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NMpepgucnoBue

HNnesr mapaminensHOll 00pabOTKM MaHHEIX He HoBa. MOXHO cYMTarh, YTO OHa
BO3HUKJIA €11I€ Ha 3ape YeJOBEUYECKOU LIMBUIM3ALMU, KOIJA OKA3aJI0Ch, YTO IJIE-
Msl MOXET yCIELIHO OOpPOThCs 32 BbLKUBAHUE, €CAU KAXAbIA €ro YieH BbIIOJIHSI-
€T CBOIO 4yacTb 001Ieli paboThl. A mpeacTaBbTe cede yupexaeHue, Iae OIuH Yeao-
BeK paboTaeT B KayecTBe AUPEKTOPa, ceKpeTapsi TUPEKTOpa, Kypbepa, ycIeBaeT
rmopaboTarh y CTaHKa, OTPEMOHTUPOBATH 3JIEKTPOIIPOBOIKY, 4 HOUBIO €Ille M OX-
paHsieT cBoli 00BeKT. BBIMISIAUT 3T0 modtu Hejermo. MoXHO JTONyCTUTh, YTO Ta-
Kasl OpraHM3alys BBIIIOJHUT ONpeNeeHHYI0 paboTy, HO BpeMEHM Ha 3TO YHIEeT
0o4YeHb MHOro. A BeIb B TaKOM pexkxnme, (PaKTUIecKn, paboTaeT OOBIYHEIN TIOCTe-
JOBATEJIbHbII KOMIIBIOTEP, CIIPABISISICH C PELUEHMEM IOCTABJASHHbIX Iepe] HUM
3aJa4 TOJbKO Ojarogapsi ObICTpoli pabore LeHTpaibHOro mnpoueccopa. CosceM
JApyroe Jeno, Koraa B OpraHuM3aluKu €CTb HECKOJbKO COTPYIHUKOB, KOTOpPbIE pa-
0O0TaIOT OJHOBPEMEHHO, U KaXIblil U3 HUX PEIIaeT CBOIO 4YacTh OOIIEl 3amadu.
MoOXHO CYMTATh, YTO PEXUM MapajuieIbHOM oOpabOTKM MAHHBIX SIBJISIETCS HaM-
OoJiee ecTeCTBEHHBIM "pEXXMMOM" CYIIECTBOBAHMS M YEJIOBEUECKOTO ODIIEeCTBa.

HeynusurtenbHo, yTo ellle Ha 3ape KOMIbIOTEPHOW 3pbl, IPUMEPHO B cepeanHe
MPOLLIOro BeKa, KOHCTPYKTOPHI 3JIEKTPOHHO-BbIUMCAUTENBHBIX MalllMH 3alyMa-
JIUCh HaJ BO3MOXHOCTBIO MPUMEHEHUS MapayljiebHbIX BbIYMCAEHUN B KOMIIbIO-
Tepax. Benb yBenuveHue ObICTPOAEHUCTBUS TOJBKO 3a CUET COBEPIIEHCTBOBAHMS
9JIeKTPOHHBIX KOMIIOHEHTOB KOMIIBIOTEPa — JOCTATOYHO JOPOIrOi crocod, KOTo-
pblil, K TOMY X€, CTAJIKHUBAETCS C OrPAaHUYCHUSIMU, HalaraeMbiMU (PU3MUYECKUMU
3akoHamu. Tak mapasuienbHasg oOpadoTKa JAHHbIX U MAPALIEIM3M KOMaHA Obulu
BBeJIEHbl B KOHCTPYKIIMIO KOMIIBIOTEPOB U ceifuac J1000il monb3oBaTe/pb "mepco-
HaJIKK1", BOBMOXHO, caM TOTrO He 3Hasl, paboTaeT Ha MapaieIbHOM KOMIIbIOTEpE.
Bripouem, oObIYHOMY TMOJbH30BATENIO MEPCOHATBHOIO KOMIIbIOTEPA U HE HAA0 00
5TOM 3HATh.

Bwmecre ¢ TEM, JOCTATOYHO YAaCTO IMPUXOIUTCA CTAJIKMBATHCA C TAKUMU 3aJa4YaMHU,
KOTOPbIC, IMPEACTABJIAA HEMAIYIO HEHHOCTD IJIA O6I_H€CTBa, HE MOTYT OBITH peuiec-
Hbl C IIOMOIIBIO OTHOCHUTCJIBbHO MEAJCHHBIX KOMIIBIOTCPOB OCI)I/ICHOFO nin Jgo-
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MaiHero kinacca. EAHcTBeHHas Hamekaa B BTOM ciydyae Bozjaraercsl Ha KOM-
MbIOTEPBI C OOJBIIUM OBICTPOAECUCTBUEM, KOTOpPblE MPUHSTO Ha3blBaTb CyMep-
KoMIbloTepaMu. TojbKO MallMHbI TAKOTO KJIacca MOTYT CIPaBUThCSl ¢ 0OpaboT-
Kol OONbIIMX 00BbeMOB MHGbOPMALIUU. DTO MOTYT ObITb, HAMPUMEpP, CTATUCTUYE-
CKH€ JaHHbIE WU Pe3yJbTaTbl METeOpOJIOrMYecKUX HaOwAeHui, ¢GpuHaHcoBas
uHpopmanust. MHoraa ckopocTb 00paboTKU UMeeT pellawmoliee 3HaueHue. B xa-
YecTBe IpPUMepa MOXHO IPUBECTH COCTABJAEHMUE IIPOrHO3a MOroJbl U MOJAEIUPO-
BaHME KIUMMATUYECKUX U3MEHEHU. YeM paHblie npeackasaHo CTUXUiiHoe OencT-
BU€, TeM 0O0JbllIe BO3MOXHOCTEl MOArOTOBUTLCA K HeMy. BaxkHoill 3agaueit siBis-
eTCs MOJENMPOBAHNE JIEKAPCTBEHHBIX CPENCTB, paciindpoBKa reHOMa YeoBeKa.
A ToMorpacdusi, B TOM YuCiIe U MeAULIMHCKasA? A pa3Beaka MecTOPOXIEeHU Hed-
1 1 ra3a? [IpuMepoB MOXHO TIPUBECTH MHOTO.

B cepeaune 60-x romoB MpoOLLUIOro BeKa MOSIBUIKCH MEPBbIE CYMEPKOMIIbIOTEPDI,
910 ObUTM MapajuieNbHblil 64-npoueccopHblii KoMnbiotep ILLIAC-IV u Bekrop-
Hbeiii kKommbiotep CDC 6500 (puc. 1). IMocaenHuii cran aeGOTOM JIEr€HIAPHOTO
KOHCTPYKTOpa BbICOKONPOM3BOMUTENbHBIX BbIYMCIUTEAbHbIX cucTeM Celimypa
Kpest (puc. 2).

Puc. 1. Komneiotep CDC 6500

Ceiimyp Kpeit ocHoBan 3HameHuTyio ¢pupmy Cray, KoTopasi U ceidluac BBIIYCKaeT
OHOMMEHHBIE CYIIEpKOMIIBIOTEPH! (pUc. 3 U 4).

M3 coBpeMeHHBIX TipoekToB creayeT ymnoMsaHyTb ASCI (Accelerated Strategic
Computer Initiative) — MpoekT, B paMKax KOTOPOTO CO3MAI0TCSI BBIYMCIUTENbHBIE
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CUCTEMBI C PEKOPIAHOW TPOU3BOANTEIHLHOCThIO. B KauyecTBe mpumepa MOXKHO
npuBectu cynepkomnbioTepbl ASCI Red m ASCI White, KoTopble BOIIINA B peii-
TUHT HauOoJjiee MOIIHBIX BBIUMCIUTENbHBIX cucteM Mupa "Top 500 Supercom-
puters”". ITpaButenbctBo CIIIA BKIaabiBaeT B 3TOT MNPOEKT OOJbIINE JEHbIM,
MOCKOJbKY OAHUM M3 MPUMEHEHUN TaKUX CUCTEM SIBJsETCS UMMTAIMOHHOE MO-
JeJMpOBAHUE SAEPHOTO OPYXKMS, KOTOPOE PAacCMATPUBACTCSl B KAY€CTBE albTep-
HATUBbI PEabHBIM HUCIbITAHUSIM.

BcrnomuHasi UCTOpUIO Pa3BUTUSL CYINEPKOMIIBIOTEPHBIX TEXHOJIOTUil, HEJb3sl He
CKa3aTb O BKI4Je TOLJA €lle COBETCKUX YUYEHBIX MU KOHCTPYKTOPOB. ABTOpam
JOBeJOCh MopaboraTh Ha TAKMX MallKHAX Bbicoyaifiiero kiacca, kak BOCM-6
u "Onbbpyc”.

Puc. 2. Ceiimyp Kpeit

Puc. 3. CynepkomMnbioTep Cray-1, Tenepb yxe uctopus
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Puc. 4. Cynepkomnsiotep SV1, AeHb CEroaHaLwHniA

CynepKOMIBIOTEPBI  SIBISTIOTCS]  TOPOTMMHM, SIMTHBIMA MAalllMHAMH, CTOMMOCTH
KOTOPBIX MOXET ITOCTHTaTh MECATKOB MIIIMOHOB aouapoB. OOTHUM U3 pelIeHui
MpoOJIeMBI TOCTYIIA K JOPOTOCTOSIIIUM CYIIePKOMITBIOTEPHBIM pecypcaM SBISAeTCS
CO3/IaHue 1IEHTPOB, OOCIYXXMBAIOLIUX HECKoJbko opraHuzauuii. Tax, B CIIA
MMeeTCsT OKOJIO JecsITKa KPYIMHBIX CYIepKOMITBIOTEPHBIX ITeHTpoB. MMetorcst Ta-
Kue LeHTphl U B Poccuu, Haubonee KpymHbIE U3 HUX PACIONOXEHbl B MOCKBE U
Cankr-IlerepGypre.

ITpumepHo B cepearHe 80-X TomOB MPOIUIOro BeKa yYeHble 3aUHTEPECOBAIUCH
BO3MOXXHOCTBIO MCMOJB30BAHUSI KJIACTEPHBIX CUCTEM B KauyecTBe OTHOCHUTEIBHO
HEIOpPOorux 3aMEeHUTENENR CYIEPKOMIIbIOTEPOB. biiaronapss pa3BUTHIO CETEBbIX
TEXHOJOIUI, MMOSIBUIACH BO3MOXHOCTh COCOWHSTh BMECTe HECKOJBKO pabounx
CTaHIMKA, B KAYECTBE KOTOPbIX MOLYT MCIIOJb30BATbCS OObIYHbIE IIEPCOHAIbHbIE
komIibloTepbl. Hy a yem rakasi cucreMa He MHOIOIPOLECCOPHBIA BbIYMCIUTENb-
HbIl Komiuiekc? bBbuio paspaboTaHO HEOOXOAMMOE MPOrpaMMHOE OOECIIeuYeHUE,
KOTOPOE CTalo PACIPOCTPaHsThcs OecimiaTtHo. Paborano sto mporpammHoe obec-
[EYEHUE B Cpe/e olepallMOHHON cucTteMbl Linux, KoTopas Toxe sBisiercs oec-
MJATHOW, OCTaBasich B TO € BpeMsl Upe3BblUaiiHO TMOKOW M HaaexHoul. Takum
00pa3oM, OCHOBHAsl YacThb MPOrPaMMHOro oOecreyeHUs] KiacTepa OKa3blBaeTcsl
OecrnaTHOI, YTO 3HAYUTENBHO CHMXKAET CYMMAapHYK CTOMMOCTb BCEll CUCTEMBI.
Okazajioch, 4TO B pe3yibTare MOXHO IOCTPOUTb MHOTOMPOIECCOPHBIN KOM-
MJIeKC, KOTOPBIN JIUIIb B 2—3 pasza ycTylaeT no ObICTPOAEUCTBUIO CYNEPKOMITBIO-
Tepy, HO JEIIEBe ero B HECKOJbKO COTeH pa3. Takue cUCTEMbI, KOTOPbIe MOIy-
yuiau HasBanue Linux-gepm, ObicTpo 3aBoeBaiu IomnyispHocTb. Ha puc. 5 uzo-
OpaxeH 40-mpoueccopHblil Kinacrtep, ycraHoBieHHbII B CaHkT-IleTepOyprckom
rocyaapctBeHHoM yHuBepcuteTe (IleTpoaBOpLOBBI TeneKOMMYHUMKALIMOHHBIA
LEHTpP). DTOT KJIACTep aKTUBHO MCIIONb3YIOT YYeHble YHUBEpCUTETA, (DU3UKHU, XU-
MMKM, MaTEMATUKU JJIsl PELUIEHMS] CJOXHENIIMX HAYUYHbIX 3a/1ay.



lpeaucnosue 15

Puc. 5. Cynepknactep CaHkT-MeTepbyprckoro rocyaapcTBeHHOIo yHMBepcuTeTa

CremyeT OTMETUTb, YTO XOTS HMCCICIOBAHUS B OOMACTH NMPUMEHEHUS KIACTepOB
Ha 3araje BelyTcsl yKe JOCTaTOYHO JaBHO, B Poccuu MHTepec K HUM TOSIBUJICS
CpPaBHUTENbHO HegaBHO. OTpagHO, YTO "CYMEPKOMITBIOTUHI" MOJIYYWI peajibHylo
MOAJEPKKY CO CTOPOHBI rocyaapcTBa. Benb cynmepKoMIbIOTEpHbBIE pecypchl Heaa-
POM OTHOCAT K uMcay crparernuyeckux. IlpuHsTa rocygapcTBeHHAs IporpaMma
Pa3BUTKUS CYNEPKOMIIbIOTEPHbIX TEXHOJOIMU, CO3MaHbl CYHNEPKOMIIbIOTEPHBIE
LIEHTPhI, BeaeTcsl o0yuyeHue creuudanucToB. K coxaneHulo, ollyliaercs HeaocTa-
TOK Y4eOHOU JuTepaTyphl, MOCBSILEHHONW BOMpocaM MapajuieJbHOTO MporpaMMu-
poBaHus. M3naHbl KHUTU MO OOLIMM BOMpPOCAM apXMUTEKTYphl MapauieNbHBIX U
BEKTOPHBIX BBIYUCIUTENBHBIX CHUCTEM, IO MapaleJbHbIM aJIropuTMam, a BOT
OMUCAHUS CPEACTB paszpaboTKu MapajuieSibHbIX TPOTrpaMM HeT... ABTOPBI HalIEIoT-
cs, YTO MX CKPOMHBIE YCHUJIMS IO3BOJST BOCIOAHMTBH 3TOT Hedgocrarok. Haiua
KHHrA paccyuTaHa Ha MPOrpaMMUCTA, VXK€ MMEIOLIero OnpeaeaeHHbI OINbIT pas3-
PaboTKKM OObIYHBIX, IOCIEA0BATEIbHbIX IPOIPAMM.

Hewmnoro o ctpykrype kHMIU. B esa6e I paccMaTpuBaeTcs apXUTEKTypa BbICOKO-
MpOoU3BOAUTEAbHBIX DBM. 3pech Mbl 3HAKOMMM YMTATeNsl ¢ OCHOBHBIMM KOH-
LEMNUUSIMM apXUTEKTYPhl BbICOKOIPOM3BONUTENbHBIX BBIYMCIUTENBHBIX CHUCTEM,
TaKUMU KaK KOHBeiepbl MaHHbIX U KOMaH[, BEKTOpHas oO0paboTka nmaHHbIX. Pac-
CMaTpHUBAIOTCS OCOOEHHOCTH YCTPOMCTBA TTAMSITH, TTOICUCTEMBI KOMMYHUKAITHIA.
Ob61mee TTOHWMAHWE MPUHIIUTIOB PabOTH BHICOKOMPOU3BOMUTEIHHON BBIYUCIIH-
TEJILHOM CHCTEMBI MMOJIE3HO pa3paboTINKy MapayIebHBIX IIPOrPaMM.

B eaase 2 peus nnetr 06 0COOEHHOCTSIX IMIPOTPaMMUPOBAHUS MTAPAJIENBHBIX U BEK-
TOPHBIX BBIYMCJICHUI. 31ech MBI YASIUM BHHMAaHUE TEXHOJOTMU Pa3pabOTKU Ta-
paIeIbHBIX AITOPUTMOB, ITO3HAKOMUMCS C Pa3TUYHBIMU MOIEISIMHU TTPOTPAMMMU -
poBaHus. DTa INaBa 3aBeplIaeT YacTb KHMIM, IOCBIILIEHHYIO OOLIMM BOIpOCaM
MapaieJIbHOIO MPOrpaMMUPOBAHMSL.

OcTanbHasl 4acTh COAECPKUT OMUCAaHWEe Hamboyiee paclpoCTpaHEHHBIX MPOTpaM-
MHBIX CPEICTB Pa3paboTKU MapaieNbHbIX IporpaMm. [1aeéa 3 cayXuUT BBeAeHUEM
B OJHY U3 peanuszauuil cneuucdpukanuuu MPL (Message Passing Interface) —
MPICH, koropasi ocHoBaHa Ha MOJenu Iepeauyu cooduieHuii. PaccmaTpuBaroT-
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ca obmag opranmsamug u ctpykrtypa MPICH, opranmsammsg ooMeHa JaHHBIMIU.
BBonutcst koHuenrtyanbHoe ms1 MPI monsTne KommyHumkatopa. OmnuchiBaeTcs
ctpykrypa MPI-niporpamMmbl, koMnwisauus 1 3anyck MPI-niporpamm.

B 2nase 4 uznararorca cpeacrBa MPICH, ¢ moMmoliblo KOTOPBIX OpraHU3yeTcst
obMeH coobmeHnsaMu. PaccmarpuBaroTesl pasaUYHBIE PEXUMBI IBYXTOYEUHOTO
oOMeHa, KOJUIEKTUBHBII OOMEH, ympaBjlieHuWe TrpymnaMu MpoueccoB. HawoTtcs
onucaHus noanporpamm oubiaunoreku MPICH, npuBoasitcsi mpuMepsl porpamm.

B ara6e 5 paccmaTpuBaroTest 60s1ee CIOKHBIE BOTIPOCH! MPOTPAMMHUPOBAHUS C MC-
nosb3oBaHneM MPI. DTo KoHCTpynpoBaHUe TPOU3BOIHBIX THUTIOB JTAHHBIX, TOIO-
JIOTUH U JIPyTUE BOIIPOCHI.

B 21a6e 6 matorcst oCHOBBI APYTON IMOMYISPHON CUCTEMBI HApaLIEIbHOIO IIPO-
rpammupoBanus — PVM (Parallel Virtual Machine). PaccMarpuBaeTcst apxurtek-
typa PVM, Hacrpoiika cucrembl, pabota ¢ PVM-koHcosblo. JIaHo onucaHue oc-
HOBHBIX IoArnporpamMm cucrembl. IlpuBeneH cpaBHUTEAbHbIA 0030p MPI u PVM,
KOTOpbI{ MO3BOAUT YMTATENIO IPU HEOOXONMMOCTU BBIOPATh ONTUMAJIbHYIO IS
€ro 3a1a4y CUCTEMY MapaieJbHOIO MPOrpaMMUpPOBAHUS.

[haea 7 conepxut onucaHue nognporpamm oubnauorek PVM g obmeHa coo0-
LIEHUSAMU, YIIPaBJIEHMsl [polieccaMyd W BUPTYalbHOU MalluHol. Pasz0duparorcs
TAKUE€ BOIIPOCHI, KaK NMHAMUYECKOE M3MEHEHHE KOHMUIYypaluuu BUPTYyaIbHOMI
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CTBEHHOTO TMapayIeIbHOTO KiIacTepa M KpaTKuil 0b630p pecypcoB MHTepHeTa, mo-
CBSIIIIEHHBIX BHICOKOTTPON3BOANTEILHEIM BEIYUCICHHUSIM.

B xHure mnpuBemeHBI MHOTOYMCIEHHBIC TPUMEPH MapaUIETbHBIX IIPOTPaAMM.
B xoHIle KaXmo#l IJaBbl MPUBOAATCSA BOIIPOCH M 3aMaHMS UISI CaMOCTOSATEIHHON
paboTel. MBI peKoMeHIyeM He TpeHeOperaTh BBITIOJHEHUEM 3THX 3amaHuii. [Mo-
JIe3eH W CaMOCTOSITETBHBIN TTOIPOOHBIN aHAIN3 TPUMEPOB.

Mubr 6yI[€M MNPU3HATEIBbHDBI 3a 3aMC€UYaHUA U IPEAIOKCHUA 11O COACPKAHUIO KHU-
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MpU3HATeIbHBI pefakini u3narenbersa "bXB-IletepOypr” 3a mommepXKy IpoekTa.
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Apxutektypa
BblICOKONpoussoautenbHbix 9BM

TMpesxae yeM MBI TiepeiieM K U3yYeHWI0 METOIOB U CPECTB MapauIeIbHOTO TPo-
rPAMMUPOBAHHUS, IMOJE3HO IMO3HAKOMUTLCS C HEKOTOPbIMU OCOOEHHOCTSIMU YCT-
poiicTBa BbICOKONPOM3BOAMTENbHbIX BbIUUCIUTENbHBIX cucTeM. IlpeumyinecTBom
KCIMOJb30BAHMS $SI3bIKOB IPOrpaMMMUPOBAHUS BBICOKOIO YPOBHS SIBISIETCS YHM-
BEPCAIbBHOCTh IPOrpaMM M HX IIPOCTad IMEPEHOCUMOCTb MEXAY PpasidyHbIMU
KOMIIbIOTEpaMU (pa3yMeeTcs, €cJd Ha 3TUX KOMIIbIOTEpax MMeeTcs HeoOXomumoe
MporpaMMHoe obecrieueHue, Mpexjae Bcero, TpaHcasTophl). CreayeT yYUTHIBATh,
yTo 3(h(PEKTUBHOCTb BBITTOJHEHUS Mapa/UIeJIbHLIX MPOTpaMM OIIpeeNsieTcs] He
TOJILKO ammapaTHOW 4YacTblo, HO U CIOCOOHOCTBIO TPAHCHASITOpA TeHEepHUpOBaThH
o¢hdeKTUBHBIN HcToNHsieMblit Koa. O6a 3Tu (akTopa B3aMMOCBS3aHBI U TMOPOH
CJIOXKHO OMpeAeNuTh, KAKON U3 HUX UMEET pellaiolliee 3HaYeHUeE.

OOBIYHO, MPOTPAaMMUCT ITojlaraeTcsd Ha 3¢p@PEeKTUBHOCTb TPAHCIATOpPA, CUMTAs,
YTO TPU T'PAaMOTHOM MPOTPAMMHUPOBAHMM CT€HEPUPOBAHHBIN TPaHCIATOPOM MC-
MOJIHSIEMBII KOJl Oy/eT o0J1anarh XOPOLIMMU MMoKa3aTelssMU Mo ObICTPOIEHCTBUIO;
B BTOM cjlyyae oTmaaaeT HeoOXOAUMOCTh B MPUMEHEHUU SA3bIKOB HU3KOTO YPOBHS
(accembiiepoB), TpeOyIOIIMX IIYOOKMX 3HAHUM apXUTEKTYphl Mpolieccopa.

Ho, GbiBaeT 1 Tak, 4TO MPOrPpaMMUCTY BCE Xe TpeOyeTcsd 3HAHWE YCTpOMCTBA
KOMIIBbIOTEPA, TIPUHITUIIOB U aKe HEKOTOPbIX AeTajieil ero padoTbl. MoXHO MpHU-
BecTU cheaytoiuit npumep. Ilpu pazpaborke nmporpamm s napauienbHbix 9BM
HCTIONB3YIOTCH CIEHMATU3UPOBAHHBIE OMOIMOTEKN, MO3BOJSIONINE OPraHN30BaTh
0OMeH JaHHBIMM MEXIy OTHCTBbHBIMU ITOA3amadaMi M WX CUHXpoHuU3ammio. s
a(peKTUBHON OpraHu3aluy OOMEHA AAHHBIMU HEOOXOAUMO 3HATh, KaK IPOMC-
XOIUT Iepecbuika MHGPOPMALMK MEXIY MPOLECCOPaMU, KAKOBA €€ CKOPOCTb U T. .

B BbIUMCIUTENBHON TEXHUKE UCIIONb3YIOTCS TPU TEPMUHA, CBS3AHHBIE C YCTPOIi-
CTBOM DJIEKTPOHHO-BbIYMCAUTEIbHON MalllMHBbIL:

1. Apxumexmypa xomnviomepa — 3TO OINHUCAHHUE OCHOBHBIX KOMIIOHEHTOB KOM-
nploTepa U UX B3aMMOIAEHCTBUS. MOXHO CUMTATh, YTO APXUTEKTypa — ITO TE
aTpuOyThl BbIYMCIAUTEIbHONA CUCTEMbI, KOTOPbIE BUIHbI IIPOrPAMMUCTY: HAOOP
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KOMaHII, pa3psIHOCTh MAITMHHOTO CJTOBA, MeXaHW3MBI BBOIA/BHIBOIA, METOIEI
ampecaiiid. MoXHO JaTh M JIPyroe oImpeiesieHne: apXUTEeKTypa — B5TO BHYT-
PEHHSIST CTPYKTypa CUCTEMBI MM MHKpOIpoIleccopa, KoTopasl ompenesaerT X
(yHKIIMOHATBHBIE BOBMOXHOCTH 1 OBICTPONENCTBHE.

Opeanuzayua Komnvlomepa — 5TO ONUCAHUE KOHKPETHOW peajiM3aluud apxu-
TEKTYpbl, €€ BoIuloleHus: "B Xeje3ze". OHO BKIIIOYAeT MepeuyeHb HUCIOob3ye-
MbIX CUTHAJIOB YIpaBieHusl, UHTep(heicoB, TEXHOJOTUN MaMsTH, pealu3aluio
apupMeTUUYECKHUX, JIOTUUYEeCKUX U Apyrux onepauuit. Tak, yMHOXEHHE MOXET
ObiTb PEAIM30BAHO HA allllapaTHOM YPOBHE WM I1OCPEACTBOM MHOIOKPAaTHOIO
[IOBTOPEHMS omepauuud cymmupoBaHus. Psgn cynmepkommbilorepoB Cray, Ha-
[IpUMEP, UMEIOT CXOMHYIO apXUTeKTypy. C TOUKHM 3peHUs MporpaMMHCTa y HUX
O/IMHAKOBOE YMCJO BHYTPEHHUX PErucTpoB, UCIOJIb3YEMbIX JJISI BPEMEHHOTO
XpaHEHUs] AAHHbBIX, OJMHAKOBBLIM HaOOpP MAalIMHHBIX KOMaHI, OAMHAKOBbIN
dopmar npexncrabieHus AaHHbIX. OpraHnusauus ke KoMmIblotepoB Cray pas-
HbIX MOJIEJIC MOXET CYUIECTBEHHO pasjiuyarbcs. ¥ HUX MOXET OblTb pazHoe
YUCJ10 IPOLIECCOPOB, Pa3Hbli pa3Mep ONEPATUBHON [aMSITU, PasHOE ObICTPO-
neyrcTBue U T. .

