlbl M K KOJMYECTBY MPO-
1eccopoB np. B crpokax 14—16 uHcno cTpok MaTpHLsl I, TOYHOCTD
eps M KonH4yecTBO cTpok chunk Jjuis o6paboTKH KaxkaeIM mpoLec-
coM paccelatotes ¢ npouecca 0 Bcem octansHeiM chunk. B cTpokax
17-22 npoussoauTCs BBIACIICHHE MaMATH JUIS XPAHEHHs CIIENYFOLIMX
MacCHBOB:

g — BEKTOp g,

X — ouepenHoe npubmmkense (X'),

x01d — npenpityinee npubimkenue (x),

BloC — MaccHB Ul XpaHeHH sl JIOKAJIbHOH YacTH MaTpHLbl B,

gloc — MaccuB Juis XpaHeHHs IOKaJIbHOM 4acTH BEKTOpa g,

x10OC — MaccuB JUIsl XpaHeHUs JIOKAJIbHOH YacTw BEKTOpa oue-
peaHoro npubmmkenus x™*

B crpokax 27-28 ¢ momompto MPI Scatter npoH3BOIMTCS
pacchiyika MaccvBOB B 1 g.

15: MPI_Bpast(&eps,l,MPI_DOUBLE,
O,MPI_COMM~WORLD);
16: MPI Bcast(&chunk, 1, MPI_INT, O,
MPIgCOMM_WORLD);
17: g={(double*)malloc(m * sizeof (double));
18: x=(double*)malloc(m * sizeof (double));
19: xold=(double*)malloc(m * sizeof (double));
20: Bloc=(double*)malloc {chunk*m*
sizeof (double));
21: gloc={double*)malloc {chunk *
sizeof (double));
22: xloc=(double*)malloc (chunk *

sizeof (double));
23: if(rk == 0){

24: init(m, B, g, xold);

25: t = MPI Wtime();

26: }

27: MPI_Scatter(B,m*chunk,MPI_DOUBLE,Bloc,
m*chunk, MPI DOUBLE, 0,MPI COMM WORLD) ;

28: MPI Scatter (g,chunk,MPI DOUBLE, gloc,

chunk, MPI -DOUBLE, 0, MPT COMM WORLD) ;

1 main{int argc, char* argvi})

2: {

3: int m,np,xrk,chunk,i,I = 0;

4 double *B, *Bloc, *g, *gloc, *x, *x1loc, *xold,
t,diff, eps;

5 MPI Init(&argc, &argv);

6: MPI Comm size (MPI COMM WORLD, &np);

7: MPI_Comm_rank(MPI_COMMmWORLD, &rk);

8: if(rk == 0) {

9: m = atoi({argv[l]):;

10: eps = atof(argv(2]);

11: chunk = m / np;

12: B = (double*)malloc({m*m*sizeof (double)):;

13: }

14: MPI Bcast(&m, 1, MPI INT, O,

MPI COMM WORLD) ;
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JIncrunr 15. [MapannensHelii BapuaHT peannsaudu metona Skobu:
WHHLMAJIM3a LM ¥ pACCHLTKA HCXOAHBIX AAHHBIX

Crenyromuii 3Tan cBsi3aH ¢ BBIIONIHEHHEM HTEpauuil Metola
SAxobu. Tarke Kak U B MOCNENIOBATENLHOM BapHaHTE, B LIUKIIE, MPel-
CTaBNIEHHOM Ha JTHCTHHIE 16, BHIYMCISETCS OUepeHoe NpHGIIHKEHHE
no gopmyne x™*' = —Bx" + g. KOMMyHHKAIMOHHAs CXeMa OJIHON HTe-
paLmMH LKA fpejcTasieHa Ha puc. 8. [1pu stoMm xaxnslii mpowecce Bbi-
YHCIIAET ¢ MOMOIIBIO ONPeNIENIeHHOM patee GyHKIMHU matvec ToNb-
KO yacTb MPUOJIIKEHHS, COOTBETCTBYIOLLYIO NMEPENaHHON eMy 4acTu
CTpOK MaTpHubl B, GopMHpPYys HE BECh BEKTOP OYEPEIHOro MpUOIIH-
XKEHHS, a TONBKO €ro (pparMeHT, coxpaHseMbiii B MaccuBe x1oc. 3a-
TeM (parMeHThl, chOPMHPOBAHHBIE HA Pa3HBIX MpoLeccax, oObeau-
HAIOTCS Ha HYJIEBOM TIPOLIECCE B BEKTOP OYEPENHOTO IPHONKEHUS X
C MOMOMUIBIO BbI30Ba QYHKUHH MPI_Gather B ctpoke 32. [lanee B
cTpokax 33—36 npou3BOAMTCA BBIYUCIIEHHE HOPMBI PA3HOCTH TPENbI-

1
x" —x"" H KONHPOBaHHE
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OYLIEro U OYEpEesHOro MpHOJImKEHUs
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O4YEpENHOro NPUONIDKEHHS HA MECTO NPEbILYLIEro, KOTOPOE pacchl-
TlaeTcs BCeM MpolieccaM B Havasle CleAyroLleii uTepaluy HHUKa.

Crnenyet oTMETHTB, YTO B OTJIYHME OT MOCNENOBATEILHOTO BapH-
aHTa B Cy4ae BBIMOITHEHHS YCJIOBUS 3aBEPLUEHHUS, LIMKIT CIIElyeT pas-
pbIBaTh Ha BCeX rpoueccax. Tak kak HopMa pa3HOCTH NPUOITKEHHEH
BBIYHCIISIETCA TOJNBKO Ha mpouecce 0, To ee 3HayeHHe HeoOXOMHUMO
paszocnats BceM npoueccam. [is atoro B crpoke 40 npousBoaHTes
BBI3OB (yHKIHH MPI Bcast, KoTopas pacchijlaeT 3HauYeHus repe-
meHHoH diff, B KOTOpoil GBINO COXpaHEHO 3HAYEHHE HOPMBI Pa3HO-
ctH npubnimkenuii Ha npouecce 0.

fipouecc 0 flpouecc 1 MNpouece 2

diff EE diff I%j

Puc. 8. KoMmyHHKaumoHHas cxema oHON uTepauuy Uukia
rapajieNIbHOro BapHaHTa Metona Skobu
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29:
30:

31:
32:

33:
34:
35:
36:
37:

38:
39:

do { -
MPI Bcast(Xold,m,MPI_DOUBLE,O,
MPI_COMM_WORLD) ;
matvec(Bloc, gloc, xold, xloc, chunk, m);
MPI Gather{xloc, chunk, MPI_DOUBLE,
%, chunk, MPI_DOUBLE, 0, MPT_COMM_WORLD) ;
1if(rk == 0) {
diff = evalDiff(xold, x, m);
memcpy (xold, x, m * sizeof(double));
}
MPI Bcast (&diff,1,MPI_DOUBLE, O,
MPI COMM_WORLD);
I ++; -
} while((diff >= eps) && (I <= MAX-
ITERS)) ;

JIucTunr 16. INapannenbHblit BapyanT peanusalun Metona Sko6u:

OCHOBHO#H LUKJI

Tlocnenuuii ¢parMeHT KOAa mapa/uleNbHONO BapHaHTa MeTola
SIkobu BBHIMIONHAET TeYaTh PE3ybTaTa U BPEMEHH paboThl MpHITOHKE-
nus (uctudr 17).

40:
41:
42:

43:
44;:
45:

if(rk == 0) {
t = MPI Wtime() - t;
printf ("%d iterations consumed %1f
sec\n",I,t);
}
MPI Finalize();

Jlucrunr 17, TapasnnensHbiii papuant peanusaimu merona Axkobu:

3aBeplLICHHE

3aMeTHM, 4TO NpHBE/ICHHAs MapajieNibHas peanuzanus Oyner
KOpPEKTHO paboTaTh TONMBKO MPH YCIIOBUH, YTO YKCIIO CTPOK MAaTPHLILI M
HALIENIO JIENIUTCSA HA YMCIo TporeccopoB np. Ecnu 310 ycnoBue He
BBLINOJIHEHO, TO BO3HHKAIOT CJIOXKHOCTH C HCIONB30BAHHEM (DyHKUMIA
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MPI_Scatter uMPI_Gather, TpeOYOUIMX YKa3aHHUs OJIHHAKOBO-
ro pasmepa 6noka nepecblTaeMbIX JaHHBIX Ha BCEX Mpoleccax, yua-
CTBYIOIIMX B OOMeHe naHHbIMU. B 3TOM Cilyyae nonesHsIMH OKa3bi-
BatoTcs pyHkuuu MPI Scatterv (mns pacchinkd) u MPI Gath-
erv (s cbopa), MO3BONSIOLLME MEPECHINATE GIIOKH Pa3HOI ATHHBL.
B ornuure ot ¢ynkimii MPI_Scatter u MPI Gather, 3TH ¢pyHk-
LMK TIO3BOJIAKOT YKa3blBaTh JUIA Ka)KAOTO GIIOKa MepechutaeMbIX JlaH-
HBIX pa3Mep U CMeEIleHHe oT Havana Bydepa.

BaxcHo 3ameTHTD, 4TO cMelleHHe OT Hauana Gydepa ykasbiBaeTcs
He B baiiTax, a B 3lleMEHTAX NEPECHUIAEMOrO THIA JIAHHBIX. DTO O3Ha-
uaeT, 4To Wis gynkimu MPI_Gatherv Gydep ans npuema coobue-
HUH M s MPI_Scatterv Gydep juin ortnpaBku coobuwenuii yka-
3bIBAIOT Ha MEPBBIA 3/IEMEHT MacCcHBa ONHOPOAHBIX KOMIOHEHTOB
THMa recvtype U sendtype COOTBETCTBEHHO.

int MPI Scatterv(void* sendbuf, int *sendcounts,

int *displs,MPI Datatype sendtype, oid* recvbuf,
int recvcount, MPI Datatype recvtype, int root,
MPI Comm comm) B

sendbuffer — ykasaTens Ha MOCHUIAEMBIEC [AHHBIE (cylecte-
HEH TOJTBKO Ha MpoLecce ¢ PaHroM root);

sendcounts — Maccus, i-H 3lIeMEHT KOTOPOIO COEPXMT YHCIIO
3JIEMEHTOB B i-M TIepechiiaeMOM GJIOKE JIaHHBIX;

displs - maccs, i-it aneMeHT KOTOpoOro COJIEPXHUT CMELIEHHUE,
H3IMEPEHHOC B 3JIEMEHTaX TUNa sebdtype, Havyana i-ro 61oka gAHHBEIX IO
OTHOLIEHMIO K Havany 6ydepa sendbuf;

sendtype —THN 3JIEMEHTOB NEPECHINIAEMBIX JAHHDIX;

recvbuf - ykaszarens Ha oOnacte NaMmsaTH JUIs COXpaHEHMS TpH-
HATBIX NAHHBIX;

recvcount — KOJHYECTBO 3NEMEHTOB B GNOKE NpHUHUMaeMBIX
JAHHBIX;

recvtype —THI NPUHEMAEMbIX 3JIEMEHTOB JAHHBIX;

root — HOMEp NpoLecca, ¢ KOTOPOro pacChiIaloTesl NaHHbIE,

comm  — KOMMYHHKATOp, OGBEAMHSIOUINK CHHXPOHM3YeMbIE TPO-
LIECCHI.
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int MPI Gatherv(void* sendbuf, int sendcount,

MPT Dataty;;—e sendtype, void* recvbuf, int
*recvcounts, int *displs, MPI Datatype recvtype,
int root, MPI Comm comm)

sendbuf — yKa3aTesib Ha MOChUTaeMbI€ NaHHbIC,

sendcount — KOJMYECTBO ONIEMEHTOB B IepechinaeMom Grnoke
IaHHBIX;

sendtype — THI 3JIEMEHTOB NEPECcbIIacMbIX JaHHBIX;

recvbuf - ykazatenb Ha Ha o0nacTb NaMATH sl COXpaHEeHus
NIPUHSATBIX JAHHBIX (CYLIECTBEHHEH TONBKO Ha MPOLIECCE C PAHIOM root);

recvcounts — MaccuB, i-H 37IEMEHT KOTOpOrO 3ajaeT 4uCiO
JIAHHBIX B i-M OJIOKE TPUHUMAEMBIX JAHHBIX;

displs — MaccuB, i-if 2I€EMEHT KOTOPOTO 33/1a€T CMELIEHUE, H3ME-
PEHHOE B 3JIEMEHTaX TUNA recvtype, i-ro 610ka NPUHUMAEMbIX JAHHBIX OT
Hauana Oydepa recbuf;

recvtype — THH NPUHUMAEMbIX 3JICMCHTOB JaHHBIX;

root — HOMep TpoLecca, Ha KOTOPOM BHITOITHAETCA NMPHUEM JAHHBIX;

comm — KOMMYHHKATOp, 0OBEIUHAIOIINI CUHXPOHU3YEMbIE TPO-

LIEeCCHI.

IMpouecc 0 = \I:] — . R '

Mpouecc 1

Mpouecc 2 -
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PaccmoTpennslii mapannenbHblii BapHaHT MeToaa SIko6u MOXKHO
TEMNEPh mepenucarb C npuMeHenvem GyHKUMA MPI_Scatterv wu
MPI_ Gatherv (muctunr 18). B oCHOBHOM OH OTJIMYaeTCs OT FIpe-
JBIYIIErO BapHaHTa HEOOXOMHUMOCTHIO MOIArOTOBKH MAacCHBOB CMe-
LIEHHH M pa3MepOB MNeEpechbiiaeMulX ONOKOB JJisi HCMONB30BaHMs
¢ynkuusmu MPI_Scatterv muMPI_Gatherv.

B nukie, pacnosokeHHOM B cTpokax 26—32, Mpou3BOAHTCH BbI-
uMcieHne pasMepoB (MaccuB chunks) u cMmelieHuit (Maccu disps)
I pacceiky 6nokoB Matpuibl B. KonuuecTBo cTpok, mepechinae-
MBIX B Onoxe, paBHseTcs BenvuMHe chunk fns Bcex MpPOLIECCOB,
KPOME TFOCTIEIHEro, KOTOpPBIH TIONy4aeT BCE OCTaBIUIHECs CTPOKH.
Cama pacceinka ocyulectensercs pynkipe MPT_Scatterv B crpo-
ke 34.

B crpokax 35-41 aHanoruuyHo roToBATCS MAacCHBHL PasMEpOB H
cMeileHni ONIOKOB JUisl pacchUIKH BEKTOpa g W COOPKH 35iEMEHTOB
BEKTOpa X. 3aMETHM, YTO MAacCHBBI g H X , & TaKXKe JIOKAJIbHBIE KOTHY
uX (parMeHTOB — MaccuBbl gloc M X10C — HMEIOT OJHHAKOBYO
JAMHY W T 3JIEMEHTOB, MO3TOMY JJIsl UX PAacChblIKH M cOOpKH uc-
TMOTB3YOTCSl OJIHH U T€ JK€ MacCHBHI CMelleHHH U pazMepoB. Paccsin-
Ka (parMeHTOB MacCHBa glocC MpPOU3BOOMTCA B CTpoke 43 GyHKIH-
el MPI_Scatterv. PopMHpOBaHHE BEKTOPA X Ha MpoLecce ¢ paH-

rom 0 npowseomutcs ¢ynkuueit MPI_Gatherv, Bui3biBa€MOH B
crpoke 48.

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

2 {

3: int m,np,rk,chunk,i, I = 0, *chunks, *disps;

4: double *B, *Bloc, *g, *gloc, *x, *x1loc, *xold,
t,diff,eps;

5: MPI Init(&argc, &argv);

6: MPI_ Comm_size(MPI _COMM WORLD, &np);

7. MPI Comm rank(MPI COMM WORLD &rk);

8 1f(rk == 0) {

9: m = atoi{argv[l]);

10: eps = atof(argv([2]);

11: chunk = m / np;

12: B = (double*)malloc(m*m*sizeof (double));

13: }
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17:
18:
19:
20:
21:

35:
36:
37:
38:
39:
40:
41:
42

43:

44

MPI Bcast (&m, 1, MPI_INT, O,

MPI COMM WORLD),
MPI Bcast(&eps 1,MPI_DOUBLE, O,

MPI COMM WORLD) ;
MPI_Bcast (&chunk, 1,MPI_INT,O0,

MPT _COMM_WORLD) ;
chunks = (int*) malloc(np * sizeof (int)):
disps = (int¥*) malloc(np * sizeof(int));
g = (double*)malloc(m * gizeof (double)):
x = (double*)malloc(m * sizeof (double));
xold = (double*)malloc{m *

sizeof (double));

if(rk == 0){

init (m, B, g, xold);

t = MPI Wtime();
}

for{i = 0; 1 < np; i ++) {
dispsfi] = i * chunk * mj
if(i == (np - 1))
chunks{i] = (m - (np - 1) * chunk) *m;
else

chunks[i] chunk * m;

}

Bloc = (double*)malloc(chunks[rk]*
sizeof (double)):;

MPI Scatterv(B chunks, disps,
MPI DOUBLE, Bloc, chunks [rk],MPI _DOUBLE,
0, MPI_COMM_WORLD),

for(i,= 0; 1 < np; i ++) {

disps([i] = i * chunk;
if(i == (np - 1))
chunks{i] = m - (np - 1) * chunk;
else
chunks[i] = chunk;
;loc = (double*)malloc(chunks[rk]*

sizeof (double));

MPI Scatterv(g,chunks,disps,MPI_DOUBLE,
gloc, chunks (rk] ,MPI_DOUBLE, O,
MPI_COMM WORLD) ;

xloc=(aouble*)malloc(chunks[rk]
*gizeof (double));
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45: do {

46: MPI_Bcast(xold,m,MPI“DOUBLE,O,
MPI COMM WORLD) ;

47: matvec (Bloc, gloc, xold, xloc,
chunks[rk],m);

48: MPI_Gatherv(xloc,chunks[rk],MPI_DOUBLE,

x, chunks, disps,MPI DOUBLE, 0,
MPI_COMM WORLD) ;

49: if(rk == 0) {

50: diff = evalDiff(xold, x, m);

51: printf("diff = %$1f,
eps = $1f\n",diff, eps):

52: memcpy (xold, x, m * sizeof (double));

53: }

54: MPI Bcast (&diff,1,MPI_DOUBLE, O,
MPI_COMM_WORLD) ;

55: I ++;

56: } while((diff >= eps) && (I <= MAXITERS)):

57: if(rk == 0) {

58: t = MPI Wtime() - t;

59: printf ("%d iterations consumed $%1f
sec\n", I, t};

60: }

6l: MPTI Finalize ();

62: }

Jluernur 18. [NapannenbHblii BApuaHT peanu3auuu Merona Siko6u
C ucrionb3oBaHueM QyHkUMi MPT_Scatterv M MPI Gatherv

3aMeTUM, YTO Ha KaKIOW WTepalM IMKJIA BBIMOJNHSETCS J(BE
orepaLuy KOJUICKTHBHOIO B3aUMOAEHCTBHSA: pacehljika konuii xold B
cTpoke 46 u cbopka BekTopa X B CTpoKe 48. DTu niBe onepariy MoX-
HO OGBEAMHHUTE B OIHY C MOMOLIBIO GyHKUMKH MPI Allgatherv. B
omnHuKe oT ¢yHkuun MPI_Gatherv, BekTop COOpaHHBIX JTAHHBIX
(opmupyeTcs Ha BeceX nporeccax KOMMYHHMKATOPa, B paMKax KOTOpO-
IO BBINOJTHAETCS KONNEKTUBHAS ONEpPaLIus:
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int MPI Allgathérv(void *sendbuf, int send-

count, MPI Batatype sendtype, void *recvbuf,
int *recvcounts, int *displs, MPI_Datatype recv-
type, MPI Comm comm )

sendbuf - ykasatesb Ha NOCBUTAEMbIE NAHHBIE;

sendcount — KOJNHYECTBO 3JIEMEHTOB B NepechiiaeMoM 6rioke
JAaHHBIX;

sendtype — THH 3JIEMEHTOB NEPECHIIACMBIX NAHHBIX;

recvbuf - ykasatenb Ha o6nacTb NMAMATH A1 COXPAaHEHUS TIpU-
HATBIX AAHHBIX (CYLIECTBEHHEH TONBKO Ha MPOLECCE ¢ pAHIOM root);

recvcounts — MacCuB, i-Ii 3JIEMEHT KOTOPOTO 3aJaeT YHUCIO
JIAHHBIX B i-M GIOKE NMPVUHUMAEMBIX JAHHbIX;

displs — MaccHB, i-if 3IEMEHT KOTOPOro 3ajlaeT CMELLEHHE, U3~
MEpEeHHOE B 3fIeMEHTaX THIa recvtype, i-ro 61oka NMpUHAMaeMbIX JaH-
HbIX OT Hayasa O6ydepa recbuf;

recvtype — THN NPUHUMAEMBIX 3JIEMEHTOB NaHHBIX;

comm — KOMMYHHUKATOp, O0bEeAUHAOLINA CHHXPOHH3YEMbIE MPO-
LLeCChI.

Mpouecc 0

Mpouecc 1

Mpouecc 2

ITocne npumenenuss ¢yHkuun MPI Allgatherv oCHOBHOH
LUKJT TIPHOBPETET BHJI, MPEACTABNIEHHBIH Ha nucTUHre 19. OcTtanbHoi
KOJ| NPOrpaMMBI MPH 3TOM OCTaHETC HEM3MEHHbIM.

1: MPI Bcast(xold,m,MPI_DOUBLE, O,
MPI_COMM WORLD) ;

2: do{
3: matvec (Bloc,gloc, xold, xloc, chunks([rk],m);
4. MPI Allgatherv(xloc,chunks{rk],MPI DOUBLE,
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x, chunks, disps, MPI_DOUBLE,
MPI_COMM WORLD) ;

: diff = evalDiff (xold, x, m);

: memcpy (xold, x, m * sizeof (double));

: I ++;

: } while((diff >= eps) && (I <= MAXITERS));

JInctuHr 19. OcHOBHOl UMK B NIapaJUieNIbHOM BapHaHTe peann3aluu
MeTona Skobu ¢ npuMenenreM pyHkLmu MPI Allgatherv

B pesynerate BoionHeHus onepauMu MPI Allgatherv
(ctpoka 4) HoBoe mnpubmmKeHHe X (opMHpYeTcs U3 (GparMeHTOB
xloc Ha Beex npoleccax, yHacTBYIOLIMX B BuiauciieHusx (puc. 9). o-
5TOMY HOPMY Pa3HOCTH NPHUONMKECHHII MOXXHO BBIYHCIATHL HA BCEX
npoueccax (crpoka 6). Takke Ha KaXIOM MpolLecce NMPOU3BOAUTCH
KOTMHMPOBAHHE OYEPEHOrO NPHONIKEHHS Ha MECTO MpeblIylIEro
(ctpoka 7). Ins obecrieueHus nepeod MTEpalMH LIMKJIA Ha4yanbHOE
3HAYEHHE TPeabIAYLIEro NpUbIKeHus PacChlIaeTCs Mo BCe MpoLec-
cam repen uMKioM (crpoka 1).

Mpouecc 0 Mpouecc 1 FMpouecc 2

[ ] xloc L L1 xioc F xloc

T CErmm |

X X X

Puc. 9. KOMMyHHKALMOHHAs CXEMa OJHOM WTEpalLM¥ LKA MapajeNnbHo-
ro Bapuanra Metona Skobu ¢ npuMeHeHueM QyHKLUIH MPI Allgatherv

Ha puc. 10 npuBenennt pe3yyistarbl BHIYHCIHTENBHOTO 3KCTIEPU-
MEHTa, MPOBEIEHHOro Ha cynepkoMneiorepe MVS 15000 BM nns
3ana4d pasmeprocTeio 14000 u Ttounoctu 0.0001. I'paduk nokassiba-
€T 3aBUCHMOCTb BPEMEHH (B CEKYHIax) OT KOJIMYECTBA Y4ACTBYIOLHX
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B BBIYHCIIEHHAX MPOLIECCOPOB UIA BapHaHTA MapajiieNIbHON peanusa-
UMM ¢ noMoteio GyHkuun MPI_Allgatherv. B kauecTse Bpeme-
HM paboThl Ha OZIHOM MpoLieccope B3ATO Bpems paboTwl mocsieaoBa-
TENBLHOrO AJITOPUTMa Ha OTHOM H3 Y3J10B KJlacTepa.

I'paduk nokaseiBaer, yto BpeMs pabOThI CHIKAETCA MO Mepe
yBeNHUeHHs yucia npoueccopos Jo 8. Janee nHabmonaercs crabunu-
3aLMs BpeMeHH paboThl, YTO CBUACTENBCTBYET O TOM, YTO HaKJIA/IHbIC
pacxoipl Ha repesady AaHHbIX CTaTH CPABHUMBIMH CO BPEMEHEM Bbi-
yncnenuii. MaMepeHHs nokasplBalOT, YTO OCHOBHOE BpEMS 3aHHMAaeT
paccbuika maTpuusl B. Ecniu matpuiy B He pacchinats, a ¢popMHpO-
BaTh Ha KAXJOM MPOIECCE COOTBETCTBYIOLLYIO €€ 4aCTh, TO YCKOpe-
Hue OyJIeT 3HAYUTENLHO BBILIE.

25 — e

Bpems (cek)

[+ 20 15 67 12.22 10.46 10.08 11.88 10.78 10.32 10.15

Yucno npoueccopos

Puc. 10. I'padvik 3aBUCHMOCTH BpeMeHH paboThl B CEKYHIAX OT KONHYeCTBa
TPOLIECCOPOB, YYACTBYIOUIMX B BEIYHCIIEHUAX JUIA NTApalieNbHON peanu3a-
My Metoaa Skou ¢ nomouieio MPT_Allgatherv

CylecTByeT TaKKe psil IpyrHX KOJUIEKTHBHBEIX OMepauui, Bbi-
MONHSAIOUIMX COOPKY M pacchiiky AaHHbIX. MH(OpMaLHIO 0 HUX MOX-
Ho Haittu B [17].
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1.11.3. KojuteKTHBHBIE peyKTHBHBIE ONepanuu

PaccmoTpenHble B MpenbiIyliemM pasnene onepalii npeiHasHa-
YEHBI JIIsl MEPECHUIKH JIaHHBIX MEXJy mpolieccamu. B HekoTopbix
cllyyasix TpeGyeTcst He TOJNIbKO MepecsiaTh JaHHbIE, HO U BBHINIOJIHUTE
HaJl HAIMK HEKOTOpkIe BeIYHCIeHust. [ins takux ciyqaee MPI npeny-
CMaTpHUBA€T TaK HA3bIBACMBIE DEIYKTHBHLIE ONEpALMH, KOTOpBIE
(hopMHUpYIOT pesysbTaT ¢ NOMOLBIO NPUMEHEHHS 3a/aHHOM GHHAPHOI
ONEpaLMH K OrnepaHaM, NepechIAEMBIM C Pa3JIHYHBIX NPOLIECCOR.

Haunem paccmotpenme penykTuBHbIX onepaumii ¢ yHKimn MPT
Reduce. Jlanuas (yHKLMs BHIMHCISET pe3y/bTaT NPUMEHEHH s GHHap-
HOM OTEepaLMK K ONEPaH aM, PACTIONIOKEHHBIM Ha MPOLIECCAX, BXONSIIMX
B KOMMYHHKATOp, N0 KOTOPOMY BHINOJIHSETCS pexyKuusi. Eciy B BeImios-
HEHUH ONepaLiK NMPUHHUMAIOT y4YacTHe # MpoLEeccoB, Ay,...,A, — orne-
paHIbl, © — OHHapHas omnepaliyis, TO PE3YJILTATOM BBITIONHEHHUS PeIyK-
uun Gyner sHauenue BoIpaeHust AjeAge...°A,. Onepanjsr GepyTes u3
OythepoB OTrpaeky, a pe3yNILTAT COXPAaHAETCS HA OIHOM K3 MPOLIECCOB,
HOMEp KOTOPOro NepesiaeTcs B (hyHKLMIO Yepes napamerp root:

. int MPI Reduce(void *sendbuf, void *recvbuf,
int count,MPI Datatype datatype, MPI Op op, int
root, MPI Comm comm) N

sendbuf —~ ajpec 6ydepa coobiieHus st OTNPaBKY;

recvbuf — aapec Oydepa Juia coXxpaHeHHs pe3yJibTaTa onepauuy;

count —YKCHO 3MIEMEHTOB NAHHLIX B Gydepe;

datatype - TuWIl 35ieMEHTa IaHHBIX B Oydepe;

op — OuHapHas onepaums;

root - HOMEp npouecca B KOMMYHUKATOpE comm, HA KOTOPOM
(bopMupyeTcst pe3yNibTaT onepauum;

comm — KOMMYHHKATOD, 10 KOTOPOMY BBITIONHAETCS PELYKIMS.

e T

Mpouecc 0 :

4

Mpouecc1| [ a2 e ’ e

Mpouecc2! [ a7 | -
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B kauecTBe GMHApHQI oriepauuid MOXeET ObIThb B3fiTa OJiHA W3
NpeNonpeNieNieHHbIX peAyKTHBHbIX onepaunii MPI (nmm onpeneneH-
Has ToNb30BaTeneM ornepauus). [Ipy 5TOM orepaLus J0JKHa ObITh
aCCOLMATUBHOM, HO MOXET He OBITh KOMMYTaTHBHOM:

MPI MAX MaKCUMYM

MPI MIN MHHHUMYM

MPI SUM cymMma

MPI_PROD rpou3BeJIeHHe

MPI LAND noruueckoe «M»

MPI BAND noburosoe «M»

MPI LOR normueckoe «HJIH»

MPI BOR no6urosoe «MJIN»

MPI LXOR noruyeckoe «nckouatoutee MJIM»

MPI_ BXOR rioburoeoe «uckmogaroutee MJIH»
MPI MAXLOC | MakCHMMaIbHOE 3HAUEHHE W €ro Nno3uums
MPI MINLOC | MHHHUM&IBHOE 3HAYEHHE W €T0 NO3ULMA

Onepauus, ykazaHHas Mnpy Beizoee MPI Reduce, NPUMEHsIETCS
KO BCEM 3JIEMEHTAM JIaHHBIX, pacroyioXKeHHBIX B Oydepax onepanyios.
Tun ¥ YMCno 3TUX 3JIEMEHTOB JOJDKHBI OBITh OJIMHAKOBBIMH Ha BCEX
npoteccax, BHIMOJHAIOMMX penykumio. [Ipu atom onepauust npume-
HSIETCS T103JIEMEHTHO KO BCEM KOMIIOHEHTaM OMNEpPaHAOB, U MO3TOMY
pe3yJIbTaT COAEPKMT CTOJILKO YK€ KOMITOHEHTOB, CKOJIBKO H OfepaH-
nbl. Obsi3aTenbHBIM TPeOOBAHHEM SIBJISIETCS. COBMECTUMOCTL OIEpa-
LMK K TMNam orepanaos (Tabin. 2). Hanpumep, HEKOPPEKTHBIM SIBJIS-
eTcs puMeHeHre NoOHTOBEIX ONEpaLuii K onepaHiaMm OJHOrO M3 TH-
OB C IJIaBaIoNIE 3alsTOM.