Cxema Komnviomepa — NETAbHOE ONKCAHUE €ro DJEKTPOHHBIX KOMIIOHEHTOB,
UX COCIMHEHUI, YCTPOUCTB MUTAHUS, oxiaxaeHuss u ap. Ilporpammucty no-
BOJIBHO YacTo TpebyeTcsl 3HAHME apXUTEKTYPBl KOMIIBIOTEPA, peke — ero op-
raHn3alyl M HUKOTAA — CXEeMBI KOMITbIoTepa. [IefCTBUTENbHO, 3a4eM CIie-
IMAJINCTY, KOTOPHI 3aHWMAaeTcs, HaTpuMep, pacyeToM TTPOYHOCTHBIX CBOMCTB
HOBOII MOIENM aBTOMOOMJISI, 3HATh, KaKas MapKa BEHTWIATOpA OXJIaXKIaeT
MPOLIECCOP KOMIIBIOTEPA BO BPEMSs BbIIOJHEHUS €r0 Mporpammbl?

Knaccudpukauna PnvHHa

OnHolt 13 Hanmbosee N3BECTHRIX CXeM KTacCU(PUKAIIMM KOMITBIOTEPHBIX apXUTEKTYp
aBisieTcsas maxconomus Paunna, npemmoxenHass Maiikiaom dmuaHoM B 1972 romy.
B ee ocHOBy mosioxkeHO omnucaHue paboThl KOMIIbIOTEPA ¢ MOTOKAMU KOMaHA U
JaHHbIX. B knaccuduxanuu OauHHA UMEeTCs YeThIpe Kiacca apXUTeKTyp:

1.

SISD (Single Instruction Stream — Single Data Stream) — oauH MOTOK KO-
MaHJI U OIWH TIOTOK JAHHBIX.

SIMD (Single Instruction Stream — Multiple Data Stream) — oguH MOTOK
KOMAaH]I M HECKOJIBKO TTOTOKOB JAHHEIX.

MISD (Multiple Instruction Stream — Single Data Stream) — HeCKOJIBKO I1O-
TOKOB KOMaHJ[ U OJWH ITOTOK JaHHBIX.

MIMD (Multiple Instruction Stream — Multiple Data Stream) — HeCKOJIbKO
TMTOTOKOB KOMaH]I U HECKOJIBKO MOTOKOB JaHHBIX.

PaccmoTpum 3Ty Kinaccudukaiuio 6ojee noapodHo.
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SISD-komMnbioTepbl

SISD-xoMmnbloTepsl (puc. 1.1) — 5To0 0ObIUHBIE MOCIEAOBATEIbLHBIE KOMITBIOTEPDI,
BBIMOJIHSIONINE B KaXIbIi MOMEHT BpeMEHHU TOJBKO OJHY OIlepalllio Hajd, OSHUM
9JIEMEHTOM JAAHHbIX. BOJBIIMHCTBO COBpEMEHHbIX NepcoHanbHbix DBM npunan-
JIeXKaT UMEHHO 9TOH KaTerOpuu.

LleHTpanbHbIi npolieccop

YCTpoIicTBO » ANY
ynpasneHuns MoTok
KOMaH,
. A A
MamsTb <
<
lMoTok AaHHbIX

Puc. 1.1. Cxema SISD-komMmnbloTepa

MHorne coBpeMeHHbIe BBIYMCIUTEIbHBIE CUCTEMbI BKIIIOYAIOT B CBOM COCTaB He-
CKOJIBKO ITPOIIECCOPOB, HO KAXIBIA M3 HUX PabOTAET CO CBOMM HE3ABUCUMBIM
[IOTOKOM JAHHbIX, OTHOCSIIMMCS K HE3aBUCUMON IporpaMmme. Takoil KOMIbIOTep
sBsercs, ¢dakTuyecku, Habopom SISD-mauiuH, padoTaroliuxX ¢ HE3aBUCUMbBIMU
MHOXECTBAMH JAHHBIX.

SIMD-komnbloTepbl

SIMD-komnbioTepbl (puc. 1.2 u 1.3) cocTosST U3 OJHOTO KOMAaHIHOI'O IIpolec-
copa (YMpaBisiOLIEro MOMAYJISI), Ha3blBAEMOTO KOHMPOAIEPOM, U HECKOJIbKUX
MonyJieil oOpabOTKU AAHHBIX, HA3bIBAEMBIX HpoueccopHuimu 3nemenmamu (I19).
KonuuectBo momyieit o0pabOTKM JAaHHBIX TaKMX MallliH MOXeT ObIThb oT 1024
0o 16 384. Yupapnsoliuii Mojy/ib NPUHUMAET, AHAIM3UPYET M BbIIOJHSIET
KoMmaHabl. Ec/ii B KOMaHIe BCTpeyaloTCs JaHHbIE, KOHTPOJJIEP pacchliaeT Ha Bce
[1D xomaHay, ¥ 3Ta KOMaH/Aa BbIIOJHSIETCH JUOO HAa HECKOJbKUX, JIMOO Ha BCEX
rnpoueccopHbix anemeHrax. IlpoueccopHbie anemeHTbl B SIMD-Komnblorepax
WMEIOT OTHOCUTENBHO MPOCTOE YCTPOWCTBO, OHU coJepKaT apucbMeTuKo-Jorude-
ckoe ycTporictBo (AJTY), BeIMONHSIOIIEE KOMaH/bI, MOCTyNAOLINe U3 yCTpolcTBa
yrpasineHusi (YY), HecKoJbKO PerucTpOB W JIOKATbHYIO OMNEPaTUBHYIO MaMSITh.
OHUM M3 MPEUMYLIECTB JAHHON apXUTEKTypbl cuMTaercsl 3¢dheKTUBHAs peaniu-
3aUUs JOTMKM BblYMCAEHUIA. O MOJOBUHbL JIOTHYECKUMX KOMaHA OObIYHOIO Ipo-
LIECCOpPa CBA3aHO C YIPABJECHUEM IPOLECCOM BbIIOTHEHMS MAILMHHBIX KOMAaHI,
a OCTaJbHAS MX YacTb OTHOCUTCS K paboTe ¢ BHYTPEHHEH MaMSTbIO Mpoleccopa
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YcTpoiicTeo
ynpasneHus
/ N‘I’:K KOMaHz
na na na
A

MoTOKM faHHbIX

KOMMyHMKauMOHHaH CeTb

Pasgensemas namstb

Puc. 1.2. Cxema SIMD-komnbloTepa ¢ pasgensieMoin naMaTbio

Yctpoiictso
ynpaenexus
M MoTOKV KOMaHA
na na no
JlokankHas TNokansHas TNokansHas
namaTb namaTb namMaTb
A

[OTOKM [iaHHbIX

KOMMyHl/IKaLlVIOHHaﬂ CeTb

Puc. 1.3. Cxema SIMD-koMnbloTepa ¢ pacrnpeneneHHon namsaThbio
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W BHITIOTHEHWIO apudmeTndeckux omnepauuii. B SIMD-koMmbloTepe yrpaBieHue
BBITIOJTHSETCS KOHTPOJJIEPOM, a "apudpMeTrKa” oTIaHa IMpoIleCCOPHBIM 3IeMeH-
taM. [logkimaccom SIMD-KOMIBIOTEPOB SBASIOTCS BEKTOPHBIE KOMITbIOTEDDI.
[pumep Takoii BeraucauTeabHO#i cucteMbl — Hitachi S3600.

Hpyroit mpumep SIMD-kommbloTepa — mampuynsie npoueccopst (Array Proces-
sor). B kauecTBe mpuMepa MOXHO MPUBECTH BbIUMCAUTENbHYIO cucTeMmy Thinking
Machines CM-2, roe 65 536 I1D cBszaHbl Mexay coboil CeThbi0 KOMMYHMKAIIMIA
¢ Tonosoruein "runepky6”. Yacro kommbioTepbl ¢ SIMD-apxurekTypoii cneuua-
JIU3UPOBAHBL VISl PEIIEHMSI KOHKPETHBIX 3a7ay, JOMYCKAIOIIMX MaTpUYHOE Ipe-
CTaB/leHUE. DTO, HANPUMEP, MOIYT ObITh 3aJauu OOpadOTKM M300paxeHuil, rae
KAXblii MOIYJb OOpa0OTKM JAAHHBIX PAOOTaeT Ha IMOJyYeHUe OJHOTO 3JIeMeHTa
KOHEYHOIO pe3yJibTaTa.

MISD-komnbloTepbl

BbruncuTe TbHBIX MAIIMH Takoro Kiaacca Maino. OauH U3 HEMHOTHUX IIPUMEpPOB —
CUCMOAUYeCK ULl Maccueé TPOLIECCOPOB, B KOTOPOM TMPOLIECCOPbl HAXOASATCS B y3j1ax
peryjsipHoii pelieTku. Pojib pebep B Hell UTparoT MEXIMPOLIeCCOPHbIE COeanHE-
Hus, Bce I1D ympaBnsgoTcs oOLMM TAKTOBBIM ILeHeparopoM. B kaxnom Lukie
padotbl J060il 1D mojayyaer naHHBIE OT CBOMX COCEAEH, BbLIIOJHSCT OAHY
KOMaHJy M Mmepegaer pesyibraT cocedssmM. Ha puc. 1.4 ngaHa cxema ¢parmeHra
CHUCTOJIMYECKOIO MACCUBA.

Mamats MNamsatb Mamats

LleHTpanbHbIi LieHTpankHbIi LleHTpanbHblit

npoLeccop \ npoLeccop \ npoueccop \

LleHTpanbHbIn LieHTpanbHbii / LlenTpanbHeii /

npoweccop npoueccop npoueccop

Bydep
Bydep

Bydep

Puc. 1.4. Cxema MISD-komMnbioTepa

MIMD-komMmnbloTepbl

Dror knacc apxutektyp (puc. 1.5 u 1.6) HanbGomee Gorar MPUMEPAMU YCIIELIHBIX
peanusauuii. B Hero nmonamgaroT cUMMETPUYHBIE Mapasie/ibHble BbIYMCIUTENbHbIE
CHUCTEMbI, pabouue CTaHLMM C HECKOJbKHUMU IpolleccopamMu, KiacTepbl pabouyux
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CTaHIN W T. . JOBOJBHO IaBHO TOSIBUJINCH KOMITBIOTEPHI € HECKOTBKIMUT
HE3aBUCHUMBIMH IIpolieccopaMM, HO BHaJajle Ha HMX OBUI peaTn30BaH TOJHKO
MPUHIIAIT TApa/UIeIbHOTO WMCIOMHEHUS 3alaHWii, T. €. Ha Pa3HBIX IIPOIECCOpax
OIHOBPEMEHHO BBITOJHSINCH HE3aBUCHMBIE IpOrpaMMbl. Pa3paboTke TepBBIX
KOMIIBIOTEPOB 1Sl HapasieJbHbIX BbIYMCACHUI ObUIM MOCBSIIEHBl MPOEKThl MO
yciaoBHbIM HazBaHueM CM* u C.MMP B ynupepcutere KapHeru (CLLA). Texuu-
yeckoil 0azoil mjis1 3TUX IpoekToB ObLiu mpoueccopsl DEC PDP-11. B Hauane
90-x rogoB npoiioro Beka uMeHHo MIMD-koMNbOTEPHl BBIILIM B JIMAEPHI HA
PBIHKE BBHICOKOITPOM3BOIUTETbHBIX BEIUUCIUTEIBHBIX CUCTEM.

LleHTpanbHbIi LleHTpanbHbIn LieHTpanbHbIn
npoweccop npoweccop npoLeccop
YcTpoiicTeo YcTpoiicTeo YcTpoiicTBo
ynpaeneHus ynpaeneHus ynpaeneHusi
[MoToKn KomaH
y A 8 Y
ANY ANY AIY
h 4

[MOTOKM AaHHbIX

KoMMyHMKaLmMoHHas ceTb

Pasgensemas namsatb

Puc. 1.5. Cxema MIMD-komMmnbloTepa ¢ pa3nensemMoin namartbio

HNmeroTcs v ruOpuaHble KOHGUTYpalli, B KOTOPHIX, HAIpUMeEp, OOBeIMHEHB
HeckoJibko SIMD-koMIblioTepoB, B pesynbrare yero nojydyaercss MSIMD-koMm-
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MhIOTEP, TMO3BOMSIOINI co3aBaTh BUPTYaJbHBIE KOHMUTYPAIIMNA, Kakaash U3 KO-
TOpbiX padoraer B SIMD-pexume.

LieHTpanbHbIl LleHTpanbHbIi LleHTpanbHbIf
npoueccop npoueccop npoueccop
YcTporcTBO YcTponcTeo YCTpoiicTBO
ynpaenenuns ynpasneHus ynpasneHus
¢ ¢ MNMoToku komaHa ¢
ANy ANy ANy
A A A
y Y Y
JNokanbHas TNokanbHas NokanbHas
namsiTb namsTb namsiTb

IMoTOKN AaHHbIX

KOMMyHMKaLI,VIOHHaﬂ CeTb

Puc. 1.6. Cxema MIMD-koMnbloTepa ¢ pacnpeaenieHHor naMaTbio

Krnaccudpuxkannsgs OruHHA He JaeT MCUEPIBIBAIOIIETO OMUCAHUS Pa3HOOOPA3HBIX
apxutektyp MIMD-MmaiinH, Mopoii cylliecTBEHHO OTIMYAIONIUXCSA APYT OT Apyra.
Hanpumep, cyiuecrBytoT takue nojxkiaccbi MIMD-KoMIIbIOTEPOB, KaK CUCTEMbL
C pasnmensemMoil MmaMmsaTbl0 M CHUCTEMbl C pacOpeAcieHHOH HamMsarblo. CucTeMbl
C pasgesieMoil MaMsTblO MOIYT OTHOCUTbCS MO Kiaccubukauuy PruHHA Kak
K MIMD, tak u k SIMD-MammmaaM. To ke camoe MOXHO cKa3aTb U O CUCTEMaX
C pacrpeie;IeHHON TaMSITHIO.

PazButuem koHuenuun MIMD-apxuTekTypbl ¢ pacnpeeeHHOM aMsITbIO sBisi-
ercsl pacnpedesennas obpabomka, Koria BMECTO Habopa MpoleccOpoB B OAHOM
KOPIIyCe HCIOJB3YIOTCS KOMIBIOTEPDI, CBSI3aHHBIE NOCTATOYHO OBICTPOH CEThHIO.
KoHuentyanbHoro otauuusi or MIMD-apxuTekTypbl ¢ pacrpeaeseHHOl Ta-
MSITBIO HET, @ OCOOEHHOCTBIO SIBJSETCS MEJIEHHOE CeTeBOe COeNMHEHUeE.
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TpapguunoHHaa apxutektypa ¢ooH HenmaHa

TpagunmoHHas ¢dboH-HeliMaHOBCKasl apXUTeKTypa KOMITbIOTepa TpelcTaBieHa Ha
puc. 1.7. OHa ocHOBaHA HA CAEAYIOLIMX NPUHLIMIIAX:

O nporpamMma XpaHUTCS B KOMIIbIOTEpE;

O mporpamMma BO BpeMsl BEIIIOJHEHUS W HeOOXOMUMBIE IJIST ee paboTHl JaHHEIE
HaxoAdTCs B ONEPATUBHOU (IJIaBHOM) MaMSITH;

O umeercs apugbmemwco-ﬂoeultecxoe yCMpOﬁCITlGO, BBITTOJTHAIOIICES apI/ICl)MCTI/I‘-IC—
CKHE U JOI'MYCCKUE OIICpalM C JaHHbIMMU;

O wuMeeTcsT ycmpoticmeo yupaenerus, KOTopoe WHTePIPETUPYET KOMAHIBI, BHIOU-
paeMble W3 TTaMATH, W BEITIOJHSIET UX;

3 ycmpoiicmea esoda u évieoda (BB) ucnonb3ytoTes 1isl BBoJAA MpOrpaMM U JIaH-
HBIX U JIJIs1 BBIBOJA pe3yabTaToB pacueroB. PaGoTatoT moa yrpapieHueM YY.

YctpoiicTaa BBOga/BbIBOAA

A
y LlenTpanbHeii npoueccop

YeTpolicTeo ApucbmMeTUKO-
ynpasnexus [<€ P rormyeckoe
YCTPOICTBO

A

MamsaTs

Puc. 1.7. Cxema komnbioTepa ¢doH HelimaHa

VYceTpolicTBo ympaBieHnus W apudpMeTuKo-Torndeckoe ycrpoiictso (AJTY) BmecTte
COCTaBISIOT ermpanvhoiil npoyeccop (LIT1). MoxHo cunMTaTh, YTO BCE OCTANBHbBIC
¢yHKIIMOHAbHbIE OJOKU KOMIIbloTEpa obcayxkuBaioT AJIY, a OHO BBIMOJHSIET
OCHOBHYIO paboTy. ApudmeTuueckKue omnepauuu BbITOJHSIIOTCS C LUEIbIMU U Be-
1IECTBEHHBIMU YUCJIAMU, JAJIs1 MPEACTaBIeHUS] KOTOPBIX MCIONb3yeTCsl TBOUYHBII
dopmar. [ns oTpuuaTeNbHbIX 3HAYEHMU MPUMEHSETCS AOMOJHUTENbHBIA KO/,
YTO IO3BOJISIET YHIPOCTUTh PEATM3aluio apudMETUYECKUX U JOTMYECKUX OIlepa-
UUA. YHpasisioulee Xe YCTPOWCTBO YNPAaBISET pabOTOM OCTalbHbIX (PYHKIIMO-
HaJbHbIX Y3/10B KOMIIbIOTEPA.
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B coctaB "TpaguumoHHoro” ¢poH-HeiitMaHOBCKOTO KoMITbloTepa BxomnuT onuH IITT,
OCHOBHOI 3a7aueii KOTOpPOro SIBJsieTCsl BbIMOJHEHWE MALIMHHbBIX KOMaH, BbIOW-
paeMbIX M3 OIEpPaTHBHON MaMATH IO OdYepeau, OMHA 3a IPYroil. YCTpoicTBO
yIpaBleHUs] UHTePIPEeTUPYeT OUuepeaHylo KOMaHay, KOTopasi BXOAUT B HA0Op KO-
MaHJ TIpolieccopa, BKIOYAIOIINUX apudMeTuuecKue W JiorMuyeckue orepalui,
OMepaluuy MEPEeChbUIKM TAHHBIX U HEKOTOPbIE APYrue. 3areéM BbIIOIHSETCS Bbl-
OopKa JaHHbIX, KX 00pPabOTKA M 3aIMCh PE3Yy/IbTaTa BbIIOJHEHUS B ONEPATUBHYIO
naMsatb. LII1 umeer HaGop perucTpoB — YCTPOMCTB IJI1 BPEMEHHOIO XpaHEHMS
MIPOMEXYTOUHBIX PE3YJbTaTOB M NAHHBIX, HEOOXOAMMBIX Ul BBIMOJHEHMS KO-
MaHJ (oTIepaHAoB).

Takum 06p3.30M, OCHOBHBIMU KOMITOHEHTAMU KOMITBIOTEPA SBJISTIOTCS:

O ueHTpaTbHBIN IPOLIECCOP U ONEPaTUBHASA MaMSITh, 00pa3yIoIIne SIpO CUCTEMBL;

O sropnuHag ("BHEIIHSA") MaMATh W YCTPOWCTBA BBOIA/BBEIBOIA, OOpa3yroIINe
"nepudepuro”;

a KOMMYHUKAIIMKM ME2XKAY KOMIIOHCHTAMH CUCTEMbl, OCYLICCTBIACMBIC IIOCPECI-
CTBOM 1lIMH.

Peructpbli

PerucTpnl 1eHTparbHOTO IIpolleccopa IPEACTABISIIOT OO0 BCIIOMOTaTebHYIO
MMaMsITh, HAXOMSIIYIOCS Ha BEpIIMHE HepapXUIecKoil opraHu3anuy namaru (od
Hepapxuy NaMsTd Mbl IOTOBOPUM YyTh Mo3:xXe). KoauuecTBo perucrpoB pasanya-
eTcs B Ipoleccopax pazHoro Tumna. IlporpaMMuUCTy AOCTYIIHBbIL:

O peructpbl obuiero HazHayeHus: (General Purpose Registers);

O peructpbl gaHHbiX (Data Registers);

O peructpsl anpeca (Address Registers);

3 peructp konos ycaoBuii (Condition Codes Register).

HMmMeroTes Takke YIpaBIsIioNine perucTPhl U PeTHCTPHI COCTOSTHUS:
O cuetyuk koMaun (Program Counter);

O peructp aexkoguposanust komaHa (Instruction Register);

O peructp aapecauuu namsatu (Memory Addressing Register);

O peructp O6ydepa namsitn (Memory Buffer Register).

BbinonHeHune KOMaHAbl

BeimorHeHe KOMaHABl COCTOUT U3 IIBYX 3TAIOB:
O BbIOOPKA;

O BblIIOJHEHUE.
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IMepBorit mar — BBIGOPKA — BEHITIONHAETCS CIEAYIOIINM oOpasoMm. Buavame w3
cYeTYMKa KOMaHI BBEIOMpAETCsT aapec odepeaHOil KOMAHIbI, TPU 3TOM 3HAYEHUE,
comepxxaleecss B cYeTYNKe KOMaHI, YBEIMYMBAETCS. AIpec KOMaHIbI IIOMEIIAeT-
cA B PETHCTP ampecay IaMsITH U TepeaaeTcsa B alpecHYIo IIMHY. YY CUNTHIBAET
JaHHBIE W3 OMEepaTUBHON mamsTh. Pe3ynbraT CUMTHIBAHUS TOMEINAETCS B ITMHY
JAHHBIX, KOIMUPYeTcs B peructp Oydepa mamsru, a 3aTeM B PerucTp AeKOAUpoOBa-
HUS KOMaHI.

Ilpy BbIOOPKE AAHHBIX AHATU3UPYETCS PErMCTP AEKOAMPOBAHMS KOMAHA U IPoO-
M3BOAUTCS] BbIOOPKA NaHHbIX. Muaauiue OUTHL peructpa Oydepa mamsitu nepena-
I0TCS B PETUCTp adpecalluu TaMsTu, 3aTeM YVY dopMupyer 3arpoc K MaMsTh
U pe3yabTaT BBITIOJIHEHUS 3TOTO 3ampoca (ampec WIKM OIepaHid) TepechburaeTcs
B peructp Oydepa mamsrTu.

BTOpOﬁ mar — BbIIOJHEHNE. Bo BpEMS 3TOTO LIMKJIA IIPOUCXOAUT IIE€PECBhLUIKA
JAHHBIX MEXIY HEHTPAJbHBIM IIPOLIECCOPOM U OHepaTHBHOﬁ IaMATBIO U MEXOY
OEHTPAJIbHBIM MPOUECCOPOM U MOAYJIEM BBOZ[&/BI)IBOZ[a; BbITOJHAIOTCA apI/I(l)Me—
TUYCCKHE U JIOTMYCCKUEC OIICpalMu Hald JdHHBIMUA. le/l OTOM, €CJIHU €CTb IIEPEXO0-
Abl, MOXKET USMEHATDHCA MOCIECAOBATCIbHOCTD BBIITOJIHEHNA KOMaH/.

Ha6op komaHg npoueccopa

LleHTpanbHBIM Tpolieccop BEHIMOMHSIET MAalIMHHBIE KOMaHABl M3 Habopa, omperne-
JIEHHOTO I JAHHOW Pa3HOBUIHOCTYU IpolieccopoB. [ IpeacTaBIeHUs STHUX
KOMAH/ MCIOJB3YyeTCsl ABOMYHBIM dopmar. Kaxnas mailiMHHAas KOMaHIa BKIIO-
YyaeT KOJ OMepaliMy, CChUIKY Ha OIepaHibl, aApec 3alucH pe3yibTara onepaluu
U CCBUIKY Ha CJAEAYIOUIYIO 110 IOPSAKY KOMaHIy.

Habop xoman npoleccopa xapakrepu3syercs:
O Tunamy ONepaHAOB;

O dopmaToM KOMaH,

O nmomycTUMBIMH KOMaHIaMMH;

O KoJMYeCTBOM agpecoB B KOMAaH/IE,

O [OCTYyIOM K PerucTpam;

O pexumaMu aapecaluu.

BonplIMHCTBO MAITMHHBIX KOMAHI MOXHO pPasgeanTb HAa YETBIPE KAaTEropnumn:

O apudmernueckre W TOTHUECKUE OTIepaIiim;

O omepayy IepechbUIKHA JTAaHHBIX MEXIY OIICPATHBHOU IMAMSTHI0 M PETUCTpaMU
LEHTPAIbHOIO [IPOLIECCopa;

O omnepauuu BBOJA/BbIBOAA;

O KoMaHABI yIIpaBIeHUs (IPOBEPKH, BETBICHUS).
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IMpumep nocneaoBaTeNbHOCTU MALIMHHBIX KOMAHJ JUIS BBIUMCIEHUS apudmeTu-
YECKOI'0 BbIPAXEHUSI M oIepaTopa MPUCBAUBaHUSL Z := (X + Y) * 7 TpUBeAeH
B Ta6a. 1.1.