ITporsUTOCTPHUPYEM HCIOJIB30BAHHE PENYKTUBHON ornepanmu Ha
NpUMEpE MPOrpaMMbl YUCIIEHHOrO MHTerpupoBanusi. Panee 6bin pac-
CMOTPEH BapUaHT pealn3aLliu NapauieIbHOro ajirOpuT™Ma ¢ MCIOJIb-
30BaHuEM (YHKLHI TOYEYHOro obmMeHa cooOLIEHHSMH (JIMCTHHI 8).
HarnomHHM Kkak BHIITIsiiea OCHOBHAsT (P)YHKILIMSI 3TOH NPOIrpaMMBI:

1: double quad{(MPI Comm comm,double a,double b,
int n)
2:




15:
16:
17:
18:

19:
20:
21:
22:
23:

int r, p, i;

double h, sum;
MPI_Status st;
MPI_Comm rank (comm,
MPI_Comm_size (comm,
sum = 0.0;

h = (b - a) / n;
for(i = r; i < n; i += p)
sum += f{(a + (i + 0.5)

sum *= h;
if(r != 0)
MPI Send(&sum, 1,
comm) ;
if(r == 0) {
double s;
for(i = 1; 1 < p;
MPI Recv(&s, 1,
comm, &st);
sum += s;
}

return sum;

&r);
&p) ;

* h);

MPI_DOUBLE, 0, O,

i ++) {
MPI DOUBLE, i, O,

} |

Kaxzaeiii npouecc BeIMHCISET OTBEACHHYIO €My YacTh WHTe-

rpanisHol cymmel (cTpoku 10-12), a 3aTeM Bce npoLecchl, KpoMe Hy-
JIEBOro, OTMPABJIAKOT €My BBIYMCIIEHHOE 3HaueHue (cTpoku 13—14).
Hynepo#i nporiecc npuHnmaet cooblienus ¥ CyMMHPYET MOoJTy4YeHHBIE
3HaueHus (ctpoku 15-20). Onepauuu B ctpokax 13-21 moxHO 3ame-
HHUTb OJIHMM BBI3OBOM (pyHKLMU MPTI Reduce. B pesynerare QyHk-
uust quad npuobpeTeT CneayIouIri BUA:
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int n)

double quad(MPI Comm comm,double a,double b, [

{
int r, p, i;
double h, sum,
MPI Status st;
MPI Comm rank (comm,

result;

&r);
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7: MPI Comm size (coim, &p);

8: sum = 0.0;

9: h= (b~ a) / n;

10: for(i = r; i < n; i += p)

11: sum += f(a + (1 + 0.5) * h);

12: sum *= h;

13: MPI_ Reduce (&sum, &result, 1, MPI DOUBLE,
MPI SUM, O, comm) ;

14: return result;

15: }

B ctpoke 13 npouseonutes Bei3oB ¢yHkumu MPI_Reduce, rae
B KauecTee aapeca Oydepa onepan/a napameTpa NoACTABISETCS ajl-
pec repemeHHOM sum, a B KauecTBe ajupeca Oydepa pesynbraTa —
ajJpec nepemeHHoi result. INapamerpsl 1 u MPI_DOUBLE 3anaior
THIT oOmnepaHAoB (OAHO uMCNIO TaBarowero Tuna). KoHcraHTa
MPI__SUM COOTBETCTBYET ONEpaLMyd CyMMUpORaHusi. Ilocsie BbINOIN-
Henust MPT_Reduce, 3HaueHusi MEPEMEHHON Sum Ha pasHBIX npo-
Heccax, BXOAsALIMX B KOMMYHHKATOp COmMM, CyMMHPYIOTCSt M pE€3YJib-
TaT COXPAHSCTCA B NMEPeMEHHON result. B pesynerate npoeeaen-
HOM 3aMeHbl 00beM Kofla cokpatuiicst ¢ 22 no 14 cTpok, nporpamma
cTajia 6oJiee NPOCTOH [Ist BOCTIPHUSATHSI.

1.12. Cucrema tunoB B MPI

Ilpouece nepenaun coobuennst B MPI coctouT U3 cnenyiowmx
warog (puc. 11):

1) nanHble CUMTHIBAIOTCS M3 OONACTH MAMSATH, yKa3aHHOW Ha
NpoLiecce OTNPABUTENE, U U3 HUX POPMHUPYETCS COOBIIEHHE B
COOTBETCTBHH € YKa3aHHLIM THIIOM;

2) cooluieHure nepegaeTcs NpoLeccy-noayyaTeio;

3) mnpuHsTOE COOOLIEHHE PacNakOBLIBAETCS HA MPOLIECCE-MONY-
yaTesie B COOTBETCTBHH C YKa3aHHBIM THIIOM U 3arficLIBACTCS
B IaMsTh 110 YKa3aHHOMY ajIpecy.

Ilpu oTnpaeke u npveme cooOLIEHHUS BCErfa YKa3blBAeTCS HeE

Tonkxo Gydep, conepxaiiunii coobuienye, HO ¥ TUIN JAHHBIX, pacro-
JIOXEHHBIX B 3TOM Oy(epe. Ita nHdpopMaums HeobXoauMa st TOro,
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4TOOK MpaBWILHO COPMUPOBATh HIH PACNakoBaTh COOGLIEHHE.
Bubnuroreka MPI oGnajaer n0CTaTOMHO Pa3BUTOH CHCTEMOM THIOB
(Tabi. 3), koTOpBIE ACIISTCS HA TPH KATErOpHu:

1) 6a30BbIE THIBE (COOTBETCTRBYIOT CKAJISPHBIM THIaM SI3bIKa);

2) MpOM3BOAHBIC THIIH (MO3BOJISIFOT KOHCTPYHPOBATEL CIIOKHBIC
THUIBI JAHHBIX HA OCHOBE CYIIECTBYIOLUX THIOB 1aHHBIX);

3) HETHMU3KMPOBaHHBIE COOOIEHHS (COOTBETCTBYIOT MPOHU3BOJIb-

HOMY COOOLIEHHIO).

Ornpaeutens

aMHaMQo0s

DdopMnpoBaHue

JaHHble

Nepepaa

R ey |

Monyvarens

SMHIMQ00D

PacnakoBka

Puc. 11. Iepenaya coobuienus 8 MPI

Tabnuya 3. Kareropuu Tvros B MPI

6*

Basosetii TUn (s1361K CH) [TpousBoAHEIH THTI Hertunuzupo-
BaHHOE C000-
IECHUe
MPI_CHAR MPI_TYPE CONTIGUOUS | MPI PACKED
MPT_SHORT MPI_TYPE VECTOR MPTI_BYTE
MPI_INT MPI_TYPE HVECTOR
MPI_LONG MPT_TYPE_INDEXED
MPI_UNSIGNED CHAR | MPI_TYPE HINDEXED
MPI_UNSIGNED SHORT | MPI_TYPE STRUCT
MPI_UNSIGNED
MPI_UNSIGNED LONG
MPT_FLOAT
MPT_DOUBLE
MPI_LONG DOUBLE
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1.12.1. Ilpouzsoannie THIEI MPX

ba3oBble THUMBI NMPUMEHSAIOTCS TMPU OOMEHE COOGLIEHUAMH,
MPEeACTABJIAIOIKUMH COO0H MOCIIEA0BATENLHOCTD 3JIEMEHTOB Of(HO-
ro u3 ckanspHbix Tunos. Kaxiaomy 6aszoeomy Tty MPI cooTset-
CTBYET OJIMH CKaJSPHBIA THI HMCMOJb3YEMOTO SI3bIKa IMPOrpaMMH-
poeanus (tabun. 4).
bazoBble THMBI MO3BOJNSIOT OCYUIECTENATE OOMEHBI MAaCCHBaMH
CKaNSIPHBIX N@aHHBIX: B QYHKUMAX Mepeiadn cOOGUIEHNH YKa3bIBaeTCs
THI ¥ YHCJIO 3NIEMEHTOB B coobLieHud. Jlns o6MeHa Gonee crioHbBIMH
AaHHBIMH TPeBYIOTCst npousBoaHele THIE. B MPI npeaycmoTpens
CIIEYIOLME TIPOU3BOAHEIE THIIEL:
1. MaccuB —MPI_TYPE CONTIGUOUS.
2. BexTop ¢ peryJIsipHbIM LIAroM, KpaTHbIM pa3Mepy aJ1eMeHTa, —
MPT TYPE VECTOR.
3. Bekrop c marom, usMepsiemMbim B GaiiTax, — MPI_TYPE
HVECTOR.
4. Habop omHOTUMHLIX GIIOKOB pa3HOM JUTHHBI C IArOM, KpaT-
HBIM pasmepy siieMeHTa, — MPTI TYPE INDEXED.
5. Habop ofgHOTHNHBIX GIIOKOB pa3HOM JANMHEL C 111APOM, U3Me-
psiemeiM B Galitax, — MPT TYPE HINDEXED.
6. CTpyKTypHbIH THIT (COBOKYITHOCTD 3JIEMEHTOB PasTHUHBIX
6J10K0B, MPOU3BONBHO PACTIONOKEHHBIX B MAMSITH) —
MPI_ TYPE STRUCT.

Tabruya 4. Cootserctre THNOoB MPI u s3pika Cu

bazoswtii Tun MPI CranspHslii Tvn szpika Cu

MPI CHAR signed char
MPI SHORT signed short int
MPI INT signed int
MPI LONG signed long int

MPI_UNSIGNED CHAR unsigned char
MPI_UNSIGNED SHORT | unsigned short int

MPI UNSIGNED unsigned int
MPI_UNSIGNED LONG unsigned long int
MPI FLOAT float

MPI DOUBLE double

MPT LONG DOUBLE long double
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Ha puc. 12 npezncTapjieHa auarpaMmma npoH3BOAHBIX THUIIOB, YIiO-
pAICYEHHBIX 1O BKJOUEHHIO. Brirouenue tvna A B Tvn B obosHa-
yaeTcs CTPENKOM, Beayuied u3 B B A, 1 o3HavaeT, YTo AHaNasoH Ja-
HBIX, OMUCHIBAEMBIX THIOM B, mmpe JnanasoHa JaHHBIX, OTIHCHIBAC-
MBIX TUroM A. B cOOTBETCTBUHM C 3TOM AxarpamMmoit, HanGosbLKUMK
BHIPa3UTEIILHBIME  BO3MOXKHOCTAMH  obriajaer CTPYKTYpHBIH THII, a
HauMeHBLINH Auana3oH 3Hauenwii y Tana maccusa MPI_ TYPE

CONTIGUOUS.

MPI_TYPE_STRUCT

i

MPI_TYPE_HINDEXED

( MPLTYPE_HVECTOR yot "
Y A MPLTYPELINDEXED )
MPI_TYPE_VECTOR -

L
(MPI_TYPE_CONT|GUOUS>

Puc. 12. JluarpamMma npou3BoaHbIX TUIIOB MPI

[TpoM3BOAHBIE THIBI CO3AAIOTCS C TMOMOLIBIO TaK Ha3bIBAEMBIX
KOHCTPYKTOPOB THIOB. B pesynerate paGoTel KOHCTPYKTOpa THNa
co3fiaeTcs HOBBIM TuIl. PaccMOTpUM B KaueCTBe MPpUMeEpa KOHCTPYK-
TOp TUMNA MacCHB: -

int MPI Type contiguous(int count,
MPI Datatype oldtype, MPI Datatype *newtype)

VY naHHOro KOHCTPYKTOpa THMAa TpH rapaMeTpa: KOJIHYECTBO
3JIEMEHTOB MaccuBa (count), THIT aJleMeHToB (0ldtype) U BBIXOA-
HOHM MmapaMeTp newtype, Mo ajgpecy KOTOPOro 3anuChIBACTCS CO3-
JAHHBIN THII.

Ilepen ucnonb30BaHHEM B KAa4UE€CTBE apryMeHTa B dyHKUHMSIX TTe-
penayd AaHHBIX CO3JaHHBLIH THIT JIOJDKEH OLITL 3aperucTpUpoOBaH B
cHcTeMe € TOMOLIBID (YHKIMH MPI_Type__commit. ITocne Toro
Kak BCe OMepalyy C AaHHLIM THUIMOM BBIIOMHECHBI, CICAYCT oceobo-
JUTH BBIAEJIEHHBIE PECYpChbl € TIMOMOLUBIO ¢ynkuuu MPI_ Type_

85




free. O6e ¢pyHKUMHM NMPHHHUMAIOT Ha BXOJl €MHCTBEHHBINH apryMeHT —
obOpaGaThIBaEMBIi THIT.
BaxHo oTMeTHTh Cliefyiomie 0cOOEHHOCTH PEerkucTpau 1 oc-
BOOOKICHHS! THIA:
® €CJIM THUIl UCTIONB3YETCs JUISl MOCTPOCHHS APYroro Npon3Bo/-
HOI'O THra, HO HE HMCIOJB3YeTCsl B MEpEChIKax HENMOCPeactT-
BEHHO, TO PErMCTPaLUIO MPOU3BOANTD HE HYXKHO;
e 0CBOOOXJEHHE THMa HE 3aTparviBaeT NPOW3BOLAHLIE THIIBI,
CO3/1aHHbIE Ha €r0 OCHORBE.

1. int MPI Type_ contiguous(int count, MPI Data-
type oldtype, MPI Datatype *newtype)

Co3pnaeT HOBHIH THIl newt ype, COOTBETCTBYIOLIUI MOCIIENOBATENBHO-
CTH MOAPSL PAaCToONOXEHHBIX O0OBEKTOB THUNa oldtype, conepxarieit
count 3JIEMEHTOB:

L J

Vv
count

2. int MPI Type vector (int count, int block-
length, int stride, MPI_Datatype oldtype, MPI Data-
type *newtype)

Cosnaet HOBBIN THI newtype, COOTBETCTRYIOUIMI MOCIEN0BATENBHO-
cru G1okoB, cojepxallelf count snemenToB. Kaxibill aneMeHT npescTas-
nseT coboi 6nok, cocrosmii m3 blocklength anemMentoB Tvna old-
type. PaccrosHue Mexay TNeEpBBIMH 3NEMEHTaMU OJIOKOB COCTaBIsIET
stride aneMeHTOB THNA oldtype:

stride (anemetToB) blocklength
( A Y
| oldtype l oldtype ] I oldtype | oldtype] | oldtype I oldtype—|
C J

\'e
count

3.int MPI Type hvector (int count, int block-
length, MPI_Aint stride, MPI Datatype oldtype,
MPI Datatype *newtype)
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Co3[aeT HOBBII TUIl newt ype, COOTBETCTBYIOLIMI MOCIEAOBATENBHO-
cti 6710KOB, conepxailiedl count snemenToB. Kaxbiit anemMeHT MpencTaB-
nsier coboii 6nok, cocTosimii w3 blocklength 3nemeHToB THIa old-
type. PaccTosHue MEXIy TEpPBHIMU 3JieMEHTAMH OJIOKOB COCTaBJIAET
stride OaiiToB:

stride (GavTOB) blocklength
A
r
roldtype I oidtype ] { oldtype I oldtype | Loldtype ' oldlyﬁj
C g -

count

4. int MPI_ Type_indexed(int count, int *array of
blocklengths, int *array_ of_ displacements, MPI Da-
tatype oldtype, MPI_Datatype *newtype)

Co3iaeT HOBLIM THU newtype, COOTRETCTBYIOLIMI NMOCNENOBATENIHO-
cTu GIIOKOB, coiepxkalleli count anemeHToB. Kaxuptit 610k cocTout M3
35eMeHTOB THINA oldt ype. Yucno anemeHToB B ONOKe i ONpe/lensercs 3Ha-
yenueM array of blocklengths[i]. CmelleHue ot Havana 6y depa,
U3MEPSEMOE B aneMeHTax THra oldtype, 3aJ@€TCA 3HAYEHWEM array
of displacements{i].

displacements{0]  blocklengths0] blocklengths[1]
A

(dA—W#L*W f h

H IR v I I R R e R | 1
' | ‘ oldtype Lold\ype \ l oldtype ‘ oldype } oldtype L _____ [ !
L 2\l

displacements[1}
L J
Y

count

5.int MPI Type_ hindexed(int count, int *array
of_blocklengths, int *array of displacements, MPI
Datatype oldtype, MPI Datatype *newtype)

Co3niaeT HOBBIH THIT newt ype, COOTBETCTBYIOLIMIA NOCIIe/10BaTeNIbHOCTH G110~
KOB, conepxameit count anemeHToB. Kaxpiii 650K COCTOMT U3 3IEMEHTOB
Tuna oldtype. Uucno 3eMeHToR B OJIOKe / ONpeseNsercs 3Ha4YeHHeM ar—
ray of blocklengths[i]. Cmeuenue ot Hauana Oydepa, usmepsiemoe
B GaitTax, 3a/1a€TCs 3HAUEHUEM array of displacements[i].
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displacements[0]
(8 6anrax) blocklengths[0] blocklengths[1}

A A A
4 i A r -
l oldtype l oldtypel l oldtype | oldtype | oldtype l i_ ;:
L _J

~ T

displacements[1] (8 6aiirax)

. J

count

6. int MPI Type struct(int count, int *array of
blocklengths, MPI_Aint *array of displacements,
MPI Datatype *array of types, MPI_Datatype *newtype)

Co3naeT HOBBIM THIT newt ype, COOTBETCTBYIOIIMHI MNociaenoBaTesIbHO-
cti 6J10K0OB, coepxauied count anemeHToB. Ilpu 3TOoM 610K 1 cMellieH OT
Hayana Oydepa Ha array of displacements[i] 6alitoB U conepxuT
KOJIUYECTBO 3NEMEHTOB THOIA array ot types[il], paBHOE
array of blocklengths[i]:

do

blo bl,
" 2 N C ™ N
i Co To | T v T [T w 3 [
C . 7
dy
L - J

count
di = array_of_displacementsli]
b, = array_of_blocklengthsi]
t; = array_of_typesli}

PaccMoTpuM npriMeHeHHE MPOU3BOAHBIX THIIOB JUISl MEPECHUTKH
MaTpHvisl ¢ TpaHcrnioHuporanveM (puc. 13). 3amerum, uTo MaTpula
MOXXET OBITH MPEACTABJIEHA KaK COBOKYIHOCTH CTPOK WJIHM KaK COBRO-
KyNHOCTHb CTONGLIOB. TpaHCNOHHpPOBaHHE SKBHUBAJIEHTHO OTOOpake-
HUIO CTPOKH C HOMepoM I B cronbelf ¢ HOMEpOM i. DTy onepauuio
MOXXHO COBMECTHTHL C MEPECBUIKON [aHHBIX, €CIM Ha TMpoLecce-
OTrpaBUTENIE 3a/1aTh THUI MaTPHLBI KAK COBOKYITHOCTH CTPOK, a Ha
npoilecce-Toyyaresie — Kak COBOKYITHOCTb CTONOLIOB.
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ITepeiizeM Terepb K pacCMOTPEHHIO peanH3allli ONHCaHHOrO ajl-
roputma Ha MPI (Jiuctunr 20). ITpouece O sanonusier MaTpuuy A ¢
nomouisto GyHkund £ill matrix WU BBIBOAMT €€ CONEPKHMMOC Ha
skpat (ctpoxu 8-10). ITocne uero Ha Hem QOPMHUPYETCS U PErHCTPH-
pyeTcs THII JUIst OTHpaBkK MaTpuitbl (CTpoky 11-12). IroT THM cOOT-
BETCTBYET MaccHBy 3JieMeHTOB Tuna double ¢ HHCIOM 3JIEMEHTOB
NxN (rpe N — pa3MepHOCTb MaTpylibl), pacroyiOKCHHBIX B MaMATH
noapsia. Jlanee maTpuua riepeckiiaeTcs npoueccy | ¢ noMouisio Bbl-
3oBa MPI_Send B cTpoke 13.

Mpouecc 1 Mpouecc 2
1 2 3 4 1 5 9 | 13
5 6 7 8 2 6 |10 | 14
9 10| 11 | 12 3 7 1115
13|14 { 15 | 16 4 8 |12 | 16

Puc. 13. Tepecbiika MaTpunbl ¢ TPAHCIIOHUPOBAHHEM

TTpouiecc 1 hopmMupyeT THII, COOTBETCTBYIOLIMI MPEACTABICHHIO
MaTpHLIGI KaK COBOKYTMHOCTH CTONGLOB. DTO AenaeTcst B aBa tana. Ha
nepBoM sTane (GOpPMHpPYETCS THIT KBEKTOP», COOTBETCTBYIOWMH 0f1-
HoMy cTonbLyy (cTpoka 16). BenuuuHa wara MexIy JICMEHTaMK BEK-
Topa coctaBnseT N, Tak kak Maccup B sizpike Cu pacrionaraercs B na-
MSTH 10 CTPOKAM M TIOC/IE/IOBATENBHBIE JJIEMEHTHI CTONOUA OTCTONT
Jpyr oT apyra Ha N anemenToB. HauanbHbIE 37IEMEHTHI cTon61oR pac-
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MOJIOKEHBI MOJAPAJ B MEpPBO# cTpoke. PaccTosiHue mMexay HUMH CO-
CTaBJIIET B TOYHOCTH pa3Mep B OGalTax OfHOro ayieMenTa Thna dou-—
ble. MaTtpuiy MOXHO ONMHUCATb BEKTOPHBIM THUIOM, 3JIEMEHTAMH KO-
TOPOro SBJISIFOTCSt CTOJNOLBL, PACTIONIONKEHHBIE B MaMSTH C LIAaroM
sizeof (double) 6aiToB. Jns co3paHus Takoro TUMNa rpUMeEHseT-
cst KOHCTpYkTOop MPI_Type hvector B ctpoke 17.

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

2: int r;

3: MPI Status st;

4: MPI Datatype typ, typl;

5: MPI Init(&argc, &argv);

6: MPI Comm rank (MPTI_COMM WORLD, &r);

7: if(r == 0) {

8: fill matrix();

9: printf ("\n Source:\n");

10: print_matrix();

11: MPI_ Type_contiguous(N * N, MPI_INT,
&typ);

12: MPI Type_ commit (typ);

13: MPI Send(&(A[O0][0]),1,typ,1,0,
MPI_COMM WORLD} ;

14: MPI Type free(&typ);

15: } else if(r == 1){

16: MPI Type vector(N, 1, N, MPI INT, &typ):

17: MPI Type hvector(N,1,sizeof (int),typ,
&typl);

18: MPI Type commit (&typl);

19: MPI Recv(&(A[0][0]),1,typl,0,0,

MPI_COMM WORLD, &st) ;

20: printf ("\n Transposed:\n"):;

21: print matrix();

22: MPI Type free(&typ);

23: MPI Type_ free(&typl);

24: }

25: MPI Finalize();

26: }

JInctunr 20. [lepecsinka MaTpyL € TPAHCIIOHUPOBAHUEM —
peanusanusa Ha MPI
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Onucanve BcriomoratenbHblX GyHkupid fill matrix u
print matrix He mpUBOAMTCSA, TaK Kak 3TH QyHKUMH OYEHb MPO-
CTHl U He MPEACTaBJISAIOT UHTEPECa B paKypce paccMaTpHBaeMoin Te-
maTukH. Ilocre Toro Kak co3faHHble THIBI OBUTH HCIIOJIB30BaHBI B
nepechUIKax, MaMsTh OCBOOOXIaercss C TMOMOLBIO BHI3OBa MPI
Type free (ctpoku 14, 22, 23).

B pesynbrate paboThl A1st MaTpuiisl pasMepHOCTH 3X3 Ha 3KpaH
GyzeT BeiBe/IEHa Clleyrolias HHpopMarys:

Source:

Y W O

sposed:

DO OON

e}
1
4
7

Tra
3
4
5

N = O

1.12.2. IIpaBus1a COOTBETCTBHA THIIOB NpH 00MeHAX

Jlioboit Tum MPI  orkceIBaeT CTpyKTYpYy AaHHBIX B MaMsITH, KO-
TOpYIO B OOLIEM BHE MOXHO NpPEACTABUTbL KaK COBOKYITHOCTH rap
(type, disp), rne type — HeKOTOpHIH 6a30BbIH THIL, a disp — ero cMmelle-
Hue oT Havana Oydepa. Takum obpazom, kaxxpomy MPI-tuny craeut-
Csl B COOTBETCTBHE MOCIICAOBATENILHOCTE BHAA {(type,, disp)), ...,(typen,
disp,)}, nazpiBaemasi kaptoil Thna. IlocnepoBatenbHOCTE {fypey,...,
bpe,}, cocTosiias TOJIBKO M3 6a30BBIX THUIOB, HA3BIBACTCA CHUI'HATY-
poil THIa.

Tuvnet B MPI-nporpamme o6najaioT JOCTATOYHO CJIOXKHOH Ce-
MaHTHKOH, U TEXHOJIOTHS UX KOPPEKTHOIO YMOTPEOIIEHUS! COAEPKHT
MHOI'0 HrIoaHcoB. Crnielylouine Tpy OCHOBHBIX TPaBHIa COOTBETCTBHS
TUTOB TMO3BONSIIOT H30eXaTh OOJNBLUIMHCTBA OLIHOOK, CBA3aHHBIX C
o6paboTkoit Tunoe B MPI-nporpammax.

Hpasuno 1. Tun panseix B 6ydepe anst oTIpaBKy 10JHKEH COOT-
percTBOBaTe MPI-THNY cooGuienus, yka3aHHOro B KavecTBe Iapa-
MeTpa TNpH BBI3OBE (PYHKLHMH: IO aapecy, CMEIEeHHOMY Ha disp; oT
Hauvana Oydepa, JO/MKHBI pacrojlaratbCsi JaHHbIE THNA 1)pe;.

Hpaeuno 2. MPI-tun npuHsTOro cooblUEeHHs JOMKEH COOTRET-
cteoBatb MPI-Tuny, ykazanHomy B ¢yHkuuH npuema. B ciyqae to-
YyeuHbIX OOMEHOB 3TO O3HAYAET, YTO CUrHATYpa THIIA TPHILEALIEro
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coobuieHnss fomkHa ObITh Ha4albHOW MOANOCIENOBATENBHOCTRIO
CUrHaTypbl THIA, YKa3aHHOIO B KaueCTBE aprymeHTa (pyHKUMH npHe-
ma. B cnyuae konmnekTMBHBIX OOMEHOB CHrHaTypa THNa NPHHATOrO
cooOLIeHHs JIOMKHA COBMAfaTh ¢ CHUIHATYpOH THMA, YKa3aHHOTO B
¢yHkuuH. [1pH 3TOM KapTel THIOB HA CTOPOHE OTIIPABKUTENS M Ha CTO-
pOHE nosyyatessi MOr'yT He COBINaAaTh.

IlpaBusio 3. Pasmep v BhipaBHHBaHKe anpecoB B Oydepe mns
npveMa JIOJDKHBI COOTBeTCTBOBaTH Kapte MPI-tuna, ykazannoro B
¢yHKUMH npueMa cooGLIeHHA: 3amNKCh JIEMEHTA THIa fype; Mo ajpe-
Cy, CMELIEHHOMY Ha disp; 6aliToB oT Havana Gydepa s npuema co-
obLieHus1, He JIOMXHA TIPUBOJIMTE K repernonHeHuto Oydepa WM Ha-
PYUICHHMIO NpaBWI BEIPABHHBAHHS JUTS TUMOB 6a30BOro sI3bIKA.

W3 5Tux npaBun cyuecTBYyeT €IMHCTBEHHOE HCKIIOUYEHHE — Tle-
penaya aaHHeiX Tuna MPI PACKED. CoollieHHe, nociaHHOe Kak
MPI_PACKED, MOXeT OBITh MPHUHATO KaK COOOLIEHWE THIa, CHUI'Ha-
Typa KOTOPOIro COOTBETCTBYET JAHHBIM, YIaKOBaHHBIM BHYTPU COOG-
wenns. M nHaoGopot — moGoe coobLIeHHE MOXKHO MOJTYYHTh, HCIIOJTb-
3yst Tt MPI__PACKED. bonee noapoGHO 3TOT cilyyail paccMaTtpua-
ercs B cliefyroulem pasnenie. PaccMoTpum cnyuyan HEKOppPEKTHOro
ynotpetnenns MPI-tumnos:

4. Hapyweno npasuino.3 — pasmep Gydepa, ykazaHHOro B QGyHKIUH
npuema, MeHblie, YyeM TpebyeTcs isi XpaHeHus! IaHHBIX, COOTBETCTBYOIIMX
ykazannomy MPI-tumy:

int a;
MPI Recv(a, 2, MPI_INT, ..)

1. Hapyweno npasuno | — MPI-tur cooTBETCTBYET nOCNEAOBATENLHO-
CTU JIBYX 3JIEMEHTOB LIEJIOTO THIa, a Oydep colepuT jia 3JieMEHTa TUNa C
TUraBaroLIed TOUKoIA:

double a{2}:
MPI Send{(a, 2, MPI INT, ..)

2. HapyuieHo npaBuiio 2 — THII NOCTIAHHOIO COOOLIEHNS UMEET CHUrHa-
Typy (MPI_INT, MPI INT), a B QyHKUMU NpUEMa yKa3aH THII C CUI'Ha-
Typoit (MPI INT):

MPI_Send(a, 2, MPI_INT,..)
MPI_Recvi(b, 1, MPI_INT,..)