Tabnuya 1.1. [pumep nocnefoBaTelbHOCTH MaLLMHHBIX KOMaHL

Appec KomaHppl KomaHpa

00001000 00001 01110001 111
Move agpec Y Perncrp 7

00001001 00011 01110000 111
Add agpec X Perncrp 7

00001010 00101 00000011 111
Mul onepaHn 3 Permctp 7

00001011 00010 01110010 111
Move agmpec 7 Peructp 7

Kaxnas komaHza cOCTOMT M3 MOCeNOBaTeIbHOCTH 3JIEeMEHTAPHBIX 1IAaroB, KOTO-
pble B COBOKYITHOCTH COCTABJSIOT IIMKJI KOMaHIBI. DTH IIaru SBJISAIOTCS Oojee
"MEJNKUMH" COCTABHBIMHM YacTIMHU KOMAHIBI, YeM YITOMWHABIIIMECS paHee 3TaIlbl
BBEIOOPKM W BBHITIOJTHEHUS. YTIpaBiIeHWE BBITTOJHEHUEM KOMAHI pealn3yeTcsd Kak
armmapaTHBIMU CPEICTBAMHU, TaK W CPEIACTBAMU MUKPOTIPOTPAMMUPOBAHMSI.

LLnHbi

B cocTaB KoMITbIoTepa BXOOST IMWHEL. [Hluna — 5T0 KOMMYHWKAITMOHHAS JIMHUS,
COENUHAIONIAsl HECKOABKO (ABa uau Oosee) YCTpOUCTB. [llunbl danHbiX UCIIOAB3Y-
I0TCSl IS Nepenadyu OaHHbIX. OT IMPHUHBl WM Pa3psSaHOCTU LIMHbL 3aBUCUT €€
MTPON3BOAUTELHOCTh, T. €. CKOPOCTh Iepemaun WHhopMalun. AdpecHas uwiuHa
omnpenenseT NCTOYHUK W MPUeMHUK MaHHBIX. [lluna ynpaesenus niepenaeT yIpaB-
JITIONMIYI0 MHGOPMALINIO — CUTHANBI CYMTHIBAHWUS M 3aIIUCH B TAMATh, 3aIIPOCHI
Ha TIpepBIBaHMS, OJOKHMPYIOIINE CHUTHAJIBI, 0o0ecTieYrBacT CUHXPOHU3AIINIO YCT-
poitcTB. [Ipy momkifouyeHNW K ONHOM IMMHE HECKOIBKUX YCTPONCTB BO3HMKAIOT
3a0epXKN ¢ Tepemadyeil JaHHBIX, TTOCKOMBKY B KaXIbIii MOMEHT BPeMEHU BOC-
MTOJTB30BAThCS IMMHON MOXKET TOJBKO OMHO YCTPOWCTBO, BCE OCTANBLHBIE BBIHYXK-
JEHBl B 3TO BpeMs IpocTamBaTh. M30aBUTHCS OT TaKWX 3alep:keK MOXKHO, TPH-
MeHSSI HeCKOJIbKO TITWH, T. €. pachapalie/InBast Tpolece rmepeaadyn nHGopMammy.

MamaTtb

OCHOBHBIMI KOMITOHEHTAMK TTIOACUCTEMBI TTAMATU KOMITBIOTEPA ABIAIOTCH:

O onepamuenas (earaenas) namames — XapaKTepu3yeTcsl BBICOKOW CKOPOCTHIO pa-
00THI (MajJbIM BpeMeHeM BBIOOPKHU), CPaBHUTEILHO HEOONBIIUM OOBEMOM U
[IOBbIIUEHHO! CTOUMOCTBIO;
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O enewnsan (emopuunas) namams — UMeeT OONbILOH O0bEeM, OHA AEIIEBE, HO
XapakTepu3yeTcs MeHBIIEH CKOPOCTBIO TOCTYIIA.

B omepaTuBHOII TaMITH KOMTIBIOTEPA pasMelaeTcsl MporpaMMa BO BpeMS BHI-
MOTHeHUsI. BHEIIHSAS maMsATh UCTIONB3YeTCsl TSI JOJITOBPEMEHHOTO, TTOCTOSHHOTO
XpaHeHUs1 WHGOPMAIIMK, B TOM YHWCIe MpOTpaMM, IAaHHBIX U T. 4. B KauecTBe
YCTPOMCTB AIUTENBHOTO XpaHeHUS WHGOPMAIINU TPUMEHSIOTCS KeCTKHUEe TUCKH,
RAID-maccussbl, aucku CD-ROM, MarHUTHbIE JI€HTHI, AUCKETHl U APYTUME HOCH-
Tenu uHQpopMauuu. s BbUIOJHEHUs IporpamMma 3arpyxkaercs B ONepaThBHYIO
NaMiITh M3 BHEIIHed maMaTu. BaxkHeHIMMM XapakTepUCTUKAMM IaMsSITH SIBIs-
I0TCSL €€ 00beM U CKOPOCTb (BpeMsl) JOCTYIA.

OneparuBHYIO HaMsITh MOXHO TMPEICTABIATH cebe cocToAlledl M3 sgdeeK TMmamsi-
TH — MUHUMIbHBIX 9JEMEHTOB, K KOTOPbIM MOXHO OOPAaTUTbCSA U3 IIPOrPAMMEIL.
Kaxnas sideiika uMeeT CBOI yHUKaNbHbIA aapec. MMmerores Takxke Oydep agpecos
(comepxuT ampeca siueeK MaMSTU, M3 KOTOPBIX MPOM3BOAMTCS CUYMTHIBAHME HH-
dopmanuu, WIK B KOTOPbIe MPOU3BOAMUTCH 3alucCh), Oydep MaHHBIX (COAEPKUT
JAHHBIE JUIS 3aMUCH B STYEHKY MaMsITH WIW AJIS CUNTBIBAHUS U3 STYElKN), a TaKKe
JEKOoJep ajapeca U YCTPOMCTBO ympasieHus mnamsatbio. MHdbopmaius, Haxoms-
masicsi B OMEpaTMBHOW MaMsTW, NPOMNajaeT MpU BBIKIIOUYEHWU KOMITbIOTEpA,
a nHbopMaus, COAePKalIasicsd BO BHELIHEH MaMsTH, COXPAHSIETCsS W MOCIE BbI-
KJIIOYEHMS MUTAHUS.

Hnst abdekTuBHON paboThl KOMIIbIOTEpa HEOOXOAUMO, YTOObI Olepalvuu ¢ AaH-
HbIMM B OIIEPATHUBHOM MaMITU BBHIIOMHSIACH CO CKOPOCTBIO, CPABHUMOI CO CKO-
pOCTbIO PabOThl LIEHTpaIbHOrO mpoueccopa. C Apyroi CTOPOHbI, U3BECTHO, YTO
CKOpPOCTb paboThl ¢ MAMSTHIO TEM MEHbLIE, YeM Oosiblle €€ obbeM. bricTpoaeii-
CTBYIOIL[AS1 HAMSITh CTOMT AOPOXKE, HO ISl pabOThl MHOIMX COBPEMEHHBIX IPO-
rpaMMm TpebyroTcsi 6osblire o0beMbl MamsiTh. OCOOEHHO BTO OTHOCUTCS K BbI-
YUCAUTEbHBIM MpOrpaMMam, MpeaHa3HAYeHHbIM I pelleHusT CJAOXHBIX 3a1ad.
Bosnukaer mnpobnema, sl pelieHMs] KOTOPOW WCMOJIb3yeTcsl Mepapxuyeckast
opraHuzanusi namsTd. B Takoil Mepapxuu MOXHO BBIIEIUTH JBA YPOBHS — Ma-
JICHbKYI0, HO OBICTPYI0 HaMSITb, M MEMIICHHYIO I1aMsThb OOJbLIEro oOO0BeMA.
K OpicTpoil maMsTH OTHOCITCS PerucIphbl Ipolieccopa, KoLI-NaMsiTh MEPBOro U
BTOPOIO YPOBHS, & K MEAJICHHO! — [JaBHAs M BHEIIHs naMsaTh (puc. 1.8).

Ha BepiuuHe uepapxuu HAXOMSATCS PErMCTPbl MPOLECCOpa CO BpEeMEHEM JOCTyIa
nopsaka HaHocekKyHa. EMKOCTb ofiHOro permcrpa oObIYHO HECKOJbKO AECITKOB
outoB (Hanpumep, 32 6uta). Janee cieayeT KoLI-IaMITh [IEPBOro YpoBHS 00be-
MOM JIO HECKOJIbKMX JIeCSITKOB KWJIOOAWTOB U BpeMEHeM JOCTYIa OKOJIO IecsITU
HaHocekyHa. Cleayoluil ypoBeHb MepapXuM — KBII-MaMSITh BTOPOTO YPOBHS
BEJIMYMHON HECKOJIbKO COT KMJIOOAWTOB M BpeMEHeM JIOCTYIa B HEeCKOJbKO pa3
OOJBIIMM, YEM Y KOII-NaMsITU TepBOro ypoBHsA. OmneparuBHas MamsiTb MMeeT
00BbeM HECKOJIbKO NECATKOB U COTeH MerabaiToB M BpeMs MOCTyIa OKOJO COTHU
HAHOCEKYH[. 3areM cjelyeT BHEIUHs MaMsiITh O0beMOM B JECATKM I'MrabaidToB U
BpEMEHEM JIOCTYINA B MECATKU MULIMCEKYH].
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Pervctpel

Kaw-namsarb
1-ro ypoBHsi

Kaw-namsts
2-r0 YpOBHsI

MaBHasa namaTb

BHelwHsa namaTb

Puc. 1.8. Vepapxug namatu kOMnbioTepa

Hepapxudeckas opraHu3amus MaMsITH TOKHA 00ecTIednTh TOCTYMTHOCTh HEeoDX0-
JUMbIX JaHHbIX TOrJA, KOLJA OHU I[OHAA00sATCH, MPUYEM C HauMOOJIbILIEH CKO-
POCTbIO J1OCTYIA, KOTOPYIO MOXET OOECIEYUTb TOJbKO BEPXHUI YPOBEHb Mepap-
xuu. JlaHHble, HAXOASUIMECH B PELUCTPAX, KOHTPOJUPYIOTCS TPAHCISTOPOM MU
MPOrpaMMUCTOM, €CIU OH MporpaMMmupyeT Ha accembnepe. ComepxXumMoe Ipyrux
YPOBHEN UEpAPXUU KOHTPOJUPYETCI aBTOMATUYECKU — KIII-TIAMATU allapaTHo,
ONEPATUBHON M BHEIIHEW TMAMSITU OINEPALMOHHONW CUCTEMOM C YYacTUEM arrapa-
TYpPHL.

Koui-namsames — 3710 OBICTpast TAMATh HEOGOBIIIOTO 0ObeMa, coaepxkamas nHpop-
Malliio M3 OTePaTUBHOIM MaMsITH, KOTopas MCITOIb30BAIach HemaBHo. Mes Kati-
MaMsITH OCHOBAaHA Ha apuHyune AoxkarsHocmuy. TIPUHIIUTT JTJOKATBHOCTU COCTOUT B
TOM, YTO €CJIM Iporpamma obparuiach K KAaKOMYy-TO 2JAEMEHTY AaHHBbIX, TOT
9JIEMEHT MOXKET BCKOpE IIOHAA00MTbCS BHOBb. DTO JOKANIbHOCTb BO BPEMEHU.
Kpome TOro, Bckope MOryT morpeboBaThCSl BIEMEHTbI JAHHBIX, aapeca KOTOPbIX
MaJIO OTJMYAIOTCS OT ampeca JAaHHBIX, UCIIOIb3YEMBIX B HACTOSIIIWI MOMEHT. DTO
JIOKQJTbHOCTb B TIPOCTPAHCTBE.

CucreMa caMa peliaer, Kakyo MHGOPMALMIO CAelyeT COXPAHUTh B KILI-ITAMSITH.
s 3TOTO WMCIONB3YIOTCA pasHbIEe aarOpuUTMbL. Cxema B3aUMONEHUCTBUS KOIII-
MaMsITH ¢ TIABHOW IMaMAThIO MpWBeneHa Ha puc. 1.9.

O01asi NPOU3BOJUTEAbHOCTD BBIYMCAUTEAbLHONH CUCTEMBI 3aBUCHAT OT AOJW 3a-
MPOCOB K MAMITH, KOTOpasi MOXeT OBITh oOecreueHa JAHHBIMU U3 KOLI-TTAMSITH.
B nyumrem ciaydyae 3Ta mOJIS COCTaB/ISIET HECKOJIBKO IIPOLIEHTOB. PacmpenencHue
MaMsITU ¥ YIIPaBJIeHUEe KIIIUPOBAHUEM BO3JIAraeTcsl HA TPAHCIATOP, IPOrPaMMMU--
CTy He Hago o0 3TOM 3a00TUTHCS.
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LieHTpanbHbIi npoLeccop

Peructpbl

\ MoTok komaHz

Anpeca y VI OaHHbIX

Kaw-namatb
Konuu komaHz 1 gaHHbIX

MoTok koMaKa
Anpeca W JaHHbIX
A 4

[maBHas namsTb
KomaHgb! 1 gaHHble

Puc. 1.9. BaaumopencTemne mMexay Kall-namMmaTbio U rNaBHOW NaMAThio

KoHCTpYKTUBHO K3II-TTaMITh MOXET BHITTOTHATBCSA IMo-pasHoMy. OHa MOXeT
OBITb OOIIEH MIsi MaHHBIX M JUISI KOMaHA, HO MOXET ObITh M paszaeibHoi. Oba
BapyaHTa MMEIOT CBOM JOCTOMHCTBA U CBOM HemocTaTKu. Tak, mepBBI BapUaHT
JelleB/ie U MO3BOJIsIeT cOaJaHCUPOBAaTh IIOTOKM KOMAaH, 1 JaHHLIX. Bropoii Bapu-
aHT Jopoxke, HO 3(p(PeKTUBHOCTh €0 MOXET OBITh BBIIIE OJlaromapsl mapajuiein3-
My 00pabOTKM IMOTOKOB KOMAH U JAAHHbIX.

B Habopax KOMaHI COBpPEMEHHBIX IIPOLIECCOPOB MOSBUINCH KOMAHIBI 3aITMCH
JAHHBIX M3 PETMCTPOB B ONEPATUBHYIO MAMSIThb, MUHYS KOIII, YTEHMS MAHHBIX U3
MaMsITU B PETUMCTPbl, MUHYS K3Iil; 3alUCh AAHHBIX M3 MaMSITH BbIOOPOYHO B K3III
[IePBOr0 M BTOPOIO YPOBHSI M Jp. DTO IMO3BOJSIET ONTUMU3UPOBATH PAOOTY
¢ K9LI-NaMSIThIO.

BupTyanbHas namatb

AIlpecHOe TIPOCTPAHCTBO, KOTOpoe TpedyeTcss TporpaMMamM, YacTo TIPEBBITIAET
pasMep onepaTMBHON MmaMiaTU. B 3ToM ciyyae B omepaTMBHON MaMsSITH MOXKET
ObITb pasMellleHa TOJAbKO 4acTb IporpaMmmbl. OCTaqbHas €€ 4acTb HAXOAUTCS Ha
KecTKoM aucke. sl MpomoJKeHUs! BbIMOJHEHUsI MpOTrpaMMbl B ONeEpaTUBHOM
MaMsITh JOJDKHA pasMeIaTbesl HeoOXoauMasl 4acTb MporpaMMbl (CErMEHT KOMaHI
W CerMEeHT JaHHbIX). B mpoluecce BBIMOIHEHUS MPOTPaMMbl MPUXOAUTCS MHOTO-
KpaTHO 3arpyXxarb B OIEpaTMBHYI0 MaMsTh JaHHBIE W BBITPYXKaTh YacTb MPoO-
rpaMMbl Ha XeCTKUii Juck. 3aboTy 00 3TOoM OepeT Ha cebs ollepallMOHHAS CUC-
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tema. ExnHoe ampecHoe TIpOCTPaHCTBO, MCTIONB3yeMoe TTpoTpaMMoil B OTiepaTiB-
HOI MaMsITU M Ha XXECTKOM AMCKE, HA3BIBAIOT GUPMYAAbHOU NAMSINBIO.

Ecimm BUpTYanbHEI ampec KOMaHOBl WM 3JeMeHTa MAHHBIX OTHOCHTCS K TOU
YacTH MpPOrpaMMBbl, KOTOpas pa3MellaeTcss B OMEepaTUBHON MAMITH WIM B K3III-
maMsITH, OH TIpeoOpasyercs B ¢u3mdyecKnii ampec. Ecam Xe cooTBeTCTBYyIOIIas
YacTh MPOTPAMMBI HaXOMWTCS Ha JAMCKE, OHA CHAyayla 3arpyxkaeTcs B ONepaTHB-
HYIO ITaMsITh, a 3aTeM yKe TIPOU3BOIUTCST BHIOOPKA.

BupTryanbHoe ampecHOe MPOCTPAHCTBO ACTUTCS HAa CEKIIMKM OTMHAKOBON BEIMIM-
HBI, KOTOPBIE Ha3bIBAIOTC cmparuyamy. BeITpy3Ka Ha IMCK W 3arpy3ka B MaMsTh
MPOU3BOAATCS CTPAHUILIAMU, IIPOLECC BHITPY3KU CTPAHUIL HA OUCK HUMEHYETCS
C6ONUHEOM WU nelldxcuneom (ITOCTPAaHUYHBIM CBOIMHIOM). IIporpamMma cocTtout
13 OOJBLIOTO YMCAA CTPAHUILL, HO TOJBKO Majoe MX KOJMYECTBO AOKHO pasMme-
waTbcs B onepaTuBHOM namsitd. OnepaldOHHAs CUCTEMA YIPABJSIET MEepEMELLe-
HMEM CTPAaHHUL MEXDY XECTKUM IMCKOM M OMNEpPAaTUBHON MaMATbIO TaK, 4YTOObLI
n30eKaTh CUTyallnii, Korjga IIeHTPaNbHBINA IIpolieccop obpamiaercsa K CTpaHUIE,
BBITPYKEHHOI Ha IHUCK.

BupTyanpHblil agpec cCOCTOUT M3 HOMEpPa CTPAHMIIbl M CMElleHus (ampeca OTHO-
CUTEJIbHO Hauana cTpaHullbl). [Ipyu BBIMOJHEHUM OMepaluil YTeHUs WM 3alucu
B OMEPATUBHYIO MaMsSIThb HEOOXONUMO Mpeodpa3oBaTh BUPTYAJbHbBIM aapec B aapec
usnyeckuii (HoMep peanbHON siueitku omnepatuBHoi mamsitu). IIpeobpazoBaHue
BUPTYaJIbHOTO ajpeca BBITIOJNHSIET ycmpolicmeo ynpaésenus namsmorlo (Memory
Management Unit) ¢ moMol1ibl0 TAOAMILIBL CTPAHUIL.

YcTpoiictBa BBoAa/BbiBOAa

YenoBek MJIM BHELIHEE YCTPOMCTBO B3aUMOIEHCTBYET € KOMIIBIOTEpPOM C IIO-
MOIIIbIO YCTPOMCTB BBOAA/BbIBOAA. Cpenu HHUX: KIaBUATypa, MBIIIb, CBETOBOE
NEPO, MXKOMCTUK, IIPUHTEDP, AUCILICH U Ap.

OCHOBHbI€ 3JIEMEHTbl apXUTEKTYPbI
BbICOKOMPONU3BOAUTEIbHbIX BbIYNCITUTENbHbIX
cucrtem

MBI BBISICHWIN, YTO apXUTEKTypa TPAIWIMOHHBIX TTOCAEAOBATEIbHBIX KOMIThIOTE-
poB ocHoBaHa Ha uiaesx JxoHa ¢oH HelimaHa u BKitoyaer B cebsl LEHTPalbHbIIA
Ipolieccop, ONEpPaTUuBHYIO MAMITb W YCTPOMCTBAa BBOAA/BbiBOAA. IlocienoBarenb-
HOCTb KOMAHJ MPUMEHSETCSl K MOCIea0BaTeAbHOCTH AaHHbIX. CKOpOCTh paboThl
TAKOro KOMIIbIOTEPA oONpeaesieTcsl ObICTPOJAEHCTBUEM €ro LEHTPaIbHOrO Ipo-
Ieccopa W BpeMeHEM IOCTyIIa K OIepaTuBHON maMmATu. BeIicTpomeiicTBue IeH-
TPaJIbLHOTO TIpolleccopa MOXET ObITh YBEJMYEHO 3a cUeT YBEIWYEHMS] TaKTOBOM
YaCTOThI, BEIMYMHA KOTOPOU 3aBUCUT OT IIOTHOCTHU 3JIEMEHTOB B MHTErpajbHOM
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cxeme, crocoba nx "yIakKoBKH' M OBICTPOAEHMCTBIUS MUKPOCXEM OTIEpaTUBHON Ta-
Matu. U, Tem He MeHee, TpagUIIMOHHbBIE OITHOIIPOIIECCOPHBIE CHCTEMBI HE MOTYT
00ecneunTb JOCTaTOYHOE OBICTPOACUCTBUE A pEeLIeHUs CAOXHBIX 3agad. s
MOJEJIUPOBAHUS CIOXHBIX CUCTEM B (DU3MKE, IKOHOMUKE, OUOJIOTMU, TEXHUKE,
151 06paboTKM GOMbIIUX 00BEMOB UHGOPMAIIMK TPeOyeTcsl BBIMOJHEHWE 3HAYM-
TENbHOro 00beMa BbIYMCIICHUI.

Hdpyrue MeTonbl MOBBIIIEHHUS OBICTPONEHCTBUS OCHOBAHBI HA PACIIMPEHUAX Tpa-
JTUITMOHHOM (POH-HENMAHOBCKOM apXUTEKTYPHI, BKIIOYAIOIINX:

O KoHBelepHylI0 00pabOTKy JAHHbIX U KOMAH/;

O wucnonb30BaHME MPOLIECCOPOB ¢ coKpallleHHbIM HabopoM koMaua (RISC-mnpo-
ueccopoB). B RISC-npoueccopax Gonbliasi 4acTb KOMAaH[ BBIIOJIHSIETCS 3a
1—2 Taxra;

HCITOJIB30BAHUE CYIICPCKAIAPHDBIX ITPOILIECCOPOB,

BEKTOPHYIO 00pabOTKy AaHHbIX;

oo

HCIOIB30BaHKE TIPOLIECCOPOB CO CBEPXIITMHHBIM KOMAHIHBIM CJIIOBOM;
O wWcnoab30BaHKEe MHOTOIPOIIECCOPHBIX KOHMHUTYpAIINIA.

B sToM pasmere MBI KpaTKO pacCMOTPHM pPeaTU3alMIo 3TUX PACIIUpeHH, a Tak-
K€ METOIbl U TUIbl MEXIIPOLUECCOPHBIX KOMMYHUKALIMI, OCOOEHHOCTH OpIraHu-
3allMM ONEPATUBHOU MaMsITU ISl BBICOKOIIPOM3BOAUTENbHBIX BbIYMCIUTENbHBIX
CHCTEM.

Haub6onee NEPCHECKTUBHbIM KJIdCCOM BbICOKOIIPOMU3BOAUTECIbHbBIX CUCTEM SABJIAIOT-
C4 MHOI'OIIpOLECCCOPHLIC CUCTEMBbI. B opraHusalii MHOIOIIPOUECCOPHBIX BbIYUC-
JIUTEJBbHBIX CUCTEM CJIICAYET BBIACIUTD CICAYIONINE KITIOUEBBIE MOMEHTDI:

0 KOJIUYECTBO U apXUTEKTypa MHAUBUIYATbHBIX TPOLIECCOPOB;

O cTpyKTypa M OpraHM3alMs JOCTYIIA K ONMEpaTUBHON MaMSTH;

O Ttomnosorus KOMMYHUKAIITMOHHON CeTH U ee ObICTPOJENCTBUE;
0 pabora ¢ ycTpolicTBaMu BBOJa/BbIBO/A.

BaxHeieid xapakrepucTuKoi MHOTONPOLECCOPHON BbIYUCIUTENbHOR CUCTEMBbL
SBJISIETCS €€ macumabupyemocms. MaclliTabupyeMocTb SBJsIeTCS MEPOI, KoTopasi
[10Ka3blBAET, MOXKHO JIM JAHHYIO MPOOJeMy PELLUTb ObICTpEe, YBEJUUYUB KOJMUYE-
CTBO TPOLIECCOPHBIX 37eMEHTOB. JIaHHBIM CBOMCTBOM 00JaaeT Kak armnaparTHoe,
TaKk U IporpaMMHoe obecrieueHue.

Mpoueccopbl

l'[poueccop IBIYIETCS OCHOBHBIM 3JIEMEHTOM BBIUUCIUTEIBHOU CHUCTEMBI, OITpE-
ACJAIONIMM  YPOBEHDb €Io 6blCTpO£LCﬁCTBHH. IloBbiLIEHUE IIPpONU3BOIUTCIBbHOCTU
BbIYMCJIMUTEIbHON TEXHUKHU CBA3aHO, B O4YCHb OonblIoK CTCIICHU, C pa3pa6OTKOI7I
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HOBBIX TEXHOJIOTWI W TIPUBJIEYEHWEM CAMBIX OPUTUHAJIBHBIX W HEOXUTAHHBIX
pelIeHUI YCTPONCTBA MPOLIECCOPOB.

KoHBeiepbl

Mnes xoHseliepa COCTOUT B TOM, YTOOBI CIOXHYIO OTepallio pa3duTh Ha He-
CKOJIbKO 0oJjiee MPOCThIX, TAaKUX, KOTOPbIE MOTYT BBIMOJHSITHCS OJHOBPEMEHHO.
Ornepaliusi CyMMUPOBaHUSI, HAMPUMED, BKIIOUAET BbIYMTAHUE IMOPSAKOB, BbIpaB-
HUBaHUE TOPSIIKOB, CJOXEHME MaHTMCC U HopManuzauuio. Kaxngas u3 mopore-
pauuit MOXET BBITIOJHSITbCS Ha OT/AeNbHOM Oji0Ke ammaparypbl. [Ipu ABUXEHUU
00BEKTOB IO KOHBEHepy OJHOBPEMEHHO Ha Pa3HbIX €ro ydyacTkax (CerMeHrax)
BbIIIOJIHSIOTCS pa3jiMuHble [OJONEPALMM, YTO JAET YBEJIMUYEHUE [POU3BOAUTEIb-
HOCTH 32 CYET MCIIOJb30BAHUS Mapaiienu3Ma Ha ypoBHe KoMann. [lpu moctuxe-
HUM OOBEKTOM KOHI[A KOHBeHepa OH OKaXeTcd IIOJHOCThIO OOpaOOTaHHbIM.
KoHBeliepbl TpuMeHsIIOTCSl Kak Mpu o0paboTKe KOMaH[ (KoHeellepbl KOMAHO), TaK
U B apudMETUUYECKUX OTepalnsx (Kouegetiepsi darubix). [10CKOIBKY MCIONB30OBA-
HUE KOHBEHEepHOU 00pabOTKM YCIOXHSET KOHCTPYKLMIO Mpolieccopa, 3dpdek-
TUBHBIM KOHBeWep JaHHBIX MOXET ObITb MpPW BHINOJHEHWM BEKTOPHBIX OIlepa-
uuii. Onepaiyst Haj OJHUM JIEMEHTOM JAaHHbIX B KOHBeiepe OyJIeT BbLIOJHSATb-
cs nosbllre, 4eM B o0braHOM AJTY.

Ans >hdekTuBHON peanusaluy KOHBeHepa MOJXKHbI BbITOJHATHCS CHEAYIOLIUe
YCIIOBUST:

O cucreMa BBITTONHSIET MOBTOPSIOUIYIOCS OTIEPAITIO;
O omnepamus MoXeT OBITh paszieieHa Ha He3aBUCUMEBIC YacTH;
O TpydoeMKOCTh TTomoIepanii MpuMepHO OIMHAKOBA.

KonuyectBo cerMeHTOB HA3bIBAIOT 21yOuHOU KoHeelepa. BaXHBIM yclioBUeM HOp-
MaJIbHOI paboThl KOHBeHepa sBIsSIeTCSl OTCYTCTBUE KOH(MIMKTOB, MPUBOASIIIUX K
MPOCTOsIM KOHBelepa. s 9Toro oObeKThbl, MOCTYINAIOLINE B KOHBEHEp, AOJKHbI
ObITh He3aBUcUMBbIMU. Eciu, Hampumep, onepaHaoM SIBIsIeTCsSl PE3yJbTaT Mpebl-
JylIel ornepaluu, BO3HUKAIOT Mepuoibl paboThl KoHBeliepa ("KoHBeliepHble My-
3pipu"), Korga oH nyctT. "Tly3bIpp" IPOXOAUT MO KOHBeliepy, 3aHUMasi MecTo, HO
He BBITOJIHSISL MPU 3TOM HMKAaKOM MOJIe3HON paboThI.

TeopeTrdecku, MAaKCUMATBHO TOCTIKMMOE YBEeTWUYeHWE OBICTPONEHCTBUS, KOTO-
poe MOXHO TIOJYIUTH C TIOMOIIIBIO KOHBelepa TaHHBIX, olpenesercsa GpopMyToii:

_nxd
T n+d’

TIe # — KOJNWYECTBO OTIEPaHIOB, 3aTpy:kaeMbIX B KOHBeiep, d — TIyOWHA KOH-
Beifepa. IlycTh TpeGyeTcsl BBITOIHUTD OINEPaIlnio CIOXKEHUS HAI ABYMS OTHOMEpP-
HBIMU MaccuBamu 1o 200 31eMeHTOB, IpUYeM Ofepanus CYMMUPOBAHUS COCTOMT
W3 MATU MOAOIIepaIIHii.
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B aTtom ciyyae ycKopeHHWe COCTaBUT

200x 5

——— =~ 488.
200+5

Pasymeercst, 570 wumeanbHass CUTyalusl, HEIOCTMXKHUMASL B PEaTbHONU KU3HM.
B yactHOCTH, cuMTaeTcd, UTO HET "KOHBEHEepHBIX My3bIpeil” U T. [I.

Ik BBITIOTHEHNWST KOMAHIBI COCTOUT M3 HECKOJIBKUX 1IATOB:

1. Berbopxa KOMaHIHIL.

2. JlexonmmpoBaHue KOMaHOLI, BEIYMCIEHNE ajpeca ollepaHaa W ero BEIOOpKa.
3. BrimosHeHWe KOMaHIHI.

4. OOpaieHne K MaMsTH.

5. 3amuch pesynbTata B MaMsTh.

DT 1Iaru MOTYT BBIOJHATBCS HA YCTPOMCTBAX, OPTAaHM3OBAHHBIX B KOHBelep
(puc. 1.10), Torma obpaboTka cleaylolleil KOMaHAbl MOXET HAayMHAThbCd, MOKa
uaeT obOpaboTKa Npeablayuleir KoMaHabl. s BbIMOJIHEHUs KaXIoro sTtana
KOMAaH/Ibl OTBOJMTCS OJUH TaKT U B KaXKJOM HOBOM TaKTe€ HauMHAETCS BBIMOJIHE-
HME HOBOM KoMaHbl. [ XpaHeHHs] MPOMEXYTOYHbIX PE3YJIbTATOB KaXAOro
aTana UCIosb3yeTcs ObIcTpasl maMsaTh (perucTpbl). B pesynabrare, B KaXI0M TakTe
OynyT BbIIOJHSATBHCS HECKOJbKO (IISITb) KOMAHH M, HECMOTPs Ha TO, YTO BpeMms
BBIIIOJIHEHUSI OTAEIbHON KOMAHAbl HECKOJbKO YBEJIMYUTCS, IPOU3BOAUTENbHOCTD
CHUCTEMbI B LIEJIOM BO3pacTerT.

TakTbl 1 2 3 4
—>
KomaHaa i Bbi6opka BbeinonHeHne
KOoMaHgbl KoMaHbl
KomaHga i+1 BeiGopka BbinonHeHne
KOMaHAbl KomMaHgbl
KomaHga i+2 Bei6opka BbinonHeHne
KOMaHgbl KOMaHbl

Puc. 1.10. KoHBeliep komaHp,

IMycTe MMeeTcsT KOHBeliep, COCTOAIINIT U3 OBYX cerMeHTOB. IlepBEIil cerMeHT —
BBIOOpKA KOMAaHIBI, BTOpPOil — ee BhIMoTHeHne. IlycTh Bpems BBITTONHEHUS Of-
HOI KOMaHIHl 7], Torma BpeMs BLIIOJHEHUST 7 KOMaHI COCTABUT

(lex8=47].
2

VYckopeHue coctaBnserT 4.



ApxuteKTypa BbicokornpouasoautesbHeix 3BM 35

B KOHBeﬁepe, COCTOAIIEM M3 HIECTU CETMEHTOB, BPEMSA BLITTIOJITHEHUSA 7 KOMaH]

COCTaBUT YK€
T,
(6'] x12=2T;.

Mg toro 4roObl 3aaelicTBOBaTh Bce [N CErMEHTOB KOHBelepa, TpedyeTcs
N — 1 rakr. [locne 3TOoro 1OCTUTaeTCss MAKCUMAIbHASI TPOU3BOAUTENbHOCTb.

Kasanoch Obl, yBe/IMUYEHUE YUCIa CETMEHTOB OYAET yBEJIMUYMBAaTh U CKOPOCTb Bbl-
[OJIHEHMsI KOMAaH/l, OJHAKO C POCTOM IJlyOMHbI KOHBeliepa yBeIu4yuBaroTCs 3a-
TpaTbl BpeMEHM Ha nepegadyy MHQOpMaluu MeXIy cerMeHTaMu U CUHXPOHU3a-
IO, BO3pPACTAET CJAOXHOCTDL arfnapaTrHOU 4YacTu, TpyldHee U30exarb MpPOCTOEB
KOHBeliepa.

IpocToif KoHBefiepa KOMaH/I BBI3BIBAETCS CHUTYyaIlMeil, KoTrma ouepeaHylo KOMaH-
Iy U3 TOTOKAa KOMaHI HeJb3sl 3arpy3uTh B KOHBeliep cpasy, a 1Mo Kakoii-1mbo
NPpUYMHE MPUXOMUTCS OXUIATh HECKOJbKO TakToB. Eciu ouepennas KoMaHia B
COOTBETCTBYIOLIEM €l TaKTe HE MOXET ObITh BbIIOJHEHA, FOBOPAT O KOH@AUKME.
B stom cnyuyae KoMaHma OXUAAET CBOEU ouepead, a IPOIMYyCcKHAasd CIOCOOHOCTb
KoHBelepa nanaer. OXunaTb CBOeil ouepenyu MPUXOJUTCSA MU BCEM IMOCIEAYIOIUM
KoMaHgaMm. KoMaHbl, yxxe 3arpy>keHHble B KOHBelep, Ipoao/KaloT BbIIOJHSITHC.

[MpuHATO BHINENATH TPU THUITA KOHGINKTOB:
O cTpyKTypHBIe KOHGMINKTH;

O KoHOIUKTHI IO TaHHBIM;

O KoHOINKTH MO YIIPaBICHUIO.

[IpuunHoON cmpyKmyprsix KOH@AUKMOE SBISETCS] ONHOBPEMEHHBIN 3ampoc Ha uc-
M0/b30BAHWE ONHOIO pecypca HEeCKONbKMMM KoMaHaamu. Tax, ecid omHa
KOMaHa oOpalaercsl K onepaTuBHON MaMsITH, B 3TO K& BpeMs IPyrie KOMaHIbI
He MOTYT IMOJYYHUTH IOCTYII K OIepaTUBHON MaMaTh. Jpyroit mpumep cTpyKTyp-
HOTO KOHGIMKTa — HEZOCTATOYHOE KOJUYECTBO PETUCTPOB IS 3alMCH TAHHBIX
B OIHOM TakTe. B aTtom ciyyae pabora KoHBefiepa NMpUOCTAHABIMBACTCS IO TEX
Iop, IOKa 3alMCh BHOBb HE OKaXeTcs BO3MOXHOI. M36exaTh yacToro moBTOpe-
HMS CTPYKTYPHBIX KOH(IMKTOB MOXHO, AyONUPYs] HEKOTOPbIE PECYpChl, UCIOJb-
3yd pazdeaeHue K3II-IaMsTH IS JAHHBIX M KoMaHa U T. 1. OQHAKO 9TO YCI0X-
HSeT KOHCTPYKIINIO TIpolieccopa M 3HAYUTETHHO MOBHIIIAET €T0 CTOMMOCTb.

Kongpauxmor no danneim SIBISIOTCS CIASNCTBUEM JOTMYECKON 3aBUCMMOCTH KOMAaHJ
MeXIy cOOOM W IMPOUCXOMAT, €CIIN TSI BBHITOJIHEHUS OYepeaHON KOMaHIBl Tpedy-
€TCsl pe3yJbTaT BbIIOJHEHUs MpeAblaylliell KOMaHabl (€€ pe3yabTaT BBICTYIAET B
KayecTBe omepaHna). B aToM ciayyae KomaHma He OyneT BbIIOJHSATBCS IO TeX
Top, TMoKa MpenbIayias KoMaHaa He 3aBEepIIMT CBOE BHIMMOJHEHNE W HE TIepenacT
eil cBoii pesynbraT. BiusgHue Takux 3aBUCUMOCTEH Ha 3(POEeKTUBHOCTb PabOThI
KOHBeliepa orpeneiseTcss 0COOEHHOCTSIMH TIPOrpaMM M apXUTEKTYpO#l Ipoliecco-
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pa. C MoMONIBI0 CHENNATBHBIX METOJOB MOXHO CHU3UTH TTOTEPN MPOU3BOIN-
TCJABbHOCTU B CUTYallHAX TAaKOI'o poaa, XOTsda 130eXaTh UX IMOJHOCTHIO HENTb34.

Konghaukmost no ynpaesenuro BBIBBIBAIOTCA HaIWMYKMEM B TIporpamMMax YCIOBHBIX
KOHCTPYKIMIA. BbImomHseMas BETBb YCIOBHOTO OIEpaTopa OIMPEAesseTCs TOIbKO
Tocjie BEIYUCIeHUS YCJIOBUST BeTBIeHUSs. EcIn yyecTh, UTo B MporpaMmax 1o Tpe-
TH OIEPATOPOB SIBISIOTCS BETBICHWSIMH, MOTEPH ITPOM3BOIUTEIHLHOCTH BCIEACT-
BUE IPOCTOEB IO YIPABACHUIO MOILYT ObIThb 00JbllKMMU. B GOJbLIMHCTBE COBpE-
MEHHBIX TMPOLIECCOPOB UCIOJb3YIOTCSl CHELMATbHbIE YCTPOWCTBA, KOTOPbIE BbI-
MOJIHSIIOT BbIOOPKY KOMaHI M MOMEIIAIOT MX B CIEIMaJbHbIC OYEpeau elle M0
TOTO, KaK OHM MOTYT IOHAmoOuThesd. DYHKITMOHATHHEIE Y36 KOHBEepa YMEIoT
pacro3HaBaTh KOMaHIbl 0e3ycJIO0BHOIO Mepexoia, ONpeaessioT aapeca cCleayio-
LIMX KOMaHI 1 BbIOMPAIOT 3TU KOMAHIbI U3 OYepelu, YTO MO3BOJISET OOECIICUUTD
HENpepbIBHBIA MOTOK KOMAaHJ B KOHBeilepe. YCIOBHbIE TEPEXobl TPyJAHEe MOoja-
JA10TCSl ONTUMU3ALMHU, HO U 3[eCh MMEIOTCS CIIOCOObI MOBBILIEHUS IPOU3BOIM-
TEJIbHOCTU KOHBeliepa Mpu 0O6paboTKe YCIOBHBIX MEPEXOIOB.

M30exaTh ocTaHOBOK KOHBelepa (Mo KpailiHel Mepe, YacTUYHO) MOXHO Takxe,
PEOpPraHu30BaB IMOCAEA0BaTENbHOCTh KOMAH/, Ha 3Tare TPAHCISIIUKN MPOTPAMMEL.
DTOT METOJ HA3BIBACTCS HAGHUPOBAHUEM 3A2pY3KU KOHEeliepa.

CynepckansipHbie NpoLeccopbl

INokazareneMm sddexTBHOCTH PabOTHl KOHBElepa SIBIAETCS CpeaHee KOTMISCTBO
TakToB Ha BeIMoMHeHHe KoMaHIbl (CPI — Cycles Per Instruction). YeM MeHbIle
9Ta BeJIMYMHA, TEM BEIIIIe MPOU3BOMUTENBHOCTH IMpoleccopa. MmeanbHoil Bemm-
yyuHOM siBasiercs 1, ogHako 3HayeHue CPl MoxeT ObiTb U MeHblIe €IMHULIbI, eC-
JI1 B OHOM TaKTe IapajuieIbHO BBITTOMHSIOTCS HecKojibko KoMaHm. IMapamiensb-
HOE BBITIOTHEHNE KOMAaHJI PeaJli30BaHO B CYHEPCKAASAPHBIX HPOUeccopax VU npoyec-
Copax co ceepxOAUHHbIM KOMAHOHBIM CA0BOM.

DTo No3BONSIET AeAaTh U KOHBelep, HO MPU 3TOM KOMAH[bl JOKHBI HAXOAUTHCS
Ha pa3IUYHbIX CTaausIx o0paboTKM (B pa3HBIX cerMeHTax KoHBeliepa). Cyrepcka-
JIAPHBIA [POLECCOP HE TOJNIbKO BKJIIOYAET BO3MOXHOCTb KOHBEWEpPHOU o0Opador-
KW, HO WU TIO3BOJISIET OJHOBPEMEHHO BBIMOJHATh HECKOJABbKO KOMAHJ B OJHOM
cerMeHTe KoHBeliepa. HeckolbKo KOMaHI OTHOBPEMEHHO MOIYT BBIIIONHSTHCS B
Te4eHNe OIHOTO TAKTa.

CymepcKRangpHble TIPOIECCOPH MCIONB3YIOT TapajuleIn3M Ha YpoBHE KOMAaHI
nyTeM AyOaupoBaHUsl PYHKUUOHANbHBIX YCTPOUCTB U MEPEeNauu B HUX HECKOJb-
KX KOMaHI 13 obmero nmotoka. IMpexme Bcero, MCTIOMB3YIOT HECKONIHKO KOHBE-
epoB, paboTapImnx mapauieabHo. [IpaBma, mapamienbHOe BHIIOJHEHHE KOMAHI
B CYNEpPCKAISIPHBIX IMPOLIECCOpaX HE Bceraa BO3MOXHO. DTO MOXET ObIThb Caed-
CTBUEM JII000I U3 TpeX MPUINH.

O Kougauxms: no docmyny k pecypcam. BO3HUKAIOT, €C/id HECKOJbKO KOMAaHI,
OIHOBPEMEHHO 00palanTcsd K OTHOMY pecypcy. DTO MOXKET OBITb PerucTp,
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oTepaTHBHAS TTaMSTh WIW YTO-HUOYIE ellle. DTa CUTyallnsd aHAIOTWYHA CTPYK-
TYpHBIM KOH(pIUKTaM. CHU3UTb OTpULIATENbHBIN 3(PdeKT MogoOHBIX CUTya-
U MOXHO JTyOIMpPOBAaHHEM YCTPOUCTB.

O 3asucumocms no ynpasienuro. Y 3aBUCUMOCTU IO YIIPAaBIEHUIO €CTb JIBA ac-
nexra. [lepBolii — 5TO MpobaeMbl, CBI3aHHbIE ¢ 0OpaboTKOl BeTBaeHui. BTo-
poil CBdI3aH ¢ MCIONb30BAHMEM KOMAHI IEpPeMEeHHOM IIMHbI. B aTOM ciyuae
BbIOOPKY CJIEAYIOLIEH KOMaH/ibl HEJIb3s Clie]aTb, 10K HE 3aBEPILUEHO JIEKOAU-
poBaHue Opeablayllieii koMaHabl. Takum oOpa3oM, cymepcKalsIpHasd apXUTeK-
Typa O6onee Bcero noaxoaut misi RISC-npoueccopoB ¢ UX (PpUKCUPOBAHHBIM
¢opmaroM U JTUHON KOMaH/I.

O Kougauxmsr no dannsiyv. I1puunHON KOHGIMKTOB O AAHHBIM SBISAIOTCS 3aBU-
CUMOCTU I10 JAHHBIM MeXAy KOMaHIaMW, KOTIa ouepelHasl orepalus He Mo-
JKeT OBITh BBHIMIOJHEHA, €CNIN e TpeOyeTcs pe3yabTar Mpeablaylieil olepaluin.
Takast 3aBUCUMOCTD SIBJIIETCS CBOMCTBOM IIPOTpaMMBl U HE MOXET OBITh MC-
KJTI0YeHa KOMIUJIATOPOM WU C TTOMOIIbI0 KAKUX-TO aIMMapaTHBIX peLIeHH.
M36exath MpocToeB MOXHO, 3arpy3WB Y3JIbl BBITOJTHEHHEM JPYIMX KOMAHII,
noka opMupyeTcs pe3yJbTaT Ipeablaylieil onepauuu.

I[.T[H paspe€uieHusa BO3MOXKHBIX KOHCI)J'H/IKTOB NCITOJIB3YIOT MCTOIbI BHCO‘I@peI[HOﬁ
BI)I60pKI/I n 3aBEpUICHUSA KOMAH], IMPOTHO3MUPOBAHUEC II€PEXOI0B, YCJIOBHOC BbI-
NOJHCHUEC KOMAHI U AP.

B cynepckansipHbIX Mpoueccopax MCHOJb3yeTcs NMHAMUUYECKOe pacrpeaeseHue
KOMAH/I, MPUYEM IOPSIOK UX BBIOOPKH MOXET HE COBMANATEH C MOPSIAKOM CJIelo-
BaHMS B IPOrpaMMe, HO IPU STOM, Pa3yMEeTCs, PE3y/IbTaT BbUIOJHEHUS HOJKEH
COBIAAATh C PE3YJbTATOM CTPOrO IIOCAENOBATEJbHOrO BbIMOAHEHU. s addek-
TUBHOM peaiu3aliy JaHHOIO I0/X0/Aa 10C/Ie10BaTeIbHOCTh KOMaH/, U3 KOTOPOK
MPOU3BOAUTCSl BBIOOPKA, JOKHA OBITH JOCTATOYHO OOJbIIONH — TpedyeTrcs n0-
BOJIbHO OoJiblioe okHo guinoanenus (Window of Execution).

OKXHO BBIIOJHEHUS — 3TO Ha60p KOMaHI, KOTOPLIC ABJIAIOTCA KaHAWIATAMH Ha
BBITIOJIHEHUE B JIAHHbIA MOMEHT. JIo6as KOMaHJa M3 BTOT0 OKHA MOXET OBITh
B3d4Ta LI UCITOJHEHUSA C YYETOM BBILICYITOMAHYTBIX OrpaHI/IquI/Iﬁ. KonuuectBo
KOMAdH/J B OKHE€ JOJCKHO OBITb MAKCUMAJIbHO OOJIBILINM.

OCHOBHBIMHA KOMITOHEHTAMH CYIIEPCKATIAPHOTO TpoIeccopa SBISIOTCS YCTPOICT-
Ba IJIST MHTEpIpeTalliy KOMaHHA, CHAOKEeHHBIE JIOTUKON, MO3BOJIAIONIEH ompene-
JITh, SBJISIOTCA JIM KOMAaHABl HE3aBUCUMBIMHU, M HOCTATOYHOE YWCIO WCIIOJN-
HSIOIIUX YCTPOMCTB. B MCTTOMHAIONINX YCTPONCTBAX MOTYT OBITh KOHBEHEPHI.

B cynmepckansipHOM TIpolieccope B OJHOM TaKTe MOXKET BBHITIONHATHCS 00paboTKa
JI0 BOCBMH KOMaHj, (Hampumep, B mpoleccopax Pentium — aBe, a B mpoueccopax
UltraSPARC — uethipe). DTo 3HaueHUe U3MEHSIETCsl B mpoliecce paboTbl, MO-
CKOJIbKY IIPaKTU4ECKU HEeu30eXHble KOHMIMKTBI OyayT HPUBOAUTH K IIPOCTOSIM
obopynoBaHusi. B pesyibrare 3T0r0 npou3BOAUTE]bHOCTD CYIEPCKAISPHOIO HIPO-
Leccopa 0Kas3blBaeTcsl ePeMEHHOM.
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TToutn Bce coBpeMeHHBIE MHKpoTIpolieccophl, BKiouas Pentium, PowerPC,
Alpha u SPARC — cynepckansiprbie. [IpuMepoM KommbioTepa ¢ cyrepckasp-
HBIM TpolieccopoMm apinsgercs IBM RISC/6000. Ilpu taktoBoit yactote 62,5 MI'ig
ObICTpO/IeIICTBIE CUCTEMBI Ha BBIYMCIAUTENbHBIX TecTax gocturaio 104 Mdbnomn/c.
(Mdnomn/c — "meradion B cekyHIy" eIMHULIA U3MEPEHUsT ObICTPOAEeCTBUS TIPO-
1eccopa, COCTapjsIoNIas OAMH MWIJIMOH Ofepaluil ¢ IjaBarolleil TouKoil B ce-
KyHay). CynepcKalsipHbIil Mpolieccop He TpebyeT crelnalbHbIX BEKTOPU3YIOIINX
KOMIWISITOPOB, XOTS KOMIWJISATOP AOJKEH B DTOM CIy4yae YUYUThIBATb OCOOEHHO-
CTU aPXUTEKTYPHI.

[MoBpITIIEHNE TPOU3BOAUTEIBHOCTH 32 CUET YBETMICHUS Yncia GyHKIIMOHATBHBIX
YCTPOMCTB W MCIOIB30BAaHNS HHM3KOYPOBHEBOTO Mapayuien3Ma MOXHO 3ddek-
TUBHO PpEaNM30BaTh, JIMILb OOECHEUUB MX COATAHCUPOBAHHYIO 3arpy3Ky. 3AecCh
BO3MOXHBI ABa nomaxond. IlepBblii — muHamMuyeckas 3arpyska, OCHOBAaHHAs Ha
aHaIM3€e MPOrpaMMHOro KoJaa BO BpeMs ero BbilojaHeHus. Bropoil moaxon — cra-
TUYECKMU, HoanepKuBaemblii KomnungropoM. IlepBblii moaxon MCIOAb3YeTCs
B CYMEpPCKANSIPHbBIX MPOLECCOPAX, a BTOPOIl — B MPOLECCOPAX CO CBEPXIIMHHBIM
KOMAHIHbIM CJIOBOM.

Mpoueccopbl ¢ cokpalueHHbIM Habopom komaHpg, (RISC)

B ocnose RISC-apxurektypol (RISC — Reduced Instruction Set Computer)
rpolieccopa JEXUT UIesT YBEIUUEHUS] CKOPOCTH €ro paboThl 3a CUET YIpPOIIEHUS
Habopa Xomana. IIporuBomnosnoxHywo TeHaeHuuto npeacrasisior CISC-apxu-
TEKTYpbI, TMpolieccopbl co cloXHbIM HabopoMm komann (CISC — Complete In-
struction Set Computer). OcHoBomnonoxHukom apxuTekrypbl CISC spasercs
komiianus IBM, a B Hacrosiliee BpeMs JIMAEPOM B JJAHHON 0O0JacTu SBJSIETCS
Intel (mpoueccopst Pentium). Maen RISC-apxutekTypbl UCIONb3OBAIUCH €lIE B
kommbtotepax CDC6600 (paspaborunku — Kpeit, Toprrod u ap.). O6a BapuaH-
TA OTHOCSITCS. K IPOTUBOIIOJOXHBIM TPAHULIAM CEMAHMUYECK020 pa3puléa — YBE-
JIMYMBAIOLLErOCsl pa3pbiBa MEXAYy IIPOrpaMMHUPOBAHMEM Ha $I3bIKaX BBICOKOIO
VPOBHS U TIPOrpaMMHpPOBAHNEM HAa YpOBHE MAITMHHBEIX KoMmaHn. B pamkax CISC-
rmoxoma Habop KOMaH[ BKITIOYAeT KOMAaHABI, OJIM3KHe K olepaTopaM sI3bIKa BbI-
cokoro ypoBHs. B pamkax RISC-mmoaxoma Habop KoMaH yIpoIaeTcs U ONTUMM -
3UpyeTcs Mo pealbHbIe TTOTPEOHOCTH MONB30BATEILCKIX ITPOTPAMM.