3. flpaBunio 2 He HapyleHO — CUrHATYpa TUIIA MOCKHIIAEMOTO CoobLIe-
Hus (MPI_INT, MPI INT) sBiseTcsl HAUalbHOW MoOANoCneoBaTelbHO-
CTBIO CUIHATYPBI THIA, YKA3aHHOIO B (YHKIMH npuema (MPI_INT,
MPI_ INT, MPI INT):

MPI_Send(a, 2, MPI 1INT,..)
MPI_Recv(b, 3, MPI_INT,..)
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VYnakoBKa H pacnakoBKa coobmenni

B Tunuunoi cutyauuu QyHKLMH GOpMHUpOBaHUH coo01IeHust st
repeaayn U ero pacrakoBKH Mpu npueme Geper Ha cebst Gubnuoreka
MPL. B To e Bpems npegycmotpeHsl ¢yHknu MPI_ Pack u
MPI Unpack, NOpenocTapisionde Tos30BaTes/ii0  BO3MOXHOCTh
(bOpl\:PlpOBaTb W pacnakoBbiBaTb cooOlIeHus camocTositesnibHo. 11pu-
MeHeHHe NaHHBIX (YHKUMH onpaBiaHo, eciy TpeOyeTcst OTHeNnuTh
onepauluio GopMHpPOBaHHS OT OIEPaLMK OTNPaBKH coobuienus. Takas
TaKTHKa MOXKET OBITh M0JIE3HA C TOYKH 3PECHHSsT MOBBILIEHHUA NMPOU3BO-
JUTENTBHOCTH MporpaMMm 3a CUET YMEHBIUECHUSI 4aCTOThbE o6MeHOB M
CHIDKEHHMSI HaKJIa[HbIX paCcXo/l0B Ha nepeaavy AaHHbIX.

CDyHKum{ MPI_Pack rpeaHasHavueHa s 3arnakoOBKH coobuie-
HHUI 1 UMEET CIIeIYEOLLHH 3aroNoBOK:

int MPI Pack(void* inbuf, int incount,
MPI Datatype datatype, void *outbuf,
int outsize, int *position, MPI_ Comm comm)

Bydep, copeprkaluuii JaHHbIE, NPeHA3HAYEHHBIE JUIs 3allaKOBKH,
pacnosnoxet no agpecy inbuf. Hucno snemeHToB M HX THUI MEpeaa-
JOTCs uepes mapameTpsl incount u datatype. [lapamerpsl out~
buf, outsize u position 3agaor agpec navyana, pasmep Oydepa
B GaiiTax M MO3MLIMIO B HEM COOTBETCTBEHHO. [ocieHnM napamer-
pOM yka3blBaeTcsi KOMMYHHKATOp Comm, KOTopbli GyAeT Henonb3o-
BaH JUIs nepenavn coobuienus. B pesynbrare BHIMTOIHEHHS 3TOMH ore-
pallii JaHHbBIe pacrosnoXkeHHble B inbuf 3anakopbiBatoTcs B Gydep
outbuf, HauuHasi C MO3HUKHM, HOMEP KOTOPOH repeflaeTcs vepes
ykasarenb position. [locse 3aepiieHns paboThl GyHKUMH 3Haue-
HHE MO ajpecy position comepkuT HOMep MepBoro cBOOOAHOrO
Gaiita Oydepa outbuf.

OyYHKUMS pacnakoBKH AaHHbIX MPI_Unpack HMEET Cleayro-
LM MPOTOTHIT:
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int MPI Unpack(void* inbuf, int insize, int
*position, void *outbuf, int outcount,
MPI Datatype datatype, MPI_ Comm comm)

Jta QyHKUMS PaCrakOBBIBAET JIaHHBIE, PacroJIOKeHHbIe B Gyde-
pe inbuf pasmepa insize, HauMHas C NO3MULIMH, 3HAYCHHUE KOTOPO#
XpaHUTCst Mo azapecy position. PacnakoBeiBaroTest outcount
3JIEMEHTOB THMNa datatype M nomewatorest B Oydep outbuf. B
pe3ynbTaTe BHIMOJIHEHUS (QYHKIMM TO3ULIMS U3MEHSIETCs: TOCiie 3a-
BEPLUEHMS! BBI3OBA (DYHKLMHM 0O ajpecy position xpaHutcs cme-
LieHHe nepporo GaiiTa, ClefYIOLIEro 3a pacrakoBaHHBIMHM JaHHBIMH,
oT Hauasia Oydepa inbuf.

INpumep npumenenns QyHKUMH YNAKOBKH M paCMakOBKH JaHHBIX
npueeneH Ha nuctunre 21. B crpokax 11-12 onpepensiercs pasmep
Oydepa u BbIIENSETCS COOTBETCTBYIOLIMI 0OBeM mnamsTd. Jlanee B
npouecce ¢ HoMepom O B LIMKJIE MPOM3BOIMTCS 3aMakOBKa JAHHBIX
(ctpoka 16) — mnocyienoBaTeNnbHO 3anakoBbiBaeTCss N nocsienosa-
TEJIBHBIX LENbIX vucen. B ctpoke 19 npoussoauTes otnpaBka coo6-
wenus. Ykaseisaercs Tuit MPI_PACKED u pasmep B GaiTax, KOTO-
phIii COBMNAJIAET C HOMEPOM TocsieHeN cBoOOAHOH No3uLuK B Oydepe
(nepeMenHas pos).

Jpyroi npouecc ¢ HoMepom | (npeanonaraeTcst, 4To B BBITOJIHE-
HUM MPOrpamMMbl Y4acTBYIOT [Ba MNpoLecca) NPUHHUMAET AaHHBIE B
crpoke 22. Ilpu npueme yxasbibaet THN MPT_PACKED M B KauecTse
pasmepa yxasweiBaetcs pasmep Oydepa buf. [locne storo B ke npo-
M3BOZIUTCS PaCriakoBKa JaHHBIX U X BBIBOJI Ha nevaTh (CTpoky 24-25).

12: buf = (void*) malloc(sz);

13: if(r == 0){

14: a =1;

15: for(i = 0; 1 < N; 1 ++) {

16: MPI Pack(&a,1,MPI INT,buf, sz, &pos,

MPI_COMM WORLD) ;

17: a ++;

18: }

19: MPI_Send(buf,pos,MPI_PACKED,1,0,
MPI_COMM-WORLD)I

20: } else {

21: MPI Status st;

22: MPI_Recv (buf, sz, MPI_PACKED, 0,0,
MPI COMM_WORLD, &st);

23: for(i = 0; i < N; i ++) {

24: MPI Unpack(buf, sz, &pos, &a, 1,

MPI_INT,MPI_COMM_WORLD) ;

25: printf("%d ", a);

26: }

27: }

28: MPI Finalize();

29: }

1: #include <stdio.h>

2: #include <stdlib.h>

3: #include <mpi.h>

4: {f#define N 3

5: main(int argc, char* argv([])

6: {

7: int r, i, sz, pos = 0, a;

8: void* buf;

9: MPI Init (&argc, &argv);

10: MPI_Comm rank(MPI COMM WORLD, &r);
11: MPI_Pack_size(N,MPI_INT,MPI_COMM WORLD,

&sz);
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JlucTunr 21. 3anakoBKa u NEPechUIKa TaHHBIX

CnenyetT OTMETUTB, YTO MNpPH MPHEME AHHBIX, NMOCJIaHHBIX C HC-
nosib3oBaHreM Tuna MPI PACKED, MOXHO YKasblBaTb HE TOJIBKO
tin MPI PACKED, HO M THI, COOTBETCTBYIOLIHMH 3arakOBaHHBIM
JIaHHBIM. B NpUMepe, MpeCTaBIeHHOM Ha JIMCTHHNe 22, aHHBbIe M0~
CHLUTAIOTCS TEM K€ CIocoOOM, 4TO M B PacCMOTPEHHOM NpHMEpE, a
NPMHUMAIOTCS C MpHMeHeHHeM Tuna MPT_INT (cTpoka 23).

$include <stdio.h>

#include <stdlib.h>
#include <mpi.h>

$define N 3

main{int argc, char* argv(])

{

N oo W=

int r, i;
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10:
11:
12:
13:

14:
15:
16:

17:
18:
19:

20:
21:
22;
23:

24
25:
26:
27:
28:

MPI Init(&argc, é&argv);
MPI_ Comm rank (MPI_COMM WORLD, &r);

if(r == 0){
int sz, pos = 0, a = 1;
void* buf;
MPI Pack size(N,MPI _INT,MPI COMM WORLD,
&sz);
buf = (void*) malloc(sz);
for{(i = 0; 1 < N; i ++) {

MPI Pack(&a,1,MPI_INT, buf, sz, &pos,
MPI COMM WORLD) ;

a ++; B

}

MPI Send (buf, pos,MPI_PACKED, 1,0,
MPI_COMM WORLD) ;

} else {

MPI_Status st;

int A[N};

MPI_Recv(A,N,MPI INT,0,0,MPI COMM WORLD,
&st) ; W

for(i = 0;
printf("%d ",

i < N; i ++)
A[i]):
}

MPI Finalize();

\—*

JIncrunr 22. Ilpuem 3anakoBaHHEIX JaHHBIX C IPUMEHEHUEM
6azoBoro Tuna MPI

2. MHoronorounoe nporpaMmmMHipoBaHue

2.1. Ilponecchl ¥ MOTOKH B MHOI032a4HOI onepanuoHHoH
CHCTeMe

B 3tom paznesnie npUBOISTCS OCHOBHBIE CBEIEHHA 00 opraHM3a-
LMK NTOTOKOB M MPOLIECCOB B OMEpalMOHHON CUCTEME, CYLIECTBEHHBIE
Ins fanbHeHulero usnoxenus. Crenyer OTMETUTB, HTO MPHBOAUMOE
OINUCAHHE SABNSIETCA KPAaTKUM M YINPOLUEHHBIM, TaK KaK HE ABMSETCS
OCHOBHBIM ripefiMeToM yueOHuka. [logpoGHoe nsnoxeHne Matepuala
MO BOMpOCaM NMpOrpaMMHON apXHUTEKTYPsl U MPHHLMIAM (YHKUHOHH-
POBaHHs! OMEPALMOHHBIX CUCTEM MOXHO HAaHTH B MOHOTpaduu [2].

2.1.1. IIponecchbr

OpHol 13 ocHOBHBIX (yHKUMi onepaunoHHOH cucteMbl (OC)
SIBJISIETCS OpraHu3auus BHINOJHEHUs 3axa4. s storo B OC npeny-
CMOTPEHO TaKoe TMOHATHE, KaK Hpoyecc. MOXHO faTh MHOT'O pasiivd-
HBIX OfpefieNieHuil 3ToMy rousTHio. JloctatouHo obuiee onpeseneHue
3BYYHT TaK: MPOLIECC — 3TO SK3EMIUIAP BHITIOIHSIEMOM MPOrpaMMBbl.

Jpyrumu croBamu, yrobasi mporpaMma BBHITIONHSIETCS B paMKax
Hexotoporo npouecca OC. C npouLeccoM CBsI3aHBI HEKOTOPLIE pecyp-
ChI, UCTIOJIB3yeMBIe MPOrPaMMO BO BPEMS BBIMOJIHEHHS!, BAKHEHILINM
M3 KOTOPHIX SIBJISIETCS aopecHoe npocmpancmeo sadauu. B Hem pas-
MELAIOTCst KO MPOrpaMMBbl U BCE NMEPEMEHHHBIE.

bonemnnacTBO coBpeMeHHBIX OC rnojiepXuBaloT MHOrosazjay-
HOCTB: OJIHOBPEMEHHO MOTYT BHIMOJIHATBLCST HECKOJILKO TIPOLIECCOB.
Eciin B cucTeMe yCTaHOBJIEHO OIHOMPOLIECCOPHOE YCTPOMCTBO TO OfI-
HOBPEMEHHOCTb BBITOJIHEHUSI JIOCTUraeTcsi € MOMOUIBIO MeXaHHu3Ma
K6AHMOBAHUSL 6PeMeHY: KaX/BIH TPOLECC BBHINONHIETCA B TeYeHHe
HEKOTOPOro, KaK MPaBUJIO, JOCTATOYHO KOPOTKOIO NMpOMEXYTKa Bpe-
MEHH, M0C/Ie HYero pecypcsl mpoleccopa repefaroTest ApyromMy mpo-
ueccy (puc. 14). Takol mexaHHU3M co3AaeT WUTIO3HIO OJIHOBPEMEHHOM
paboThl, HO YCKOPEHHS BHIMHCIIEHHH HE TMPOHCXOINT, TaK KaK UCIOJb-
3yeTcst TOJILKO OJIH TMpOLIECcop.
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BpEMs

npoLecch
1 o i ey

KE

i

— obpaboTka npoLeccopom
Puc. 14. ITnanvpoBanue npoueccoB B CHCTEME ¢ OJHUM NPOLECCOPOM

CuTyauusi CTaHOBHTCA WHOM, €M B CHUCTEME YCTAHOBJIEHO He-
CKOJIbKO TIPOLIECCOPOB, JIMOO NPOLIECCOP COACPIKHT HECKOIIBKO BBIYHCITH-
TENBHBIX SAEp ¥ MOXKET MONJICPKUBATh OJHOBPEMCHHOC BBINOIHCHHE
HECKOJILKHX TOTOKOB MHCTPYKLMiA. B aTom ciyvae mexty paGoTarouin-
MM npoLeccaMH pacrpenensercs pecypchbl HCCKOMBKHX IMPOLECCOPOB, U
WHCTPYKUMH PazIYHBIX MPOLIECCOB MOTY4aloT BO3MOXXHOCTH BBITION-
HATBCS B OJIMH M TOT k€ MOMEHT BpemeHH (puc. 15).

Bpemst
0 t 2t 3t
NpOLECCHL
1 A -“-;_:“*"- iy
2
3 et ; Gk ” W
4

— obpaboTka nporeccopom 1

Doz me vy — OBpaboTka npoteccopom 2

Puc. 15. [InanMpoBanye NpoLEeccoB Ha MHOTOINpPOLIECCOPHOH cHCTEME

INpouiecchl NpUMEHSAIOTCS JUis NapauieNibHON 00paboTKK TaHHBIX
KaK Ha MHOTOIPOLIECCOPHBIX cHcTeMaxX ¢ oOuleH naMAThiO, TaK U Ha
cvcTemMax C pacripeieNieHHoil namsateio. Jng obecrieueHust B3auMo-
JENCTBHUS MPOLECCOB, BBHIMONHAIOIMXCA HA OOHOM KOMIIBIOTEpE,
NPUMCHSIFOTC MEXAHW3MBl MeJHCHpOYeccHoz2o 63aumoleticmeus [2].
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Ecnu npouecchl BHINOMHSAIOTCS Ha pa3sHBIX Mpoleccax, To Haubonee
€CTECTBEHHBIM CIOCOOOM B3aUMOJICHCTBUA CTAHOBHUTCA TIPHEM U OT-
npaeka coobuleHnid. DToll napajgurme, B 4aCTHOCTH, COOTBETCTBYET
OCHOBHOE CpEIICTBO NPOrpaMMHPOBAaHHs CHUCTEM C PacrnpezeneHHoi
namsTeio — cpenia Message Passing Interface (MPI) [17].
IMapannensHble NpUIOXKeHUs U1 cucteM ¢ oOuleil NMaMaThIO Ha
OCHOBE [MpPOLIECCOB, KakK MpaBuiio, pa3padaTeiBAlOTCs C OMOLIBIO
MPI. Takoit nogxoz yz00cH, Tak Kak nporpaMma rojy4aeTcs nepe-
HOCHMOH ¥ MOXKET BBINONHATLCS HAa CHCTEMax Kak ¢ oOuieii, Tak U ¢
pacnpenencHHoi namateio. [Ipu 3ToM 3¢ EKTHBHOCTD BBINOMTHEHHS
MPI-nporpamMmsl Ha cucTeme € OOLIEH NaMATBIO MOXKET OBITh 10CTa-
TOYHO BBICOKOU. JTO 0OBACHACTCH TEM, uTo peanuzaums MPl s
CHCTEM ¢ O0lIed NaMATHIO, KaK MPaBUilo, ONTHUMH3HPOBAaHA C YUETOM
0COOCHHOCTEM apXUTEKTYpPhI: ONepalyl CETEeBOro B3aUMOEHCTBHUSA B
peayiM3auuu onepanmii 0OMeHa 3aMEHSAIOTCS KONMUPOBAHHEM JIaHHBIX.
Crnemyer OTMETHMTb, 4TO OONee €CTECTBEHHBIM, YeM OOMeH cO00-
UICHUSIMU, I CUCTEM C o0ulel NaMsThIO ABJAETCS B3aWUMOICHCTBHE
C MOMOUIBIO 3aMUCH W YTCHHs IAHHBIX W3 namsTd. B ciyuae npouec-
COB NpUMEHSIETCs B3aUMOJICHCTBHE Yepe3 pas3fesisieMble CerMeHTHI
namsTH. [Ipy 3TOM HacTh ajpecHOro MPOCTPAHCTBA JIBYX MPOLECCOB
otobpakaeTcs Ha OfIHY H Ty k€ (PU3HUECKYIO obnacTs B namaTH. I1po-
LIeCCHl OCYLIECTBIIAIOT B3aUMOCHCTBHE C MOMOILBIO YTEHHs W 3a1IUCH
NaHHBIX B 370N Obnactu. Takoill meros, YacTo HMCHONB3yeMBlil TPH
pa3paborke cucteMHoro M npuknajanoro 110, He NOMyYHN LIMPOKOrO
pacnpocTpaHeHHs B NPaKkTHKE MapasuieIbHOro NporpaMMHUpPOBaHKSL.
Hosrbie nepcriekTuesl Uit pa3paboTky NapauieNbHBIX [POrpamMm
JUISL CUCTeM ¢ 001el naMsaThio 0003HAYMITHCE C MOSBJIEHUEM HOMOKO.

2.1.2. IToTokH B OnepanMoOHHOl cHCTEMe

Jlnis MHOrMX 3a/jau XapaKTepHO HaJMuMe 4acTeil, KOTopsle MO-
ryT QyHKUHOHHMPOBATH MnapaieNnbHO. B HEKOTOpHIX CryuasX Haid-
41i€ BO3MOXKHOCTH NapaieNibHOi 00paboTky laHHBIX B paMKax Oji-
HOr'O MpOLIECCca HE TOJILKO BO3MOXKHO, HO M nenecoobpasHo. Hamnpu-
Mep, 00paboTka HenepecekalouMxcs CeKUMH MacCHBa MOXET
NPOBOAMTHCA NapanyiensHo. PellleHHe 3TOH 3a/aud ¢ MOMOLLBIO He-
CKOJIbKHX MPOLIECCOB, pa3/eNsomuX 00Ul CerMeHT NaHHbBIX, sBIIs-
€TCSl JOCTATOYHO THAMCEIOBECHBIM ¥ TPEOYET CYLICCTBEHHBIX 3aTpar
Ha peaH3aLuio.
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TlonobHele paccyxaeHus NMPUBENU K CO3AHUIO MEXAHW3IMa HO-
mokos. CaM TEPMHUH ABIIAETCA MEPEBOJOM aHIIIMICKOrO crioBa thread.
Huorna ero nepeBonAT Kak wumb WM OCTaBnsiOT Oe3 nepesona,
ynorpeOnsist TepMUH mipeo.

IloTok nmpencraBnsier coboii CaMOCTOATENBHYIO LIENOYKY IOCTie-
JOBATEIILHO BHINOIHACMBIX OINEPAaTOPOB MPOrPaMMbl, COOTBETCTBYIO-
LIMX HEKOTOpOH noazanave. B ajpecHoM npocTpaHCTBE OHOrO Npo-
Lecca MOXKET BBINOJHATHCA HECKOJIBKO NoTokoB. IIpu 3TOM BCE rno-
GanbHBlE IaHHBIC ABNAIOTCA OOUIMMH [UIA PasfIMyHBIX MOTOKOB, B TO
BpeMsl KaK JIOKaIbHbBIC JaHHbIEe MHINBH/TYaIbHBL.

B cnyuae nporpamMm Ha s3eike CH K rnoGanbHBIM OTHOCATCS BCE
NAHHbIE, PACHONIOXKEHHBle B CTaTHUYECKOM namaTH (CTaTHYeCKuE,
BHELIHME MepEMEeHHEIe), 1 B 00JIACTH NIMHAMMYECKOM MaMATH, BbILC-
JICHHBIE ¢ NoMoLIE0 QyHKLMK malloc, calloc v npyrux QyHKUmH
yIpaBJieHUss JUHAMHYeCKOil namsaTeio. K NOKanbHBIM JIAHHBIM OTHO-
CATCA aBTOMATHYECKHE NEPEMEHHEIE, T.€. MEPEMEHHbIE, OOBABICHHBIE
BHYTpH (QYHKLUMH MM cocTaBHBIX Onokos. Ilpuimep mporpammel, B
KOTOPOM NPHUCYTCTBYIOT Kak ITIOOIbHBIC, TaK M JIOKAJILHBIE JAHHBIC,
MPUBENIEH Ha NIMCTUHre 23,

1: int a;

2: main/()

3: {

4: double b;

5: static int k;

6: char* p;

7: p = (char*)malloc(10):
8: }

B naHHOM npuMepe niepeMeHHbIE a U k, a Takke 00J1acTb NMaMATH, Bbl-
J€NEHHAs B CTPOKE 7, SBNAIOTCA rmobanbHHMKM JaHHbIMH. TlepemMeHHbie b 1
P NMPEACTaBNAOT cOO0H npuMep JTIOKANLHLIX AaHHBIX.

Jluctnnr 23. JlokansHbie 1 rno6anbHble JaHHLIE B NPOrpaMme

Takum 06pa3om, rMaBHEIM OTIIMYHEM TOTOKOB OT MPOLIECCOB SIB-
JIAETCst TO, YTO K&KJIBIH TPOLIECC MMEET COOCTBEHHOE aipecHoe Mpo-
CTPaHCTBO, a MOTOKU CO3JIal0TCA B aIPECHOM NMPOCTPAHCTBE CyLIECT-
Byto1ero npouecca. COOTBETCTBEHHO, B aJPECHOM MPOCTPAHCTBE OfI-
HOrO [IpoLecca MOXET BHINONIHATECS OJIHOBPEMEHHO HECKOJNBKO
NIOTOKOB.
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2.1.3. IToToku u pa3paboTka napa/ijejJbHBIX NporpamMmm

Jna cucteM ¢ obulei MamMATHIO MOTOKK NPEACTaBNAOTCS Gonee
ynayHoii riporpammHoii nnargopmoii, YeM NMpOLECCH C TOYKH 3PEHMs
pa3paboTku napamiensHeIX nporpamMm. OHako cO3faHKe U yrnpase-
HUE [I0TOKaMH C MOMOLLBIO CUCTEMHBIX BBI3OBOB, TaK XK€ KaK M aHaJI0-
ruvHbie GYHKLMM U NPOLIECCOB, SABINAIOTCA CPEACTBOM AOCTATOYHO
Hu3Kkoro yposHs. Ilosromy st pa3pabGoTku napauieNbHbIX NPOrpamMM
Oninio Obl JkenareNbHO UMeTh Oonee pa3sBUTHIH MHCTpyMeHTapuid. Jlo
HeJIaBHETO BPEMEHH TAKHMX CPEACTB, NOMyYHBLINX BCeoOuiee npusHa-
HHe, HE cyuiecTBoBao. [103TOMy, MHOrONOTOYHOE NPOrPaMMHPOBA-
HHME CTal0 OJIHUM W3 OCHOBHBIX CpPEJICTB pa3pabOTKM MNapasieNbHbIX
MPUIOKEHHIA [T CUCTEM ¢ 0011eil NaMATHIO.

B nocnenHee BpeMs TAKKE MOMy4WJl pacrpOCTPAaHEHHE TIaKeT
OpenMP, koTOpBINi OTHOCHTCSt K MHCTPYMEHTaM BBICOKOIO YPOBHS,
npenHa3sHaueHHbIM I pa3paboTky NapajuieNibHeIX MPOrpaMm  Ha
chcTemax ¢ oOuIell NamsThio. JTOT MakeT Ttakke Oynet noxpobHo
PaccMOTpPEH B OJTHOM M3 CIIETYIOLUMX Pa3/IC/IoB.

BasKHO OTMETHUTH, YTO BBHIMIPHILI B MPOU3BOAMUTENILHOCTY MPH IM1a-
pajutenbHOM 00paboTke @HHBIX C MOMOLIBIO TOTOKOB BO3MOXEH
TOJILKO B TOM CIly4ae, €Clid ONepallOHHAas CHUCTeMA IOJICPKHUBACT
HE3aBUCHUMOE TJIaHUPOBaHHE NOTOKOB, T. €. MPH CO3IAHUH JIBYX MOTO-
KOB B paMkax OJIHOrO fnpoLecca JUist NOTyUYeHHs yCKOPeHHs HeobXo-
JIMMO, 4ToObI 00a NMOTOKA BHITONHAJIUCH Pa3HBIMHM POLIECCOPHBIMU
yCTpONCTBaMH, YTO HEBO3MOXHO, €CIIH BECH NMPOLIECC PACCMATPHUBACT-
CA IUIAHUPOBUIMKOM Kak ejirHoe Lienoe. [leppoHayanbHo Takas peanu-
3alUs JOMHHUPOBAIA: MOTOKHW PeaIM30BBIBAJIMCH HA YPOBHE MPHIIO-
sxenus. [Tpy 3TOM nonb3a OT HKUX BCE PaBHO OblIa HEBENIMKA B CITyvac,
Haripumep, onepauuii aCHHXPOHHOTO B3aUMONIEHCTBHsA € YCTPOMCTBA-
MM BBO/Ia-BbIBOJA. OIHAKO B paMKaX TaKOH peany3alvy napauielib-
Hast 00paboTKa JaHHBIX HE YCKOPANach.

Curyauus Obinia ucripasiieHa, u B coBpeMeHHbIX OC npejocras-
JIAeTCs CrieldaibHas MoaepskKa JUTsl TIaHUPOBaHHs MOTOKOB: B AP0
OC BBOJUTCs MOHATHE MOTOKA Kak 00bEKTa rnaHyupoBanus. [1pu cos-
-IAHWM MOTOKA MPWIOKEHHE o0paiaercsa K syupy ¢ NOMOUBIO MEXa-
HU3Ma CHCTEMHBIX BbI3OBOB Y 3alpalivBacT cO31laHue Nnotoka. Snpo
co371aeT MOTOK M MOMEUIAET €ro B CIUCOK /Ui MTaHupoBaHus. B pe-
3yNbTaTe rnapauienbHo MOryT oOpabaTeiBaThCs Kak IMOTOKH U3 pasHbIX
NPOLIECCOB, TaK M MIOTOKH OJJHOro NpoLecca.

101

£ — et t———— o ——————




OmnucanHas cxema Ha3bIBaeTCA OOUH-6-00UH, T. €. OJIHOMY ITOTOKY
NPWIOXKEHUS CTABUTCA B COOTBETCTBME OOWH nNOTOK sapa. Cxema
OJINH-B-O[MH NOCTaTOYHO LUMPOKO pacrpocTpaHeHa. MHorna npume-
HAIOT Gosiee CNOXKHYIO CXEMY O8YX)PO6He20 NAAHUPOBAHUS, IPH KO-
TOPOK HECKOJILKO MOTOKOB MPHWIOKEHHA 0TOOPaXKaKOTCA Ha OWH T10-
TOK sAnpa. Jra cxema obnajaer Gonbluei rHOkocTHIO, HO M Tpebyer
6oNBLIMX HAKIAJIHBIX PACXOMOB, CBA3aHHBIX C HAIMYHEM HECKOJNBKHX
YPOBHEH IJIAaHUPOBAHUA.

2.1.4. Murepdeiic POSIX Threads

CywiecTBYIOT pasiMuHBIC peanu3ali NPUKIagHoro uHrepdeiica
JUISL YTIPABJIEHUS TIOTOKAMH B PasHBIX cpefaX. YCHIHMAMH MEXIyHa-
ponHoro cooluiecTBa pa3pabOTHHUKOB TMPOrpaMMHOro obecrneyeHus
Gbta co3faHHas envHas crelU(UKaLMA, KOTOpas MOyuMsia CTaTyc
CTaHJapTa ¥ BOULIA KaK 4aCTh B CTaHJapT NMPHKIaqHoro uHTepdeiica
onepaurionHo# cucrembr IEEE Std 1003.1-2001. Yacto ator uHTEp-
¢eiic ynpasnenus norokamu HaseiBaior POSIX Threads win cokpa-
uienHo pthreads. IMonpoGHoe ornKcaHWe MOXHO HalfTH Ha CTpaHHUE
koHcopLuyma Open Group, NOCBAUEHHOH OTKPHITOMY CTaHIAPTY s
Unix-cucrem [7]. Hanee B riaBe paccmaTpuBaeTcsi MUHHUMAJBHBIM
Habop $yHKUMH, HEOOXOAMMBIX VTSl CO3I@HMST MHOTONOTOYHOTO NPH-
JIOXKEHUS.

2.2. Co3nanue M 3aBepiieHHe NOTOKA B HHTepdeiice
POSIX Threads

Cpasy nocne 3amycka NpoLECC COCTOMT B TOYHOCTH M3 OJHOIO
noroka. Eciv mnporpamMma HE MpoM3BOOWT HUKAKMX CHELMAIBHBIX
NEeHCTBUI 10 3aITyCKy ApYTMX INOTOKOB, TO 3TOT €HUHCTBEHHBIH [10-
TOK Oy[eT BBHINONHATECA IO 3aBEpileHHs rpouecca. Uuunumposars
BBINOJIHCHHE JIONIOTHUTENIBHBIX TI0TOKOB B PAMKAaX TOrO e fpolecca
MOXHO C TMOMOLIBIO BBI30BA CrelManbHOM (yHkuun pthread
create:

iaddr - wupeHTH(HKAaTOp CO3NABaEMOro notoka (BHIXOAHON ma-
pameTp); . |
attr —arpulyThl CO3[1aBaEMOro MOTOKa;
start_routine — aapec ¢pyHKUMH, KOTOpad OyACT BLINOJHATHCS
B CO3aBaEMBIM ITOTOKOM;

arg — ykasaTesb Ha apTyMEHTBI (yHKLMH.