Hccnenopanus nokasanu, uyto 33% KoMaHA TUIMYHOK MPOrpaMMbl COCTABISIOT
nepecbUikKi OaHHbIX, 20% — yclOBHBIE BeTBieHuS U eiue 16% — apudmernue-
CcKUe M Jiormyeckue omnepanuu. B nopasisionieM OOJNbIIMHCTBE KOMaHI BblUMC-
JIeHue aJapeca MOXeT ObITh BBIIIOJHEHO OBICTPO, 32 ONUH 1UMKI. bojee cloxXHbIe
PEXUMBI ampecali UCIoIb3yIoTes TipuMepHo B 18% ciydaeB. Okono 75% ome-
PaHIOB SIBJSIIOTCS CKAISIPHBIMM, T. €. MEpPeMEHHBIMU 1I€JIOTO, BellleCTBEHHOTO,
CHMBOJIbHOIO TUMA U T. ., @ OCTAJIbHBIE SBISIOTCI MACCUBAMM U CTPYKTYpaMU.
80% ckanspHbIX IEpeMEHHbIX — JoKajibHbie, a 90% CTIPYKTYpHBIX SIBJSIIOTCS
m1o0anbHbiMM. TakuM 00pazoM, OOJBIIMHCTBO OIIEPAHIOB — 3TO JOKAIBHBIE
ONEPAHbI CKANSIPHBIX TUIIOB. OHM MOIYT XPaHUTbCS B PETUCTPAX.
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CorylacHO cTaTUCTUKe, GONMBINAs 4acTh BpeMeHW TpaTWTcd Ha oOpaboTKy oTepa-
TOPOB CALL (BBI30B IOAIIPOrpaMMBI) M RETURN (BO3BpaT M3 mommnporpaMmsr). [lpn
KOMIIWISIIUKA 5T OIEepPaToOphl MOPOXAAIT IIMHHBIE IOCIEIOBaTeIbHOCTH Ma-
IIWHHBIX KOMaHI ¢ GOJIBIINM YHCJIOM OOpallleHWil K TIaMsITH, MTO3TOMY IaXe ec-
JIU JTOJIT 3THX OIIepaTOPOB COCTaBisIeT Bcero 15%, oHM TOTPEOISTIOT OCHOBHYIO
4acTh IpoLeccopHoro Bpemedu. Tojibko okoj10 1% noanporpamMmm UMeERT Goliee
LIECTU IApaMETPOB, a 0K0JO 7% HOAIpOrpaMM COAEpxKar 0ojiee LIECTU JIOKAJb-
HbIX IE€PEeMEHHBbIX.

B pesynbrare u3ydyeHus 3TOM CTATUCTUKU ObLT CIOENaH BbIBOA O TOM, UYTO B THU-
NUYHOM MporpamMme AOMUHUPYIOT IPOCTbie Onepaluu: apudMeTudecKue, JOoru-
YecKMe M IMepecbUIKM AAHHbIX. JOMUHMPYIOT MU MPOCThIE PEXUMbI AAPECALUU.
Bonbiiasg yacTh onepaHaoB — 3TO CKaJsIpHBIe JOKAIbHBIE TepeMeHHble. OTHUM
13 BaXHEHIINUX PECYPCOB TOBBIICHUS MPOW3BOAMTEIBHOCTH SIBJSIETCSI ONTUMMU-
3a1sT OTIEePaTOPOB CALL M RETURN.

B ocHoBy RISC-apxuTekTypbl TTOJOXEHBI cleAylole TpUHIUTH 1 uaen. Habop
KOMAaH/I MOJKeH OBbITh OrpaHWYEHHBIM U BKIIOYATH TOJBKO IMPOCTBIE KOMAHIBI,
BpeMsT BBIMOJTHEHMSI KOTOPBIX ITOCHE BHIOOPKU U NEKOAWPOBAHUS OAWH TaKT WU
yyTh Oonblne. Mcronb3yercs koHBeiepHas oopaborka. [Ipocteie RISC-xomaHmbr
JonyckalT 3Gh@eKTUBHYIO anmnaparHylo peaiu3alnio, B TO BpeMsl KaK CIOXHbIe
koMmaHabl CISC MoryT ObIThb peanu3oBaHbl TOJAbKO CPEACTBAMU MUKPOIIPOrpam-
MupoBaHusd. KoHCTpyKuus ycTpoiicTBa ynpasieHus B ciayvyae RISC-apxuTexTypsl
YIIPOIIAETCS, U 9TO JAeT BO3MOXHOCTh IIPOLECCOPY padoTaTh HA OOJbIIUX TAKTO-
BbIX 4acTOTax. Kcronb3oBaHUEe MPOCTbIX KOMAaHI MO3BOMSIET 3DPEKTUBHO peanu-
30BaTh U KOHBEUEPHYIO 00paOOTKY JaHHBIX, U BHIMOJHEHWE KOMaH/I.

IIpoussenem momcuet. Ilyete 80% KoMaHm — TporpaMMbl TipocThle W 20% —
cnoxHble. IlycTh Takke mpoctble KoMannbl mpoieccop ¢ CISC-apxutexkTypoit
BBITIONTHSIET 32 4 TaKTa, CIOXHBIE — 34 8 TaKTOB, a JMIUTEIBHOCTH OJHOTO TaKTa
100 HaHOocexyHA. DTU UMUbpbl OaAM3KU K peaidbHbIM. Ilpoctyto kKomanay RISC-
MpoIleccop BBIMOJHAET 32 1 TakT, a CIOXHYIO — 3a 14 TakToB, JUINTEIbHOCTDH
takTa 75 HaHocekyHA. Ha BbimonHeHue mnporpaMmbl, coxaepxkaiieir 1 000 000
KOMAHI,

CISC-npoueccop 3arpatut 106x0,80x4x 1077 ¢ + 106x0,20x8x 1077 ¢ = 0,48 c,
a RISC-npoueccop — 100 x 0,80 x 1 x 1077 ¢ + 106 x 0,20 x 14 x 1077 ¢ = 0,27 c,
T. €. TIOUTU BIBOE MEHbILIIE.

Croxnsle koMaHabsl RISC-mporieccopoM BBIMOTHSIOTCS AOJbIIE, HO UX KOJTHYe-
CTBO OTHOCUTEJIbHO HeBeauko. IIpocteie komanabr CISC-mpolieccopoM BBIIOJ-
HSIIOTCSL HE OYEHb ObICTPO, UYTO OODBICHSETCS CIOXHOCTbIO peanu3aluud KOMAaHI
B AaHHo# apxurektype. B RISC-mpoleccopax He0ObIIOE YUCIO KOMAH[ aape-
cyercsl K mamsTU. BbiOopka JaHHBIX M3 OMNEpPaTMBHONW MaMiITU TpedyeT Oojiee
onHOro Takta. bojblias yactb KoMaHa padoTaer ¢ omepaHaaMu, HAXOAAIMMUCS
B peructpax. Bce koMaHabl UMEIOT YHUGULIMPOBAHHBIN ¢dopMmaT U HUKCUPOBAH-
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HYIO [UTMHY. DTO YITPOIIAET M YCKOPSAET 3aTrpy3Ky M JAeKOIWpOBaHWE KOMAaHI, To-
CKOJIbKY, HallpUMep, KOI OIepalliy 1 Iojie ampeca BCerna HaXOMATCS B OAHON U
Toi xe mos3uinu. [lepeMeHHBIE W MTPOMEXYTOUHBIE PE3YABTATHI BEIYUCICHUN MO-
I'YT XpaHuThbcsl B perucrpax. C yyeToM CTATUCTUKU MCIOAB30BAHMS MEPEMEHHBIX,
OOJIBIIYIO YACTh JIOKAJBHBIX MEePeMEHHBIX M MapaMeTpoB IPOIEAYp MOXHO pas-
MeCTUTb B perucTpax. Ilpu Bbi30Be HOBOH MpPOLEAYPbl COACPXKMMOE PErucTPOB
OOBIYHO TTepeMelaeTcsT B OIepaTUBHYIO MaMSTh, OJHAKO, €CIU KOJTMIeCTBO PETH-
CTPOB OCTATOYHO BEJIMKO, yAaeTCs M30exXaTb 3HAYMTENbHOM YACTH JIMUTEIbHBIX
omnepanmuii ooMeHa ¢ MaMmsIThlo, 3aMEHUB WX OMepalusiMH ¢ perucTpaMu. biaro-
napst ynpoliueHHoi apxutexktype RISC-mpolieccopa, HAa MUKpOCXEME MOSBASETCS
MECTO JUIsSI pasMellleHUs MOMOMHHMTEILHOTO Habopa perucTpoB. PacrpenmencHue
PErMCTPOBO MAMSTU IO INEPEMEHHDIE BbIIOJHIETCS KOMIIMISITOPOM.

Hecmotpa Ha ymoMmsaHyTble npeumylnectBa RISC-apxuTekTypbl, HET MPOCTOTO U
OIHO3HAYHOIo OTBeTa Ha Bompoc o ToM, uro Jjyuiue — RISC wau CISC. Taxk,
Hanpumep, it RISC-apxurekrypbl XapaKTepHBI ITOBBLIIIEHHBIE TPeOOBAaHUS K
oneparuBHoil mamsatu. Ilpumepom CISC-mpoueccopa gpnsercs mpoieccop Pen-
tium (xonuvecTBo KomaH 6ojee 200, miuHa KoMmaHasl 1—11 paspsigoB, umeeTcs
8 peructpoB o0llero HaszHauyeHus), a B kadecTBe npumepa RISC-mpoueccopa
MoxHo mnpuBectd SUnSPARC (konuyecTBo KomaHa okojio 50, /JIMHA KOMAaHJbI
4 paspsina, umeercs 520 perucTpoB OOLIEro Ha3HAYEHUS).

B Hacrosiiiee BpeMsi BoluMciauTeabHble cucTeMbl ¢ RISC-apxurtekTypoit 3aHuMa-
10T JTUIUPYIOUIUE MO3UIIMM Ha MHUPOBOM KOMIIBIOTEPHOM pPBIHKE pabo4MX CTaH-
uuit u cepepoB. Pazputue RISC-apXuTekTypbl CBSI3aHO ¢ Pa3BUTUEM KOMITWJISI-
TOPOB, KOTOPhIe NOMXKHbI 3DGEKTUBHO HCMONb30BaTh MPEUMYLIECTBa OOJIbIIOro
peructpoBoro ¢aiija, KoHBeliepusaluu 1 T. A.

I'Ipou,eccopbl CO CBepXAJINHHbIM KOMaHAHbIM CJIOBOM

B cynepckangpHBIX Tipolleccopax BOTIpOC O Tapaijien3Me KOMaH pelraercs ar-
MaparHo, anmnapaTHO pealn30BaHbl U METOJbI CHUXEHUS MOTEPDb ObICTPOAEHCTBUS
OT Pa3HOro ponad 3aBUCUMOCTed. Mexay cynepcKaasipHbIMU MPOLECCOPpaMU UMe-
€TCsl COBMECTMMOCTb MPOTPaMM Ha YPOBHE MCIOJHsEeMbIX (OMHApPHBIX) (aiyIoB,
100aB/IeHUe HOBbIX Napa/ule/IbHbIX GYHKUMOHAIbHbBIX Y3JI0B MOXET [OBJIUSTh Ha
BBITTOJTHEHUE TIPOrpaMMbl TOJBKO B CTOPOHY YBEJIMUEHUSI CKOPOCTU €€ BbITIOJIHE-
Hus. Ho y HUX ecTh U CBOM HEAOCTATKU. DTO, MPEXIE BCEro, CIOXKHOCTb aIa-
paTHOIl yacTH, a TakXke OrpaHMYEHHBI pasMep OKHA BbIIOJHEHHUS, YTO YMEHb-
1IAeT BO3MOXHOCTU ONpene/eHUs] MOTEHIUANIbHO MapaielbHbIX KOMaHI.

ANBTEPHATUBOM CYIEpCKATIPHBIM TIPOIIECCOpaM  SABISIOTCS  TIPOLIECCOPBI  CO
CBEpXJJIMHHBIM KoMaHAHbIM cioBoMm (VLIW — Very Large Instruction Word).
Pa6ora VLIW-mnpolieccopa ocHOBaHAa Ha BBISIBICHUW Tapaijiein3dMa KOMaHI BO
BpeMsl TpaHcasguuu. TpaHCaATop aHaIUM3UPYeT Mporpammy, Ompedesss, Kakue
omnepalyy MOTYT BBITOMHATLCS NapaienbHo. Takue omnepanuy "yImaKkOBbIBAIOTC"
B ofHy Oosbliyio KomaHay (puc. 1.11). Tlocie Toro, kak "0Gojbliuas” KoMmaHaa
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BBI6paHa 3 TaMATHU, COCTAaBIAIOILINE €€ OOBIUHEBIE KOMAHIBI BBITTOJIHAIOTCA Tid-
pamienbHo. B aToM ciydae perraercsd mpodjeMa OKHA BBITOJHEHUS, MOCKOMBKY
TPaAHCIATOP AHAIU3UPYET BCHO MPOTrpaMMy B LIEJJOM B ITOUCKax IapaUIeIbHbBIX
onepauuit.

Mporpamma

\j

Bonbluas
O6blyHas komaHa

061
| bIHHa7/I<OMaHAa KoMaHga 1

O6bl4Has KomaHL)la|

OO6blyHasn Kf)Mqua

Bonblas

O6bluHasa koMaHga
KoMaHaa 2

O6bluHas koMaHaa

|06bIHHaﬂ KOMaHza |06bMHa;| KOMaHza

Puc. 1.11. CozgaHune nocneposatensHocT VLIW-komaHp,

Cxema VLIW-niponieccopa npuseaeHa Ha puc. 1.12.

B VLIW-npouieccopax konnyecTBO (HYHKIIMOHAIBHBIX V3JI0B MOXHO YBelIU-
YBaTh, HE YCIIOXHSAS OCTANBHYIO alllapaTHYIO YacTb, YTO MPHUXOTUTCS NeNaTh
B RISC-npoueccopax.

Bmecte ¢ Tem, ecTb u cBou mpoOiaeMbl. st XxpaHeHUs] JAHHBIX M OOCTYXUBaHUS
MHOTOUMCIIEHHbIX (DYHKIMOHAIBHBIX Y3JI0B TpeOyeTcss O0Jbllioe KOJIUYECTBO pe-
TUCTpoB. Mexay PpyHKIIMOHAbHBIMU YCTPOMCTBAMU U PErucTpamMu, MEXIY peru-
CTpaMM M ONEPATUBHON MaMSITbhI0 BO3HUKAET MHTCHCUMBHbI OOMEH AaHHBIMU.
Koaur-namsate KoMaHa U yCTPOMCTBO BBIOOPKM AOJKEH CBS3BIBATb KaHaI ¢ 00jb-
IO paspsiIHOCTBIO — €C/IU pa3Mep OOBbIYHONM KOoMaHIbl 24 OuTa, a OAHO CBEPX-
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GOJBIIOE CIOBO COAEPXKUT 7 TIPOCTBIX KOMAHJI, B pe3yibTare MmoaydnuM 168 6utos
Ha ONHY KOMaHAy. YBEIMUYMBAETCS pa3Mep WCITOIHSEMOro Koma, TepsieTcs co-
BMECTUMOCTb Ha YpOBHE OMHAPHBIX (aitioB.

MamaTte

A
A

Mogynb
BbIGOPKM
KOMaHz

v

Mogynb
LEKOANPOBaHUS
KOMaHz

[ T 1

OM| |dM oM
A A Vicnonnsiowmii momyns A
A \ 4 A

| Pernctposble darinbi |

Puc. 1.12. CxemMa npoueccopa co CBEPXAJIMHHLIM KOMaHOHbLIM CIIOBOM

Db HEeKTUBHOCTE WCTIONB30BAHNS JTaHHOW apXUTEKTYphI 3aBUCUT OT KadvecTBa
TPaHCISITOPOB.

B tpancnsaropax masgs VLIW-nmpoueccopoB OpUMEHSIOTCS TaKue CIeLyalbHbIe
[PUEMBI, KaK pa3BepTKa LIMKIIOB, [PEJCKA3aAHUE BETBJEHUNH U [LUIAHMPOBAHUE Bbl-
Jadyd KoMaHa. MeTtoa TpacCUpOBOYHOrO IUIAHUMPOBAHMS 3aKJIIOYAETCS B TOM, YTO
M3 IOC/IEAOBATEIbHOCTH OOBIYHBIX KOMAHJ, MCXONHOW MporpaMmbl [UIMHHbIE
KOMaHJbl TEeHEPUPYIOTCS TyTeM MpocMoTpa (TpacCUpOBKM) JHUHEHHBIX (6e3
BETBJIEHUIT) Y4aCTKOB MPOrPaMMBbI.

B ornuuune oT TpaAMIMOHHON apXWUTEKTYpbl, PETMCTPBl HE PE3EPBUPYIOTCS IJIsl
OMnpeleleHHbIX 1ieiel, X WCIONb30BAHUE OMpeaeseTcsl BO BpeMsi KOMITMIISILIAY.
Bricokasi ckopocTh pabOThl ONMEepaTUBHON MaMSITH JTOCTUTAETCSl €€ PACCIOSHHUEM.
IMTpumepamn mpoueccopoB ¢ VLIW-apxutekTtypoit siBiasiorcd Itanium, a Takke
HEKOTOpPbIE IIPOLIECCOPHI, OPUEHTUPOBAHHBIE HA MyJbTUMEINA-TIPIUIOKEHNUS.

BekTtopHasa o6paboTka AaHHbIX

B Habop KoMaHa BEKTOPHOTO MPOIECCOpPa BXOAAT HE TOJBKO CKATIApHbBIE KOMaH-
JbI, HO ¥ KOMAaHIbI, OTepaHIaMU KOTOPBIX SIBISIIOTCSI MACCHBBI (BEKTOPHI), TO-
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3TOMY BEKTOPHBIIH TIPOITECCOp MOXET 00paboTaTh OMHOW KOMaHIOW cpasy MHO-
KeCTBO 3HaueHWi. [1ycTh A, A, U P — 3TO TPU MaccUBa, UMEIOIINE OTMHAKOBYIO
pasMepHOCTb U OMWHAKOBYIO IJTMHY, U MMEETCS OIepaTop:

P=A, +2,.

BexkropHbiii mpoueccop 3a OAUMH LMK BbIIOJHEHUS. KOMaHIbl IPOU3BEIET IIO-
3JIEMEHTHOE CIIOXKEHHE MAcCHUBOB A, M A, W IPHUCBOUT IONyYeHHBIE 3HAYCHUS
COOTBETCTBYIOIIINM JIeMEeHTaM MaccuBa P. Kaknmplil onmepaHa mpyu 3TOM XpaHUTCS
B ocoboM, BeKTOpHOM peructpe. OOBIYHOMY, MOCIENIOBATENEHOMY IIPOIIECCOPY
MPUILILIOCh ObI MHOTOKPAaTHO MCIIOJHHUTH OIEpaIldio CIIOXEHUS 3JIEeMEHTOB IBYX
MacCHUBOB. BeKTOpHEII mpolieccop BBITOMHSET Wb OOHY KomaHmy. Pasymeercs,
peanus3alus TAKOW KOMaHAbl OyaeT 6oJiee CIA0XKHOIM.

BekTopHbie omnepaiiid MOTYT ObITh peajin30BaHbl C UCMOJAb30BAHMEM IMapaie-
JIU3Ma, KOTOPBI obecreunBalOT KOHBeHepu3oBaHHbIE (DYHKIIMOHAJIbHbBIE Y3JIbI.
Takue apXuTeKTypbl M Ha3bIBAIOTCS BEKTOPHBIMU IMpolieccopaMu. MOXHO cuM-
TaTb, YTO BEKTOPHBIA MPOLECCOP MOCTPOeH Ha ocHOBE SISD-apXuTekTyphl, B KO-
TOpOIl peanu30BaHbl BEKTOPHbIE omepauuu. B pesyiaprare 3T0ro mojyvyaem
SIMD-apxurextypy. B BEKTOpPHbBIX HPOLECCOPAX UCIOAb3YIOTCS BEKTOPHbIE PEru-
cTpbl 00beMoM 64 wiu 128 MalIMHHBIX CJI0B.

BexkropHbie KOMaHIbI:

O 3arpyXaioT onepaHI U3 ONepaTUBHON MaMITH B BEKTOPHBIN pEerucTp;

O 3anucHBAIOT OMEPAHI 13 PETUCTPA B MAMSITH;

O BBHIMOJHAIOT apupMETHIECKHEe U JJOTHIECKHE Ollepallii Hall BEKTOPAMH;
O BBEIOJHSIOT APYTHE OTepalliy HAa BEKTOPAMHU M CKaISIpaMu.

C TOYKM 3peHHUS MPOrpaMMUCTA, IPU padoTe HA KOMIIbIOTEPE ¢ BEKTOPHOM apxu-
TEKTYpOil B IporpaMme MOXHO MCIIOJb30BaTh OObIYHBIE OMNEpallMy Haa MAaccuBa-
MU, KOTOPbIE TPAHCISATOP IEPEBOAMT B BEKTOPHbIC MAIIMHHbIE KOMAHIbI.

BexTopHBI MOIYITb COAEPKUT HECKOJBKO BEKTOPHBIX PETMCTPOB OOIIEro Ha3zHa-
YeHMSI, PETUCTP UTMHEI BEKTOpa (ISt XpaHeHWS ITWHBI 00pabaThIBAEMOTO BEKTOPA),
perucTp Macku. Permcrp Macku COmepXXHT IOCIeNOBATEIbHOCTh OUTOB — IBOMY-
HBIE paspsAabl BEKTOPa, KOTOPHIM COOTBETCTBYIOT HYJIEBbIe OUTHI MAackKu, B OIIpe-
JEJIEHHBIX CUTYalLUsIX UTHOPUPYIOTCS IPU BbITIOJHEHUU BEKTOPHbIX OIlEepalluid.

O4YeBUIHO, 32 CUET BEKTOPHU3AIMI MOXHO HaIeSIThCA MOIYYUTH BBHICOKYIO MPOM3-
BOAUTENBHOCTb. MBI HEe cly4yaiiHO jAefaeM 3/ech 3Ty OFOBOPKY, T. K. MPOCTOM Te-
pPEHOC OOBIYHOU MPOrpaMMbl Ha BEKTOPHBI KOMIIBIOTEP HE rapaHTUpYeT YBeJu-
yeHue ObicTpoaeiictBusi. Kpome toro, BektopHbiM DBM mpucyiuu u apyrue oco-
O6edHHocTH. KonuyecTBO MAalMHHBIX KOMAaHI, HEOOXOAMMBIX ISl BBIIOJHEHMS
O/IHOM U TOM XK€ IpOorpaMMbl, UCIIOJb3YIOLIEH ONEepaluyl ¢ MACCUBAMHW, MEHBIIIE
B cJlyyae BEKTOPHOIO IMpolieccopa, YeM OOBIYHOIo, CKaJSIpHOTo. YMeHblIeHUe
MOTOKa KOMaH/ MO3BOJIsSIeT CHU3UTh TPeOOBaHUSI K YCTPONCTBAM KOMMYHMKAIUH,



44 Maga 1

B TOM 4YHCJIe K KaHajaM CBI3W MeXIYy TIPOIeCCOPOM W OTIepaTWBHON TMaMATHIO
KommbioTepa. [Ipy cOOTBETCTBYIONIEH OpraHM3allMM ONEPATUBHOM TaMSITH JaH-
HBIE B Ipolleccop OymyT TmepemaBaThcsl HAa KaXIOM TaKTe, YTO JaeT 3HAUYUTEThb-
HBIIf BRIMTPBIII B IPOM3BOAUTEIEHOCTH KOMITBIOTEPA.

CrenyeT 3aMeTUTh, YTO UMEHHO BeKTOpHBIe DBM 6blIN MepBLIMU BBHICOKOIIPOU3-
BOAMUTENBHBIMU KOMITbIOTEpaMU (BeKTOpHBIN KoMmmbloTep CeliMopa Kpast) u, Tpa-
JUIIMOHHO, UMEHHO OBM c BEKTOpHON apXWUTEKTYpOil Ha3bIBAIUCH CYMEPKOM-
NbloTepamu.

BCKTOprIC KOMIIBIOTEPHI pa3janyaroTCd TEM, KdK OIIEpaHIbl MEPEAAIOTCA KOMaH-
JaM IIporueccopa. 31ech MOXHO BBIOCJIUTDH CIACAYIOIINE OCHOBHbLIC CXCMBbI:

O u3 namamu 6 namsmes — B BTOM cJiydae OTepaHIbl U3BIEKAIOTCS U3 OIllepaTHB-
HOW MaMsITH, 3arpyxaroTcs B AJIY M pe3yabTar Bo3BpaliaeTcsl B ONMepaTUBHYIO
TaMsITh;

O u3 peeucmpa 6 peeucmp — OIEpPAaHIBI CHAYala 3arpyxXaroTcsl B BEKTOPHBIE pe-
THCTPHI, 3aTeM omepaHs mepeaaetcs B AJIY u pe3yabTar Bo3Bpaliaercs B OMUH
13 BEKTOPHbIX PErUCTPOB.

ITpeumyliecTBO MEpPBOit CXEMbl 3aKTIOYAETCSI B TOM, UYTO OHa JAeT BO3MOXHOCTb
paboTrarb ¢ BEKTOpaMU MPOU3BOJILHON JUIMHbBI, TOTJA KaK BO BTOPOM cllyyae Tpe-
Oyercsa pazOueHMe JIMHHBIX BEKTOPOB HA YAacTH, JJIMHA KOTOPbIX COOTBETCTBYET
BO3MOXHOCTSIM BeKTOpHOro perucrpa. C Apyroil CTOpoHbI, B IIEPBOM c/yyae
HMMEEeTCSl OMpeNeNeHHOe 6peMs 3aNycKad, KOTOpoe AOKHO IPONTH MeXAy WHM-
nManM3alnyeil KOMaHabl W IOSIBAEHUEeM B KOHBelepe mepBoro pesyibTara. Eciu
KOHBeUep yXe 3arpyxeH, pe3y/JbTaT Ha ero Bbixoje OyIeT MOSBISTHCS B KaXKIOM
takte. [IpumMepom OBM c Takoil apXuUTeKTypoil SBISIIOTCS KOMIbIOTEPhI CEpUN
CYBER 200, Bpemst 3anmycka y KoTopbix coctaBisuio o 100 takToB. DTO OU€Hb
Oosiblllasi BeJIMUMHA, JaXe IpU padoTe ¢ BekTopamu MiuHoit 100 sneMeHTOB,
BBILIEYIOMSIHYTbIE KOMITBIOTEPbI JOCTUIAIM JIMIIb [OJOBHMHBI OT CBOEH MakKCH-
MaJbHO BO3MOXKHOM IPOU3BOAUTENbHOCTH.