Coznaet notok ¢ arpubyramu attr. Eciu B kauecTse at tr nepena-
ercst NULL, TO NPUMEHSIOTCS aTpHOyThl 110 YMOJYaHHIO. BITONIHEHE NoTo-
Ka HauuHaercs ¢ pyHkuuu start routine. TMocnenuuii apryMeHT axg —
napameTp, nepezasaemslii B QyHkimio. @yHkuus Bo3spauaetr 0 B ciyvae
YCIELIHOrO 3aBEPLIEHHsT HITH KOZ OLIMOKK B MPOTHBHOM CIy4ae.

B pesynbrate BHINOMHEHWs (YHKLMH CO3/@€TCA HOBBIH TOTOK,
KOTOpBIH HAYMHAET CBOC BHINOIHCHUE C TOUKM BXOa B (QyHKLMIO
start routine, ajpec KOTOpO# TakKe nepenaercs B KaueCcTBe
aprymel:Ta npH BeizoBe. QYHKIMSA, C KOTOpOH CO3JaHHBIN MOTOK Ha-
YWUHAET CBOC BBHIMOJIHEHUE, NOJDKHA MPUHUMATE B TOYHOCTH OAWH ap-
rymeHTa Tvna void* W no/bKHa BO3BpallaTe 3HAUCHHWE TAKOKE THIA
void*. ®akTHueckoe 3HAYCHHE repeiaBacMoro B (YHKLHIO apry-
MEHTa yKa3blBaercsl NnpH BLI30BE pthread create. HUnentuduka-
TOpP CO3JaHHOrO IOTOKA 3aNyckiBacTes 1o anpecy idaddr, nepena-
Ba€MOMY B KayeCTBeE MEPBOro apryMeHTa.

Tax e kak 1 gpyrve ¢yHkLun Oubnuorekn pthreads, dpynkumsa
pthread create BO3BpaillaeT 3HAYCHHE LENOro THIA, KOTOPOE
paBHAETCH HyJIFO B CIIydac YCIEWHOro 3aBEpIUCHHsST MIIM CONEPXKUT
KOJI OLUMOKH B IPOTHBHOM CITyyae.

PaccMOTpYM B KauecTBe NpuUMepa Takylo (yHKLHMIO, KOTOpas
PACTIEYATBIBACT CTPOKY, IepeaHHyIo € B KauecTBe apryMeHTa (Juc-
TUHT 24). OYHKUMA BO3BPALLACT HyJIEBOH yKa3aTellb.

int pthread create(pthread t * iaddr,
pthread attr t * attr,void *(*start_ routine)
(void*), void *arg):
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1: wvoid* hello(void* arg)

2: {

3: printf ("Hi from thread %s \n",
(char*)argqg);

4: return NULL;

5: }

Jucrunr 24. @yHKIMS neYaTH NPUBETCTBHA
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Tlonoxaate MOMEHT 3aBepLUCHMS ITOTOKAa U MOJyYUTh BO3Bpa-
11aeMO€ 3HAYCHHE MOXKHO ¢ nomoupio GyHknu pthread join:

int pthread join(pthread t thread, void **value_
ptr)
thread - wuAEHTU(HKATOD NOTOKA;
value ptr — ykasaTejb Ha 3HAY€HHWE, Bo3Bpaiaemoe (GyHkuuei
noToka; ¢yukuus Bo3ppamaetr 0 B ciyvae YCMEHIHOro 3aBEpIUEHUE W KOJ
oIMOKH B MPOTHBHOM cliyHae.

Heobxonumo Bcerna Bui3biBaTh 3Ty PyHKUMIO. B npoTvBHOM
Cly4ae MOXeT NPOU3OWTH TaK, YTO OCHOBHOI MOTOK M BMecCTe C
HUM BeCh TPOLIECC 3aBepiyT BHIMONHEHHe. [lpH 3ToM octanbHbBIC
noroku OynyT NpUHYAUTENBLHO 3aBeplueHbl. Kpome TOro, ecnu cos-
JlaHHBI NO0TOK He Gl 0O6paboTan ¢ NOMOLIBIO pthread join,
TO pecypchl, BHIACIICHHBIE AN HEr0o CUCTEMOH, CUUTAIOTCA 3aHATHI-
MH jiaxe rnocne ero saseplueHus. [loatomy npenebpexenue naH-
HOM (yHKLHEH MOXeT NPUBECTH K NEPETNONHEHUIO CHCTEMHBIX pe-
CYpCOB.

B kauecTse rpumepa HCHOBL30BAHUA NPUBEACHHBIX (QyHKUMH
PaccMOTPHUM NPOCTEMLIYIO NPOrpaMMy, KOTOpas 3aIyCKaeT Mo [O0TOKY
Ha KaXJplil aprymeHT koMaHaHo# ctpoku (mvctuHr 25). Tlotok pac-
r€YaThIBaeT NepeaHHblii eMy apryMeHT KOMaHIHOM CTPOKH.

B Hauasne nporpaMmel HeOOXOAMMO NMOAKITIOYNUTE 3ar0JIOBOYHbIH
¢aiin pthread.h, coaepxauuii HeoOXOANUMBIE ONpeRENeHUs ISt
paboTHI € NOTOKAaMH, B CTpOoKax 4—8 omnpezensercss pacCMOTPEHHAS
panee ¢ynkuust hello. B crpoke 16 Beinensercs namsaTh ajis Mac-
CHBA WIIEHTHU(UKATOPOB IOTOKOB, UTHHA KOTOPOro paBHa YHCIy ap-
TYMEHTOB KOMAHIHOH CTpPOKH. 3aryCK MOTOKOB TNPOW3BOLOMTCH B
LMKJIe 110 apryMeHTaM KOMaHAHOH cTpOKH B cTpokax 15-21. Tawoke
B LIMKJIe (CTPOKH 22—-28) OCHOBHOH INMOTOK OXHJAACT 3aBEPLICHHE 3a-
MyueHHBIX MOoTOKOB. OTMETUM HeOOXOAMMOCTD NMPOBEPKH KOJIa 3a-
BEpLICHHA (YHKLMI yrpapneHHs MOTOKaMH: Takasi MPOBEPKA MO3BO-
siAeT oOHapy»X1BaTh OIUMOOUHBIE CUTYallMH U CBOEBPEMEHHO WX 00-
pabatbiBath. B nanbHeMiumx npumepax 3Ta mpoBEpKa 4YacTto He
Oyner npUBOOUTECS U3 COOOpaskeHHt IKOHOMHH MECTa W YNpole-
HUS BOCIIPUATHA KOJA.
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7
8:
9:
10:
11:
12:
13:
14:

15:
16:

17:
18:

19:
20:
21:
22:
23:

24:
25:

26:
27:
28:
29:
30:

$include <pthread.h>
#include <string.h>
finclude <stdio.h>
void* hello{void* argq)
{
printf ("Hi from thread %s \n",
(char*)arqg);
return NULL;
}
main (int argc, char* argv(l])
{
int i, rc, *status;
pthread t *threads;
if(argc > 1) {

threads = (pthread_t*)malloc((argc—l)*
sizeof (pthread t));
for(i = 1; i < argc; i ++) {

rc=pthread_preate(&(threads[i—l]),
NULL, hello,argv[i]})};
if(rc = 0) { .
fprintf(stderr, "Error creating
thread: code %d\n", rc);

exit (~1):
}
}
for(i = 1; i < argc; i ++) {
rc = pthread join(threads(i - 1],
NULL) ;

if(rc !'= 0) {
fprintf (stderr, "Error joining
thread:
code %d\n" ,rc);
exit(-1);

JIncTunr 25, TpocTteitiuas MHOronoToYHas nporpaMma
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PaccmoTpum nozipo6HO npoLecc KOMITMISALMK ¢ 3aITycKa AaHHOM
nporpammel. [ cO0pkn HEOOXOAUMO NOAKIIOYNTE OHOJIMOTEKY M0~
TokoB. O6BI4HO B cucteme Unix st 3T0ro cnefyer ykassiBatob ¢rar
kommsaumy —lpthread. Ecnu ¢aiin ¢ konom nporpaMMel Hasel-
Basicst hw. c, TO 1715 MONyueHus BuinonHsemoro daitia hw Hazuo Bbl-
NOJIHUTEH CIEAYIOLLYIO KOMaH/y:

cc -o hw hw.c -lpthread

Boinonnsemeiii ¢aiin 3amyckaercss B 0ObIYHOM TOpsiKE M3 KO-
MaHJIHO# CTPOKH. B pesynerare Ha TepMUHAT OYIIET BHIBEIEHO:

$./hw sun moon
Hi from thread sun
Hi from thread moon

DyHKLMA M0TOKAa MOXXET BO3BpAUIATh 3HAYEHHUE THIA yKa3aTellb.
3HauyeHHe BO3BpallaeTcs Mbo npu rnomouM oneparopa return, Jin-
60 uepes apryment QpyHkumu pthread exit:

void pthread_exit(void *value ptr)
value ptr - ykasarene Ha oONacTe NamsATH, COAEPKAHLYIO
BO3BpAILAEMOE 3HAYCHME.

OyukuMa pthread exit nossonser 3aeepiuats MOTOK He
TOJILKO U3 ITIaBHOM (DYHKLIMH [OTOKA, HO M M3 BHI3BIBAEMBIX (DYHKLIMIA.
Tak kak Bce noKanbHbIE JAHHBIE 0TOKA YHUUTOXAIOTCA MPH €ro 3a-
BEPLIEHHUH, TO BO3BpallaeMblif yKasaTenb HE MOXET yKa3biBaTh Ha
JIOKaNbHble JIaHHBIe (PYHKLMH, a NO/DKEH COepKaTh ajpec riiobab-
HBIX IaHHBIX.

2.3. MHOronoro4Hasi iporpamMma
YHCIE€HHOI0 HHTErPHPOBAHUSI

2.3.1. Onncanue nporpaMmsl

Hebonbumodl HaGop ¢yHkumii, paccMOTpeHHBIN B npesblayeM
pasgere, OKa3bIBAacTCA NOCTATOYHBIM JUIA pa3paboTku rnpocreliliero
NapaJuleNbHOrO NPUIIOKEHHUS, BBIMOJIHSAIOIETrO BHIYMCIIEHUS Ofpee-
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JIEHHOT'O MHTErpaja yke 3HaKOMbIM HaM METOJIOM TNpPAMOYroJIbHUKOB
(pasa. 1.4). -

Ipunoxenue paGoraer no cneayrouleli cxeme: OCHOBHOH MOTOK
3aIyCKaeT HECKOJILKO PabouMX MOTOKOB, KK/BIA M3 KOTOPLIX Bbl-
YMCJIET YaCTh CyMMBI TNPSAMOYTOJBEHHUKOB, COCTABJISKOUMX MpHOH-
senue. TomyueHHble pe3ynbTaThl COXPAHSIOTCS B MACCHBE, 3JICMEHTHI
KOTOPOTO CyMMUPYIOTCS Ha OCHOBHOM TOTOKe (pHc. 16).

AN
OCHOBHOM{‘ A

A A Pabouue notoku
/
4| |
4|

1 B

Puc. 16. Cxema paGoTsl MHOTONOTOYHOIA
NpOrpaMMmbl YHCIIEHHOTO UHTETPUPOBAHHS

B nepBbIX CTPOKaX MpOrpammbl MOJKIIOHAIOTCS HEOOXORMMBIE
3aronoBouHble (aiibl, ONpPEene/AeTCs pAM NMEPEMEHHBIX M MOMABIHTE-

4
rpanbHas GyHkums f(x)= T (niuctuHr 26).
+Xx

:  #include <pthread.h>
: #include <string.h>
:  #include <stdio.h>
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5: double a = 0.0, b = 1.0, h, *r;
6: int *nums, numt, n;

7z

8: double f(double x)

9: {

10: return 4 / (1 + x * x);

11: }

JlucTunr 26. Onpejienenue NoAbIHTErPaIbHOH (GyHKLH

s nonyyenus yckopeHust HeOGXONMMO pacipenesuTh OTPEIKH
MHTETPUPOBaHHKs MEXJ1y MOTOKAMU NPHUMEPHO MOPOBHY. [IpuMeHum
Ty XK€ CXeMy, uTo U B ciny4ae ¢ MPI-nporpammoii, paccmorpenHoit
paHee: MOTOK ¢ HOMEPOM i MNoyyaeT Juist 06paGOTKH OTPE3KM C HO-
mepami i, i+p, i+2p,..., rae p — obuee uncno norokos. Homep, co-
XpaHACMBIii B TEpeMeHHOW my Tnepefaercs 4epe3 apryMeHT-
ykasatene (yHKUMM worker, BHINONHAEMOH pPaGouvM HOTOKOM
(nuctunr 27).

C nomouieto UMK B CTpoKax 18-19 Belumcnsercs yacte cym-
MBI MIOLIA/IeH MPAMOYroNbHHUKOB, KOTOPas COXPAHAETCS B 3JIEMEHTE
r[my] maccusa r. CTporo roBops, BHIYUCIAETCA He IJIOWAAb, a
TONIKO CYyMMa «BBICOT» MNPAMOYTOJLHUKOB, KOTOpast Oyner ymMHo-
JKeHa Ha JUIMHY OTpe3Ka WHTerpvpoBaHHs h Ha mnocnenHeM aTarie.

Takoit nonxon Mo3Bonser c3kOHOMUTH GONBUIYIO HacTh Onepauuii
YMHOXEHHS.

12: void* worker (void* addr)
13: {

14: int my, i;

15: double s, p;

16: my = *{int*)addr;

17: s = 0.0;

18: for{p = a + my * hy p < b; p += numt * h)
19: s += 0.5 * (£(p) + £(p + h));

20: rimy] = s;

21: return NULL;

22: 1}

Jluctunr 27, Oynkumns paGodero notoka
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I'maBHad 3aaua OCHOBHOrO IOTOKA 3aK/IOYAETCs B TOM, HYTOOBI
3anyctuts paboyre NMOTOKH, Mepe/iaB UM B KavyecTBe apryMeHTa HO-
Mepa 110 ropajky. PetueHuye, KoTopoe kaxeTcs Hauboee OUeBUIHBIM,
COCTOMT B TOM, YTOOBI MepeiaBaTh MOTOKY aJipec uTeparopa UMKIIa, B
KOTOPOM [POU3BOIUTCS 3aITyCK NOTOKA:

for(i = 0; i < numt; i ++)
pthread create(threads + i, NULL, worker,
(void*) &i) ;

D10 pellieHUe He ABNSETCA KOPPEKTHBHIM, TaKk Kak INepeMeHHas
LMKJIa U3MEHAETCA B ITPOMEXYTKaX MEXIY 3amyckamu 1notokos. Ilpu
3TOM BO3MO)KHA Takas CHUTYyallusl, YTO MPH 3aTyCKE IOTOK C HOMEPOM
N npouutaer Mo nepenaHHoMy alpecy W3MeHEHHOE 3HAYEHHUE CHeT-
qpKa MKIa, pasHoe N+1. TloatoMy, Juis KaXI0ro rnoToka HeoOXoaNM
azpec obnmacTH namsTH, TNMpeAHA3HAYEHHOM JUI XpaHeHWs Homepa
TOJNILKO 3TOrO MoToka. JUIs 3TOro WCnonib3yercs MacCuB numt, i-i
3JIEMEHT KOTOPOTO PaBEH J, U €ro apec NnepeslacTcs NOTOKY B KayecT-
B€ apryMeHTa [pH CO3AaHUM.

PaccMoTpyM noipoOHO 1iporpammy, BBITONHSEMYKO OCHOBHBIM
norokom (nuctunr 28). B Havasne onpenensercs KOMMYecTBO pabounx
MOTOKOB ¥ MHTEpBaJIOB pa3bueHus OTpe3ka WHTErpHpoBaHHs U3 ap-
I'YMEHTOB KOMaHJ1HO# cTpoku (cTpoku 28-29). B ctpokax 30-32 BwI-
JIENISieTCs NaMsTh NS MacCuBa MIeHTU(PHKATOPOB pabounX NMOTOKOB
threads, MaccHBa UX HOMEpOB Nurt U MaccHBa pe3ynbTaToB pabo-
Thl r. Janee (ctpoka 33) BeuMCHsieTCA JUIMHA CTOPOHBI OJIHOTO Mpsi-
MOYIOlibHHKa KaK OTHOLIEHWe JJIMHBI OTpe3ka WHTErpupoBaHUs K
YHUCITY OTPE3IKOB pa3CreHMs.

Co3niaHye 1NOTOKOB BHITIONIHACTCS B HMKIE C MOMOUIBIO (yHK-
und pthread create (crtpoku 34-41). Ilepen BbIzOBOM 3aM0N-
HSIETCH COOTBETCTBYIOLIMI 37IEMEHT MaccHBa HOMepoB (cTpoka 35),
MocIle Yero rnpou3BoauTcs cam BBI30B (cTpoka 36). B ¢yukumio ne-
PENAloTCs CriellyIoniHe apryMeHThI: ajpec i-ro 3JIeMEHTa MaccuBa
WaeHTHOUKATOPOB NMOTOKOB threads + i, HyneBoH yKasaTene B
kauecTBe aTpubyTa co3jaHusi TOTOKa, aapec ¢YHKHUH [OTOKA
worker u azapec i-ro 3JieMeHTa MacCHMBa HOMEpOB numt+1i, conep-
JKauiero Homep coszaaBaeMoro noroka. Koji Bo3Bpara rC MCNONb3y-
eTCsl JUisl aHanW3a yCretlHOCTH co3faHus notoka (ctpoku 37-40).
ITposepsTh KOJ BO3BpaTa BOOOLIE CHUTAETCS XOPOLUUM CTHIIEM T1pO-
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rpammupoBanus. B paccmarpusaemom cnyuae Gubnuoreku POSIX
Threads Takoli nonxon no3BonseT M3GEKaTh MHOTMX HETPUBHATb-
HBIX OWHMOOK B NporpaMmMe.

Hukn B cTpokax 42—47 Ciy:xuT 1jis OXUEAHWS 3aBEpLIEHUs pa-
Gounx norokos. Ilocne BeIXo#a M3 3TOro LMKIa Bee paboune MOTOKU
3aBEpLICHBI, U MaccuB r 3aroyHeH. Ero anementsl cymmupyiorcs u
YMHOXAIOTCS Ha JUIMHY OCHOBAaHHA NpAMOyronbHuka h. [Tpubnmxken-
HOe 3HAYEHWE HUHTErpajia BBIYHCIICHO W MOXeT OBIThb BBLIBEAEHO HA
rievars (cTpoka 52).

23: main(int arc, char* argv(])

24: {

25: double S;

26: pthread t *threads;

27: int 1, Ec;

28: numt = atoi(argv[l]);

29: n = atoi(argv[2]):;

30: threads = (pthread t*)malloc (numt*
sizeof (pthread t));

31: nums = (int*)malloc(numt * sizeof(int));

32: r = (double*)malloc(numt *

sizeof (double));
33: h = (b -a) / n;

34: for(i = 0; i < numt; i ++) {

35: nums[i] = 1i;

36: rc = pthread create(threads+
i,NULL, worker, nums + i);

37: if(rc '= 0) {

38: fprintf (stderr, "pthread create:
error code %d\n", rc);

39: exit (-1);

40: }

41: }

42 for(i = 0; i < numt; 1 ++) |

43: rc = pthread join(threads[i], NULL);

44: if(rc '= 0) {

45: fprintf (stderr, "pthread join: error
code %d\n", rc); -

46: exit(-1);

47 }

48: }

49: S = 0;

50: for(i = 0; i < numt; i ++)
51: S += r[i];

52: printf("pi = %1f\n", S * h);
53: }

JIncrunr 28. OCHOBHO# NOTOK

2.3.2. BurHMCIHTEILHBIH 3KCIEPHMEHT

Jlna sxkcnepuiMenTa ObUT MCIONB30BaH cynepkomisiorep HP Su-
perDome ¢upmet Hewlett-Packard. Ha pannoMm komnbetotepe ycra-
HosJieHo 64 npoueccopa HP PA8S00 1 64 GB o6iueli namsary.

BLIYMCITUTENBHBIN 3KCIIEPUMEHT TPOBOAWICA C LENBIO TNMOITYyYHTh
XapaktepUcTHKH 3¢ ¢eKTHBHOCTH pacnapaieNuBanus Ui MHOTrONo-
TOYHOM MPOrpaMmbl YHCIICHHOTO MHTErpuposanus. Jyis 3Toro npu-
JIOXKEHHWE 3aIyCKAJIOCh C pa3fUYHBIM 3HAYEHHEM KOJIMYECTBA CO3Ma-
Ba€MBIX MOTOKOB U M3MepsIioch obuiee Bpems ero padotel. Konnuect-
BO WHTEpBAIOB pasbuenus Gputo B3aTO papubiv 10°. Pesynbrartel
BBIYHMCIIUTENILHOTO 3KcTiepuMenTa (puc. 17) nokaseiBaloT, YTO Bpemst
paGoThI NIPOrpaMMel CYILECTBEHHO CHIDKAETCSA NP YBEJIMYEHHM YHCTa
3a7IcHCTBOBAHHBIX TOTOKOB, YTO [103BOJIAET rOBOPUTL O BBLICOKOMH 3¢h-
(eKTUBHOCTH NPUMEHEHHS NOTOKOB B JAHHOM [pUMepE.

2.4. Cunxponuzaumust

TapannensHbie MOTOKH MHOTOMOTOYHOrO NPUIOKEHHA paboTaloT
He3aBUCHMO. [TpH 3TOM OTHOCHTENIBHBIE CKOPOCTH paboTHl NMOTOKOB
3aBUCAT OT OY€Hb MHOIMX (HaKTOPOB, BIMSHUE KOTOPLIX M MpaKTHYe-
CKH HEBO3MOXKHO 3apaHee npefickasath. Eciii noToky He UCnone3yoT
o01Me AaHHbIe, TO pa3inuie B CKOPOCTAX UX paboThl He NPUBOAMT K
KakuM-bo rnpobnemam. CuTyauusi CTAHOBUTCA TNPHHLUTHAILHO
WHOI, ecnu MOTOKK 00pabaThIBaloT 00LINE JAHHEIE.
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Hucno norokos

Puc. 17. 3aBucuMOCTL BpeMeHH paboTh MporpaMMbl YUCJIEHHOTO HHTErPU-
poBaHHs OT YKCTA NMOTOKOB IUiA cynepkomrnbiotepa HP Superdome

B kauecTBe WUTIOCTpPAaLMK pPacCMOTPHM albTEpPHATHBHOE peLie-
Hue ans npobnembl, pacCMOTPEHHOI B mnpenpioyiilem paszaene. Ona
cocTosa B TOM, YTOOBl KakAOMy paboueMy NMOTOKY NMPHUCBOUTH YHH-
KaJIbHBIH HOMep B vamnasone ot 0 no N— 1, rne N — obiuee uncno
pabounx rnoTokos. B paccMOTpeHHOM BapuaHTe 3Ta 3ajaua pelaiach
C MOMOLILIO MPHCBAUBAHUA COOTBETCTBYIOWIEIO HOMEpa 3JIEMEHTY
MaccuBa nums. Kaxneiéi notok npu atom pabotan co CBOMM 3JieMeH-
TOM MaccHBa Nums, ¥ CHHXpOHHU3aLKs He TpeboBaiack.

Jpyroe BO3MOXHOe pelICHHE OCHOBAHO Ha OOLiei rnepeMeHHo
counter, urpamwwiei ponb CueTYHKa 3anmylUieHHbIX pabouux rnorto-
koB. Kaxxnbii  paGounii NOTOK CUMTHIBACT 3HAYEHHE CUETUHKA U YBE-
JIMYMBACT €ro 3HaueHue Ha eauHuLy (muctudr 29). OT npenpigyuero
BapyaHTa (TMCTHHT 27) NaHHBIHA OTJIMYACTCS TE€M, YTO BMECTO CUUTHI-
BaHMUs HOMEpa NMOTOKa U3 O0JIACTH NaMsTH, Ha KOTOPYHO YKa3bIBaeT
aprymentT addr, BbIYMCIEHHE HOMEpa IPOW3BOAMTCS OIMMCAHHBIM
Bhlllle crnocobom (crpokn 5—6). [lepen 3amyckom nepeoro pabouero
NOTOKA INEpEMEHHOI countexr NOJHKHO OBITh NMPHUCBOEHO 3HaueHue 0.
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void* worker (void* addr)

{

int my, 1i;

double s, p;

my = counter;

counter ++;

s = 0.0;

for(p = a + my * h; p < b; p += numt * h)

e e

O~ WN

9: s += 0.5 * (f(p) + £(p + h));
10: rimy] = s;

11: return NULL;

12: }

JIncrunr 29. OyHKims pabouero noToka — HEKOPPEKTHBIH
(6€3 HeoOX0IMMOl CHHXPOHU3AIMK) BapHAHT ¢ o0ei
NIEPEMEHHOI-CUETUMKOM

IIprBencHHBIN BapHAHT MOXXET INOKa3aThC KOPPEKTHBIM U pabo-
TocrnocobHeiM. Ha camoM e fene oH copepxxHt ommbky. Paccmorpum
BO3MOXKHbBIC BAPHAHTHI BHIMOTHEHUS ABYX 10TOKOB (puc. 18). Bapuanr,

norok 1 novok 2 novok 1 noTok 2

counter =0

counter =0

my=counter
counter ++

my=counter

my=counter

counter ++ counter ++

my=0 my=1 v my=0 my=0
t

counter ++

Puc. 18. PasnuuHeie BApHaHTLI OTHOCHTENILHOTO BHITNONIHEHUS IBYX [OTOKOB
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KOTOPBIH UMeEN B BUAY pa3paboTuuK JaHHOH peanu3aliiu, NpeacTanieH
cnesa. B aTom ciyuae nepsblii OTOK COXpaHsSeT 3HAYEHUE CUETYHUKA B
JIOKaJTbHOH MepEeMEHHOMN My, a 3aTeM YBenuuyBaeTt ero sHavyenue. Ilo-
CJI€ 3TOTO BTOPOM MOTOK BBITIONHAET Ty K€ NOCACAOBATENBHOCTD JIEMH-
creuii. Ecnv 10 Havana BBINOJHEHHs TMEpPEeurCIICHHBIX ACHCTBUI ne-
peMeHHas counter umena 3HaueHue 0, TO B pe3ynbrare UX BHINOJI-
HEHHA Ha NOTOKE 1 nepemeHHas my umeeT 3HayeHue 0, a Ha NOTOKe 2 —
3HaveHve 1.

B BapuanTe cripapa 1oTok 2 coxpaHseT 3Ha4yeHHe obwei nepe-
MEHHOH counter B JIOKAIILHON NEPEMEHHON MY MEXILY OMEPaUAMU
NPUCBAaNBaHUA W YBENIMYCHHUA cueTYMKa Ha notoke 1. B pesynwrarte
3Ha4YEHHE TNMepeMEeHHOM my Ha 06OMX MOTOKAX CTAHOBMTCS paBHbIM 0.
JTO 03HAYAET, YTO pasHbie TIOTOKH MOMYYHIM OJMHAKOBBIE HOMEPA,
YTO He ABJISETCA XKEJAaeMbIM PE3yILTaToM.

Js npenotepamienns nogo6GHOro posa KOM3MI npH oOpatie-
HUM K IaMATH HeoOXOMM MeXaHH3M, NO3BOJISIOLIMI 3arpewars 06-
pallieHHe K MEpeMeHHoN counter B TOT MOMEHT, KOIjia OfHH M3 f0-
TOKOB BBIITONHAET C HEH orepaTopel my = counter W counter++.
Hpyrumu cnosamu, Tpebyercs, uToOBl MOCIENOBATENBHOCTL  ONEpa-
TOPOB B CTPOKaX 5 U 6 BBHINOJHANACE TONBKO OZIHHUM ITOTOKOM B J1aH-
HBIM MOMEHT BPEMEHH.

Mexanu3M Takol 3alUMTBl  HOCHT HA3BaHWE KPUMUYECKUX CeK-
yuti. Tlon kpuTHUeckoi cekUMell MOHHUMAaeTcs MOCNEeNOBaTEeNbHOCTD
onepaTopoB NpOrpamMmel, KOTOpast B JaHHBII MOMEHT MOXXET BBINION-
HATBCA TOJIbKO OJIHAM K3 M0TOKOB. Peanusauus [noibkHa npegocTas-
JIATH FApaHTHH, YTO €CJIK OUH IMOTOK HAXOAUTCA B NMPOLIECCE BHINOJ-
HEeHUsl KPUTHYCCKOM CEKLMM, TO APYrve noToku He MOryT HAYAThL ce
BHINOJIHEHKE. ECNH ke HECKOJIBKO MOTOKOB ONHOBPEMEHHO MBITAIOTCA
HayaTh BBIMOJIHCHUE KPUTHYECKOH CEKLIMH, TO TOJIBKO OJIMH M3 HUX
MNOJIyYHT TaKytO BO3MOXXHOCTD.

Jnsa obecrnevenns MexaHU3Ma KPUTHYECKHX CEKLMI B 6ubnuoTe-
ke POSIX Threads npenycmoTpen MexaHusm mbloTekcos (mutex) —
CrEUHMANILHBIX OOIMX MEPEMEHHBIX IS CHHXPOHU3ALMH, UMEIOLIMX
TN pthread mutex t. Ham mploTekcamu OnpepeneHsl Tpy oc-
HOBHBIE Ofiepaliii — 3aXBaTHTh MbIOTEKC, OCBOOOOWTE MBIOTEKC M
MPOBEPHUTH MBIOTEKC:
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OyHKLHs 3aXBaTa MBIOTEKCA:

int pthread mutex lock{pthread mutex_t *mutex);

mutex - MBIOTEKC;

@yukuus Bo3BpawaeT 0 B ciydae YCMEIIHOrO 3aBEPUICHUS MITH KOA
owmOKH B NPOTHBHOM CIy4ae.

QyHKIUMA 0CBODOXKIEHHS MBIOTEKCA!
Int pthread mutex unlock(pthread_mutex t *mutex) ;
mutex — MbIOTEKC,
OceoboxaeT 3axpaueHHbI MOTOKOM Mblotekc. Bosspamaer O B cy-
yae yCreWHOro 3aBepIlieHHs WIK KO olMOKM B NPOTUBHOM ClTy4ae.

Onepauuu HaJl MBIOTEKCaMH MOAYHHSIOTCS ONPENCIICHHBIM TTpa-
BUJIAM, MO3BOJISIOUIAM NPUMEHSTh UX ISl OPraHU3alui KPUTHUYECKHX
CEKIIHA:

®  €CIIM HECKOJIBKO TOTOKOB TBITAIOTCS 3aXBaTHTh MBIOTEKC OJHO-

BPEMEHHO, TO TOSIBKO OIMH U3 NOTOKOB CMOXXET 3TO C/IeNath;

e  0cBOGOIMTH MBIOTEKC MOXKET TOJIBKO MOTOK (XO3SMH MBIOTEK-

ca), BBIMOJIHUBILHH €T0 3aXBaT;

®  €CJIM MBIOTEKC 3aXBa4€H OJJTHUM H3 NMOTOKOB, TO IPH IOTBITKE

3axBara 3TOr0 MBIOTEKCa JIpyro# notok Oyner 3abnokuposaH
J10 MOMEHTa OCBOOOXKICHHS MBIOTEKCA.

C noMoIBI0 MBIOTEKCOB KPWUTHYECKas CEKUMS OpPraHu3yeTcs
cliefiyrolM 00pa3oM: Ha BXOZI€ B KPHTHHECKYIO CEKLHIO OCYIIECTB-
NSETCA 3aXBaT MBIOTEKCA, a HA BBIXOJiE — OCBODOX AeHHE. PaccMoTpum
B KauecTse npumMepa QyHKLMIO worker pabouero noroka (uctusr 30).
IMocnenoBaTenbHOCTE ONEpaTopoB B CTPOKax 6, 7 BLIAEJICHA B KPUTH-
YECKYHO CEKIMIO: B CTPOKE S NPOM3BOAMTCS 3aXBaT MBIOTEKCAa mut, a
B cTpOKe 8 — ero ocBoOOX/ICHHE.

void* worker (void* p)

{
int my, i;
double s;
pthread mutex lock(&mut) ;
my = counter;
counter ++;
pthread mutex unlock(&mut);
s = 0.0;

O O~JA U WN =
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10: for{(i = my; i < n; i += numt)

11: s += £(i * h + 0.5 * h);
12: rmyl] = s;

13: return NULL;

14: }

Jlnernr 30. Oyukums pabouero NoToka — KOPPEKTHLIN BAPUAHT
(nobaeneHa CUHXPOHM3ALINS)

Beenenue obuiero cuetyrika ro3posimino M30aBUTLCS OT MaccHBa
nums, KOTOPBIA MCNONB30BANICA JUISl XPAHEHHUS HOMEPOB IOTOKOB B
BapuaHTe Oe3 CHHXPOHHM3ALMH. AHATOTMYHO MOXHO OOOWTHCh 63
MaccHBa r, KOTOPBIA MpenHasHaueH s XpaHeHHs Pe3yJbTATOB pa-
GoThl pabouero rmoroka. BMecTo npucBaMBaHus BBIYHCIICHHOTO 3HA-
YCHHMA MacCCcHMBa 3JIEMeHTY r [my] B HOBOM BapuaHTe (iUcTUHTr 31)
BBITIONIHACTCA yBenuueHue obuieii nepemenHoit S. Jloctyn k obuieit
NIepEeMEHHOMN Takke HEOOXOAUMO CHENaTh KPUTHYECKOH CeKIMel s
NPEAOTBPAIEHHS HEKOPPEKTHOTO M3MEHEHHs 3TOM nepeMenHoil. s
310 notpebyeTcs ere OfMH MBIOTEKC — mut 1. MoxHO 6610 GBI BOC-
NOJIb30BATHCS MBIOTEKCOM Mut, HO 3TO MNPHUBENO Obl K M3IHLIHEH
CHHXPOHM3aUMH — HET HEOOXOAMMOCTH 3anpeulaTh OAHOBPEMEHHO
M3MEHATb CYETUYMK counter v nepeMeHHyo S.

Jlns Toro 4robbl MBEOTEKC MOXHO OBUIO MCHONB30BaTh B MPO-
rpaMme, HEOOXOJMMO €ro cHauana oBbhABMTH Kak OOLLyIO nepemMeH-
Hylo Tuna pthread mutex_t, 3aTeM MHHLMAIM3NPOBATH C IOMO-
upio QyHkUMH pthread mutex_init, a nocne MCNoib30BaHWSA
OCBOGOINTH 3aHATHIC CHCTEMHBIE Pecypchl C NOMOLIBIO (YHKLHH
pthread mutex destroy.

OYHKIUA HHHULUANW3AUNK MBIOTEKCA! .
int pthread mutex init (pthread mutex_t *restrict
mutex, const pthread mutexattr_t *restrict attr);

mutex — MBITEKC,
attr — arpubyT mutotekc (NULL — atpubyT 1o ymosuanmio).
OyHKuya Bo3Bpamiaet (0 B ciyyae yYCMEIIHOTO 3aBEPIUCHUS M KOI
oHOKH B TIPOTHBHOM Clly4ac.

QyHKIMS 0CBOOOKIEHHS PECYPCOB!

int pthread mutex destroy(pthread mutex_t *mutex);

@OyHkims BosBpawiaet (0 B Cyuae yCri€IIHOrO 3aBEPLICHUS M KOX
onOKH B MPOTHBHOM ClTyvae.

1: void* worker (void* p)

2: {

3: int my, i;

4: double s;

5: pthread mutex lock(&mut);

6: my = counter;

7 counter ++;

8: pthread mutex unlock{&mut);
9: s = 0.0;

10: for(i = my; i < n; i += numt)
11: s += f£(1i * h + 0.5 * h);
12: pthread mutex lock(&mutl);
13: S += s;

14: pthread mutex unlock{&mutl);
15: return NULL;

16: }

B pesynbrate kof (yHKIMHM main M3MEHHTCR (MCTHHT 32) C
YUETOM HEOOGXOMMOCTH MHHLMATHM3ALNN MBIOTEKCOB (CTPOKH 9, 10)
1 ocBoboxIeHus pecypcos (ctpoku 25, 26).

JInctunr 31. Qyskuus pabouero NoToka — KOPPEKTHBIM BapHAHT
C IByMSI KPHTHYECKUMH CEKLUSIMU
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1: main(int arc, char* argv[])

2: {

3: pthread t *threads;

4: int i, rc;

5: numt = atoi(argvi[l]);

6: n = atoi(argv[2]);

7. threads = (pthread t*)malloc{numt*
sizeof (pthread t)):

8: h = (b - a) / n;

9: pthread mutex_init (&mut, NULL) ;

10: pthread mutex_init (&mutl, NULL);

11: for(i = 0; 1 < numt; i ++) {

12: rc = pthread_create{threads+i,NULL,

worker, NULL) ;
13: if(rc != 0) {
14: fprintf(stderr, "pthread create (%d) :
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error code %d\n", i, rc);

15: exit (-1);

16: }

17: }

18: for(i = 0; i < numt; i ++) {

19: rc = pthread join(threads[i], NULL);

20: if(rc 1= 0) {

21: fprintf (stderr, "pthread join:
error code %$d\n", rc):

22 exit(-1});

23: }

24 }

25: pthread mutex destroy(&mut);

26: pthread mutex destroy(&mutl);

27: printf("pi = %1f\n", S * h);

28: 1}

JInctunr 32. QyHKuMs OCHOBHOIO MOTOKA: 100aBIeHa
UHULMAIU3A1HS MBIOTEKCOB M OCBOOOMICHHE CHCTEMHBIX PECYPCOB

MeroTeKCHl SBASIOTCA Haubonee NMPOCTHIM, HO B BMECTE C TEM
JOCTATOYHO MOLIHEIM MEXaHH3MOM CHHXpOHH3aimu. CraHaoapt
POSIX Threads npenycmaTpuBaer Takke psifi IPYTHX CPEACTE CHH-
xponusauuH. B nepeyro odepenr 310 — Tak HaspiBaeMele ceMadopel
W YCNIOBHEIE NepemeHHble. M3noxeHne 3Toro marepuania BEIXOAWT 3a
paMku Hactosiero nocobus. Ioapobuyro uHbpopMaLHoo 0 HUX MOXK-
HO HaifTu B ctanaapre [7].

3. Cpena nporpamvupoBanust OpenMP

OCHOBHBIM CPeACTEOM NPOrpaMMHPOBAaHUS CHUCTEM C pacriperie-
JIeHHOM TamsTeio siByisiercss Message Passing Interface (MPI). Jnu-
TeNbHOE BpeMsi ISl pa3paboTKH NporpaMm Ha CHCTeMax ¢ obLiei na-
MSTBIO TPUMEHSANACE JTHOO0 Ta ke Oubnroreka MPL, nubo GuGnuoreku
st paborer ¢ norokamu, B wacrHoctd POSIX Threads. Ilporpammu-
poranre Ha MPI wumeer ToT HepgocTaTok, YTo NPUMEHEHHE MeXaHH3Ma
nepenaun cooOIleHNi He NO3BOJIAET B NOJIHOH Mepe BOCIIONb30BaThCA
BO3MOXHOCTSIMH, TIPENOCTaRJIsieMbIMM 00Lueit namsiteio. Cnepora-
TensHO, cucTeMa paboraer HeaddekTHRHO. [IpHMEHeHHE TOTOKOR
XOTA W MO3BOJISIET TOTHOCTBIO 33/1eHiCTROBATH PECypChl CHCTEMB, HO
SIBJIICTCA CPEACTBOM JIOCTATOYHO HHM3KOTO YPOBHS, XapaKTepPHOTo,
ckopee, s pa3paboOTKH CHCTEMHBIX TMPHUIIOKEHHH, ueM Juis Tapan-
JIETBHOTO MPOrpaMMHPORAHHUSL.

B cuity nepeurcleHHBIX MPUYHH 33/1aua Pa3paboTKH aleKBATHBIX
BBICOKOYPOBHEBBIX CPEJICTE MPOrpaMMHpPOBaHHsI CUCTeM € obLieii na-
MATBIO ObINA U Ha CErOIHAILHKI IEHb OCTAEeTCs akTyanbHO. K Takum
CpencTBaM, Npexie BCero, OTHOCATCH $3bIKH MPOrpaMMHpPOBAHHA.
HanGonee npHBneKkarenbHBIM MPEACTARIAETCA NOAXON, OCHOBAHHBIN
Ha NMPUMEHEHHH HHTEeJUIEKTYalIbHBIX TPAHCISATOPOR, KOTOPhIE TeHepu-
pY1OT BHICOKO3¢ QEKTHRHBIH KO 115t KOHKPETHBIX nnardopm ¢ obuiei
AaMsATBIO MO TOCEIOBATENBHON MpOrpaMMe Ha OFHOM M3 TPaMLId-
OHHBIX f3BIKOB TporpamMMuporanus. Takoii momxon no3ponun Obl
aRTOMAaTHYEeCKH pacnapajUieNuTk OONBLIOE YHCIO CYNIECTBYIOLIHX
NoCNIeNOBaTENBHEIX APOrpaMM, TEM CaAMBIM CIKOHOMHKB GONblLIHE TPY-
J103aTpaThl, CBS3aHHBIE C «PYYHBIMY» TMEPENUCHIBAHHEM 3THX MpO-
rpamM. TIOMBITKH CO3AaHWS TakMX TPAHCISATOPOR HEOIAHOKPATHO
npennpHHUMamuce. K coxaneHuno, HeCMOTPS Ha YacTHUHBIH YCIIEX,
JOCTHTHYTBIH B JIaHHOM HarpapjieHHH, npobiieMa reHepanuy Koja
YZAORJIETROPHTENBHOIO KAue€CTRBa JUlsi MHOTOMPOLIECCOPHBIX CHCTEM C
obuield MaMATHIO TaK M OCTAETCS HepeLUEHHOM.

OCHOBHBIM TIPETATCTBHEM HA ITyTH PELUEHHS 3a/1a4M aBTOMATH-
4eCKOro pacrnapalijieNTMBaHus sIBISeTCsi CIIOXHOCTD BBISIRIIEHHSA yactei
MOCNeNORaTENbHON NPOrpaMMel, KOTOpble MOMNH OBl BBIMOJIHATHCS
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OJTHOBpPEMEHHO. BrlsiBnieHHe TakuX vactel NpencTarisieT ofpeneneH-
HBIE TPYAHOCTH Jiake JUIst caMoro paspaboTurka napajnenbHOH npo-
rpaMMbl. ITH TPYJAHOCTH MHOTOKPATHO BO3PACTAOT, KOI/A TaKas 3a-
Jlaya peLlaeTcs TPaHCIATOpOM B aBTOMAarniyeckoM pexkume. Beneact-
BHE 3TOr0 MOMYYWI PacrpocTpaHeHHe TMOIXOM, OCHOBaHHBIH Ha
paclUMpeHnH TPaAHLIMOHHEIX SI3BIKOR MPOrPaMMHUPOBAHHA KOHCTPYK-
LIMAMH, OOJIETYAOLMMH aRTOMATHYECKOE BBISIBIIEHHE TNapajiieNbHbIX
oneparopor H (yHkimi B Tiporpamme. Takux pacumpenuii ObITO
NPeANIOKEHO  JOCTaTOMHO MHoro. Heobxonumocte  yHH(HKaLMH
cpeAcTB pa3paboTKH MApaJUIeIBbHBIX NPOrpaMM MPHBENTa K CO3JaHHIO
B 1997 rony eauHoro cranaapTa, nonyqdeuiero Hazeande OpenMP. B
HACTOsILIIEE BPEMsI CTaHJPT PAa3BHBAETCA U €0 TEKyLias Bepeus 2.5 [16]
NoctynHa Ha caiite OpenMP [8].

3a nepHvof, NpolleaIlnit ¢ MOMEHTa MyOIMKALHK [epROi BEPCHH
craHpapTa, OblIo pazpaboTaHo MHOTO TPAHCHATOPOR, HOIAEPIKHBAIO-
LIMX JIaHHOe pacuidpexure. B uyactHocTH, KpynHeiiiuie npousBoanuTe-
JIN KOMIBIOTEPHOH TEXHHKH W MPOrpaMMHOro obecreueHus npenoc-
TaBJISIOT TaKyl0 TIOAJACP>KKY B CBOMX npoaykrax. [logeoms wror,
MOKHO CKa3aTthb, 4To OpenMP sBsisieTcst OqHHM H3 OCHOBHBIX ELICOKO-
YPOBHEBBIX CPEICTB MPOrpaMMHPOBAHHS cHCTEM C 00lIel NMamsThiO,
JIOCTYNHBIX Ha JIAHHBIA MOMEHT.

3.1. O6mas opranmanus cpeast OpenMP
H MO/1eJIb BBINIOJTHEHUS

3.1.1. OcnoBuble komuonenTH OpenMP

C TOYKM 3peHHs MPHUKIIAJIHOrO MPOrpaMMHUCTa B COCTAB CPEIbl
OpenMP BXOmsT TpPM OCHOBHBIX KOMIIOHEHTa: HAbOp IHPEKTHE
TpaHCIATOPY, Habop PyHkumMiT 6MOGAHOTEKH U MEPEMEHHBIX OKPYy-
KEHUSs.

JIMPEKTHREI CITY>KaT OCHOBHBIM CPEJICTBOM BBIPAKEHHS Tapaliiie-
mu3ma B OpenMP. JIupekTHBBI NpeAcTaBNsioT co60il crieluanbHBIM
obpazom odopmieHHbie KOMMeHTapuu (B ciryyae Fortran) win aupex-
THBBI KOMITUIIATOPY — «riparmen» (B cnyuyae C/C++). Takoit noaxon
yno6eH TeM, YTO 3TH JUPEKTHRBI HTHOPHPYIOTCS OOBIMHBIM TPaHCIIs-
TOpoM, He noanepxuparomm OpenMP. B pesynbrate nporpammy
MO>KHO KOMITHJIMPOBAThL M BBHITIOJIHATE B TOCIIEA0BATENLHOM BapHaH-
T€, YTO CYLIECTREHHO obieryaer rnpoilecc norcka omnbok. ITpu stom
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clefyer NMPUHHUMAaTe BO BHMMaHHWe, YTO B NapaiienbHOM BapUaHTe
MOryYT MIOABHMTBCs OLHMOKH, KOTOPBIE CTAIH PE3yJIbTATOM HEKOPPEKT-
HO MPOBREIEHHOrO pacnapasie/IMBaHHs.

OyHKIMH OMOTHOTEKH MO3BOJIAIOT YNPABAATL Pa3/IMuHBIMU Xa-
pakTepucTHKaMH B mporiecce BenonHenus OpenMP-nporpammel, Ha-
NpUMep YHCIOM NOTOKOB H T.I. C NMOMOLILIO NMEPEMEHHBIX CPEJIbI
TMONB30BaTeNlb UMEET BO3MOXXHOCTB YNPABRNATL HACTPOHKAMH CpEJibl
BBITIONIHEHHS, HANpHMeEp YCTaHABRIMBATL XapaKTEPHBIE TMapaMeTphl
pacnapanyielMBaHus LHKIOR. Hcronb30BaHHE MEPEMEHHBIX CPEJIbI
TMO3BOJISIET BIMATH Ha TOBeJIEHHE NapasuiesnbHOi nporpaMmel 6e3 re-
PEKOMMOMJIALIMH.

3.1.2. Moaens Beinosnenus OpenMP-nporpamMmel

Mosiennb BEITIOTHEHUS 3a/1a€T 3TATOHHOE MOBEIEHHE TIPOTPAMMEL,
onpenenssi, KakUM 00pa3oM OHa JIOJKHA BBEHIONMHATECA M KaKOW Ha-
6monaemutii adpdext OGyner npu 3ToM npouseenieH. TeM caMbIM Mo-
Jlenb 3aj]aeT paMKH, B Npefesiax KOTOPbI KOHKPETHAs pean3ailivs
MoxxeT BeIOpatTh Hanbonee 3ddexTHBHBIA N8 AaHHOH nnarhopMbl
cnoco® BHITIONHEHHs TPOTPaMMBI.

B OpenMP npunsta MHoronorounas mozens (puc. 19). B Hauane
1porpamMma Bcerjia COCTOMT M3 OJIHOro MOTOKa, Ha3blBAEMOTO TIJIaB-
HbIM (master-thread), v BeinonHsiercs B 0OBINHOM TOCIIEIOBATENBEHOM
pexxrime. Eciii B HEKOTOPEIII MOMEHT B nporpaMme BBITIOJIHAETCS M-
peKTHRa pacriapalliie/IMBaHus, TO K ITIaBHOMY MOTOKY J00OarnsieTcs
ellle HEeCKOJIBKO, 00pasysi rpynny napauienbHO BHINOIHAIOLNXCS T10-
TOKOB. [TOTOKH BBINOMHSIOT HEKOTOPKIH (parMeHT MPOrpamMMel, rocre
Yero napavienpHBIH YHacTOK 3aKaHuYMBAaETCsl, M BHINIOJIHCHHE BHOBB
MpoAOIHKAeT OAWH MOTOK. TakkuM o0pa3oM, MpOLIECC BBINOTHEHHS
OpenMP-niporpaMMBbl COCTOMT B 4€PEIOBAHHH TMOCIEIOBATEILHBIX H
fapasieNbHBIX YYaCTKOR,

INapannensupie yyactkd Moryr OHITH BiOXKeHHBIMH. Ecnn
OpenMP dyHKIMOHMpPYET B peXkriMe C pa3pellieHHBIM RBIIOKEHHBIM
MapanienusmMoM, TO KaX/pli W3 BBIMTONHAONIMXCA TMOTOKOB MOXET
CO3/1aBaTh HOBBbI€ NMOTOKH TPH BBITIONHEHHH HOBOTO NMapasiiefIbHOro
yuactka (puc. 20). IlapannensHblii yyacTok Bcerza 3arepluaercs
OaprepHOii CHHXpOHH3ALKe BceX BHINOTHSIONMX €r0 NOTOKOB.
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3.1.3. Moaenn namMaTH -1l AMMBI
MaBHbIA NOTOK : 3 &) 1 OpenMP-nporp

*ef' TTepemennrie B OpenMP-niporpamme nensitcs Ha obwyue (shared)
n undueudyanvhvie (private). MHaMBHMIyalIbHBIE NTEpeMEHHBIE COOT-
BETCTBYIOT HEKOTOPOMY TOTOKY H MOTYT CYUMTBIBATHCH WIIM 3aMHCHI-
e BaThCA TONBKO UM. ObLuye nepeMeHHble JOCTYNHbI [ YTeHHs U 3a- b
AMCH HECKONBKMM MOTOKaM OfHOM rpynnel. Cneayer OTMETHTb, YTO
ey €CNu YTeHHe W 3allCbh WIM MOBTOpPHas 3anMck oblield nepeMeHHOM

’ NpOU3ROJATCH 0e3 CHHXPOHM3ALMK, TO pe3yNbTHPYIoLlee 3Ha4YeHue
fiepeMEHHO CUMTAETCS HEOTPEIETEHHBIM.

B ornmuune ot POSIX Threads B OpenMP orcyrcreyer crporas
KOppensiiHs MeX1y KJIacCoM NaMsTH TNepeMeHHoi (crarnueckas, ap-
TOMaTH4YeCKast M T.N.) U TEM, KaK OHa pacCMaTpUBaeTCsl pa3lH4YHBIMH
NOTOKAMM: aBRTOMAaTHYECKas NEPEMeHHass MOXET pPacCMaTpPHBATHLCS
Kak of1as Ha HEKOTOPOM MapaJUIeNIbHOM YuacTKe, a CTaTHYeCKast Te-
peMeHHas MO>KeT ObITh «IPHBATH3HPOBAHA» KaXIBIM MOTOKOM.

MapanneneHblit
y4acTok

3.2. Hello World na OpenMP

Pacemotpum npocTeiiyto nporpamMy Ha OpenMP (nmuctunr 33).
IIporpamma HauMHaeTcsi € MOAKMOYEHHST HEOOXOMUMBIX GHONMHOTEK.
Jist Toro 4ToOBI NONMYYHTH BO3MOXHOCTE MCNONB30BaTE PYHKIIMH H
Makpocsl OpenMP, HeoOxomMMO MOAKIIOUMHMTE 3arOJIOBOYHBIHN daiin
omp.h (ctpoka 2). B nanHoii nporpamme copep>KHTCS BCEro oaHa
nupextuea OpenMP, pacnonoxkeHHas B cTpoke 4. DTO — MHpPEKTHRA
parallel, o6o3Hauaronias napaienpHBIN yYacTok.

yHacTok

1: #include <stdio.h>

: #include <omp.h>

main () {

#pragma omp parallel
printf ("Hello World!'\n");

MapannensHbii

AU WN

JlucTunr 33. Camas npoctas nporpamMa Ha OpenMP

Paccmotpum nozpobuee cuntakcue qupektuebl OpenMP (puc. 21).
t B si3pikax C/CH+ nnst BeIpaskeHHst KOHCTpYKUMit OpenMP npumensieTcs
MEXaHH3M JINPEKTHR KOMITUIISITOPY, HAUMHAIOINXCS C KIIFOUYEROTO CJIOBa !

#pragma. Yrobel gupexktiesl OpenMP MOHO OBUIO OTIMYMTL OT
122 123

Puc. 19. Mogzens Beinonuenus OpenMP-nporpaMmsl




naBHbIA NOTOK

MapannenbHbiit y4acTok

Puc. 20. Buinonuenue OpenMP-nporpammel
€O BJIOXKEHHLIM NapaJleIn3MOM
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NPOYMX JHPEKTHB, TIOCNE CIOBa pragma cleayeT KIIo4eBoe CII0BO
omp. Jlanee cneayeT ¥Ms TUPEKTHBEI H BO3MOXHBIE OIMLIMH, €CITH OHH
NpelyCMOTPEHEI.

JlvpektiBa parallel, xak ¥ GONBLIMHCTBO APYTHX JHUPEKTHE
OpenMP, npHUMeHSETCs HEMOCPEACTBEHHO K OMNeparopy, Crenyrouie-
My 3a Heil. B yacTHOCTH, Takoit orepatop Moxer ObITh COCTaBHbIM,
T.€. TPE/ICTARIIATH NOCNEIORATENLHOCTL ONEPATOPOR, 3AKIIIOMEHHYIO B
¢urypuele ckobku. Tako¥H NMoaxoj MO3BOJIAET NPUMEHATh THPEKTHBY
K TPOM3BONILHBIM T10CTIEIOBATENBHBIM YYAaCTKaM KoOJa NpOorpamMMmel.
Oneparop, K KOTOPOMY TNPUMEHSETC ITUPEKTHBA, IOJDKEH UMETDH Ol
Hy TOYKY BXOJIa U OJIHY TOUKY BbIXO/1a M3 Hero. Takoi orneparop npu-
HATO HA3LIBATH CHIPYKMYPHBIM ONOKOM.

MpvHapnexHocTb
[VPEKTMBL K
OpenMP

Onyun

#pragma jomp

Kniowesoe cnoso

s oy Bbl
s3bika C AvpexTH

Puc. 21. Cunrakcuc mupextBsl OpenMP mns s3siko C/CH++

B paccmarprBaeMOM npuMepe AUPEKTHRA NPUMEHSIETCS K ofepa-
TOpY, COCTOsALIEMY M3 €IMHCTBEHHOrO BBHIPAXKEHUS — BbI30BA QyHK-
uun printf. Jleficteue nupekTvBb parallel COCTOHT B CO3NAHHH
napajyieJIbHOrO y4acTka, B pesy/bTaTe Yero oneparop, K KOTOpoMy
[IPUMEHSETCS 3TO [IMPEKTHRA, OyIET BBHITIOIHEH HECKOJIBKMMH CO3-
JIAHHBIMH IIOTOKaMH.

[Tpouseenem cOOPKY M 3arycK 3TOrO MPOCTOro npuiokeHus. s
KOMITHJISALIMK HeOOXOMMM TpaHcasTop si3bika C, TMOJIEPXKUBAIOLIHMA
OpenMP. K wuncny Takux TpaHCIATOPOB OTHOCHTCH KOMITHIISTOP
¢upmer «HuTteny [6]. Coopka OpenMP nporpaMmel ¢ MOMOLIBIO
TpaHcnsTopa icc BepcrH 9.0 BHINONHAETCS crenyrolmm obpasoM:

$ icc -openmp -o hi hi.c
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B pesynbrare koMnuisilMy Oymer co3faH BHINOMHAEMBIN daiin
hi. ®nar openmp BrmouaetT noanepxxky OpenMP, 6e3 Hero Bce au-
pextuel OpenMP wrnopupyrorcs. Cobpannas mporpamma 3arycka-
€TCs U3 KOMAaHHOWH CTPOKH:

$ ./hi
Ha skpan 6yner BriBenieHo:

Hello World!
Hello World!

Brirenennas HHGopMaLMs N03BONIET 3AKTOYUTD, YTO OBLIO CO3-
JIaHO JBa MOTOKa. YKcno co3faraeMelX NOTOKOB MO YMOHAHHIO Ofl-
pelensiercst HACTPOHKaMH CHCTEMBl. JTO YMCIIO MOXKHO H3MEHSTh C
TOMOIIBIO [IEPEMEHHBIX CpPeNlbl KaK /10 3allycKa MporpaMMbl, TaKk U B
npouecce paboTel IPOrpamMMBl.

Ilepemennas cpepmt OMP_NUM THREADS omnpezenser 4HCHO
MOTOKOB, HCHOJNIb3yEeMBIX TNpuioxkeHueM. Ecnu 3nauenue 3toli nepe-
MEHHOH He ONpENENeHo, TO KOJIMYECTBO CO31aBaEMEIX NTOTOKOR Oripe-
JenseTcsi CUCTEMHBIM HacTpolikamu. IIpHcBOMM 3TOH nepemeHHOMN
3Ha4YeHHe 5 ¢ MOMOLLBIO cleayronlel koMaHae!l 06omnouku bash (ans
JpYroi 060J104KH KOMaHa MOXeT UMETh IPYTOi CHHTaKCHC):

$ export OMP_NUM THREADS=5

3amyck MporpaMmel nocjie 3Toro AelCTBHs NMPHUBOOMT K CO3/a-
HHIO 5 OTOKOR. B pesynerarte Ha TepMuHaie OyieT HaneyataHo:

$./hi

Hello World!
Hello World!
Hello World!
Hello World!
Hello World!

Takum o6pa3om, kcrione30BaHKe NepeMEHHON Cpepl OMP NUM
THREADS rO3BOJISIET MEHATh KOJIMYECTRO 3aMYCKAEMBIX MTOTOKOB 6€3
NE€PEKOMITHIISILIMH TIPHITOKEHHS.

AnprepHaTHBHEIM CIOCOOOM YripaBieHHsl YUCIIOM CO3J@BaeMBIX
NOTOKOB ABJsETCA onuwis num_threads aupekTHBH parallel.
JTa OnuKMs UMEET €IMHCTBEHHBIH apryMeHT, KOTOpPbIH 3a/laeT YKcIio
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MIOTOKOR, CO3[aBa€MEIX JUIsl BHIMOJIHEHUS COOTBETCTBYIOLIEro rapal-
JIENIbHOTO Y4acTKa. . )

B kauyecTee WILUTIOCTpaUMK NMPUMEHEHUS AaHHOK OMNIMH paccMOT-
pum npumep (muctuHr 34). Yucno 3amyckaeMelX MOTOKOB CUMTHIBAECT-
Csl U3 apryMeHTa KOMaHIHOH CTPOKH M COXPAHAETCH B IEPEMEHHON N
(ctpoka 4). B cTpoke 5 nepeMeHHas n NOJCTABJIAETCA B KAYECTRBE ap-
rymeHTa B onimio num_threads.