B BekTOpHBIX KOMIbIOTEpAX, PabOTAOLIMX IO CXeMe PErucTp-perucrp, AjIuHa
BeKTOpa ropasno Menbiie. i KkoMnbioTepoB cepuu Cray 5Ta UIMHA COCTABISET
Bcero 64 c¢j1oBa, OfHAKO, CYILIECTBEHHO MEHbIlee BpPeMsl 3allyCKa [O3BOJISIET YBE-
JUuuTh ObicTpoaeiicTBue. [lpaBna, ecau paboTaTh ¢ IIMHHBIMM BEKTOPAMU, MX
MPUXOJUTCS pa3duBaTh HA YacTW MEHBIeH UIMHBI, YTO CHUXaeT ObICTPOIeHCT-
Bue. BekTopHble KOMIIbIOTEPHI, paboTalolle Mo CXxeMe U3 perucrpa B peructp,
B HacToslee BpeMsl JOMUHUPYIOT Ha PbIHKE BEKTOPHbBIX KOMITbIOTEPOB U Haubo-
Jiee M3BECTHBIMU TIPENCTABUTEISIMU ITOTO CeMeNCTBa SBJSIOTCS KOMIIBIOTEPHI
¢upm Cray, NEC, Fujitsu u Hitachi.

ApXUTEKTypa TUITMYHOTO BEKTOPHOTO cymnepkomibiotepa Cray cieaytomas (B Ka-
yecTBe Mpumepa paccMoTpum Mogenb Cray-1). Tlpouieccop numeer 8 BeKTOPHBIX
PErUCTPOB, KAXJIbIA M3 KOTOPbIX MOXET XpaHuTbh 64 cioa 1o 64 dura Kaxioe.
Ectb Takxe 8 ckanspHbIX perucTpoB misi 64-OUTOBBIX CJIOB U 8 PerucTpoB agpe-
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carmu 1 20-6UTOBBIX CITOB. BMecTo KalI-TITaMITH WCITONB3YIOTCS CTelTnanTbHbIE
PETUCTPBI, YIpaBIeHNe KOTOPBIMU OCYIIECTBISIETCSI IIPOrpaMMHBIM ITyTeM. Bcero
kommbioTep Cray-1 comepxut mo 12 KOHBeliepHM30BaHHBIX IIPOIIECCOPOB, NUMEI0-
WX OTAEIbHBIE KOHBEWephl I pPa3IUIHBIX apuMEeTHYECKNX W JTOTUIECKUX
onepamuii. CKopocTh paboThl Tpolleccopa CTPOTO COINIACOBAaHA CO CKOPOCTHIO
paboThl ONEePaTUBHON MAMSITU.

MyabTuMenuiiHble TPUWIOKEHUST OOBIYHO pPadoTalOT ¢ OOJNBIIUMU MacCHMBAMK
JOAHHBIX, COCTOSILIMMU U3 KOPOTKUX (8- mau 16-paspsamHbIX) 3HAYeHUI ¢ UKCH-
poBaHHON TOYKOM. Takue NpWIOXKEHUS IPEACTABISIIOT OrPOMHBIA IOTEHIIMAI
BekTopHoro (SIMD) napasienusma, IO3TOMY HOBbIE IOKOJIEHUSI MUKPOIPOLIEC-
COpOB O0IIEro Ha3HAYeHHMs1 CHAOXKAIOTCS MYJbTUMEIUMUHBIMM KOMaHAaMU. Myib-
TUMEAUNHbIE pACIUMPEHUs] BKJIIOYEHbl B CUCTEMbl KOMAaHA IpolieccopoB Intel
(MMX-pacuupeHue cucteMbl KoMmaHa Pentium u HoBbie SIMD-komaHabsl Pen-
tium 11I), AMD (3D Now!), Sun (VIS SPARC), Compaq (Alpha MVI), Hewlett
Packard (PA-RISC MAX2), SGI (MDMX), Motorola (PowerPC AltiVec).

B Pentium 11l BBeaeHa mapamieibHas obpaborka B pexume SIMD-npoueccopa
yeTbipex 32-paspsaHbiX olepaHaoB B (opmare ¢ miaaBaiolueil Toukoi. Peanusa-
LM BEKTOPHOIO Mapalaeau3Ma B MYJAbTUMEIUMHHBIX PACIIMPEHUSIX MMEET CBOU
ocobeHHoCTU. DTO, TIpeXIe BCcero, onepaiuu Haa noaciosamu. [lpu mauHe cio-
Ba, Hampumep, 64 6ura u IMHE omepaHaa 16 GUTOB, MOXHO OIHOBPEMEHHO BbI-
MOJTHSTH AeHCTBUS C 4 ollepaHIaMMu.

Mpoueccopbl gna napannenbHbIX KOMMbIOTEPOB
[puHATO BHIMEIATL YETHIPEe YPOBHS Mapauien3Ma:

1. Ilapaaseausm 3a0anuii — KaxIbli TpoLEcCcOp 3arpyXaercsli CBOeil COOCTBEH-
HOI{, HE3aBUCUMOI OT APYTMX, BhIUMCAUTENbHON 3anaveit. [Tapanienunsm tako-
ro TUNA MPENCTABISAECT UHTEPEC CKOPEE IS CUCTEMHDLIX 4IMUHUCTPATOPOB,
YEM PSIOBBIX MOJTB30BATENEN.

2. llapaaneausm Ha ypoere npoepammel — BBIYMCIUTENbHAS Mporpamma pasbuBa-
€TCSl Ha YacTM, KOTOPbIE MOTIYT BBbIIOJHATHCS OJHOBPEMEHHO Ha Pa3JiMYHbIX
polieccopax.

3. llapaaneausm komano — OOBIYHO peAM30BAH HA HU3KOM YPOBHE, 9TO, Ha-
TTpuMep, KOHBeHephl U T. II.

4. [lapaaneausm na ypoeHe MAUWUHHBIX CA08 U APUOMEMUYecKUX onepayuil — B He-
KOTOPbIX CUTYalLUsX, HAIPUMEpP, CIOXEHHE [IBYX OINEPAHIOB BbIIOIHIETCS
OMHOBPEMEHHBIM CJIIOXKEHUEM BCEX UX TBOWYHEBIX paspsaoB.

Kak BuauM, B IepBOM M BTOPOM Cly4yasix HET HEOOXOAUMOCTH B KAKOH-TO OCO-
0ol apXUTEKType IPOoLeccopa, U JHUIIb B TPETbEM M YETBEPTOM Clydasix TpeOyeT-
¢ BBEIEHME HOBBIX AJIEMEHTOB, Peub O KOTOpHIX Iwia Bbiie. Ho Bce oHU He
SBJSAIOTCS crneurpuyecKMMU i HMapauiebHOH MHOIOIPOLIECCOPHON apXUTeK-

TYPBI.
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Eciu B 80—90-e Tompl MpoIIIOTO BeKa B BHICOKOMPOU3BOAUTENHHBIX BBIYMCITHU-
TEJbHBIX CUCTEMaX ITOMMHUPOBAJIM BEKTOPHBIE MPOLECCOPHI, TO ceilyac OHU YC-
tynwin Mecro Jaunepa RISC-nporieccopam. CoBpemeHHbiit RISC-mpoiieccop
OOBIYHO YCTyIIaeT 110 TaKToBoli yacTtore mpoieccopaMm Pentium III u IV, omnako
€ro MPOU3BOJUTEIBLHOCTh HA OMEpaLUIX C MIaBalolleil TOUKOl BbILIE.

Mpoueccopbl Pentium

Iporeccopsr Pentium He NpUMEHSIOTCI B WHTETPUPOBAHHBIX TapaLISIbHBIX
CHUCTeMaX, HO SIBJISIIOTCS CaMbIM PAaclpOCTPAHEHHBIM BUJOM IPOLECCOPOB B Kila-
crepax pabouuMx cTaHUMi. B coBpeMeHHbIX MOKOJIeHUsIX MpolieccopoB Pentium
ObICTpO/IeIICTBIE JOCTUTAETCsl KaK 32 cueT yBeJUUEHUs TaKTOBOW YacTOThl, TaK U
Oiaroaapsi IpUMEHEHUIO IyOOKOl KOHBeiepusauuu omepauuii. B mpoueccopax
Pentium 1V xonseliepbl coaepxar He MeHee 20 cermeHTOB. [lpumMmeHseTcs: Takxke
cliellMabHasl OpraHu3alusl Koll-naMaTd (MaJeHbKU o0beM K3Ii-IMaMsITH Iep-
BOIo ypoBHs, Bcero 8 KOaiiT, mo3BoisieT COKPATUThb LUK BbIOOPKM AAHHBIX M3
MamsiTh), TUIAHWUPOBAHUE BBITTOJTHEHUSI KOMaHJ, 0co0asi KOHCTPYKUMS IIUHBI U
IPYTHUE METOIEI.

Mpoueccop Compaq Alpha EV67/68

B MoMeHT BbITTycka Ha PLIHOK TAaKTOBas 4yacToTa 3TOTO TIpolieccopa cOCTaBIsia
833 MI'u. B xaxigoMm TakTe BbIAAIOTCS [Ba pe3yjbTaTa Olepauuil ¢ IUIaBarolleit
TOYKOI.

MmeroTcs 2 uenoducneHHbIX peeucmpoesix @aiisa ¢ 80 BxomaMu KaxXAblid U
OIMH — C IUIaBaiolleil Toukoit (72 Bxonma). Peructposblil daitn — ato HaGop pe-
TUCTPOB LEHTpaJbHOro Ipoleccopa. Kaxaplil 11€J104YMCAEHHBIA pPErMCcCTPOBbIii
daitn obcaykuBaeT cBOl OJIOK (PYHKIIMOHATBHBIX Y3J10B LEJOUKCIeHHON apud-
METHKU, KOTOPBIM MPUCBOEHbI HauMeHoBaHus "Kiactep 0" u "knactep 1".

IlenouncieHHoe YMHOXEHUE TIOJHOCTbI KOHBelepu3oBaHo. JIBa 1ienovyucieH-
HBIX "KiacTepa’ W JBa MOAyJs apudbMeTUKM ¢ TJIaBaollieil TOUKOW IMO3BOJSIIOT
OTHOBPEMEHHO 00pabaThIBaTh 6 KOMAaH/I.

MmetoTcst KolI-MaMsITh KOMAHA U K3II-IIaMATh JaHHBIX (006e mo 64 K6aiir). IMoa-
JEPXKUBAIOTCSI METOAbl TUHAMUYECKOTO TUIAHWPOBAHUSI BBITTOJHEHUS MPOrpaMM,
Takye Kak BBIMOJHEHUE IO MPEAINOJIOXEeHUI0, Tpelcka3aHue BEeTBICHUM U Ap.
Bpems 3amepxxku Ui TIEPECBUIKM LEJbIX 3HAYEHUU B TMaMiITb COCTaBISIET
3 uMKJia, a 3HadyeHU# ¢ IaBawolieil Toukoil 4 nukia. Cxema npoleccopa npuse-
aeHa Ha puc. 1.13.

MHoronoto4Has apXxuTeKTypa

B nacrosinee BpeMs MOABUINCH M Pa3BUBAIOTCS IIPOLECCOPH ¢ MHOTOMOTOYHOI
apxurtektypoit (MTA — MultiThread Architecture). Unes, nojgoxeHHas B Ux oc-
HOBY, 3aKJII04aeTCsl B TOM, YTO IPOrpaMmMa BbIIOIHSIETCS B HECKONbKO MOTOKOB U



ApxuteKTypa BbicokornpouasoautesbHeix 3BM 47

KaLw-namsTb NepBoro ypoBHs

3anuce/BbibGopka > > 3anuce/Bbibopka
M3 NamAaTu € 1\ - 13 namaTu na
Y

Peructpbl

C nnasatwlLLen

TouKol (72) P
PerncTpel D TS
LIENOYUCTIEHHBIE tenoncnerHbie
(60) > B &

» -

<
<
i
<
>
»i

MVL/PLZ
Ccasurun
BETBMEHUA

LlenoyncneHHoe
(@7:1=17 147
BETBMEHUsA

YMHOXEHNe

A A { % A A

v v

nT nr
0
I ) / 2 ||¢
£§ 2g gg gg
35 | |85 | | [ Ibiés || 8t
» c5 =] =] 6 [€
Oc oc ocg o-c

—>
>

Puc. 1.13. Cxema npoueccopa Alpha EV67/68 (NT — moayns onepauwnii
C naBaroLLEN TOYKON)

KaXIOMY TIOTOKY OTHAeTCs CHEIUaNbHBIMN perncTpoBbIN (aiir. 3amada cosmaHus
U YIpaBJIeHUs] MHOXECTBOM ITOTOKOB pelllaeTcsl TpaHCasTopoM. [Ipumep KOMITb-
oTepa ¢ MHOIonoTouyHoil apxutektypoii — Cray MTA-2. PasHOBUIHOCTbIO JaH-
HOro MOAX0/Ja SBJSIETCSl OJHOBpeMeHHass MHoronorodyHocTh (SMT — Simultane-
ous MultiThreading), korna oauH (GuU3MYECKUii MPOLECCOP BUAMTCS ONEPALIUOH-
HOI1 cucTeMe Kak jiBa "Jornyeckux” mnpoueccopa.
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Ol'lepaTI/IBHaﬂ namaTb

XapakTepuCTUKU OTIePaTHBHON TIAMSITH U OCOOCHHOCTH €€ YCTPOMCTBA SIBISIOTCS
BXKHENIINM (haKTOPOM, OT KOTOPOTO 3aBUCUT OBICTpPOASHCTBUE KOMIThIOTEpA.
Benp maxxe npu Hamuuuu OBICTPOTO MPOIIECCOPA CKOPOCTh BBIOOPKM TAHHBIX U3
MaMsITU MOXET 0Ka3aTbCsl HEBBICOKOI, U MMEHHO 3Ta HEBBICOKAs CKOPOCTb pabo-
Thl C OINEpPaTUBHOW MaMSIThIO OYAEeT OMpeAesiThb ObICTPOAEUCTBUE KOMIIbIOTEPA.
Bpewms 1ukia paboTsl ¢ NaMsITbIO £, OOBIYHO 3aMeTHO OoJibllie, YeM BpeMsl LIMKIa
LIeHTpaJibHOro mpolueccopa #.. Eciu mpoueccop MHULMAIU3UPYET obpalieHue K
MaMsTH, OHAa OyIeT 3aHSTa B TeUeHWe BpeMeHU #, + #, U B TeUueHHe BTOTO TIPOo-
MeXYTKa BpEMEHM HM OJHO APYroe YCTPOMCTBO, B TOM YMCIE M CaM IPOIECCop,
HE CMOIYT paboTaTb ¢ ONEpPaTMBHON HamsThlo. TakuM oOpasoM, BO3HMKAET MPo-
Osiema JocTyna K MamsiT.

Bra mpobiema perraercs CHEIUATbHON OpraHM3alMeil OIepaTUBHONM ITaMSITH.
IpunsTa cnenyromas KraccudUKans TapauIeIbHBIX KOMIBIOTEPOB MO apXUTEK-
Type TIOICUCTEM OTIepaTUBHON TTaMSITH:

O cucmemsr ¢ pasdensemoil namamoro, y KOTOPHIX €CTh OJHA OONBINAs BUPTyalb-
Hag TaMsTh, W Bce TIPOIleCCOPHl MMEIT OMWHAKOBEHIN TOCTYT K JaHHBIM W
KOMAaHIaM, XpaHAIIMMCS B 9TOI MaMsITH;

O cucmemsr ¢ pacnpedenenHoli namameio, Yy KOTOPBIX KaXKIbIA Tpoleccop MMeeT
CBOIO JIOKATBHYIO OMEPAaTUBHYIO MaMsTh, M K 3TON IMAMSITU y IPYTUX MpOIec-
COpPOB HET JOCTYyTIA.

Paznrane Mexxmy pasmenaseMoil M pacnpeaeeHHOM TaMIThIo 3aKITIoYaeTcd B CTO-
cobe MHTepTpeTalny ampeca. DTO pasInyie MOKHO TOSICHUTH Ha CIemyIOIeM
npumMepe. [lycTb onMH M3 MpoIecCOpPOB BHIMOMHIET KOMAaHIY load rl, i (3arpy-
3UTh B PETUCTDP rl JAaHHBIE U3 SYEWKM TaMsITh i). Ecim komanma BEITIOTHSETCS
Ha KOMITbIOTEpE ¢ pasmeasieMol MaMsTblo, HOMep SYeHKHM i MMeeT OMMHAKOBBIN
CMBICIT JIJIS1 BCEX MPOIIECCOPOB, T. €. i ABIAETCS IMOOATBLHBIM aapecoM. B cucreme
C pacripeleleHHON IMaMsIThIo sueiika i pasHas Uil pasdIWYHBIX MPOIECCOPOB U
B PETHCTPHI r1 TIO 3TOI KoMaHAe OYIyT 3aTpy>KeHBI pasHble 3HAUESHUS.

g mporpaMmuicTa 9acTo OBIBAacT BaXKHO 3HATH THT OTIEpaTUBHOW TaMSITH KOM-
hIOTEpa, Ha KOTOPOM OH paboTraeT. Bemb apxuTekTypa TaMsITH OTIpeneiseT CIo-
€00 B3aMMOAEMCTBUS MEXAY Pa3NTUYHBIMU YACTIMU TApaUIEIbHON ITPOTrpaMMBL.
[lpu BHIMOTHEHUN HA KOMIIBIOTEPE C pacIpeaeieHHON MaMAThIO MporpaMma Ie-
PEMHOXEHUS MATPHUIl, HAIIPUMED, MOKHA CO3MaTh KOMUHU ITePEeMHOXAEMBIX MaT-
PWII Ha KaXIOM TIpOIleccope, UTO TeXHWUYECKW OCYINEeCTBISIeTCsS Tepeaadeil Ha
3TH TIPOIIECCOPHI COODOIIEHMS, colepXallero HeoOXoOMMEIe MaHHBE. B ciaydae
CHCTEMBI ¢ Pa3NeIsIeMOl MaMSThIO MOCTAaTOYHO JIMIIb OMMH pa3 3adaTh COOTBET-
CTBYIOIIYIO CTPYKTYPY JAHHBIX W Pa3MECTUTb €€ B omneparuBHOI mamsitu. Ocra-
HOBHUMCS TIOAPOOHEEe HAa PA3TNYHBIX apXUTEKTYPax MOJCUCTEMBI ITaMSITH.
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Paspensemas namatb

ITpocreiiiunit cnocod co3aaTh MHOTOMPOLIECCOPHbBIM BHIUMCIUTENbHBIN KOMILIEKC
C pasaenseMoll MaMsTblO — B3(Tb HECKOJbKO MPOLECCOPOB, COSAMHUTb HUX O0-
el IMMHOKM Mexay coOoif U C ONepaTUBHON MaMsThlO. DTO — MPOCTOM, HO HE
caMblii JydllUii crioco0, OCKOJIbKY, €CJIM OJMH IPOLECCOP IIPUHMMAET KOMaHIy
WM NEepenaeT JAHHbIE, BCE OCTAJIbHBIE IPOLECCOPbl BbIHYXAECHbI MEPEXONUThL B
PeXUM OXuAaHUS. DTO MPUBOAUT K TOMY, UTO, HAaUMHAasl ¢ HEKOTOPOTro uyucia
MpolieccopoB, OBICTPOJAEHCTBUE TAKOW CUCTEMBI TMEPECTAET YBEJIUYUBATLCS TPU
JI06aBIeHNM HOBOTO TMpolieccopa.

MBI yXe BBIICHWIN, YTO HECKOJBKO YIYYIINTh KAPTUHY MOXET TIpUMEHeH’e
KBII-TTAaMATU [T XpaHeHUs] KoMaHa. [1pyn HamWYuy JTOKaabHOM, T. €. TIpUHA;NIe-
Kalleil JaHHOMY TIPOIECCopy, KIII-TTaMITU, CcJenyiolnas HeoOXoauMass emy
KOMaH/1a ¢ OOJBIION BEPOSITHOCTHIO OYIET HAXOOUThCS B KIII-TIaMATH. B pe3yib-
TAT€ 3TOLO YMEHDbIIAECTCS KOJIMYECTBO OOpALUEHUI K LIMHE U OblCTpOACHCTBUE
CHCTEMbI BO3pacTaer.

Koaui-maMaTe meficTByeT ciemyloimmuMm obpasoM. Eciam meHTpaabHBIN Ipolieccop
oOpaiaercs K ONepaTuBHON MaMsaTH, BHayajle 3alpoc Ha HEOOXOAMMbIE JaHHbIE
MOCTyNaeT B K2II-aMsAThb. Eciy oHU TaMm yxXe HaxomsaTcs, BbIMOJHSETCs ObICTpas
MepechlIKa JAHHbIX B PEITUCTP MPOLECCOPA, B IPOTUBHOM CIydyae NAHHbIE CUMThI-
BAIOTCS M3 ONEPATUBHON HaMSITU W MOMELIAIOTCS B KALI-IAaMsITh, a U3 Hee yXe
3arpyXaloTcsa B PETHUCTP.

IMpn ncnonb30BaHUK B MHOTOTIPOIIECCOPHBIX BHIYMCIUTETBHBIX CHCTEMaX BO3HH-
KaeTr mpobiema kaui-koeepenmuocmy. OHaA 3aKIIOYAETCS B TOM, YTO €CIM IBYM
uau Goee TiporeccopaM MOHATOOUIOCh 3HAUeHNE OTHOMN M TOI XK€ TepeMeHHOI,
OHO OyIeT XpaHUTHCS B BUAE HECKOJBKHUX KOMU B K3II-TIAMATH BCEX MPOIECCO-
poB. OIWH M3 MPOIECCOPOB MOXET M3MEHHTh 3TO 3HAYCHHUE B Pe3yIbTaTe BbI-
MOJHEHHUS CBOEeil KOMaHIbl U OHO OyIeT MepeJaHO B ONEPaTUBHYIO MAMSITh KOM-
nbtorepa. Ho B KolU-nIaMsITU OCTaJIbHbIX IPOLECCOPOB BCE ELUE XPAHUTCS CTAapoe
3HaueHue. CrnenoBarenbHO, HEOOXOMUMO OOECIeYMTb CBOEBPEMEHHOE OOHOBJE-
HME JAAHHBIX B KALI-IIAMITH BCEX IIPOLIECCOPOB KOMIIBIOTEPA.

[IpoGnema KoII-KOMEPEHTHOCTH MOXET PellaThCs MPOrpaMMHBIM IIyTeM — Ha
YPOBHE TPAHCISITOPA W OTIEPAIIMOHHON crcTeMbl. TpaHCIITop, HATIPUMEDP, MOKET
OIIpEeAC/SiTh MOMEHThI O€3011aCHON CHMHXPOHU3ALMU K3LU-[1AMSITH IIPU BbIIOJHE-
HUM TIpOrpaMMBL. JpyToil MMoaxom OCHOBAH Ha allapaTHOM PEIIeHUM MpoOIeMbl
K3II-KOTepeHTHOCTH. B 3TOM ciyyae MpUMEHSIOTCS CITeIIMaJbHBIE TTPOTOKOIHI,
KBLI-NIaMSITh MCIONb3yeTcst Oosiee 3(PDeKTUBHO, BCEe IPOUCXOAUT "MPO3payHO”
JUTSL TIpoTpaMMucTa. [lpomoxoas: Kamanoeoe peanusyor coop 1 ydeT nHbopMaImn
0 KOMHWSX JAHHBIX B KOII-TIAMATH. DTa WHOOpMAIUS XpaHUTCI B CHENUaTbHOMN
001acTy OIEePaTUBHONM HaMsITU — Karajore. 3alpochl IPOBEPSIOTCS. C [IOMOILbIO
KaTajora, 3aTeM BBITIOJTHSIOTCS HeoOXoAMMBbIe TIepeChIKA TaHHBIX. Mcmonb3oBa-
HUe AaHHOTO Tomxona 3G GeKTHBHO B OONBIINX CUCTEMAaX CO CIOXHBIMU CXeMa-
MU KOMMYHUKALIMU. [Ipomokoas caedxcerus pacipenessioT "OoTBETCTBEHHOCTb' 3a
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KOTE€PEHTHOCTh KOIIei MeXIy KOHTpollepaMu Koul-namsatu. KoHTpomrep
oIpeneseT U3MeHeHNe COAEpPXKAHUS KAUI-MaMITH M IepeaaeT MHdopMauuo ob
5TOM JIPYTMM MOAYJSIM K3uI-namsaTu. OueBUIHO, B 3TOM CJydyae BO3pacTaer o0beM
nepeaaBaeMbliX JaHHbIX. B HEKOTOpbIX cUCTEMAaX UCIIONb3YeTCsl adalTHBHAsE CMECh
000UX MOIXOIOB.

HMMeroTes pasnmnyHble peaTu3aii pasaeiseMoll TaMaT. DTo, HalpuMep, pasmie-
JiseMast TIaMsITh ¢ TUCKPETHBIMUA MOAYJIAMU MmaMaTi. Pusndeckass maMaTh COCTO-
WUT W3 HECKOJBKUX MOMIYJIEH, XOTSI BUPTyaIbHOE aApecHOe TPOCTPAHCTBO OCTAETCS
obmuM. Bmecro oOleit MMHBI B 3TOM cjyJae MCIOIb3yeTcs IepeKIovaTelb,
HaIpapJISTIOMWHA 3ampockl OT Tpolleccopa K maMATH. Takoit mepeKiToJaresib Mo-
KeT ONHOBPEMEHHO 00pabaThiBaTh HECKOJbKO 3alpOCOB K IAMSTHU, IO3TOMY,
€C/IM Bce MPOLECCOpPhl OOpalIaloTCs K Pa3HbIM MOIYJISAM HaMSITH, ObICTpOAeicT-
BH€ BO3pacTaer.