: main{int argc, char* argvi])
{
: int n;
n = atoi(argv[l]);
:  #pragma omp parallel num threads(n)
: printf ("Hello World\n");
: 1}

1
2
3
4
5
6
7

Jlucrunr 34. IIpumep M3MEHEHUS YHCNA BHUIOJIHAEMBIX NOTOKOB
€ nmoMouIeto onimu num _threads

Uucno NMOTOKOB, KOTOPOE 1iefiecoo0pa3Ho 3a1aBaTh IS BHITOJ-
HEHWs NMapaJlyIeIkHOrO Yy4acTKa B MpOorpaMmme, MOXKET ONpenensiThes
HCXO/sl M3 Pa3fIMuHBIX cOOOpaxkeHHH. B 4acTHOCTH, MONe3HbIM ABIISA-
ercs yueT HHPOpMaLHH O YHCie INPOLECCOPOB, AOCTYMHBIX IS BbI-
TOJIHEHHS TapaJINeNbHON NPorpaMmel. ITO YHCIIO BO3BpALLaeTCs MH-
dopmanmonHoit  gyHkimeit omp get num procs. Jlge apyrve

nHbopMaLMoHHbie GyHkunM (omp get num threads u omp__

get thread num) BO3BpAaw@OT YHCIIO CO3AAHHEIX NIOTOKOB M HO-
Mep IMOTOKA, BBITIONHSIOLLETO BHI30OB. [1O0TOKH B rpynie, co3mapacMoin
JNSL BBITIONIHEHHsT NapaJlNIENIbHOTO y4acTka, HyMepylTcs RocieloBa-
TENBHBIMH LIEJILIMH YHUCITaMH, HAurHas C HYJIS.

ITony4eHre KONMU4ECTBA NPOLIECCOPOB, IOCTYIHBIX JUIs BLIIOJHEHUS
OpenMP-nipryioxeHusi B MOMEHT BLI30Ba:
int omp_get num procs(void)

ITostyuenre KoNM4ECTBA NOTOKOB B IPyIINeE:
int omp get num threads(void)

TTonyyenue HoMepa MOTOKa B IPYIINIE:
int omp get thread num(void)
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Crnenyronmii npumep (MUCTHHT 35) IEMOHCTPUPYET MCTIONb30Ba-~
Hue MHbopManHOoHHBIX GyHKUMHA. B cTpoke 4 onpenensiercs 4mcno
JOCTYNHBIX JUISL BBITIONIHEHHWS TIPOLIECCOPOB. JlMpekTuBa B CTpoke 6
3a/1aeT napajuieNIbHel y4acTOK, KOTOPhIH Oy/ieT BBINONHATHCS Tpyi-
MO MOTOKOB, YHCJIO KOTOPEIX COBNAJAET C YUCIOM AOCTYIMHBIX Mpo-
ueccopoB. DyHKIMA nevaTu (CTpoka 7) pacrevaThiBaeT TEKCT INpH-
BETCTBHSA, HOMEP KaXI0r0 NMOTOKA W YHCIIO NIOTOKOR B TPYIIIIE.

1: main{()

2: |

3: int n;

4: n = omp get num procs();

5: printf ("%d processors available\n", n);

6 #pragma omp parallel num threads (n)

7 printf ("Hello. I'm thread %$d from %d.\n",

omp_get thread num(),
omp get num threads()):
8: }

[Ipagmia o yMOoIyaHio [IPUMEHSIIOTCA K NEPEMEHHBIM, KOTOPBIE
He SIBJIAIOTCH apryMeHTaMH OMNuMii Kakux-mubo nupextur. CornacHo
9THM [PaBHIIAM:

e mobas nepeMeHHas, oObsiBieHHas BHe OJIOKa fapasienbHOro
BHINONIHEHHs, Oyner obweid Ui MOTOKOB, BBIMOJIHAIOUUX
3T0T OJI0K;

e o0LKMMH TalOKe SBJISFOTCS CTATUYECKHE MepeMEHHBIE;

e j06as aBTOMATHHECKas nepeMeHHas, OOBSBNEHHas BHYTpH
6510Ka NapasviesbHOrO BHINONHEHUS, OyIeT HHIWBHIYaIbHOM
JUIsi TIOTOKOB, BBINOJHAIOLIMX 3TOT 6J10K;

e JloOKallbHBLIE MepeMeHHble H (opMalibHbIe napaMeTpobl (yHk-
LMii, BBI3LIRAEMBIX BHYTpM ONIOKA IMapajlieNbHOro BBINOJHE-
HHA, TaKKe OyNyT MHAMBHIYAIbHBIMH.

TIpownmocTprpyeM 3TH NPABHIA HA CIEYIOLUEM NpUMEpe:

JIucTunr 35. [pyMep M3MEHEHHS YUCIIA BBITIOIHAEMBIX [I0TOKOB
€ NMOMolLbO onuKK num_threads

Ha neyxnporieccopHoii cucteMe JaHHasi IporpamMma BHIBEAET Ha
fleyaTh CREAYIOLHUIA TEKCT:

2 processors available
Hello. I'm thread 0 from 2.
Hello. I'm thread 1 from 2.

3.3. Onnuu aas nepemeHHBIX B OpenMP-niporpamme

B npenwinymem paspene paccMoTpeHbl Ga3zoBbl€ BO3MOYKHOCTH
OpenMP, ¢ nomMouieio KOTOPEIX MOXHO HHHLMMPOBATH Tapajiiesb-
HBbI yyacTok B niporpamme. Terneps Mbl paccMOTpHM CpPesICTBA 3aj1a-
HHs JUCLIMILTMHEL paboThl ¢ faHHBIMH B OpenMP-niporpamme.

Ilepemennnie 8 OpenMP MoryT 66ITh MHGO OGUIMMU 1S TPYTIHBI
TIOTOKOB, MO0 MHAMBHMIYaNbHBIMM JUTS KaXKaoro nortoka. [lpunan-
JIEKHOCTL NIEPEMEHHON K TOMY MJIM HHOMY THITY Oripeensiercs aubo
C MOMOUIBIO IBHOTO YKA3aHHA, JIHOO NMPaBHIaMH 110 YMOJTYAHHIO.
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1: extern int A;

2: wvoid f(int c) [lo oTHOWEHMIO K Ia-
3: | panenbHOMY — YYacTKy
4: static double z; CNENYIOLIUE TEPEMEH-
5: int x; HBIE SBIAIOTCH OOLIM-~
6: } MHU:

7: A, z, ¥y

8: main(){ OCTaJIbHBIE  MEPEMEH-
9: double vy; HbIE:

10: fpragma omp parallel a, ¢, x

11: { ABNISOTCA  VHIOMBUAY-
12: int a; aJIbHBIMU,

13: £(5);

14: }

15: }

JhucTunr 36. [Mpasuia no yMon4aHuio JUis nepeMeHHbIX B OpenMP

IlpaBriia MO yMONMYaHHIO MOXXHO U3MEHHTH C HIOMOLLULIO CIELU-
aJbHBIX OMMIMA nupexTHBBl parallel. ApryMeHTOM ONUUH SBJIS-
€Tcsl CITMCOK HJIEHTH(HKATOPOR NEPEMEHHBIX, pa3/e/IeHHbIX 3ars-
TOol. B cnMCOKk aprymMeHTOB MOryT BXOIMTH TOJILKO TE€PEMEHHEBIE,
NpHHaJexale ob1acTi BUAMMOCTH, BIJITOUAIOLIEeH NnapaienbHblii
y4acTok. JIpyruM ciioBaMH, OHH JIOJDKHBI OBITH OMpeseneHbl 10 Ha-
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yana napajulenbHoro yuactka. PaccmorpuM HauGonee ynortpebu-
TeJIbHBIE OMLIMH.

Onuus private omnpenensier CrUcOK TNEPEMEHHBIX, KOTOpHIC
Oy/yT MHAWBUAYAIBHBIMH [JIS TIOTOKOB, BBINOJNIHAIOIMX Napaisesnb-
HBIH yyacTok. Ilpu 3TOM He 3a1aeTcs, KaKHM HMEHHO 00pa3oM FipoH3-
BOJIMTCS. MHULMAJIM3ALMsl 3HAYCHHS NlepeMeHHBIX Ha rortokax. Taioke
Heorpeie/IeHHbIM OyieT 3HaUYEHHE MepeMEHHON Ha ITIABHOM TOTOKE
FI0CJIe 3aBEPLICHHs NapayIeNbHOTO YYacTKa.

Onums firstprivate 3aaaer cnocod MHULIMAIM3ALMH WHIW-
BUAYILHBIX NEPEMEHHBIX: MEPEMEHHBIE, MEPEYHCIIEHHBIE B CIHCKE
apryMeHToB 3TOH 00nacTH, NoNyyaloT 3HAYEHHE, PABHOE 3HAYCHHIO
fIEpEMEHHON Ha [JIABHOM IOTOKE B MOMEHT BXOJia B napaisiesibHbIH
yuactok. Takum obpazom, onuus firstprivate npenocrabnser
BCIO0 (hYHKIMOHATBLHOCTH ONUMM private, nobaenss k Hei criocob
HHUILIMAJIM3aLHH NEPEMEHHBIX.

Omusa reduction onpenenser 3Ha4eHHE MEPeMEHHBIX, BXO-
JALMX B CIIMCOK €€ apryMeHTOR, Ha INIABHOM MOTOKE TOCsie 3aBepliie-
HHsl NapayIeIbHOTO yYacTKa Kak pe3yJibTaT BBINMOTHEHHsS! PeIyKTHR-
HOIi onepauui. Ha kaXJ1oM W3 NOTOKOB, BHINONHAIOLIMX NapalieNb-
HBIl yyacTOK, TepeMeHHas MNOJy4YaeT 3HAa4Y€HHe, COOTBETCTBYIOLIEE
penyKTHBHOM ornepanHH:

Onuust pelyKUnn 3Ha4eHHH NEPEMEHHBIX Ha MOTOKAX:

reduction (operator:list)

1ist — cnucoK WaeHTUdhHKaTOPOB
operator - ofiHa U3 CICAYIOUHX PEAYKTHBHBIX ONeparmii:

Onepanyst 3HayeHue
JUISl MHULMaIu3anuu

+ 0
* 1
- 0
& ~0
| 0
" 0

&& 1
I 0
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Ilocne 3aBepuienus yrapaniebHOrO yyactka 3HaYeHHe repeMeH-
HOM Ha IJIaBHOM IMOTOKE MEHSIETCS B PE3yJIbTaTe MPUMEHEHHsI K HEMY
W 3HAYEHHAM HEPEMEHHBIX Ha BCEX MOTOKAaX YKa3aHHOU orieparivu.
INopsanok npumeHeHUs onepanMy onpesesnsercs peanusauue.

bonee ¢opmasibHO 3TO MOXKHO BBIPA3WTH CIEAYIOLIMM 00pazoMm.
ITycTs HexoTOpas nepeMeHHas a BXOUT B CHHCOK apryMEHTOB OINLMH
reduction c¢ onepauueit op. Ilycre napajuiensHblii y4acTOK BbI-
NOJTHSAJICA 1 TIOTOKAMH W JI0 HEFO TepeMeHHas VMesna 3Ha4dcHHE V.
Ecnv B KOHLlEe BBITIONHEHHs NMapaUleNIbHOTO YYacTKa JIOKAJIbHBIE KO-
NHH NepeMEeHHON a UMENH 3HAYEHHS Vy, ..., V,, TO [OCAE Napaiens-
HOTO y4yacTKa epeMeHHas a Ha TMTaRHOM MOTOKE MNMOJYYHT 3HAYEHHE,
paBHOE (Vv Op V| OP V2 OP ... Op V).

Cnenpyrowunii npuMep (MUCTHHT 37) WUTIOCTPHPYET MpUMEHEHHE
onuuu reduction. Ilporpamma, NpejcrapsieHHasi HA JIMCTHHTE, BbI-
YHCJISET NPOUIBEACHHE LIENBIX YHCEN, TIePeIaHHBIX Yepe3 apryMeHTHI
KOMaHzHoi cTpokH. B ctpokax 6, 7 npousBoautes pa3bop aprymeu-
TOB KOMAHIHOW CTPOKH: COMHOKHMTENM COXPaHAIOTCH B repeMeHHBIX
aub.

JupextvBa parallel B crTpoke 9 wuMeeT TpPU OINLMHK:
firstprivate, reduction w num threads. Omnms
firstprivate(a) o3HauaeT, YTO rnepeMeHHast a OyIneT WHAMBH-
JyallbHOW W MHHLIMANM3MPYETCs Ha BCEX MOTOKAX 3HAYEHHEM, B3ATHIM
c mapHoro. Omuus reduction (+ : t) o3Hayaer, YTO rOCE BHI-
X0Jla W3 napasiielbHOro yyacTka fepeMeHHas Ha rJIaBHOM TOTOke t
Oyner ypenuueHa Ha BEJMUYHHY CYMMBl 3HaueHHi 3TOH nepeMeHHOM,
MOJICHMTAHHBIX HA KaXJOM M3 NMOTOKOB. B fanHoM criyuae 310 o3Ha-
4aeT, YTo NePEMEHHAA t nonyyuT 3HaYeHHe, paBHOE CyMMeE 3HauYeHHs
€€ JIOKalbHBIX KOIMKH, Tak KaK A0 BXOAa B y4YacTOK MapaineslbHOro
BBIMIOITHEHWA miepeMenHass vmena 3HaueHue 0. Ilocnenwss onuus
num_threads (b) 3ajgaer 4MCNO MOTOKOR, paBHOE BTOPOMY CO-
MHOXMHTEMO b. B Tene napannenbHOro ydacrka npucyTCTBYET €/IMH-
CTBEHHBII OrlepaTop MNpuUcRavBaHus L = a, B pe3ynbTare KOTOpOro
WHAWBHWyalbHbIC NEPEMEHHBIE € MONMYJYaloT OJIMHAKOBLIE 3HAYEHMS,
paBHBIE EpBOMY COMHOXHTENO. ObLee Yucno NMOTOKOB, TAKMM 00-
pa3oM, paBHSIETCA BEJIUYKMHE BTOPOTO COMHOMXMHTENSA, 4 HA KaXKIIOM M3
HHX repeMeHHas t UMeeT 3HaYeHHE, PAaBHOE MEPBOMY COMHOMHTEITIO,
B pesynbrate pellyKumM, nociie BBIXO/ia M3 NapaiiellbHOrO YuacTka
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riepeMeHHasl t TOJyYMT 3HA4YEHHE, PaBHOE NMPOM3BENEHHIO a2 M b. B
ctpoke 14 310 3HaYeHHe BHIBOWUTCA HA M€YaTh.

finclude <stdio.h>
#include <omp.h>
main(int argc, char* argvl[])

{

int a, b, t;

a = atoi{argv[1l]);

b = atoi(argv([2]):

t = 0;

#pragma omp parallel firstprivate(a)
reduction{(+ : t) num threads(b)

e se se se

PO WD

- O o
-

a;

ot et
w N
t
i

=
[N

printf("a x b = %d\n", t);

-
3]
—

Jivucrunr 37. [MpuMeHeHue onuuy reduction

3.4. Cunxponmsanus B OpenMP

Kak u B moboii cpesie MHOTOMOTOYHOIO NMPOrpaMMHUPOBAHMSA, B
OpenMP BaxxHy10 poNb UrpaeT CHHXpOHH3aUKs. CHHXPOHH3ALIKS He-
00X0UMa, €CITH pasNiMuHble MOTOKH paboTaroT ¢ OOUIMMH NAHHBIMH.
Ecny ureHWe W 3anuch WK [OBTOpPHas 3anuck oluiel nepeMeHHo
npousBonasTcs 06e3 CUHXPOHH3AUMH, TO PE3YNLTUPYIOLIEE 3HAYEHHE
NepeMEeHHOH CUHTAETCs! HeOTIpeIeIEHHBIM.

CaMbIM NIPOCTBIM CRIOCOOOM 3aIMTUTE JaHHBIE OT BO3MOXHBIX
npo6JieM, CBSI3aHHBIX C OMHOBPEMEHHBIM JIOCTYTIOM, SIBIISETCH AMpPEK-
THRa atomic. 3Ta [OUPEKTHBA NPUMEHSETCS K oONepatopy-
BBIP2KEHHIO OHOTO W3 CIEeQYIOLIHX THIOB!

X Op= expr;

X ++;
++ x;
X =7
- X
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re X — rnepeMeHHas, eXpr — BHIpaXeHHe, He CChINaroLeecs Ha X,
op — OunapHas onepaims. JlaHHas aupexTHBa obecrieynBaeT aro-
MapHOCTh COOTBETCTBYIOLIECH Onepaliii: B MOMEHT BBLIFIOJIHEHHS 3TON
ornepalnMy OHUM M3 MOTOKOB APYrHe MOTOKH He UMEIOT JIoCTyrna K
MEPEMEHHOH X.

Jpyrum 6azoBBEIM MEXaHM3MOM CHHXPOHW3AIIMH ABRJISIETCA MeXa-
HU3M Kpumuueckux cexyuil. Kpurrnueckas cekusi B KOJie NPorpaMMbi
BBIJIENSICTCST C MOMOLUBIO JUpeKTHBH critical, koropas HMeeT
cneyroLHi CHHTAKCHC:

#pragma omp critical [name]

Omus name sBnsieTcst HeoOA3aTENBHOM; €C OHA OTCYTCTBYET,
TO CHMTAETCs, UTO JMPEKTHBA UMEET 3ape3epBHPOBAHHOE HE CHELH-
¢uurpoBanHoe WMA. Takum 06pa3oM, KaxJI0# KPUTHUECKOH CEKLMH
CTaBHTCH B COOTBETCTBHE HeKoTOpoe MMsi. CHHXpOHH3auMs obecre-
YHMBAETCH CIEAYIOLIMM 00pa3oM: KPHUTHYECKKE CEKLIMH C OJJMHAKOBEI-
MH HMEHaMH He MOTYT BBITIOJIHATLCH OIHOBPEMEHHO.

B uHekoTopbIx ciyuasx TpeOyercs orpaHuuMTh Habop TOTOKOB,
BBLIMONHAIOIWUX HEKOTOPHIH (pparMeHt kopa. JTo AOCTHraeTcst MpH
NOMOILIH AMPEKTHBE] ma st e r, UIMEIOLLEH CHHTaKCHC:

#pragma omp master

Onepartop, K KOTOPOMY NpHMEHSITCs HaHHas JHPEKTHBA, Bbi-
TIOJTHSIETCst TOJILKO TITABHBIM [MOTOKOM.

B OpenMP npenycmotpeH Taioke psi APYTrHX JUPEKTHB CHHXPOHH-
3alMH, 0 KOTOpBIX 6onee noypobuas nHhopMaums conepxkurcs B [16].

3.5. PacnipenenieHne paboTel MExLy
napauieJIbHGIMH NOTOKAMH

JpektuBa parallel no3RonsieT HHULMUPOBATDH NapanyesibHOe
BBITIONIHEHHE y4acTKa NporpaMMel rpynnoif notokos. Menonn3ys HH-
dopMaLMio 0 HOMEpE MOTOKa, KOTOpast JOCTyNHA uepe3 (yHKIHIO
omp_get thread num, H MeXaHH3Mbl CHHXPOHH3aLMH, MOXHO
paspabaTeiBaTh JOCTATOYHO CIIOXKHBIE AapauieibHBIe TIPOrpaMMBbl 110
TEXHOJIOTHH, aHAJOTHYHOi mnpuMeHsiemoii B POSIX Threads. Tlpu
3TOM npouecce pa3pabOTKH OCTAETCH JTOCTATOYHO CIJIOMHBIM M HH3KO-
YPOBHEBEIM.
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B otnuune ot 6M6MMOTEK Ui MHOTOMNOTOYHOTO MPOrpaMMHpO-
Banus, OpenMP npenocraensier MexaHH3Mbl aBTOMaTH3aLMK pacripe-
aeneHusi paboThl TI0 TIOTOKaM, KOTOpEIe Jlajiee noapobHO paccMmaTpH-
BAIOTCSl B 9TOM paszene.

3.5.1. IlocnenoBarte L HBIH y4aCTOK BHYTPH ApaJUIeSIbHOro —
JUMpeKTHBa single

Camoit npoctoii aupexTHroi pacnpenenenus paborsi B OpenMP
SBJIAETC JMPEKTHBa single. JTa nupekTHRa BHIJENAET ONEpaTop,
BBITIOJIHAEMBIH TOIBKO OJHWUM FIOTOKOM M3 rpynnsl (He o0s3aresbHO
rnapHeiM). Takum oOpazom, BHYTPH NapasuieNbHOrO y4acTKa MosiBIis-
ercst hparMeHT KOJia, BBITIONHSEMBIH B NOCIIEJIOBATESILHOM PEKHME.

3.5.2. UndopmannonHple 3aBHCHMOCTH B IIPOrpaMmme

Onnolt U3 OCHOBHEIX MPHYHH, KOTOpas HE TO3BOJNISET MPORECTH
addexkTHBHOE pacnapajuleNiiBaHKe, ABJISETCS Hajiuude vHpopmallv-
OHHBIX 3aBHCHMOCTER Mexy onepatopaMu nporpammel. Hugopma-
LIMOHHBIE 3aBUCHMOCTH MMEIOT MECTO B Cilyuae, Korja OIMH W3 ofle-
paTopoBR MCHONB3YET pe3ynbrarel paboTsl npyroro oneparopa. Ha-
NpUMep, CYMTBLIBAET 3HAYCHHS TNEPEMEHHOH, H3MEHEHHOH Apyrum
orepaTopoMm.

Bynem rosopute, 4TO siRa onepatopa MMEKT 3d6UCUMOCHb NO
oannvim, ecnv 1) oba obpawarorcst Kk oOLIEMY y4acTKy NMaMsaTH, W
2) xots Obl OIHO M3 3THX OOpaleHHii sBseTcs 3anrceto. [ToMUMO
3aBUCHMOCTH IO JIaHHBIM, CYLIECTBYET TaKXKe 3IAGUCUMOCHb RO
ynpaenenuro — KOTAA OJMH W3 ONEpaTOpOBR SIBJIAETCS ONEpaTopoM,
BJIMSIIOLUM HA TIOTOK YIPARJIEHHS, @ BHITIOJIHEHHE BTOPOrO 3aBHCHT
OT BBITIOJTHEHHS MEPROTO.

IIporpaMMe MOXHO COMNOCTaBHTL OPHEHTHPOBAHHBIN rpad, eciid
NMOCTaBUThL B COOTBETCTBHE OIEPATOpaM €ro BEpHIHHEL, a AyraMu 06o-
3HAUYUTh HHQOPMALMOHHBIE 3aBHCHUMOCTH. Ilpumepnt ¢parMeHTOB
KOJ/Ia NPOrpamMM ¥ COOTBETCTBYIOIINE UM 3aBHCHMOCTH MPHBOIATCH Ha
puc. 22.

HHbopMaLIMOHHbIE 3aBMCHMOCTH HEOOXOOMMO YYMTHIBATH TNPH
pacnapaynenuBaiui. O4eBHIHO Clielyrolllee YTREPKIEHHE: €CITH Me-
X1y oneparopamMu HeT HHGOPMALIMOHHOH 3aBHCHMOCTH, TO UX MOXCHO
BBITIONIHATE OJTHOBPEMEHHO. B npoTHBHOM ciyuae MoxeT ObITh Hapy-
IIeHa CeMaHTHKa MPOrpamMmMel.
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1: a ++;
2: if(a
1: a ++; 3. :=+14)~-{
2: f(a): 4:b=é:°
5: }

|
.

Oneparop B cTpoke 2 3apucut | Onepatopel B CTpokax 3 u 4 3aBUCAT OT
OT oneparopa B CTpoke 1, Tak | yCIOBHOrO orneparopa B CTpoke 2, KOTO-
KaKk B HEM HU3MEHSETCH apry- | pelii 3aBUCUT OT oneparopa B CTpoke 1.
MeHT byHKuuM f—riepemeHHas | Oneparopsl B CTpokax 3 u 4 He3aBUCHMBI.
a. DT0O — TUINHWYHBIM MpuMep | 310 — TUIUYHBIH MPUMEP 3aBUCUMOCTH
3aBUCUMOCTH IO JaHHBIM. 10 YNPaBIEHHIO.

Puc. 22. ITpuMepsl HH(POPMALMOHHBIX 3aBUCHMOCTE

HudopmaumoHHbie 3aBHCHMOCTH MIpHOOpeTatoT Oonee CIOXHBIH
BHI, €CIIM TpOrpaMMa COMEPXKUT BHI3OBBI (DYHKIHH, HMKIHYECKHEe
YHacCTKH, YCIOBHBIe ¥ Ge3ycyioBHble nepexonbl. [loHsTe 3aprcyMO-
CTH H rpaja HHPOpPMALIMOHHEIX 32BUCUMOCTEH MOXXHO BBECTH J10CTa-
TOYHO CTporo M B 3ToM ciydae [13]. Mb1 orpanrurMes nuinb ormca-
HHEM Ha HJIEHHOM YPOBHE.

BakHBIM YacTHBIM ciyuyaeM HHOOPMAIMOHHOM 3aBUCHMOCTH SIB-
JIS€TCA 3aBHCHMOCTh MEXAY MTepalvsMHu LMkia. J[pe urepaiiiu 1HK-
Jla 3aBHCAT JIPYT OT jipyra, ecnu 1) onn obpauiarorest k o61KM 1aH-
HBIM U 2) XOTsi Obl OIHO H3 3THX OOpauleHHil SIBJIAETC 3aMHCEHIO.
Ilpumep nMKIIa © 3aBHCHMMOCTAMM MEXAY HWTepaLMsAMH NpPUBENEH Ha
puc. 23. Jlns naru urepaiyii noctpoeH rpad HHGOpMaIMOHHBIX 3aRH-
CHUMOCTEH: UTepalMs j 3aBHCHT OT UTepauuii j — 1uj — 2.

Hrepaiium nrkia, MeXxay KOTOPBIMH CyLIECTBYeT HH(OpMaIMOH-
Hasi 3aBHCHMOCTDb, HEOOXOJIMMO BHIMIOJIHATE B TIOPSJIKE, ONpeJierse-
MOM 3TOH 3aBUCUMOCTBIO. B 4acTHOCTH, 3aBHCHMEIE UTEPALIMH HE MO-
ryT BBIMORHSATHLCS OAHOBPEMEHHO.
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for(j = 0; j < n;

for NN N
SRR IONONONORO

1] + alj - 27;

Puc. 23. I{uxn ¢ MHQOPMALMOHHBIMK 3aBHCUMOCTAMU
MEXILY UTEPaLMAMMU

Cranpgapt OpenMP He TpeOyer OT KOMITHAATOPA [POBEPKH 33BH-
cuUMocTH 110 1anHbIM. [ToaTomMy B GONBLIMHCTRE CYLIECTBYIOIIMX pea-
NM3anMil Takas MpOBEPKA OTCYTCTBYET. DTO O3HAYAET, YTO OTBETCT-
BEHHOCTD 33 TO, 4TO INPH pacrpeneneHry paboTel MeXy napaluieNb-
HBIMH [TOTOKaMH 3aBHCHMOCTB T10 IJRHHBIM HE HAPYLIAETCsl, JIEKUT Ha
paspaboTuMKe.

3.5.3. Pai0Ovenue Ha HE3aBHCHMbIE OJIOKH —
JupexTHBa sections

B page crmyuaeB B TnporpamMme yaaetcss BBIAENHWTH JOCTATOYHO
KpynHele (GparMeHTbl, KOTOpblE MOXHO BBIFIOJIHATE MNapaulesIbHO.
Jupextura sections nozponser OpraHu3oBaTh TAKOE BHITIONHEHHE.

JlMpekTHRa NPHUMEHSETCS K COCTARHOMY ONEPATOPY, T.€. K MOCTeN0-
BaTeNILHOCTH OIEPaTopoB, 3aKMIOUYeHHBIX B GUrypHele ckobku. Teno co-
CTaBHOTO ofiepaTopa AOMKHO ObITh MPEACTaBJIEHO B BHJIE MOCJIENOBa-
TEJILBHOCTH OMNepaTopoB (CEKLi), KOKIOMY H3 KOTOPBIX, 32 HCKIIKOUEHH-
eM, ObITb MOXET, HepBOro, NpelllecTByeT JMpeKTHBa section,
HMeroLas CeAyIOLHi CHHTaKCHC:

#pragma omp sections

{

#pragma omp section
statementl

#pragma omp section
statement?2

}

CTpyKTypHBIii 6710K, K KOTOPOMY NPHUMEHSIETCS THPEKTHBA S€C—
tions, nomkeH BHINOMHATECA KAK YacTh MapalifeNnpHOro Y4acTka.
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[Ipu 3TOM Kax<1as K3 CeKlMit IToro 610Ka BHITIONHAETCS TONBKO OJIMH
pa3 OAHHUM M3 MOTOKOB, BXOAALIHX B IPYIITyY.

Ilpy npyMeHeHnH TaHHOK IMPEKTHERBI HEOOXOIMMO YOEIHUThCS, YT
pa3Hble CEeKLMH HE COZIEPIKaT OTIEPATOPOR, MEKAY KOTOPbIMU CYIIECTRY-
eT HHPOPMALIMOHHast 3aBUCHMOCTb. ECIH 9TOro He cpienare, B pe3ysbTa-
T€ pacriapauieJIMBaHMs NPOrpamMMa MOXKET CTaTh HEKOPPEKTHOM.

Beinonnenvie aupexTesl sections NOMKHO MPOHCXOIUTE BHYT-
pv mapannensHoro yuactka. IlpemycMorpena cokpauieHHas AUpeKkTHBa
parallel sections, no3posnsoiias KOMOHHHPORATH MHUIMAIH3A-
LIMIO NapaymeNbHOro yyacTka v pacrnpeesieHne paboTel 110 CeKIMsM.

3.5.4. PacnapajuteJinBaHue HUKJIOB

boneias yacte BpemeH# paboThl MPUIOKEHHH NPUXOOWTCS HA
LMKJIMyeckre yyacTku. [ToatoMy yckopeHuio paboTshl TAKMX YYACTKOB
C MOMOLLLIO pacliapasuleNnvBaHus yaensercs Oofbuioe BHUMaHUe.

3HauyMTeNbHas YyacTh paboT Mo aBTOMAaTHYECKOMY pacnapasuiesin-
BaHHWIO MpOrpamMM rocesileHa MMeHHO uMkiam [13]. Hecmotps na
3HAYUTENBHBIN Nporpecc, JOCTUTHYTHIA B 00J1aCTH aBTOMaTHYECKOro
pacnapajuielIMBanns UMIJIOB, 3¢ ¢eKTHBHOCTh MNapallieNbHOrO KOja,
reHepUpyeMOro COBpPEMEHHBIMH NPOMBILIEHHBIMH KOMITHIISTOPaMH,
HEBBICOKA. JTO CBS32HO C TeM, YTO 3aj1aya aBTOMAaTHYECKOrO BBIsSBIIE-
HHPft U aHanusa 3aBHCHMOCTeEH 10 JaHHBIM MEX/Ty HTepaliisaiMH LMK/a
B o0LIeM cityyae sBnseTcs Ype3BbuaiiHO cioxHoi. Kpome Toro, pac-
NapajyieIMBaHtIo 11eJ1leco00Pa3HO TIOABEPraTh TONBKO LIMKIIBI, BEI-
MOJIHEHHE KOTOPHIX BHOCHT CYLIECTBEHHBII Bkiag B paboTy mpo-
rpamMmel. ABTOMaTHYECKOE BHISIBJIEHHE TAKHX LMKJIOB TAKXKE ABJIAETCS
TPYAHOBBIITOTHUMOM 3a/1aueil.

Jlna npeononenus 3toit npobnemsl B OpenMP npuHsT cnemyro-
WHA 1oaxoa: paspaboTuvk NapajulelbHOrO MPHIOKEHHN CaMOCTOS-
TeJIbHO BHIOMPAET LIMKIIMYECKHE YYACTKH, KOTOPbIE HAJI0 pacnapaluie-
nuBate. [Ipy HEO6XONMMOCTH UMEIOLIMECS LIMKIIbI MOTUGHUHPYIOTCS
C LIENBIO YCTpaHEHHs! MHGOPMALIMOHHBIX 3aBHCHMOCTEN. BhiGpanHbie
LMKJIBl TIOMEYAKoTCA CrielMalIbHOM JHUPEeKTHROH, B KOTOPOH YKasbiBa-
I0TCSl HEKOTOpHIE MapameTphl pacrpeneneHus pabotel. B npouecce
TpaHcnsaumu koMnuistop OpenMP renepupyer koa, KOTOpBIA pac-
npejienseT UTePaLMM LMKIa 1o rnotokaM. Ilpu atoM npeanonaraercs,
4TO paspaboTuvk yOenuiics B OTCYTCTBHHM HWHGOPMALIMOHHBLIX 3aBH-
CHMOCTEN MEXIY UTepalUsaMH.
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JUis 06Go3HaueHus pacriapajielIiBaeMbIX LHKJIOB MpHUMeHseTcs
avpektiBa for. B nporpamme 3Ta upekTHBa NpeLIECTBYeT pacra-
paenusaemoMy uukity tuna for. Ilpu aTom umkn gomken ynosne-
TBOPATH JIOTIOTHUTENTLHBIM YCITOBHSIM, BBITIOTHEHHE KOTOPBLIX Tpeby-
erca AN TOro, 4roObl KOMIUIATOP CMOr 3¢(GEKTHBHO MPOM3BECTH
aHau3 U chOpPMHUPOBATHL KAUECTBEHHBIN MapaIeNbHbIA KO

fpragma omp for {[onuum .. ]
for (init-expr; var rel b; incr-expr)
TEeJo LMKIa

ITpu sTom:

|

initexpr mbo var = 1b,

mbo integer-type var = 1b

increxpr —  OJIHO U3 CNEeJyIONIHX BEIpakeHUi:

++var

var++

--var

var—-

var += incr

var -= incr

var = var + incr

var = incr + var

var = var - incr

var — TNEPEMEHHaA 3HAKOBOIO LIEJIOTO TUIa

rel —  OllHa U3 ClielyIOLMX onepauuii CpaBHeHUA:

MOJIHEHUS 3TOH AWPEKTHBHI CO3JaeTcs MapajUiesibHbIi YyUacTOK Bbi-
MOJTHEHUS ¥ HUTepalliil LMKJIa pacrpe/ieNIfIOTCs MEX/Y BbITIOMHSIO-
H{HMU €0 MOTOKaMH.

B kauectBe npumMepa NprUMeHEeHUs! TUPeKTHBE for paccmoTpum
NporpaMMy BBIYMCIICHHSt TO3JIEMEHTHOM CYMMBI JIByX BEKTOpPOB.
CHauasia pacCMOTPUM HOCNEAOBATENIBHYIO (PYHKUMIO BBIMHCIICHUS
CYMMBI JIByX BeKTOpOB (nucTuHr 38). OyHKuus NpuHUMaeT cheayo-
LIK¥Ee BXOJIHBIE NapaMeTphl:

N — pa3MepHOCThb BEKTOpa;

a, b—cymMmupyeMbIe BEKTOpPA;

C — pe3yInbTar.

OyHKuys B HUKIIe (CTPOKM 4—5) BBEIMMCISIET MO3JIEMEHTHYIO CYM-
MY IBYX BEKTOPOB.

1: void vsum(int n, double* a, double* b,
double* c)

{

: int i;

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

cl[i]) = ali] + bfli}]:

oYW N

}

JIucTunr 38. Breluvcnenye no3nieMeHTHO CYMMBI IByX BEKTOPOB —
TOCIIEI0BATENbHBIN BapUaHT

Htepaumu uMkia B CTpoKax 4—5 He HUMEIOT MH(OPMALMOHHBIX
3aBHCHUMOCTEH, TaK KaK Ha Kaxao# crnemyroweii nrepaunn obpabars-
BAIOTCS HOBBIC 3JIEMEHTHI MaccuBOB a, b, c. Tloatomy k Hemy
MOYKHO MPUMEHNTDb IHUpeKkTHBY for (JincTudr 39).

Baxxno OTMETHTB, UTO MNEpeMEHHAA-UTEPaTOp LMKIA aBTOMAaTH-
YeCKH CTaHOBWTCS HMHIMBHIYaJBHOM I/ Bcex mnotokoB. CraHpapTt
OpenMP ne gonyckaeT U3MEHEHHE €€ 3HAUYCHHUS B TeJle KA.

Jupextrea for nomKHa BHINONHATECA BHYTPH MapauieNbHOTO
yuactka. [TpenycmoTpena taioke aupektuBa parallel for, npe-
JIOCTaBIIAIOLIAS  BO3MOXKHOCTH  COBMEUIEHHS  (PYHKLUHOHATBHOCTH
nvpekTnB parallel n for B onHol nupexTuse. B pesynbrare BbI-
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cl(i] = a[i] + blil];

1: void vsump(int n, double* a, double* b,
double* c)

2: {

3: int i;

4: #pragma omp for

5: for(i = 0; i < n; i ++)

6

7

: )

JIncTunr 39. BeruvcneHye rnosieMeHTHOM CyMMBI IByX BEKTOPOB —
TapajnieNibHeli BApuaHT
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PaccmoTpum Tenepb (yHKUMIO main, KOTopas BhI3bIBacT obe
(yHKUMH, U3MepSET U CpaBHUBaeT BpeMeHa ux pabotst (yuctuHr 40).
PazMepHOCTh CKJIAIBIBAEMBIX BEKTOPOB M YHCIIO urepauuni uukia Ge-
peTcst U3 NepBOro ¥ Broporo apryMeHTOB KOMaHIHOH CTPOKH (CTPOKM
5, 6). B ctpokax 7-9 npon3BOAMTCS BEIICIICHHE NaMATH I10]1 BEKTOpa.
Janee B crpokax 13—14 3aganHoe YHC/IO pa3 BBINOJIHAETCA MOCNEN0-
BaTeJIbHBIH BapHaHT (PYHKUMH BBIMMCIIEHUS CYMMBI BEKTOPOB, B CTPO-
Kax 22-23 — napajutenbHblii. M3MepeHHbie BpeMeHa BBIBONATCA Ha
neyartb.

IMapasnnensHpiil BapHaHT QyHKUNMH CyMMHPOBaHHS BEKTOPOB BhI-
3BIBAETCA B LIMKJIE, KOTOPBIH paboTaeT BHYTPH NapajuieNbHOrO y4acT-
Ka B cTpokax 19-24.

%d seconds\n", iters, t);
27: '} .

1: main(int argc, char* axrgv[])

2: {

3: int n, iters, t;

4 double* a, *b, *c;

5: n = atoi(argv([l]):;

6: iters = atoil(argv([2]);

7: a = (double*)malloc(n * sizeof (double));

8: b (double*)malloc(n * sizeof (double)):;

9: c = (double*)malloc(n * sizeof (double));

10: t = time(NULL);

11: {

12: int i;

13: for(i = 0; i < iters; i ++)

14: vsum(n, a, b, c);

15: }

16: t = time(NULL) - t;

17: printf ("Sequential: %d iterations consumed
%d seconds\n", iters, t);

18: t = time (NULL) ;

19: fpragma omp parallel firstprivate(n)

20: {

21: int i;

22: for(i = 0; 1 < iters; 1 ++)

23: vsump(n, a, b, c);

24 : }

25: t = time (NULL) - t;

26: printf("Parallel: %d iterations consumed
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JIucrunr 40. Beiuucnexnye no3sieMeHTHOH CyMMBbl IBYX BEKTOPOB —
dyHkuusa main

3.5.5. YcTpaneHnne 3aBHCHMOCTH HO JAHHBIM
C HOMOLIBIO PeRYKIHH

OyHKUUsE CyMMHPOBaHHs BEKTOpOB ynoOHa AJis pacriapajuienu-
BaHUS, TaK KaK WTEpaLuy UHMKIA He coleprkaT 3aBHCHMOCTeH 1O J1aH-
HbIM. CuTyauust o6CTOUT NMO-ipyroMy B Cilydae BBIYHCIICHUS CKansp-
HOTO TPOW3BENEHUsT BEKTOPOB (JUcTUHT 41). Mrepaunn uukna for
(cTpokn 6-7) comepykaT 3aBUCHMOCTH MO JAaHHBIM: KaXkKast UTepauus
CUMTHIBAET M M3MEHSeT 3HaucHus obueil nepemennoii s. B atom ua-
CTHOM CJly4ae 3aBHCHMOCTE MOJKHO YCTPaHUTB: HTOIOBOE 3HAUYCHHE S
HE 3aBHUCHUT OT MOPSAAKA, B KOTOPOM BHIITOJHSAIOTCS MTEpaLHK UMIKJIA.
3TOT (haKT cO3maeT NPEeArNOChUIKK Ui pacrapaieIMBaHus.

s += al[i] * b[i];
return s;

1: double dotprod{int n, double* a, double* b)
2: {

3: int i;

4: double s;

5: s = 0y

6: for(i = 0; 1 < n; 1 ++)

7:

8:

9:

JIucTunr 41. [TocnenoparenbHblii BapHanT GyHKUUM
IUTA CKaJISIPHOTO MPOM3BEJIEHUSA BEKTOPOB

Ilpumenenne K LMKy JUpeKTHBBI fOr He ABNAETCS KOPPEKT-
HBIM, TaK KaK 1ocTyn K oOulei nepeMeHHON S NpOH3BOIKTCS pasHbl-
MM noTOKamMH 6e3 CHHXpOHM3auMu. Bapuant ¢ cunHxpouusaumei
npeacTasied Ha nucTuHre 42. K onepatopy cloXXHOTO NMpUcBaUBaHUs
B cTpoke 10 npumeHena nupexTHBa atomic. 3To 03HAYaeT, YTo MpH
BBINOJIHEHUH JAaHHOTO ONEpaTopa pa3zNHYHBIMU MOTOKaMHU He MpOHC-
XOIMT KOH(IUKTOB M3-3a oOpalienus K obuieii nepeMeHHoH s.
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1: double dotprods(int n, double* a, double* b)
2: {

3: int i;

4: double s;

5: s = 0;

6: fpragma omp parallel for
T for(i = 0; 1 < n; i ++)
8: #pragma omp atomic

9: s += al[i] * b[i];

10: return s;

11: }

TENBHOE 3Ha4YeHue OyneT HalIeHO KaK cyMMa 3HaYeHHi, BBIYHCIIeH-
HBIX Ha BCEX NOTOKaX.

JIncunr 42. [TapannencHslii BapyanT QyHKUMH BBIYMCTCHUA
CKaJIAIPHOrO NPOM3BEEHHS BEKTOPOB — BapHaHT € CHMHXpOHM3aLMeii

[TpuMeHeHne CHHXPOHM3ALKHY B PACCMATPUBAEMOM TIPUMEPE 110~
3BOJISET COXPAHHUTH KOPPEKTHOCTB, HO MPH 3TOM CYLIECTBEHHO CTpa-
naetr 3(pgpeKTUBHOCTE. JIeHCTBHTENBHO, pa3NIMYHbIE MMOTOKH BBIHYK-
JIeHB! BBITIOJIHATE WTEpalMK LHUKIA Mo odepenH. Benencreue storo
peanbHOro MnapansyieNlbHOro BBINIONTHEHHS HE MPOMCXOIUT W BMECTO
yCKOpeH#s Habiironaercs 3aMmeisieHre paboThl IporpaMMbl.

AJBTEpHATUBHBIN BapHaHT OCHOBAH HA CJIEYIOLIEM IPOCTOM
HAONIOEHNH: KaXblif MOTOK MOMKET BBIUMCIIMTD YacTh CyMMBI He3a-
BHCHMO, a TMOTOM CIIEyeT MpOCTO MpOCYMMMPOBATH 3HAYEHHS HA
pazHpIXx notokax. Onepauny cCyMMHpPOBAaHUS 3JIEMEHTOB MacCvBa U
JIpyrue pelyKupy JOCTaTOYHO YacTO BCTPEUAIOTCS B MPAKTHKE pazpa-
6ork# nporpamm. Ilostomy B OpenMP npenycMoTpena crieyrianbHas
onuusi reduction mnsg NOAJAEPKKH TaKHX orepauuii. 31a onuus
npegycMoTrpeda s nvpektuB parallel, for u sections wu
UMEET IBa apryMeHTa — peOyKmuGHaylo onepayuio ¥ peoyKmuGHyIo
nepemennyio (cM. ctp. 131). HanoMHuM, 4TO penyKTHBHAs MepeMeH-
Hasl BBIYKCISETCS HE3aBUCUMO Ha pa3HBIX MOTOKAaX, MOCJe Yero 3Ha-
YEHHUS, TOJyYCHHBIE HA Pa3HBIX MMOTOKAX, KOMOMHUPYIOTCSK C MOMO-
UIBIO PeLyKTHUBHOMH Onepanuu.

Ecny npuMennts onuuio reduction, QyHKUHS BBIMMCIIEHHS
CKaNApHOrO MPOM3BEACHHS MPHUMET BHJI, MPEICTABJICHHBIN Ha JIKC-
THHTe 43. B 3TOM npHmepe BcRoNe3yercsi KOMOMHUPOBaHHAs JIUPEK-
THBa parallel for ¢ onuuedt reduction (+:s). B pesynsrate
Kax/1bIi MOTOK BBIYMCIIHT YacTb CKANSAPHOro npouseeneHus. OKoHua-
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1: double dotprodp(int n, double* a, double* b)
2 {

3: int i;

4: double s;

5: s = 0;

6: fpragma omp parallel for reduction(+:s)

7 for(i = 0; i < n; i ++)

8: s += afi] * b[il};

9: return s;

10: }

JIncrunr 43. [TapannensHblif BApHAHT (PyHKUMH BBIMHUCIEHUSA
CKaJIIPHOTO TIPOM3BEICHUS BEKTOPOB C MPYMEHEHHEM onuuK reduction

DyHKLUNY, NpeICTaBIIeHHble Ha MCTUHIax 41, 42, 43, BeruvcnsoT
OITHO M TO )K€ 3HAUYCHHE, HO paboTaIOT € PasInyHON MPOH3BOIUTEIIEHO-
cTeio0. IapasenibHblii BapUanT ¢ CHHXPOHH3aUMe paboTaeT HerpreM-
JIEMO JAOJIro: Bpems paGoThl MpPEBHILLACT BPEMS MOCICNOBATEIIEHOIO
BapuanTa Ha Jisa nopsaka. CpaBHum 3¢pekTHBHOCTE UX paboTHI NpH
PazINYHBIX Pa3MEPHOCTSAX BEKTOPOB MOCJICAOBATEIIEHOTO BAPHUAHTA M
MapajyieNIbHOrO BapuaHTta ¢ pefykuued (tabn. 5). BeraucnurensHbiit
JKCIIEPHMEHT MPOBOAMIICS HA JBYXIIPOLIECCOPHON CHCTEME CIie/yroLeH
KoHdurypauumu: npoueccop: 2 x Intel® Itanium-2® 1.6 I'T'y, oneparue-
Hag namate: 2I'b.

Ilpn cpenumx ¥ BBICOKHX 3HAUEHMSX pasMEpHOCTH BEKTOpOB Ma-
pasIeNIbHBIH BapHUaHT JIydlle TMOCHENOBaTeNIbHOIO B CPEIHEM B JBa
pasa, YTO COOTBETCTBYET OXKMIAEMBIM IMOKA3aTeNisiM MPOHU3BONTEI b~
HOCTH JUIS JBYXITPOLIECCOPHOM cHcTeMBI. JIJIsi OTHOCHTENIBHO KOPOT-
KHX BEKTOPOB BpeMsi paGOThl napaiebHOrO BapHaHTa MPEeBOCXOINT
BpeMst paboThl MOCHIEAOBATEIIBHOrO. JTO CBA3aHO C TE€M, YTO HaKJIa/I-
HBIC pacXoipl Ha OPraHM3aLMIO MAPAJUIENBHOTO BHIMOJHEHHUS LHKIIA
npesocxoast 3ddexr or pacnapasnenuBanus. JlanHoe HaGmionenue
MOKAa3bIBAET, YTO JUIS MApaJUIEIIEHOIO BHITIONIHEHUS CIICAYeT BEIOHpaTh
LIMIUIBI ¢ OOJIBIIMM KOJIMYECTBOM HTepaLMi.
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Tabnuya 5. Bpems paboThl OCNEN0BATENILHOIO U NAPAIIENIbHOro
(c penyxumeit) BapuanToB QYHKLMH BEIUNCIIEHMS CKASIPHOTO
NpOW3BEIeHUA NPH PA3NMUHOM JUTMHE BEKTOPOB

Bpewmst paboTsl Yucno urepaumii
BapHanTa, cex | 10000000 l 1000000 [ 1000004[ 10000 { 1000
Jlnuna BexTopa
1000 10000 | 100000 | 1000000 | 106000000
TIOCNEIOBATEN b~ 13 13 12 12 13
HOFO
napasuienbHoro 36 9 7 7 6

.

3.5.6. Crparerus pacnpee/eHusl HTEPAlHi NHKJIA N0 NOTOKAM

Hrepauyn LMKia, K KOTOPOMY IpyMeHeHa anpekTusa for, MoryT
MO-pa3HOMY pacrpefensaThes 1o norokam. [losnuaTs Ha crpareryio pac-
TpeIesICHHs], TPUMEHAEMYIO 110 YMOJTYaHKIO, MO3BOJISET oruus sched-
ule mupekruebl for. Jlannas onuus npeIycMaTpyBacT aBa apryMeHtTa.
Iepeeiit onpenenser crnocob pacnpenenenus urepatuii. Bropoit Heo0s-
3aresbHBIA apryMeHT 3aJ1a€T YKCIIO UTEpallui B MOPUMH, KOTOpas ciy-
JKMT eJuuLelt pacripesiernienust Harpysku. [IpenycMoTpenst uetsipe pas-
JIMYHBIX BApPHAHTa COOTBETCTBYIOLUHE Pa3/IMYHBIM KOMOMHALIMAM apry-
meHTam schedule (tabn. 6). Ecmu onuma He yKasada, TO
NPUMEHSETCS CTPATErus, YCTaHOBCHHAS 110 YMOSYAHHIO.

B kauecTBe npuMepa NpHMEHEHUs onuuu schedule MOKHO
MPHUBECTH 3HAKOMBIM HaM LKKJT BBIYUCIICHHS CKAJIIPHOTO NPOU3BEIC-
HHUSL BEKTOPOB, JUIS KOTOPOrO 3aJlaliM CTaTHYeCKOe paciipe/iesieHne
NopUMsMH 1O 8 MTepaumid:

#pragma omp parallel for reduction(+:s) \
schedule (static, 8)
for(i = 0; 1 < n; i ++)
s += a[i] * bli];

B pesynbrare wrepauun uuksia GymayT pacnpenesieHsl UMKI4e-
CKM Mexy notrokamu O6nokamu no 8 wrepaumii. B atom pasnene Mol
paccmoTpenu Tonbko 6asoBble koHcTpykumn OpenMP u npusenu
npuMepbl UX rpumeHenusi. bosiee nonuas u noppobuas nupopmaums
10 3TOMY MNaKeTy conepkurcs B [6, 8].
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Tabnuya 6. Oruny, oNpeeNsIoILME CTPATErHIo pacnpeseNieHunst
- UTepauyii uMKIIa 1o NnoTokam

Onuwust

Onucanve

schedule(static,
chunk size)

Hrepauny paspenstorcs Ha mopuUuM pasmepa
chunk size, KOTOpBIC CTaTHYECKUM 0Opa3oM
pacnpenensioTcs Mo norokam B rpyrne LUKiiM-
yeckum obpazom. TlocnenHss nopuus yrepanmii
MOXET colep)kaTh MeHee 4yeM chunk size
uTepaiui B

Ecnn snavenne chunk size He 3anmaHo, TO
BCE MHOXECTBO WTepaluii nenurca Ha npubin-
3UTENBHO ONMHAKOBBIE [OPHHM TaK, UTO Kak-
Jblii IOTOK NONTy4aeT He OoJiee OHO NopuUMK

schedule (dynamic,
chunk size)

Hrepauuu pacnpefensiotess no notokaMm 1o
3anpocy: TIOTOK, 3aKOHUMBILUMI BBINOJIHEHYE,
NoJTy9aeT OHEPESIHYIO HOPLHIO. 3TOT MpoLecc
rpojoIpkaeT 10 TeX IOop, Noka BCe WTepaiuu
ukna He 6yTyT BBHTIONHEHBI

Kaxxpas nopumsi, 3a WCKIIOYEHUEM, ObITh MO-
HKET, NOCHENIHCH, coliepxuT chunk size ure-
paumid. ITo ymonyanwio chunk size cuura-
€TCsl paHbIM 1

schedule (guided,
chunk size)

Urepaumy pacripepensiotess 1o ToTOKaMm Mo
3arnpocy: TIOTOK, 3aKOHYMBILMIT BBHITIOJTHEHUE,
nosyydaeT O4EPEHyI0 MOpLMio. DTOT Mpouece
NPOROSDKAET JI0 TEX TIOpP, NOKA BCE WTepaluu
LMKJIA He OYZYT BBITIONHEHBI

Hucno wurepaumii B pacripenensieMoii nopuuu
331a€TCA KAK OTHOWIEHME KOJNMYecTBa Hepac-
npeJieNleHHbIX UTepalliii K KONUYEeCTBY MOTOKOB,
€CIIM  3TO KONHYECTRO HE MEHbIIE YeM
chunk size. B nporuBHOM chnyuae, ecnm
NOpUMs HE ABNSETCS MOCNE/HeH, ee pasMep r1o-
Jiaraetcst papHbIM chunk size. Ilo ymonda-
Hiio chunk size cuutaercs pasueim |

schedule (runtime)

Crparerusi GanaHCHpOBKM ONpPENENSETCA BO
BpEMsl BBIMONHEHUS NporpamMmel. Jns 3toro
HCTIONB3YETCSl 3HAUEHHE NePeMeHHOI OKpyxe-
uust OMP SCHEDULE wm  Hactpoiika mno
YMOIMaHHIO €CNM 3HAYEHME 3TOll TiepeMeHHOl
He OlpeieNieHo

10— 82935
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3akJiouenue

OcHOBHast LieNlb, KOTOPYIO aBTOpPBl KHHIH CTaBWIK niepest coOoi,
COCTOSJIa B TOM, UTOOBI Pa3BUTh Y YHMTATeJis MPAKTHYECKHE HABBIKH
pa3paCoTKK mapaieNbHBIX MPUIOKEHHH. DTHM oObscHseTCS orpa-
HHYCHHE CIMHUCKA PACCMATPHBAEMBIX TEM TOJIBKO Hauboee ynotpebu-
TEIBHBIMH CPENCTBAMK pa3paGoTKK napauieNbHbBiX nporpamm. [Tpu-
NOXKeHKs K yueOHOMY MOCOOHIO COlepskaT cpaBoYHYIO HH(OPMALHIO,
HEODXOMUMYIO IUIS TOro, YTOOBI CaMOCTOSTENBHO paspabarsiBaTh na-
pajuienpHble NpUIOKeHHs. JIOMOIHKUTENBHBIE UCTOYHHMKW HHGpOpMa-
MM MEPEYKCIICHBI B CITHCKE JIUTEPaTyPhL.

Crnemyer OTMETHTB, ¥TO 32 MEPHOJ CYLIECTBOBAHUS Tapasiesib-
HBIX BBIUMCIIMTENIBHBIX CHCTeM OBUIO cO37aHoO HeMano GuOITHOTEK U
A3BIKOB, 00JIeryalounX co3qaHne napajuleNibHBIX nporpamm. JTH pas-
pabOTKK BHECIIM CYLIECTBEHHBIH BKJIAJl B pa3BHTHE METO/IOB Mapas-
JIeJILHBIX BBIYHMCIICHUH W MPEe/ICTABNIAIOT 3HAYHTENbHBINA HAYYHBIH WUH-
Tepec. B 1O ke Bpems, nonapnsiouiee OONBIIMHCTBO U3 HUX HE MMOJy-
UMM LIMPOKOTO  MPHU3HAHKS B KauecTBE CPEICTB  pa3paboTKH
napannenbHelX nporpamm. IT03TOMy MBI CO3HATENIBHO HE Y/IENTHITH
BHMMaHHWE TaKUM MHCTpyMeHTaMm. Tem uMrarensm, KOTOPBIX HHTEpe-
CyI0T Noto6HbIe pa3paboTKH, MOKHO PEKOMEHJIOBATH B KAyecTBE OT-
npaBHOM TOuKK MoHOTpadwio [3].

3a paMKaMH HacTOSILEro HOCOOUS OCTankCh Takxe (usocodckue
aCIeKThl NAPaUIENIBHOIO NMPOrPaMMHUPOBAHUS B MAaTEMATHUECKHE MO-
Jesu rpouecca Bbhiuyucnennif. Madopmaiumio o 3tomy BOnpocy Mox-
HO HaiiTy B MoHorpadusx [1, 12].
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CrnipaBounas wH(pOpMauus, NpeCTaBlIeHHas B JajlbHEHIIMX pas-
nenax NPWIOXKEHHS, NPEXIe BCEro, ONUCHIBAET (PYHKLUMOHATBHOCTh
Hanbonee pacrpocTpaneHHoi peanmsaumn MPI — MPICH
(http://www-unix.mcs.anl.gov/mpi/mpichl/). Cnenyer otmeTTsh, uTO
MpH 3TOM OCHOBHAS HaCTh MaTepHana yHUBepcalibHa W MPHUMEHMMA K
moGoit peannzaunu crangapra MPI-1,

Konw1 ommmbox

Bce MPI-dynkuun (kpome MPI_Wtime u MPI_Wtick) Bo3spa-
warot ko1 oumbku. Tlepen BO3BpaTOM KOJA OLIMOKH BBI3LIBAETCS TEKY-
umit 06paborunk oumbok MPL IMo ymomuanmio 3101 06paGoTumk orm-
Gox npepsiBaeT BhinosHenre MPI-nporpammel. O6paboTumk oumMbok
MOxeT OBITh M3MeHeH ¢ nomolneto MPI_Errhandler  set; B 3ToM
ciiywae  mpenorpesieieHHblii  oOpabotumk  ommbok MPI_ERROR
RETURN MOXHO HCMONB30BaTh 4JIs1 ONPEACICHUS MPUYUHBI NOABJICHUA
oumbku. Ecyi BBl GyzieTe Mcnone30BaTh cBOH 00paGoTukk omboK, TO
clielyeT NOMHUTL, uTo MPI He rapaHTupyeT BO3MOMHOCTH NasbHEHLLEro
BBITIOJIHEHMS IPOrPAMMBI T10CIIe OOHapYKEeHHst OLIKOKH.

MPI_SUCCESS — net ommbok; MPI-QyHkuus 3asepiuesa yc-
TELIHO.

MPI_ERR_COMM — HeBepHblii KOMMyHHMKaTOp. Yacras rpu-
YyKHa — Ucnosb3oBaHke NULL KOMMYHHMKATOpa B BHI30OBE (DYHKLIKH.

MPI_ERR_COUNT — HeBepHblif aprymeHt count. OH 10/mKkeH
OBITH HEOTPULIATEILHBIM; HYJIEBOE 3HAYEHHUE TAKXKE JIOIYCTHMO.,

MPI_ERR TYPE — HeBepHbIii TUIT IaHHBIX Y apryMEHTa.

MPI_ERR_TAG — nesepHblii Tor. Tarn J10mkHbl ObITE HEOT-
puuatensHeiMi; B QyHkupsx MPI_Recv, MPI_Irecv, MPI_
Sendrecv H T.n. MOXKHO HCIIoNb30BaTh 1 MPTI_ANY TAG.

MPI_ERR RANK — HeBepHBIH paHr HCTOUHMKA WJIM TIpUEMHH-~
Ka coobuenuit. Panr moxker Obrth 3a7ad B auanasone ot 0 no uucna
NpoueccoB B KOMMyHHKarope MuHyc 1; B dynkumsx MPI_Recv,
MPI TIrecv, MPI_Sendrecv U T.I. MOXHO HCIIONB30BaTh H
MPI ANY SOURCE.