BerumcauTeIbHONM CHCTEMOR ¢ pasielsgeMOoi IaMATBIO SBISEeTCS KOMIThIOTep
KSR-1 ¢pupmbl Kendall Square Research.

Yepeayemasa namatb

Yepenyemasi TiamsiTh pasfensieTcds Ha OaHKU mamsTh. [IpuHsITO coriainieHue
0 TOM, YTO SlYeiiKa MaMsITU C HOMEPOM i HAXOIWTCS B OaHKe MaMsATH ¢ HOMEpPOM
i mod n, TI€ n — KOJIWYECTBO 0AHKOB TMaMATHU, a mod — OIepalnst BBIYUCIECHUS
ocrarka or aejeHus. Takum obpazom, eciu umeercs 8§ OAHKOB MaMsITU, TO [ep-
BOMy OaHKy maMsTu OyayT NpUHALIEXaTh sUeKu mamsatd ¢ Homepamu 0, 8§,
16, ..., Bropomy — 1, 9, 17, ... u T. A. 3anpochl K PasinyHbIM OGaHKAM HaMSITU
MOryT oOpabarbiBaTbesi ogHOBpeMeHHo. [lpu moctaTouHoM KoJudecTBe OAHKOB
MaMsITU CKOPOCTb OOMEHa JAaHHLIMU MEXIY MaMsITb0 U TMPOLIECCOPOM MOXET
ObITh OJIM3KA K UJIEATbHOMY 3HAUEHUI0 — OJHO MAalllMHHOE CJIOBO 32 OJWH TaKT
paboTHI TTpolleccopa.

Adeiiku maMsaTU MOTYT OBbITh MEPeHYMEpPOBAaHbI U HEMPEPBLIBHBIM 0OpasoM, T. €.,
CKaxeM, B MepBOM OaHKe HaxomsaTcs sdeiiku ¢ HoMepamu oT 0 mo 255, Bo BTO-
poM oT 256 mo 511 u 1. 1. B BeKTOPHBIX KOMIBIOTEPAX OOBIUHO HCIOIB3YETCSI
MepBbIi crocod aapecaliiu, a B MHOTOIPOIECCOPHBIX KOMILJIEKCAX ¢ pasjaesse-
MOM IIAMSTbIO — BTOPOI.

Pacnpep,eneHHaﬂ namaTb

B BEMHCINTENBHBIX CHCTEMAX ¢ pacTipeleleHHON MaMAThI0 oflepaThBHAs MaMSITh
€CTb Y Kaxjaoro mpoiieccopa. Ilpoueccop nuMeer AOCTyl TOJAbKO K CBOEil MaMSTH.
B sToM cnyyae oTmamaer HeoOXOMMMOCTh B IIWHE WM Tepekiovareire, HeT 1
KOH(MIMKTOB TI0 AOCTYNMy K mamath. Her mpucymmx cucreMaMm ¢ pasmeisieMoit
MMaMsIThI0O OTPAaHNYEHUI Ha YHCIO TPOIECCOPOB, HET W IPOOIEMBI ¢ K3II-KO-
repeHTHOCThI0. Ho, ¢ JApyroif cTOpoHBI, YCIOXHSETCS OpraHu3aims obOMeHa
TAaHHBIMA MeXIy MpolleccopaMu. OOBIYHO TaKol OOMEH OCYIIEeCTBIISIETCST TIPH
ToMOIII oOMeHa COOOIIEHUSIMM-TTOCKUTKAMU, cofepKaluMu gaHHbe. Jdms dop-
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MWPOBAHNUS TAKOW TIOCHIIKW TpebyeTcs BpeMs, TS TIONYIeHUS W CYNTHIBAHUS
MTOJYYEHHBIX TAHHBIX — TOXE. OTH JIOMOMHUTEIBHBIC 3aTpaThl — IIIaTa 3a Te
MPEUMYIECTBA, O KOTOPHIX 11a Peyb.

[MporpamMmupoBanue I CUCTEM C paclipeie]ICHHON MaMsIThio — OoJiee CaoKHast
3agagya. OHO TpebyeT pa3dMeHHMs] MCXOMHOW BBIYMCIWUTETHHON 3amayM Ha I1oa3a-
Ja4yu, BbIITOJHEHUE KOTOPBIX MOXET ObITh IOPYYEHO Pa3HBIM IIpolieccopam.

OnHNUM M3 KOMIBIOTEPOB TAKOTO TUIIA ABISUIACh BEIUUCAUTENBHAS crucTemMa CM-5
¢upmbr Thinking Machines. OHa cocTositla U3 TPOLECCOPHBIX 3JEMEHTOB, IIO-
CTPOEHHBIX Ha ocHoBe Mukpomnpolieccopa SPARC u coelMHEHHBIX CEThIO CO
cleluajlbHONM Tomonorueid tuna "aepeBo”. Y KaxIoro MmpoLecCOPHOro 3jeMeHTa
uMeach JoKajlbHasl maMmsTh oobeMoM 32 MmerabaiiTa.

B cxeme ¢ pacnpeneneHHO-pasaensieMoil MaMsATbio Kaxabeiii [1D uMeer coOCTBeH-
HbIIl MO/lYJIb IAMSITH, HO aJPECHOE IIPOCTPAHCTBO — OOILEe.

CBa3b MeXpay J1IeMeHTamMm
napannesibHbiX BbIMUCJINTEJIbHbIX CUCTEM

BaxxaelM 251eMEeHTOM apXUTEKTYPHI TH000TO KOMIThIOTEPA, 4 BBICOKOTTPON3BO-
JUTEIbHbIX BbIYMCIUTENbHBIX CUCTEM B OCOOEHHOCTH, SIBJSIETCS KOMMYHMKAlIM-
OHHAsl CeTb, CBS3bIBAIOLIAS IPOLIECCOPhl C ONMEPATUBHOM IaMITblO, IPOLIECCOPh
MeXIy coDOIt, MpoIecCOphl ¢ IPYyTMMU ycTpoiicTBamu. OHa OKa3bIBaeT pellaro-
Iee BIMSIHUE HAa MPOU3BOMUTENBHOCTh CHCTEMBl. TpaduK B TaKO! CETH COCTOMT
M3 TIepechUTaeMbIX TAaHHBIX U KoMaHd. OCHOBHOM XapaKTepHCTHKON CETH SBJISET-
cA TIPOMTYCKHAS CMOCOOHOCTh, U3MepsieMast B OUTax B CEKYHY.

Hanee peuyb moiier o MHOTOIMPOLECCOPHBIX KOMIIBIOTEPAX, KOTOPbie B JaHHOM
KOHTEKCTE TPUHSITO paccMaTpuBaTh Kak HabOp y3/0B (MPOLECCOPHBIX 3JIeMEH-
TOB, MOJYJIeil MaMSTU, IepeKtoyareacil) U COeAMHEHUI MEeXIY Y3IaMU.

[IpuBenemM HECKONBKO ONpeeneHUil.

a Opra}msam/m BHYTPEHHUX KOMMYHI/IKaHI/Iﬁ BBIUMCJIUTEIBHON CUCTEMBI HA3bI-
BAETCsI €€ monoaoelel.

a I[Ba y3J1a UMEHYIOTCA COC€()HLLML[, €CJIN MEXAY HUMH HMEECTCA IPAMOEC COCIAU-
HCHUEC.

a

”OpﬂalCOM y3/1a HA3bIBACTCA KOJIUYCCTBO €Io cocelie.

O KoMmMyHUKQUUOHHbIM OUAMempoM CETU NUMEHYETCS MAKCUMAIbHBIA MyTh MEXAY
JIIOOBIMU ABYMS Y3TaMU.

O Macwmabupyemocmes XapakTepusyeT BO3pACTAHUE CAOXHOCTU COSAMHEHMIt
npu A00aBAeHUMU B KOH(UIYpALMIO HOBbIX y3J0B. Eciu cucrema objagaer
BBICOKOH CTEIEHbIO MACILUTAOMPYEMOCTH, €€ CIOXHOCTh OyAeT He3HAYUTEIbHO
U3MEHSATBCS TIPH HapalllMBAaHUU CHCTEMBI, HEM3MEHHBIM OYIeT W IuaMeTp CeTH.
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EcTth mBa THMa TOMONMOTMIT KOMMYHWKAIIMOHHEIX CeTell — cmamuueckue W Ound-
muveckue. B cirydae ctaTU4ecKoll ceTH Bce COeIMHEHUS (DUKCUPOBAHBI, & B -
HAMWYECKOI CETH B MEXITPOIIECCOPHBIX COCAMHEHMAX HCIIONB3YIOTCA TEPEeKITIO-
yateau. [lepBblii TN ceTeil Gojiee BCero IMOAXOAWT IS pelIeHUs TeX 3amad,
B KOTOPBIX M3BECTHHI CTPYKTypa W xapakrep oOMeHa MaHHBIMH. JIMHaMudeckue
coelMHeHus 00Jee YHUBEPCAIbHbI, HO OHU JOPOXE, UX pealu3alus ClOoXHee.

CraTtu4yeckune tononorum

CoemHEHNE ¢ MTOMOIIIbI0 OMMHOYHON IMUHBI ABISIETCS CAMBIM MPOCTHIM M JIele-
BbIM (puc. 1.14). OcCHOBHOI €ro HeZOCTAaTOK 3aKJIIoYyaeTcsl B TOM, UTO B KaXIbIi
MOMEHT BpEeMEHU BO3MOXHA TOJbKO OJIHA Tepechlika JaHHbIX/KoMaHa. IIpo-
IyCKHAsl CIOCOOHOCTb OOPAaTHO MNPONOPLMOHAIbHA KOJIMYECTBY IPOLECCOPOB,
MOAKJIIOUEHHBIX K LIKMHe. Takoi crnocod coeMHEeHUsT XOPOILU TONbKO JIsl CUCTEM,
conepxalux He 6onee 10 mpoleccopos.

na1 naz2 na3s

Puc. 1.14. CoeanHeHne ¢ NOMOLLBIO LLIVHbI

Crangapr IEEE P896 st BEICOKONPOU3BOAUTEIbHOM IIMHBI, KOTOPBIA MOIYYMT
HazBaHue Scalable Coherent Interface (SCI — macmrtabupyemblii KOrepeHTHBII
uHTepdeiic), Mo3BOASET OTYACTU PELIUTh MPobIeMy CPAaBHMUTEIbHO HM3KOU CKO-
pocTd paboThl IUKMHBI, HO JAHHOE YCTPOMCTBO MMeeT Oosiee CIOXHYIO OpraHm3a-
uMio, yem mpoctas wuHa. Takas wmHa npumeHsiach B cuctreme HP/Convex
SPP-2000.

bonee addexTuBHBIM SBISETCS APYroil cnocod CoeNMHEHUSI — OJHOMEpHAs pe-
1eTKa. Y KaXIOro 3JIeMEHTa B 9TOM CJIyyae eCTb JBE CBSI3U C COCEMsIMH, a Ipa-
HUYHbIE BJEMEHTbl MUMEIOT Mo ogHON cBsA3u (puc. 1.15). Eciu 3aMKHYTb KOHIIbI
OIHOMEPHON pellleTKH, MOJYYUM TOTIOJNIOTUIO "KOJIbIIO".

oOoO0C0O OO0
a 6

Puc. 1.15. OgHomepHas pelleTtka (a) n konbuo (6)
O6o001IeHEM OTHOMEPHON pPEIIeTKU SIBIIeTcs d-MepHasl pelieTka, B KOTOpPoit

y kaxgoro I1D umeercs 2d cBsizeir. OcoOblii cilyyail MpeAcCTaBISIIOT [PAHUYHbIE
9JIEMEHTbI, YMCJIO CBSI3EH Y KOTOPBIX MOXET ObITh pa3HbIM. Takoil TMI KOMMYHM-
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KaIlMOHHOW CeTH He TOAXOIUT TS CO3TAHWS MHOTOTPOIIECCOPHBIX KOH(MUTYpa-
LU ¢ OONBIIMM YHUCIOM IIPOIIECCOPOB, MOCKOIBKY MaKCHUMAaJIbHAS 3aiepsKKa Tie-
pemaym cooOIIeHU OT ogHOTo 13 N MPOIEeCCOPOB K APYroMy MPONMOPIHOHATEHA

/N 7 OBICTPO pacTeT ¢ YBeIMIEeHNEM YHciIa TIPOIECCOPOB.

JByMepHas pellerka npejacrapieHa Ha puc. 1.16.

Puc. 1.16. lNnockasa peweTtka

JByMepHasi pelieTka oOecIiedydBaeT xopollee ObicTpoaelicTBue. s mepemaun
JAHHBIX MEXIY IMPOLIECCOPHBIMU 3JIEMEHTAMU HEOOXOAUMO OIPEAE/IUTH MapIIPyT
MePeChbUIKU JAHHBIX, IIPU ITOM [AJIsI PELIETKM Pa3MEPOM 71 x K TpeOyeTCs MaKCH-
MyM 2 x (n — 1) OPOMEXYTOYHBIX y310B. JlOCTaTOUHO YAaCTO HCIOJIB3YIOTCS U
TpexMepHbIe pelreTkr. [1omyasspHOCTh ABYMEPHBIX U TPEXMEPHBIX PEIIETOK CBSI-
3aHA C TeM, YTO MHOTHE 3aJayy HAayYHO-TEXHUYECKOTO XapaKTepa MMEIOT COOT-
BETCTBYIOIIYIO CTPYKTYPY.

B Ttomomorum "3Besma" ecThb OOMH LEHTPAJILHBIA Vy3eJ, ¢ KOTOPBIM COEIU-
HSIFOTCSI BCE OCTaJbHBIE IMPOIECCOPHBIE 2JIEMEHThL. Takum o0pa3oM, y KaxKaoro

1D umeercsi onHO coeAuHeHUe, a y LeHTpaibHoro IO — N — 1 coeauHeHMne
(puc. 1.17).

QQ

O

O

Puc. 1.17. CoeanHeHune "3Be3na”
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B Takoii Tomosornn cirabbM 3BEHOM OKAa3BIBaeTCS HeHTpEU'[BHBIf;I y3€J, TTO3TOMY
OHa TOXE€ HE NOAXOOUT IJIA OOJIBIINX CUCTEM.

B cetn ¢ momHocBs3HON Tomonoruen (puc. 1.18) Bce mpoliecCOpHBbIE 3IEMEHTH
CBSI3aHbl APYT C ApyroM. Ilepecbulku MOTYT BBIMOJHSATHCS OJHOBPEMEHHO MEXIY
PasIMYHBIMHU TTapaMU TIPOLIECCOPHBIX 3IeMeHTOB. B Takoii cucteMe Jerko MOryT
ObITh peaJiM30BaHbl IIMPOKOBENIATENbHbIE U MHOroaapecHble mepecbulku. Kak
OBICTPOACICTBIE, TAK M CTOMMOCTD CHCTEMBI BBHICOKU, TIPUYEM CTOMMOCTH CYIIE-
CTBEHHO BO3PACTaET ¢ YBEJIMYEHUEM YMCIA IPOLIECCOPHDIX DJEMEHTOB.

Puc. 1.18. CeTb c NONHOCBA3HOW TONONOrnen

JOoBOMBHO pacIpoCcTpaHEeHHOW SBIgeTcd XOPOIIo MacliTabupyeMas TOTOIOTHS
"runepky6” (puc. 1.19). B Heit 27 nipoliecCOpHBIX BJIEMEHTOB MOTYT ObITh OpTaHu-
30BaHbl B #-MEPHBII Turepkyd. Y kaxpaoro I1D umeercss n coenrHeHuit. 3aech
TaKKe TpebyeTcs MapIIpyTH3alnds MaKeTOB ¢ JAHHBIMH, MPWYEM MaKCHMaTbHOE
KOJTMYECTBO MPOMEXYTOUHBIX y3JI0B paBHO #. OHO M olpeneaseT MaKCUMATbHYIO
3a0ePKKY TIepenadn JTaHHBIX.

a 6 B

Puc. 1.19. OgHomepHbI runepky6 (a), AByMepHbIn runepkyo (6),
YyeTblpexMepHbIin runepkyd (8)

dnga agpecannw ys3moB B THIIEPKyOe KakIOMY Y3y MpUCBaWBaeTcss CBOW WIOeH-
TUPUKALMOHHBIA HOMEp, MNpM ITOM [BOMYHBIC MPEACTABICHUSI MIESHTU(UKA-
LIMOHHBIX HOMEPOB COCEIHMX Y3JI0B OTIMYAIOTCS OAHUM Pa3psiIoM. AJITOPUTM
MEPECBUIKU COOOILEHUSI OT ONHOTO y3/lda K APYroMy B 3TOM cjlyyae AOCTaTou-
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HO TIPOCTOU U OCHOBaH Ha TMOOWUTOBOM CPABHEHUW NIBOWYHBIX TMpeAcTaBIe-
HUIT UIeHTU(UKAITMOHHBIX HOMEpPOB TeKyllero ys3jna u aapecara. Hampumep,
B 4-MepHoM runepkybe cBsizaHbl 11D ¢ Homepamu 1 (0001), 2 (0010), 4 (0100)
u 8 (1000). Takass Hymepalus y3J0B HA3blBaeTCs cxemoii koda Ipes.

MapuwpyTtusauyusa

B perieTouHBIX TOTIOMOTUSIX B KaXKABIII MOMEHT BpeMEHU BBHITIONHSETCS Tepechi-
Ka TAaKeTOB JAaHHBIX BIOJb OJHOrO OIpe/ie/ieHHOro uaMmepeHus. B TpexmepHoM
clyyae, HampuMmep, MyTb coodlueHust ot y3na (a, b, ¢) K y3ny (A, B, C) Oyner
MpoJieraTb cHavyajaa BIOJb NEPBOTO U3MepeHus K y3iay (A, b, ¢), 3areM BIOJIb BTO-
poro usMmepeHus K y3ny (4, B, ¢) u, HaKoHell, BAOJb TPEThEro U3MEPEHUS K Y3y

4, B, €).
Mapuipyrusanus B Tonojgorusx "3sezga” npoctast. I1yTe coobileHus Becerma mnpo-
XOJUT Yepe3 UEeHTPaIbHbIN y3e.

Tunepky6 npeacTaBisieT coboit d-MepHYIO PelIeTKy ¢ ABYMS Y3JaMM MO KaKAOMY
U3MEPEHUIO, TOSTOMY MapIIpyTU3aIMs BBITIONHIETCS MOYTH TaK Xe, Kak U B pe-
meTrkax. OTIMYre COCTOUT B TOM, YTO TYTh OT y31a A K y3iy B Beuucasgercs
¢ nomoliblo onepauuu "uckiovaioiee UJIN" (XOR):

X=A4® B,

MPpUMEHIEMOl K NBOMYHOMY MPEACTaBICHUI0O HOMEPOB y3a0B. Eciau i-ii our X
paBeH 1, coolieHne MmepechlIaeTesl CoceqHeMy Y3y B i-M uaMepeHun. Eciam ke
3TOT OMT paBeH HYIII0, COOOIIEHNE He TIepeChuIaeTcs.

p,I/IHaMVI‘-'IeCKI/Ie Tononornm

OCHOBHBIM TIPE/ICTABUTENIEM STOTO Kiacca SIBISIETCS TepeKPECTHOE COSAMHEHUE
(puc. 1.20).

OHo obecTieunBaeT MONTHYIO CBA3HOCTD, T. €. KaXIBIA TIPOIIeccop MOXKET CBA3aTh-
¢ ¢ JNIOOBIM APYTUM MPOIECCOPOM WM MOAYJAeM TMaMsaTh (Kak Ha PHUCYHKE).
IIponyckHasgs CIOCOGHOCTH CETW TIPM 3TOM He yMeHbInaercsd. CXeMBl ¢ Tepe-
KPECTHBIMU TEPEKITIOYCHNUSIMH MOTYT HUCIIOJb30BAThCS W IUIS OpPTAaHM3AINNA MeX-
MTPOIIECCOPHBIX COCOTMHEHU. B 3ToM ciiyyae KaXIblii Tpolieccop MMeeT coOCT-
BEHHBbIl MOMyJIb MaMATU (CUCTEMbI C paclpeeJeHHON MaMITbhIO).

JIns coeqMHEHMs /1 TTPOLIECCOPOB C # MOAYJISAMU NMAMATH TpedyeTcsl /2 MepeKio-
yareneit. Takas 3aBHCUMOCTD OTpaHMYMBAET MACIITAOHPYEMOCTh CUCTEMBI (OOBIY-
HO He Gosee 256 y3i10B).

MHorokackagHbie ceTu

Mnoecoxackaonsie (multistage) ceTH OCHOBAHBI Ha WCITONB30BAHUU 2x2 Tepe-
KPECTHBIX Iepekitouateneii — KommyraTopoB (puc. 1.21).
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Mogyne Mogyns Mogynb Mogyne
namsTv namsaTu namsTv namsTv

ﬁ Mepexntoyarens

Puc. 1.20. Cxema nepekpecTHOro coeauHeHus

Bxogn Bbixoa

Bxopg Bbixoa Bxon Bbixoa

Puc. 1.21. MNepexnioyatenn 6e3 LUIMPOKOBeLLUATENLHOM pacchinku (&)
M C LUMPOKOBELLIATENIbHON PacChinkon (6)
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B sToM ciyyae Ha ogHOM KOHIIE COEIWHEHMST HAXOMSTCS MpoLieccophl, a Ha JIpy-
FOM — IPOLIECCOPhbl WM APYIUe y3ibl. Mexay HUMU PacIofiaralorcs Mepexiiio-
yatenu. [1pu nepegade NaHHBIX OT y3/a K y3/1y MepekIovyaTe] i yCTaHaBIUBaIOTCs
TaKuM 00pazoM, 4ToObl obecreuuTh Tpedyemoe coenuHeHue. O4eBUIHO, A1 ITO-
ro Tpebyercsl HEKOTOpOe BpeMsl — @pems ycmanoeéxky. B 3aBucUMOCTH OT criocoba
COEVUHEHUs] UMEIOTCSl pa3Hble TOMOJOTUM AUHAMWYECKUX MHOTOKACKAIHBIX ce-
Teil. BOT HEKOTOpbIE U3 HUX:

J GaHbsiIH (cxeMa CEeTU TOXOXa Ha KOPHU 3K30TUUYECKOTO pacTeHusi GaHbsIH —
UHAUMACKONA CMOKOBHMIIBI);

KYO;
"nesnbra”;

aoaaqn

TPULTEP;
O "omera".
B kxauectBe mpumMmepa MHOTOKACKamgHOI ceTH Ha puc. 1.22 mpuBegeHa cxemMa ceTu
Beneura 8x8. OHa coCTOUT M3 ABYX MOCIEAOBATEIEHO COSAUHEHHBIX CceTell GaHb-
SIH U ABISIETCSI CEThIO ¢ OJJOKUPOBKOM, B KOTOPOM OAWH MapIIpyT Ieperadu JaH-

HBIX MOXET OJOKHUPOBaTb Apyrue MapuipyThl. CyllecTBYIOT MU He OJOKUpYIOIUE
CeTH.

Bxoa Bbixog
1 [ 1 [ ] [ ] [ ] |

[ ] 2

~ o o,
|
— ==
———
Vo
(o204, | EN

©
\4
© ~

Puc. 1.22. Cetb BeHelua

Ha puc. 1.23 mpuBeneHa cxema coennHeHNns "omMera”.

Bonee ycroitunBylo u 3p¢deKTUBHYIO paboTy obecredyuBaeT ceTh ¢ KOMMYTallu-
oHHoOIl Marpuleit (puc. 1.24). MaciTabupyeMocTh TaKOTO COeTMHEHUsT He OYeHb
XOpollasi, T. K. 100aBjleHre HOBOIO y3ja TpeOyeT BBEACHUsS B CXeMy IOIOJHM-
TeIbHO 2n — 1 mepexiouareneii.

B ciyyae ceru ¢ KOMMYTaLMOHHOM MaTpULEN Kax/iblii MPOLIECCOPHbIA 2J1IeMEHT
MOXET OBbITh CBSI3aH C JIIOOBIM ApYyTMM. B oTiu4ue oT ceTu ¢ MOJHOCBSA3HOU TO-
nojyiorueil TpeOyercs MeHbllie CBs3ei, HO Oosiblie nepekniouareneii. Ilapannens-
HO MOTIYT OCYILIECTBJISTbCS HECKOJIbKO OMEPALUii 1epechlIKU TaHHbIX.
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Bxon Bbixoa

Bxopg

Bbixog

Puc. 1.24. CoegmHeHue ¢ KOMMYTaLMOHHOW MaTpuLeit

BaxxueimmMi atprbyTaMy cUCTeMbl KOMMYHUKAITNI ABISIOTCS CTPaTETHW YIIpaB-
JICHUsI, KOMMYTalUMU M CUHXpoHM3aluu. YTo Kacaercsi yrpasieHusi, TO 3/eChb
MOXHO BbLICIUTb [1B€ AJbTEPHATUBLL UEHMPAAU308AHHOE YNPAGACHUE EIUHBIM
KOHTpoIIepoM (MOIyJIeM YIpaBIeHUsI) U pacnpedeaernoe ynpasaerue. Pactpene-
JIeHHOE YIIpaBJIeHWe IPUMEHSeTcs] B MHOTOKACKAamHBIX COCAMHEHUSX, TAe KaX-
IBIA y3e1 TPUHUMAET pellleHne, KaK IeHCTBOBATh C TTOCTYIMBIINM COOOIIEHM-
€M — OCTaBUTbH €ro cebe WM Iepenars cocemy. Jpyroif BapuaHT UCITONB3YyeTC,
HampuMmep, B COeAMHEHMSIX TUMA "3Be3aa”, IIe Kaxaoe cooOlleHUe MepechliaeTcsl
B KOHTPOJLIEP, KOTOPbII U ONpPEAesIsieT ero AaibHEeMLLyo cyap0y.