MPI_ERR_INTERN — owmmnbka 03Ha4aer, YTo HEKOTOPbIM KOM-
nonentaMm MPICH ne Bbimensiercs namste. BHyTpenusst artanshas
ommbka. [Ipy ee nogeneHnn neobxoaumo oTnpaBuTe otueT (a bug
report) no ajipecy: mpi-bugsmcs. anl.gov.

MPI_ERR _REQUEST — neBepsblii peckpurnitop — unu 0,
vy, B cryyae Gynkumii MPI Start uMPI_Startall, nepornyc-
THUMBII (3aKPBITHII) JIECKPHITTOP.

MPI_ERR _IN_STATUS — 3710T KOI OHMIMOKH BO3BpallaeTcs
TONbKO QyHKuMsMH MPI  Testall, MPI_Testany, MPI_
Testsome, MPI Waitall, MPI_Waitany u MPI_Waitsome.
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ITone MPI_ERROR B cTaryce 3aBEPIICHHS CONCPIKHT KO OHIMOKH
wim MPI_SUCCESS (3aBepiueHo) nubo MPI ERR PENDING, B
cJTyyae ecJiy 3arpoc He 3aBepLIeH.

MPI_ERR_PENDING — 3agepxaHnas onepaius (He omumbka).
OTOT KOA O3HAYAET, YTO ONepalMs HE 3aBepiieHa WK oOHapyKeHa
ciyqaiiHas ommnbKa.

MPI_ERR_TRUNCATE — cooflueHue ype3aHo B IPUEMHHKE.
Pasmep Oydepa man ans npuHuMaemMoro coobuienus. I[Tpy BO3HHKHO-
BEHMH 3TOH onbku B peanusaumn MPICH-npunoxenne Mosxer npo-
JIOJDKUTE BBITIOJIHEHME.

MPI_ERR_BUFFER — neBepHeli ykazatens 6ydepa. OGprano
null buffer Tam, rie 310 HEAOMYCTHMO.

MPI_ERR ROOT — ueBepHsbIii kOpHepoit nipouecc. Ou jon-
>keH OBITh 3a/1aH KaK paHr rnpouecca B KOMMyHHKaTope. PaHr Moxker
6bITH 331aH B inanasone oT 0 10 p — 1, rae p — 4KCo Apoueccos B
KOMMYHHKaTOpe MHHYC.

MPI_ERR_ARG — HeepHbie aprymedTsl QyHkuun. Bosspa-
{aeTcs, €cJii HeKOTOpble OLIMOOYHBIE apryMeHThl He MOryT GBITh
KtaccupUmMpoBaHs Gonee TOHHO.

MPI_ERR UNKNOWN — HeunzBecTHas (Hepacrosnasaemas)
oummbka. Ilpu ee nosiBnennn HeoOXomuMoO OTnpasuTh oTYeT (a bug
report) o anpecy: mpi-bugs@mcs.anl.gov.

MPI_ERR_OP — nerepublii neckpuntop onepauun. MPI one-
pauus gojkHa ObITE MITH MpesonpeneneHolt (Hanpumep MPI  SUM),
WK CO31aHHOM NpH nomout MPI Op create.

MPI_ERR_GROUP — B yHKIMIO 1iepejiaHa HyJieBas rpyna.

DOyHKIMH TOYECYHBIX 00MEHOB

MPI_Send — otnpaska coobLieHus.
Cunrakcuc:
#include "mpi.h"
int MPI Send( void *buf, int count,
MPI Datatype datatype, int dest,
int tag, MPI_ Comm comm )
Bxonueie napamerpsi:
buf — yka3arenr Ha Hauao Oydepa nepenasaeMbIx JaHHBIX;
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count — YHCIIO 3JIEMEHTOR repe/laBacMbIX JaHHBIX;

datatype — MPI-tun nepenasaeMbIX JaHHbIX;

de st — HOMep rpouecca, KOTOpOMY NEPEAAIOTCH NaHHBIC,

tag — Tar coolILeHus;

comm — KOMMYHHKaTop, B Mpeienax KOTOpOro nepenaroTcs
JaHHEBIC.

Ipumeuanue. Ita GpyHkums MoxxeT (HO He o6s3ana) GIOKMpPOBaTH
NpOLECC-OTIPABHTENB JI0 MOMEHTA BBI30BA NApHON ONepatuy nprema.

MPI_Recv — npueM cooOLLCHHS.
CunTakcuc:
#include "mpi.h"
int MPI Recv{ void *buf, int count,
B MPI Datatype datatype, int
souzce, int tag, MPI_ Comm comm,
MPI Status *status )
BrixonHsie napaMeTpat:
buf — ykazaresib Ha Hayaso Gydepa, B KoTophIii OymyT coxpa-
HeHusl onyyeHuble naHHele (choice);
status — ykazarelb Ha CTpykTypy MP1 Status. '
Bxonxsle napaMeTphl:

count — MaKcUMasbHOE YHCJIO 3JIEMEHTOB B MEpechUIaeMOM I|
Oydepe; 1
datatype — MPI-THn JaHHBIX Ka)x/10ro rnepecuuiaeMoro asle-

MenTa Oydepa; ‘.
source — HOMep npouecca, KOTOpbIH OTMPaBJISeT JaHHbIE; :
tag — 1ar coobuieHus;
comm — KOMMYHHKATOP.

Ipumeuanue. AprymeHT count ONpenenser MakCHUMasbHYIO

JUIMHY COOCUIEHHS; TeKyllee KOJIMYECTBO INONYUECHHBIX 3JIEMEHTOB

MOYKHO ONPENESIMTL NpH nomouw MPI_Get count.

MPI_Get_count — BO3BpauicHHe YHCNA MOJIYUYEHHBIX 3JIEMCH-
TOB YKa3aHHOTO THIA.
CuHTaKCHC:
#include "mpi.h"
int MPI Get count (MPI Status *status, ,
MPI Datatype datatype, int *count ) A
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Bxomuble napaMerphi:

status — craryc onepaius npHeMa cooOLIeHHS;
datatype — MPI-Tun naHHBIX NPUHAMAEMEIX 3JIEMEHTOB.
BrixonHoi napamerp:

count — YKCHO MOJIyYEHHBIX 3JIEMEHTOB.

MPI_Bsend — GydepusnpoBantas repechlyika COOOLIEHHS.
CuHTakcuc:
#include "mpi.h"
int MPI Bsend(void *buf, int count,
MPI Datatype datatype, int dest,
int tag, MPI Comm comm )
Bxonuele napamerpes:
buf — ykazarens Ha Hauaio Oydiepa nepegaBaeMbIX NaHHBIX;
count — YKCIIO 3JIEeMEHTOB MepenaBacMbIX JaHHBIX;
datatype — MPIl-tvn nepepgapaeMbIX JaHHBIX;
dest — HOMep npouecca, KOTOPOMY NMEPENAIOTCS NaHHbIE;
tag — Tar COOOILEHHS;
comm — KOMMYHHMKATOp, B TMpeenax KOTOPOro nepenaloTcs
JIAHHBIC.
Ipumeyanue. It1a QyHKUKS MMO3BOJISET MOJIB30BATENIO OBITH yBe-
peHHbIM B TOM, 4TO cooGuienune Oyner Gydepuzosano (Oydep oon-
orcers ObITH BBIZICNIEH ¢ oMolplo GyHkunn MPI_Buffer attach).

MPI_Ssend — cHHXpOHHAs fepechUTKa COOOLICHMS.
CuHTakcuc:
#include "mpi.h"
int MPI Ssend( void *buf, int count,
MPI Datatype datatype,
int dest, int tag, MPI_Comm comm )
Bxonnreie napameTpesr:
buf — ykazarens Ha Hauano Oygepa repenaBaeMbIX TaHHBIX;
count — YHCJIO 3JIEMEHTOB NepeaaBaeMbIX JaHHbIX;
datatype — MPI-Tun nepenapaeMeix JaHHBIX;
dest — HOMep npoliecca, KOTOPOMY NMEPENaroTcs naHHbIe;
tag — 1Ir coobuienus;
comm — KOMMYHHMKAaTOp, B mpejenax KOTOpOro mnepenarTcs
JlaHHbIe.
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Ipumevanue. Fta QyHKups GIOKUPYET IPOLIECC-OTNPABUATEND HO
MOMEHTa BBI30Ba NapHOH orepaury npuema.

MPI_Rsend — nepecpuika ro roToBHOCTH.
CunTtakcuc:
#include "mpi.h"
int MPI Rsend( void *buf, int count,
- MPI1 Datatype datatype, int dest,
int tag, MPI_Comm comm )
BxonHele napameTpel:
buf — ykazatens Ha Hauasio Oygepa nepenaBaeMpiX JaHHBIX;
count — YKCIIO 3JIEMEHTOB MepelaBacMBbIX TAHHBIX;
datatype — MPI-tun nepenaBaeMbIX JaHHBIX;
dest — HoMep npoLecca, KOTOPOMY NepenaroTcs JaHHBIC,
tag — 1ar coobIleHus;

comm — KOMMYHHKaTOp, B TIpefenax KOTOPOro nepenalorcs
JIaQHHBIC.

MPI_Buffer_attach — cosjanre nospzosarensckoro Oydepa
JUTSL TIEPECHITKU.

CuHTaKCcHC:

#include "mpi.h"
int MPI Buffer attach( void *buffer, int size )

BxonHele napaMeTpel:

buf fer — nauansHeli anpec Oydepa;

size — pasmep Oydrepa B Gaiitax.

TIpumeuanue. Pazmep Oydepa nomkeH OBITH paBeH CyMME pas-
MepOB Bcex COOOLIeHHM BoIMONHseMbIX (yHkunii Bsend, nmoc ciy-
xebnas uadopmaums. JIns Belurcnenys pazmepa Gydepa MOXKHO MC-
nosk3oBaTh MPI Pack size. Hanpumep, B kone:

MPI Buffer attach( buffer, size );

MPI Bsend( ..., count=20, datatype=typel,
cee )

MPI Bsend( ..., count=40, datatype=type2,
e )i
BeiuuHa size 8 MPI Buffer attach pomkda OBITE HE MEHb-
e, uyeM:
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MPI Pack size( 20, typel, comm, &sl );
MPI Pack size( 40, type2, comm, &sS2 );
size = sl + s2 + 2 * MPI_BSEND OVERHEAD;
MPI_ BSEND OVERHEAD — pa3smep ciyxebnol nHpopmaumu
JUISL KaXK/10T0 Nepe/iaBaeMoro COOOIIEHHST.

MPI_Buffer_detach — ocoGoxzaet BoijeneHHsIi Gydep.
CuHTakcuc:
#include "mpi.h"
int MPI Buffer detach(void
*size )
BxoaHble napaMeTpel:
buf fer — HavanbHbIit anpec Oydepa;
size — pa3mep Oydepa B OaifTax.

*pbufferptr, int

MPI_Isend — HeGIOKHpYIOLIAs MEPEChIKA COOOIEHHS.
Cunrakcuc:
#include "mpi.h"
int MPI Isend( void *buf, int count,
MPI Datatype datatype, int dest,
int_tag, MPI Comm comm, MPI_Request
*request )
Bxonsrele napameTpel:
buf — yxazarens na nadano Oydepa nepeiaBacMbIX JJAHHBIX;
count — YHCJIO 3JIEMEHTOB MEpeNaBacMbIX JaHHbIX;
datatype — MPI-tun nepenaBaeMbIX JaHHBIX;
de st — HOMep npouecca, KOTOPOMY IMEPEIalOTCH JaHHBIE;
tag — T3r cooOuIeHus;
comm — KOMMYHHKATOp, B NpeAenax KOTOPOro MepenarTcs
JIaHHBIC.
BrixonHoit napamerp:
request — ykazaTelb Ha JICCKPUITOP OMEpaLyH.

MPI_Ibsend — nebnokupytouias OydepusnpoBaHHas Mepechbut-
Ka cooOu1eHus.

CHHTaKCHC!
#include "mpi.h"
int MPI_ Ibsend( void *buf, int count,
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MPI Datatype datatype, int dest,
int tag, MPI_Comm comm, MPI_Request |
*request )

Bxonuele napametprr:

buf — ykasarens Ha Hauano Oydepa nepejaBaeMbIX JaHHBIX;

count — YKCIO 3IEMEHTOB MepeIaBaeMbIX JaHHBIX;

datatype — MPI-tun nepeiapaeMbIX NaHHBIX;

dest — HOMep npouecca, KOTOPOMY MepeIaloTCs TaHHBIE;

tag — Tar coobuIeHus;

comm — KOMMYHHKaTOp, B Ipefenax KOTOPOIO MepenarTcs

JTAHHBIC.
Beixopnoit napamerp:
request — ykasaTelb Ha JECKPHIITOP Onepalyu.

MPI_Issend — cunxponsas HeGNokupyomas nepecbuika cool-
LICHUS.
Cunrakcuc:
#include “"mpi.h"
int MPI Issend( void *buf, int count,
MPI Datatype datatype, int dest,
int tag, MPI_Comm comm, MPI Request
*request ) -
Bxoanbie mapamerpsr:
buf — ykazarens Ha Hauano 6ydepa riepeaBaeMbIX JIAHHBIX;
count — YKCIIO JIEMEHTOB Nepe/iaBaeMbIX JIaHHBIX;
datatype — MPI-tin nepenaBaeMeix JIaHHBIX;
dest — HOMep npouecca, KOTOPOMY NMepenaloTCs JIAHHEIE;
tag — Tar coolLeHus;
comm — KOMMYHHKATOp, B Tipejiesniax KOTOpOro Hepenarorcs
JIaHHBIE.
BrixonHo# napamertp:
request — ykazaTeJlb Ha IECKPHITOP Orepaumu.

MPI_Irsend — neGnokupyionias nepeceika rno roToBHOCTH.
CuHrakcuc:
#include “mpi.h"
int MPI Irsend( void *buf, int count,
MPI Datatype datatype, int dest,
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int tag, MPI Comm comm, MPI Request
*request ) N B
Bxo/iHBIE NapaMeTpHI:
buf — ykaszarens na Hadasio Gydepa reperapacMbix JaHHBIX;
count — YKCIIO 3JIEMEHTOB NEpeaBacMBbIX TaHHBIX;
datatype — MPI-tun nepenaBaeMbIX JaHHEIX;
dest — HOMep npouecca, KOTOpOMy NEPENAlOTCs IaHbl;
tag —- Tar coobLuenns;
comm — KOMMYHHKATOp, B TMpejenax KOTOpOro nepenarorcs
JlaHHblE.
Beixonnoit napamerp:
request — yKazaTesib Ha JIECKPUITOP ONEepaLiiu.

MPI_Irecv — HeONOKHpyOLMiA preM cooOLeHMs.
CHHTaKCHC:
#include "mpi.h"
int MPI Irecv( void *buf, int count,
MPI Datatype datatype, int source,
int tag, MPI Comm comm, MPI Request
*request ) B
BxojHble napaMerps:
buf — ykaszarens Ha Hayano Oydepa, B KOTOpLIH OynyT coxpa-
HEHbI MOJTYYEHHBIE JIAHHBIC;
count — YKCIIO IEMEHTOB B IipHeMHOM Oydepe;
datatype — MPl-tun fasHbiX KaK/JI0ro rnepecbuiaeMoro 3ie-
menTa Oydepa;
source — HOMep npouecca, KOTOpbIH OTNPaBNsAeT JTaHHEIE,
tag —— T3r coobuIeHuS;

comm — KOMMYHHKaTOp, B Mpenesax KOTOporo nepeiarorcs
JIaHHEIE;

Boixonnoii mapamerp:

request -— yKasarellb Ha JECKPHITTOP OMEpaLHH.

MPI_Wait — oxujianye 3aBeplueHust onepauuii nepenaunt UIu
npueMa cooOLEeHHI.
CunTakcuc:
#include "mpi.h"
int MPI_Wait (MPI_Request *request, MPI Status
*status)
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Bxonxoii napamerp:

request — yRasareslb Ha JECKPUITTOP OlepaLiyy,

BrrxonHo# napamerp:

status — craryc obwvekra. Moxer ObITb MPI STATUS
IGNORE.

MPI_Test — npoBepka 3aBeplUeHHs ONcpalMii nepenavyd MK
npreMa coobeHHiH.

CuHTaKcHC:
#include "mpi.h" V
int MPI Test (MPI Request *request, int *flag,

MPI_ Status *status)

Bxonnoii napameTtp:

request — yKasaTellb Ha JECKPUIITOP OrNepaLyu.

BeixoaHble napameTphl:

flag — noruueckoe 3nauenue «MCTHHA» ecnu onepauumst 3a-
BEpLICHA;

status — craryc 3aBepleH s OnepaLmy.

MPI_Request_free — ocBOOOX/aeT NECKPUITTOP ONEpaLIKH.
CHHTaKCcHC:
#include "mpi.h"
int MPI_Request free( MPI Request *request )
Bxonnoii napameTp:
request -— yKasaTesib Ha JECKPHITOP OMNepaLlvH.
lHpumeuanue. GyHKUMS UCMIONb3YETCH IS 3aKPBITHS AECKPHITTO-
pa, cozpgannoro MPJ Recv_init ,MPI Send init unu anano-
TMYHBIMM QYHKUHSAMHA. JIeCKpUNTOpPEI, CO3aHHBIE NMPU MOMOIHM OT-
JIOKEHHBIX onepaunii (MPI Isend, MPI Irecv), Kak MpaBuilo,
0cBOGOXAAIOTCS MPU BBHIMOJIHEHHH QyHKUMM wait wim test (Ha-
npumep, MPI Wait). B obuwem ciyyae, 3anpeuiaercs 3aKpHIBaTh
aKTHBHBIN JECKPHUITTOP B UCMOAB30BATh 3aKPBITBIH JIECKPHITOP B Ka-
YecTBE apryMEeHTOB (hyHKUMI walt win test.

MPI_Waitany — oxwunaer 3asepiueHus o060 onepauun 06-
MEHa U3 YKa3aHHBIX B CHIHCKe/

CuHTakcuc:
#include "mpi.h"
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int MPI Waitany(int count,
ray of requests|[],
int—*i_ﬁdex, MPI Status *status )
BxonHble napaMeTphl:
count — KOMHYECTBO JECKPHUNTOPOB B CMMCKE;
array of requests — MacCHB JIECKPHITTOPOB.
BrIXOZIHBIE NapaMeTphI:
index — noOpsaKOBBIH HOMEP (MHIEKC B MAaCCHUBE) JIECKpUNTOpa
3aBeplieHHOH onepauud. [TpuHUMaeT 3Hadenue ot O 1o count-1;
status — craryc oGbekra. Moxer OmTe MPI_STATUS
IGNORE.
TIpumevuanue. B ciiyyae eciid BCE AECKPUIITOPH ONpeleNIeHH Kak
MPI_REQUEST  NULL, ¢pyHKUMs BEPHET 3HaueHHe index, paBHOE
MPI  UNDEFINED, u myctoii status.

MPI Request ar-

MPI_Testany — nposepsier 3aBeplieHre nroboit onepaumn 06-
MEHa U3 ONpeeNieHHHIX B CITUCKE.
CuHTtakcuc:
#include "mpi.h"
int MPI Testany(int count, MPI Request array
of requests([], int *index, int *flag,
MPI Status *status )
BxonHble napamMerphr:
count — KONUYECTBO JECKPUNTOPOB B CMHCKE;
array of requests — MacCHB JIECKpPUNTOPOB.
BrixonHble napamerphl:
index — nopsakoBbIii HOMep (MHAEKC B MacCHBE) JECKpUNTOpa
3apeplIeHHOH onepauuy, wid MPI UNDEFINED, €Cld HET 3aBep-
LIEHHOM OnepaLuy;

flag — «MCTHHA» ecnu xots Obl 0OfiHa U3 onepauuii 3aBep-
LICHA;
status — craryc obpexra.

MPI_Waitall — oxupaer 3ageplieHHs BceX Ornepauuii OTrpaBKy
WM NpUeMa, OTIPEJIETICHHHIX B CITHCKE.

CuHrakcuc:
#include "mpi.h"
int MPI_Waitall(int count, MPI Request array
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requests(],
statuses|[] )
BxonHbie napamerpsl:
count — KONMM4eCTBO AECKPUNTOPOB B CITUCKE;
array of requests-—— MaccuB JECKPHITTOPOB.
BrIx0/1HOH napameTp:
array of statuses - maccue crarycoB OOBEKTOB.

MPI_ Status array of

MPI_Testall — npoeepsieT 3apeplieHHe BCeX WHHULIMHUPOBAHHBIX
onepaluit o0OMeHa, ONPeHesICHHBIX B CITUCKE.
CHHTaKCHC:
#include "mpi.h"
int MPI Testall (int count, MPI Request array
of requests{], int *flag, MPI_Statug
array of statuses[] )
BxosHbIe napamMeTpsl:
count — KOJIM4YECTBO JECKPHITTOPOB B CITUCKE;

array of requests — MaccuB JECKpUITTOPOB.

BrixonHsie napaMerpel:

flag — ecnu Bce OOMEHBI 3aBEPIICHBI;

array of statuses — maccuB cratycoB 00bekTOB. Moxer

ObiTh MPI_STATUSES IGNORE.
Ipumeuanue. £1ag npuHumaer sHaueHue «MMCTHHA» Tonbko

eclu 3aBepiieHsl Bce 0oOmeHbl. B npotuBHOM ciyuae duiar paseH
«JIOKb».

MPI_Waitsome — o0xujiaet 3aBepLUEHHs HEKOTOPBIX WHWLIMH-
POBaHHBIX Ofnepalii OOMeHa, OTpeIeIEHHBIX B CITUCKE.
CHHTaKcHC:

#include "mpi.h"
int MPI_Waitsome( int incount, MPI Request ar-
ray of requests([], int *thcount, int
array_of  indices[],MPI_Status array
of statuses([])
BxonHbie napaMeTphi:
incount — JUIMHa MaCCHBa IeCKPHITTOPOB;
array of requests-— maccuB IECKpHUNTOPOB.
BrIXO/IHBIE MapamMeTphl:




outcount — 4KCO 3aBEPLICHHBIX ONEPaLM;

array of indices — mMaccuB HHIEKCOB 3aBEPLICHHBIX
onepauuii;
array of statuses — maccuB CTaTyCOB 3aBEpUIEHHBIX Orie-

paumii. Moxet O6piTb MPT_STATUSES IGNORE.

Ipumeuanue. MaccuB WHIEKCOB 3aBEPUICHHBIX OMepaluil co-
JEPXKUT uucna B auanasode ot O 1o incount - 1 ana C. NULL
JECKpUNTOPBI HTHOPHPYIOTCS; €CNH BCe JleCKpUnTopsl pasHel NULL,
10 ¢(yHKUMsI BO3BpallaeT 3HaueHHWe outcount, pasHoe MPI
UNDEFINED.

MPI_Testsome — nposepsieT 3aBeplIEHHE HEKOTOPHIX WHULIMHU-
pPOBaHHBIX onepaiuii 0OMeHa, onpeJieNIeHHBIX B CITHUCKE.
CHHTaKCHuC:
#include "mpi.h"
int MPI Testsome (int incount, MPI_ Request ar-
ray of requests([], int *outcount, int
array of indices[], MPI_Status array
of statuses[] )
BxonHble napamerpsl:
incount — anuHa MaccHBa JECKPUITTOPOB;
array of requests-— maccus 1ECKPHITTOPOB.
Brixo/iHbIE NapamMeTphl:
outcount — YMCNO 3aBEpPLUCHHBIX OMNEPALINH;

array of indices — mMaccuB HHJIEKCOB 3aBEPLICHHBIX
onepaLuit;

array of statuses — macCuB CTarTyCOB 3aBEPLUEHHBIX
onepauuvi.

MPI_Iprobe — HeOyIOKkHUpYIOLIas NPOBEPKA HAJTUYHSI COOOILEHHUS.
CHHTaKCHC:
#include "mpi.h"
int MPI Iprobe( int source, int tag, MPI Comm
comm, int *flag, MPI_Status *status )
BxonHeie napamerpsi:

source — paHI OTnpaBUTeNisi cooOLleHHs, i MPI ANY
SOURCE;
tag —1or unu MPI_ANY TAG;
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comm — KOMMYHHKATOP.

BrixonHO# napamerp:

flag — «UCTHHAY, ecnu coobLueHue mpuHsTO;
status — craryc 3aBepllleHHOI onepauuu.

MPI_Probe — Griokupyrolliasi mpoBepKa HaJIMuus COOOLIEHHSI.

CuHrakcuc:
#include "mpi.h"
int MPI Probe( int source, int tag, MPI_ Comm

—comm, MPI Status *status )

BxoznHele nmapaMerphl:

source -—— paHr OTnpaBuTenst cooOlleHHs, Wid MPI ANY
SOURCE;

tag —T1erunu MP1 ANY TAG;

comm — KOMMYHHKAaTOop.

Brixoanoit napamerp:

status — craryc 3aBeplICHHS

MPIL_Cancel — ormena onepauuy oOMeHa.

CuHTakcuc:
#include "mpi.h"
int MPI_Cancel ( MPI_Request *request )

BxonHoit napamerp:

request — yka3arenb Ha JECKPHUITTOpP ONEpaLUH.

Ipumeuanue. OyHKUMS MOXKET MPUMEHSTHCS J1/11 OTMEHBI TOJIbKO
onepauyit npuemMa cooOLeHHi (He NpUMeHUMa Juis onepauuii or-
NpaBKH COOOILEHHIH).

MPI_Sendrecv — O/IHOBpeMEHHBI MpHeM W nepenada co00-
HICHUI.
CHHTaKCHC:
#include "mpi.h"
int MPI_Sendrecv( void *sendbuf, int sendcount,
MPI Datatype sendtype, int dest, int
sendtag, void *recvbuf, int recvcount,
MPI Datatype recvtype, int source, int
recvtag, MPI Comm comm, MPLI Status
*status )
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BxonHbIe napamMeTpH:

sendbuf — ykazarens Ha Hauaio Oydepa nepeaBaeMbIX JIaHHBIX;
sendcount — 4YHCIO 3JIEMEHTOB MEPE/IaBAEMBIX JIaHHBIX;
sendtype — THN 3NeMeHTOB B Oydepe oTnpaBky;

dest — HOMep npouecca, KOTOpOMY NepearoTCsl IaHHbIE,
sendtag — T9r OTNPaBAAEMOro COOOIICHHUS;

recvcount — YHCHO 2JIEMEHTOB NPUHHUMAEMBIX JaHHBIX;
recvtype — THN 3neMeHTOB B Oydepe npuema;

source — HOMEp Npolecca, KOTOpHId OTNpaBsieT JaHHHIE;
recvtag — 79r NpHHAEMaeMoro cooduieHus;

comm -— KOMMYHHKATOp, B TMNpele/iaXx KOTOpOro rnepenaroTcs
JaHHBIE.

BrIXoHBIE NapaMeTpsl:

recvbuf — ykasatens Ha Hauasno Oydepa, B koTopbiit OymyT
COXPaHEHBI MOJYYEHHHIE JaHHEIE;

status — craryc 3aBepuieHHs (1 Oonepaluy npueMa coob-
L{EHHS).

MPI_Sendrecv_replace — onHOBpeMEHHBIN NMpueM U nepenava
coobieHmit ¢ omHuM Oydepom.
CuHrakcuc:
#include "mpi.h"
int MPI_Sendrecv_replace( void *buf, int count,
MPI Datatype datatype, int dest, int
sendtag, int source, int recvtag,
MPI Comm comm, MPI Status *status )
BxonHble napamerpel:
count — uncio anemeHToB B Oyhepe npuema/nepenay;
datatype — Tin anemeHToB B Oydepe npuema/nepepaus;
dest — HOMep nporecca, KOTOPOMY NEPENAIOTCS JaHHBIE;
sendtag -— T3r nepenayy;
Source — HOMEp NPoLECcca, KOTOPBIH OTNPABJISIET IAHHBIE;
recvtag — 19r npuema;
comm — KOMMYHHKaTop, B MpeAEnax KOTOpOro mnepenarorcs
JIaHHBIE,
BrIxo/iHBIE 11apamMeTphi:
buf — HavanbHbI#H anpec Oydepa npuema/nepenaun;
status — craryc 3aBeplueHus (115 onepauvu rpremMa cooOLeHus).
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Pa6ota ¢ THIIAMH JAHHBIX
MPI_Type_contiguous — co3jlaHHE HOBOI'O THIa JaHHEIX, CO-
CTaBJIEHHOr0 U3 count MIyMmUX noapsn 6JI0KOB HCXOMHOrO.
CuHrakcuc:
#include "mpi.h"
int MPI Type contiguous( int count,MPI Datatype
B old:type, MPI Datatype *newtype)
BxonHbie napaMeTphI:
count — 4KCIO NMOBTOPEHHI;

oldtype — UCXOOHBIN THUIM JAHHHIX.
BrixonHoi napamerp:
newtype — HOBBIil THIT IaHHBIX.

MPI_Type_vector — co3gaHie HOBOro (BEKTOPHOr0) TUMNa JaH-
HBIX W3 count Onokor uexoanoro. [Ipu atom Mexny OnokamMu ume-
I0TCsL [TPOMEKYTKH JUTHHOH stride anemMeHTOB HCXOIHOTO THITA.

Cunrakcuc;

#include "mpi.h"
int MPI Type vector( int count, int blocklen,
" int stride, MPI Datatype old type,
MPI Datatype *ngwtype )

BxonHeie napamerpel:

count — 4YuCII0 ONIOKOB;

blocklength — 4HCIO ANEMEHTOB B KaX0M OJoKe;

stride — 4YHCIIO 3NIEMEHTOB MEXJAY COCEIHUMH OJIOKaMH
(cMmetneHue);

oldtype — MCXOJHBII TUM JJAHHBIX.

BrixonHo# napamertp:

newtype — HOBBIH THN JaHHBIX.

MPI_Type_hvector — co3nanie HOBOro (BEKTOpPHOro) THIA

JlaHHBIX U3 count GnokoB ucxopHoro. ITpH 3TOM UIMHA NPOMEXYT-
KOB coctaBnsieT stride OGaiitos.
CHHTaKCUC:
#include "mpi.h"
int MPI_Type hvector( int count, int blocklen,
MPI Aint stride, MPI_Datatype old type,
MPI Datatype *newtype )
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