CuHXpOHU3AHUS TOXE MOXET ObITh MIOOATbHON, KOrIa CHMHXPOHM3YIOLIAs Io-
CJIeMOBATEILHOCTh MMITYJIBCOB TIEPEAACTCS BCEM Y3JIaM BBIYMCIMTEIBHON CHCTEMBI,
HO MOXET ObITb M JIOKAJIBHOM, KOILAa KaxX/blil y3eJ UMMeeT CBOIl COOCTBEHHbIA
re”eparop. IlocienHuit BapuaHT Ha3blBaeTCs acuHxponHoi pabomod. Ilpeumylie-
CTBO IJIOO@JIbHOM CUHXPOHM3ALMUM, XapakrepHoil misg SIMD-komnblorepos, 3a-
KJItouaeTcsl B 0ojiee MPOCTOi amnmapaTHOW W MporpaMMHON peajn3aliiu, a aCuH-
XPOHHBIE CUCTEeMBI, yalle Bcero 3to MIMD-kommbioTepsl, 6ojiee THOKue.
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MeTtoabl KoMmyTauum (nepeknioyeHns)

BaxxnaeiiM B opraHW3alnyi paboThl KOMMYHWKAIIMOHHON CETH SBIISETCS METOI
MePEKITIOYeHUS, ONMpeAeIONMI, KaK COOOIIeHUs IepenalnTced OT y3Ja-HCToY-
HMKA K Y31y-IPUEMHUKY.

Coobuerniiem Ha3bIBAIOT JOTUYECKU 3aBEpIIEHHYIO MOPIIHI0 JAHHBIX — IIepeChi-
JaeMblif (paiin, sampoc Ha mnepechbUIKy daiina u T. J. CooOlueHUsT MOTYT UMETh
mooylo mvHy. Ilakem TipeactaBisieT co0oOil YacTh COOOIIEHUS, €ro JIMHA orpa-
HWYeHa, XOTSI U MOXeT BapbupoBaThed. T1akeThl mepeMelaoTes Mo ceTH He3aBu -
CHMO IpyT oT Apyra. Kaxkmplii makeT COMEPKUT 3arojioBOK ¢ MHQopMalueil 0o
agpece IoJjyuyareiss U €ro HOMEp, YTO HEOOXOAUMO ISl IpaBUIbHOK "cOOpKu"
ITakeTa U BOCCTAHOBJIEHUSI 1IEJIOTO COOOIIEHNS.

Bblﬂ,e.HSHOT TPpHU OCHOBHBIX METOAA KOMMYTALIMM B KOMMYHHUKAIIMOHHBIX CETAX
mapaJuI€IbHbIX BBIYUCIUTEIbHBIX CUCTEM:

O xoMMyTalus C IPOMEXYTOYHbIM XpaHeHueM (“'xpaHeHue-u-nepegaya’ — Store-
and-Forward);

O koMmyTrauusd UENei;
0 meTron BUPTYaJbHBIX KAHAJIOB.

Hcropuuecku, OfHUM U3 MEPBbIX METOJOB KOMMYTAIMU ObLI METOM C MPOMEXY-
TOYHBIM XpaHeHueM (MeToJ KOMMYTallMu IakeToB). B 3ToMm ciyyae cooblleHue
MOJIHOCTBIO IPUHMUMAETCSI HA KaXIOM IPOMEXYTOYHOM Y3J1€ M TOJbKO IIOCie
9TOro oTmpasnsgercs nanblie. [lepecbuika BbIIOAHIETCS, KAK TOJAbKO OCBOOOXAA-
€TCd OouepenHON KaHal Iepenayu, TOrJa COOOIIEHUE OTIPABISETCS Ha Cleaylo-
mmii ysen. llemoe cooblineHne pa30oWBaeTcs Ha MAKeThl, KOTOPHIE TIPU JOCTH-
KEHUHM OYEPeIHOTO y3ja COXpaHsIoTCd B crenuanbHoM Oydepe. Bydepusarms
TpedyeT NOMOJHUTENBHON MaMiITU W 3aTparT BpeMeHHU. 3aiepxkka mnepeaayu IMmpo-
MOPLUOHANbHA PACCTOSHUIO MEXIY MCTOYHMKOM M aapecaroMm. JlaHHbIA MeTon
MPUMEHSIETCS B CUTYALMSIX, KOIAA BpeMsl OTKJIMKA HE UMEET 3HAUCHMUSI.

IMpn KoMMyTaIIMK TIeTTeit (KOMMYTAIIMA KaHAJIOB) MeXIY WCTOYHUKOM W TIOyJa-
TeJIeM COOOIIeHUS YCTAaHABIMBAETCS HETIPEpPBIBHAS 1I€TTh, COCTOSIIAS W3 OTHEJb-
HBIX KaHAJIOB CBSI3M, MPOXOMSIINX Yepe3 MpOoMeXyTouHble y3ibl. [locie 3Toro
BBITIOJTHSIETCS TIepenada TaHHBIX. KoMMyTHpyeMBlit KaHaI yCTaHABINBAETCS TOJb-
KO Ha BpeMsl COeAMHEHMS OTIPABUTENs1 U aapecara.

YMeHBIINTL 3a7epkKKW TIpU Tleperade JAHHBIX TO3BOMSIET METON BUPTYATHHBEIX
KaHaJIOB. B aTOM ciyyae makeThl HaKaIIMBAIOTCS B IMIPOMEXYTOYHBIX Y37IaX TOJTb-
KO TOT/a, KOTa HeIOCTYIIeH OuepeaHOl KaHal cBI3W. B mpoTuBHOM ciydae, me-
pechbIIKa BEITIONHAETCSA HEMEIJIEHHO 1 6e3 Oydepusaini.
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Cxembl knaccudmnkayum apxuTekTyp
napannenbHbiX KOMMNbIOTEPOB

C omHOIt M3 cXeM KiIacCU(pUKAIMNA MBI YK€ TMO3HAKOMUINCH — 3TO TAKCOHOMUSI
®muuaa. OHa ABIAeTCS OOHON M3 Hanboyee PACIPOCTPAHEHHBIX CXEM KIIACCH-
dukaluu, HO He eAMHCTBEHHOMH. JlefCTBUTENbHO, pa3Be MOXHO YJIOXUTb BCe
MHOroo0pasue KOMIIbIOTEPHBIX ApXUTEKTYp B onHY cxemy? Yacro ucnonb3yercs
KimaccuduKalysg, B KOTOPOH 3a OCHOBY OepeTcsl crmocod B3amMONEUCTBUS IIPO-
LIECCOPOB C OIMEepaTUBHON MaMAThio. B cxeMe XaHmiepa, WiIn spaaneepckoll cxeme,
YUUTHIBAETCSl KOJMYECTBO YIPABISIONMIMX YCTPOUCTB U (YHKIIMOHAIBHBIX Y3JI0B,
0COOEHHOCTH YCTpOICTBA KOMIThIOTEpa Ha YpPOBHE MAIIMHHOTO cjIoBa. boiee
monpobHOe ONMMCAaHWe 3TUX W APYTUX TAKCOHOMWIN MOXHO HAlTH B CIELMATbHOMN
JIUTEPATYPE, MbI K€ KPATKO OIMMILEM IBE YIOMSIHYTbIE CXEMbI.

Knaccudmkayma no cnocoby Bzaumopgencrams
npoLeccopoB C onepaTuBHON NaMATbIO

B 3T0i1 cxeme BBIIEASIIOT TPU OCHOBHBIE TPYITITHI apXUTEKTYD:
O c pasnensieMoll TaMSThHIO;

O ¢ pacnpenejeHHON NaMsThIO;

O ¢ pacnpeneleHHO-Pa3ae/IsieMO IaMSIThIO.

OCHOBHbIM CBOMCTBOM CHCTEM C pas3lensgeMoil MaMiTblo SIBISETCS TO, YTO BCE
[POLIECCOPbl CUCTEMbI UMEIOT JOCTYIl K OJHOM ONEpaTuBHOM NaMiITH, UCIIOAb3Ys
eIMHOe aapecHoe MPOCTPaHCTBO. OOBIYHO ITABHAS MaMITh COCTOUT M3 HECKOJb-
KUX MOJyjdell maMsaTu (MX 4ucio He obsI3aTelbHO COBIMAIAET C YMCIOM Mpoliec-
COpOB).

B Takoii cucreme cBsi3b MeX/y MPOLECCOPAMU BBIONHSIETCS C MOMOILLBIO pa3ie-
JIAEMBIX MEPEMEHHbBIX. DTOT TUIl NAPALIEIbHBIX KOMIBIOTEPOB HA3BIBAIOT TAKXKE
KOMIIBIOTEPAMU ¢ OOHOPOOHBIM OOCMYNOM K Ramamuy W OOO3HAYAKOT AHIJIUICKOU
abopesuatypoit UMA (Uniform Memory Access), NOCKOJbKY MapaMeTpbl JOCTY-
Ma K MOAYJSIM MaMATU 1S BCEX MPOLIECCOPOB OIMHAKOBBI.

[lpermyiliecTBOM KOMIbIOTEPOB C pasAeasieMOil MaMsThIO SIBJsETCS Ya0OCTBO
MPOrpaMMHUPOBAHMS AJIs1 HUX, IIOCKOJbKY BCE MAHHbIE HOCTYIHbBI BCEM MPOLECCO-
paM, W He Hamo 3a00TUTBCS O TIepPechIIKAX MAHHBIX. [IporpaMMHCT He JOIKEH
AyMaTb U O CHUHXPOHM3AlMM, IMOTOMY YTO CHMHXPOHU3ALMIO ObecredyMBaeT cama
cucreMa. OJHAKO HA KOMIIBIOTEpax C pasiessgeMoil MaMsIThlO CA0XHO NOCTUYb
rmapayiein3Ma BBICOKOTO YPOBHSI, TTOCKONBKY OOJMBITUHCTBO TAaKUX CHCTEM CO-
nepxar MeHee 64 mpoleccopoB. DTO OrpaHMyuEHUE CASHYeT U3 IUIOXOM MacllTa-
OUPYEeMOCTH LIEHTPATU30BAHHON MNAMATH U CUCTEMbI KOMMYHUKALIUIA.

B ciyuae koMmmblOTEpA € pacTipelleIeHHON MaMIThi0 KaKIBI TIpOIleccop MMeeT
COOCTBEHHYIO OTIEepaTHBHYI0 TaMATh. [7Mo6GalTBHOTO ampecHOTO TPOCTPAHCTBA B
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O9TOM CJIy4yae YyKE€ HET. KOMMYHI/IKaLH/H/I N CHUHXPOHU3ALINA TIPOLECCOPOB OCYIIIE-
CTBJISIIOTCSL C TIOMOIIBIO 00OMEHAa COOOIIEHUSIMU I10 KOMMYHHKaHHOHHOﬁ CCTHU.

B oTmmume ot cuicTeM ¢ pasmensgeMoil TTaMIThIO CUCTEMBI ¢ pacipefeeHHOW ma-
MATBIO OYEHb XOPOIIO MAacCIITAOUPYIOTCS, TTOCKOJIBKY B 3TOM CIIydae MCKITIOUCHBI
KOHOIUKTBHI O JOCTYIYy K MaMsATu. B pesynrbrate MOTYT CO30aBaThCSA CHCTEMbI
¢ BbICOKOMI cremneHblo napamienusma (MPP — Massively Parallel Processors), co-
CTOSITIIE M3 COTEH M THICAY TPOILECCOPOB. TUIMMMYHBIMKM TIPEACTABUTEISAMU CHC-
TEM C pacnpeAeJeHHON MaMsThIO SIBISIOTCS KiacTepbl pabouMx CTaHLU, oObe-
JUHEHHbIE KOMMYHUKALIMOHHON CETbI0 JOCTATOYHO JEIleBOM, HO obecreuynBao-
el mpuemieMylo ckopocTb ooMeHna aaHHbiMu (Ethernet, Myrinet u ap.).

B cucremax c¢ pacnpeneieHHO-pa3aensIeMoil NaMATbIO MCIIONb3YIOTCS IPeuMy-
1ecTBa 00OMX MOAXOAOB. DTO OTHOCMUTEIbHAS IIPOCTOTA IPOrPaMMMPOBAHMS
C OJHOU CTOPOHBI, XOpolIas MaclTabupyeMocTb ¢ aApyroi. Kaxnawlii mpoueccop
HMMeeT COOCTBEHHYIO JIOKAJIbHYIO IaMsITh, HO, B OTIMYME OT apXUTEKTYphl C pac-
MpeneeHHON MaMAThIO, BCe MOMYIM IMaMSTH 00pa3yloT eInHOe aJpecHOe IMpo-
CTPAHCTBO, T. €. KaXas siyeifka TaMsITH UMeeT ampec, eMWHBIN I BCeil CUCTeMEI.

Cxema XaHpnepa (apnaHrepckas cxema)

B spnanrepckoit cxeme, TipeanoxkeHHol XaHmiepoM B 1977 rony, mapajienbHble
KOMIIBIOTEPDI KIACCUDULUMPYIOTCS IO CTeIEHU Iapaijiean3Ma U KOHBelepusauu
Ha TpeX YPOBHSX aOCTpaKLUK:

O ypoBeHb BbIIOJHEHHUS IPOrpaMMbl/IIpoliecca;
O ypoBeHb BBHITIOJHEHUS] KOMaH/I;
O ypoBeHb moaKoMaH I (YPOBEHD ITOPaA3PSAIHON 00pabOTKM).

OnucaHue KOMMboTepa JaeTcsl TpeMsl MapaMu 3HAYEHUI IS COOTBETCTBYIOIIMX
ypoBHel napannenusma (tada. 1.2):

(Kx K, Dx D, Wx W).

Tabnuya 1.2. CxeMa XaHarnepa knaccubukaLint KOMIbIOTEPHbIX apXUTEKTYP

YposeHb Mapannennam KoHseiiepusauus

napannenusma

Mporpamma/npouecc K — KONMYECTBO YCTPOIACTB K’— KonunyecTBO cermex-
ynpaeneHus TOB B MakpOKOHBeiiepe

MawuumHHble komaHgbl D — konudyectso AJTY D’— KonunyecTtBo cermeH-
B KaXJOM YCTPOIAiCTBE yNpaBneHns  ToB B KOHBeliepe

MopkomaHabl W — KonuuecTtBo aneMeHTapHbIX W’— KonuyecTBo cermeH-

niornyeckunx cxem B kaxxgom AJ1Y TOB B KOHBeilepe
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Hampumep, mo 3Toii Kmaccudpukaunm s Kommblotepa Intel Paragon XP/S
¢ 1840 yamamu Tonydaem:

(1840 x 2, 1 x 2, 64 x 3),

moToMy 4to Kaxabiii u3 K = 1840 y3noB cocrout u3 AByx Ipoieccopos Intel i860
(K”=2). Kaxzplii mpolieccop MOXET OJHOBPEMEHHO BBIINOIHATH JIBE KOMAaHIbI
(D’= 2), paspsigHocTh PYHKLUMOHATLHBIX y310B 64 6uta (W = 64), rnyduHa KoH-
Beitepa paBHa Tpem (W' = 3).

OCHOBHbI€ TUMbl apXUTEKTYP
BbICOKOMPON3BOAUTENbHbIX BbIUNCINTENbHbIX
cUCTEM

SIMD-apxuteKTypbl ¢ pa3genaeMon namaTbio

SIMD-apxuTekTypbl ¢ pasaeisieMoil TaMsIThbio OOBETUHSIOT BEKTOPHBIE TPoIlec-
copbl, VLIW-npoueccopbl 4 Jip. B BEKTOpHbIX IpoLECCOpax 4acTo HEeT Kolil-
MaMsITH, MOCKOJBKY IIPUM BEKTOPHON 00paboTKe MCIIONb30BAHUE MPEUMYIIECTB
KOLI-MIAMATU 3aTPYAHEHO U JAXKe MOXET OTPULATEIbHO CKa3blBATbCS HA MPOM3-
BOAUTENBHOCTHU (HAMPUMED, BCJIEACTBUE YACTBIX MEPENOHEHUM KLI-MaMsITH).

CoBpeMeHHbIE BEKTOPHBIEC MPOLIECCOPbl MCIOAb3YIOT BEKTOPHbIE PErUCTPhl, & HE
npsiMoe odpauleHue K namstu. PasHuua B ObICTpoaecTBUM HEDOJIbIIAS, HO BEK-
TOPHBIE PETUCTPBlI OOECIIeUNBAIOT OOJbLIYIO TMOKOCTh MporpaMmmupoBaHus. Eciau
OTHOLIEHKE YKcia apudMeTUYecKUX onepaurii K Yuciy onepaiuii odpaiieHust K
MaMsITU Majio, OTepU MPOU3BOJUTENLHOCTH OYIYT OOJBIINMU, BCAEACTBUE OTHO-
CUTEJIbHO HU3KOM CKOPOCTU oOMeHa ¢ MamsTbio. BopoTbcsl ¢ MoTepsiMU TaKoro
poJa MOXHO, HapalllyBas MPOINYCKHYIO CIIOCOOHOCTb KAHAJIOB MOCTYIA K MAMSITH,
HO 3TO CPAaBHMTEJIbHO MOPOroil crnocod, Mo3ToMy OObIYHO KCMOJB3YIOTCS APYrue,
KOMIIPOMUCCHbBIE CIIOCOODI.

YCTpoicTBO BEKTOPHbLIX Y3J10B MOXKET BapbUpOBaTbCsi B LIMPOKMX IIpenesax.
Kaxnplil y3es oObIYHO COAEPXKUT HECKOJBKO BEKTOPHbIX (PYHKIIMOHAIbHBIX YCT-
poiict. Cpenu HuUX KOHBeHepbl, peanusymoiine ¢GyHKIUMU AOCTyNa K HaMSTH,
HECKOJIbKO Y3JI0B LI€IOYMCACHHON apu(pMETUKM U JOTMYECKMX OIepalmil, cio-
JKeHUsI 1 YMHOXEHUSI ¢ TIJIaBarolleil TOUKol (pasfaenbHble 1 KOMOMHUPOBAHHBIE),
KOHBEUep onepalii MAaCKUPOBAHUS.

SIMD-maLumHbl ¢ pacnpepeneHHon naMaTbio

SIMD-mammHbel ¢ pachnpeieIeHHON MNaMsITbi0 HAa3bIBAIOT TAKXKE MAmMpUyHbiMU
npoyeccopamu. B cucteMax ¢ Takoll apXUTEKTypoli Bce MPOLECCOPhbl B OJUH U TOT
K€ MOMEHT BPEeMEHHU BBIMOJHAIOT ONHY KoMaHay. MMeercs ynmpaBisiioliuii mpo-
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1eccop, KOTOPBIA TepeaaeT KOMAaHIbI TpoleccopaM MacchBa. OOGBIYHO ecTh U
"poumansrsil” (front-end) mporeccop, KOTOpOMY OTBOAUTCS (DYHKIIUS CBSI3U C
MTOJIB30BATEIAIMH, & TAKXKe BBIMOJHEHNE TeX OMNepaluii, KOTOpble He MOTYT OBITH
BBITIOTHEHBI MAacCHUBOM IIPOLIECCOPOB (HAIIpUMEpP, OIepali BBOIA/BBIBOAA).
KoMMyHMKALIMOHHAsI CETb B TaKUMX CHCTEMax MMEET TOIOJOIUIO JBYMEPHOI pe-
LWIETKU WM, MO KpailHEW Mepe, BKIIOYAET €€ B KAYECTBE COCTABHOW 4YacTU MOJA-
cucreM KomMmyHukaiuy. C [OMOILbIO JIOTMYECKUX YCJIOBUM HEKOTOPbIE MPOLIEC-
COPBI MOKHO MCKJTIOYATh M3 TIpoliecca 0OpabOTKM JTaHHEIX, MEPEBOMS UX B PEKUM
OXUJIAHMS.

OnaHolt U3 npobsieM, CBSI3aHHBIX ¢ PaboTol cUcTeM C pachpenesieHHON MaMsThbio,
siBIsieTcst o6paboTKa cCUTyallMil, Korjaa AaHHbIe, HEOOXOMUMbIE NIJIs1 MTPOJOJIKEHUS
paboThl oNpeeSeHHOro Mpolieccopa, HaXoAsATCsl B JIOKAIbHON MaMsITU IPYroro
npoiieccopa. BEIOOpKa HEOOXOMMMBIX OIEPAHAOB M UX IEPechUIKa IO CETH Tpe-
OyeT 3HAUMUTENbHOro BpeMeHM, modTomy SIMD-mamiuHbl ¢ pacnpeaceneHHOR
MaMsITbl0O YacTo CHNeUuaJu3upoBaHbl I PEIIeHUs] BIOJHE OIpeaeeHHbIX
3ala4 — B DTOM cjyyae MOXHO JOOUTbCS Haubojiee TMOJHOTO UCIOJIb30BaAHUS
MpUcyulero 3ajgave napauieausma. MMeroTcs crieliuaiu3upoBaHHbIE CUCTEMBI LIS
pacueToB MeromoM MoHTte-Kapno (takux, rae He TpeOyercst OoOJblLONH OOMEH
JAHHBIMU MEXIY MPOLECCOpaMu), 00paOdOTKH U300pakeHU M CUTHAJIOB U T. 1.

Yipapisoluii IpoLUeccop B paccMarpuBaeMblX CHUCTEMAX JOKEH HE TOJIbKO
(opmupoBaTh TOTOK KOMAaHI M HAIIPABIATH €To IIpolleccopaM MaccHBa, HO M
peuiarb, Kakue Omepaludd cjaeayeT "HopyduThb' GPOHTAIbHOMY IIPOLECCOpY U
CBSI3AHHBIMKM C HMM IepUpepuiiHBIMU yCTpOoiCTBaMK. TaKuMU OEepaLUsIMU MO-
I'yT OBITh, HAIPUMEp, TeYaTh Pe3yIbTaTOB WJIM WX COXpaHeHWe HAa MATrHUTHOM
Hocutene wHdopmaimu. Brpodyem, omepanny BBoma/BBIBOIA B MMOTOOHBIX CUCTE-
Max 4acTo peaju30BaHbl HE3aBUCUMO OT (POHTAIbHON MALUMHbBI, C IIOMOILLLIO
CHELUUAIU3UPOBAHHbBIX YCTPOMCTB.

MIMD-mawuHbl ¢ pasgensaemMmoi namaTblo

OCHOBHOII TIpoGIeMOil B BBIYUCIUTEILHBIX CHCTEMAxX TaKOTO poia SBISIeTcs
CBSI3b MPOIECCOPOB MEXKIY co00i U ¢ MaMIThio. C yBeTMUYEHMEM YMCIa Mpollec-
COPOB CYMMAapHasl MPOIYyCKHasl CIOCOOHOCTb KAHANOB AOCTYIA K IAaMSITU B Uaea-
Jie TOJDKHA pacTH JIMHEHHO ¢ poCTOM YKCJIa MPOIecCOPOB, 4 KOMMYHUKAIINU Me-
KOy TPOIECCOPaMU JODKHBI OBITh, MO BO3MOXHOCTH, MPSMBIMH, MUHYS MeEJ-
JIEHHBII MMPOMEXYTOUHBIN 3Tall OOpallleHns K OolepaTHBHOM maMaTH. O0ecTeYnTh
MOJIHYIO CBS3b CJIOXHO, IOCKOJbKY YMCIO KOMMYHMKALMI pacTeT MpOIopLUOo-
HaJbHO BTOPOii CTENEHU YMCIIa IPOLIECCOPOB.

Tun coeavHeHMS BAXEH W A1 CUHXPOHM3ALUMM BBIMOJHEHMS 334a4 Ha PasHbIX
npoueccopax. bobIIMHCTBO BEKTOPHBIX MPOLECCOPOB HMMEIOT CHelUalbHbIe
KOMMYHUKALIMOHHBIE PETUCTPBI, ¢ IOMOIIbIO KOTOPHIX pelllaeTcsd 3aaadya CUHXPO-
HU3aLMA ¢ OPYTUMU TpolreccopaMu. Pexe mcrmonb3yeTcs CMHXPOHHM3ALMS Yepes
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pasmeaseMylo TIaMAaTh. DTOT crocob Gojiee MeIIEHHBI U OH TIOAXOOUT IS CU-
Tyaluif, B KOTOPbIX MOTPEOHOCTh B CHHXPOHM3ALMU BO3HUKAET peako. B cucre-
Max C KMCIOJIb30BAaHUEM LIWHBI I CUMHXPOHU3AIUU pabOThl MPOLECCOPOB MPHU-
MEHSIIOT CITeUAIbHYIO IIUHY, OTAEIBHYIO OT IIMHbI JaHHbIX.

MIMD-maLwunHbl ¢ pacnpeaeneHHon naMaTbio

Bro Haubosee OBICTPO PACTYIIMI KJIacC BBICOKOIIPOM3BOAUTEIBHBIX KOMITBIOTE-
pos. IIporpammupoBaHue A TaKUX cCUCTeM ciioxkHee, yeM it MIMD-maniuH ¢
pasieisieMol naMiTblo. B MarpuuHbIx mpoueccopax OCHOBHOM CTPYKTYpPOH AaH-
HBIX SIBJISIIOTCSI MACCHBBI, KOTOPBIE XOPOLIO OTOOPAXAIOTCS HAa CTPYKTYpPY MalllM-
Hbl. B aToM ciyyae pacnpeneieHue AaHHbIX SBASIETCS "MPO3payHbIM” IS IPO-
rpaMMUCTa M B 3HAYUTENbHOM CTENEHM aBTOMATU3MPOBAHO CUCTEMHBIM IIPO-
rpaMMHBIM obecrieueHneM. B crcTeMax ¢ pacmpeneleHHOM MaMAThbio, HAIIPOTHB,
MTPOTPAMMHUCT caM TOJDKEH MO3a00THTHCS O pacIpeneIeHUN JAaHHBIX MEXIy Mpo-
IeccopaM 1 obMeHe TAaHHBIMH MeXTy HUMHU. PereHne mpoGiieMbl JeKOMITO3H-
WY JAHHBIX W 3aadd, paspabotka 3¢h¢eKTUBHOTO MapalIeIbHOTO aIroOpuTMa
YacTO OKAa3bIBAIOTCS HEMPOCTHIM NETOM.

3HAYUTEBHBIM TIPEUMYIIIECTBOM CHUCTEM ITAHHOTO Kiacca SIBISIETCS OTCYTCTBUE
MpobJIeMBI OTPAHNYEHHON CKOPOCTH oOMeHa TaHHBIMH W XOpoIllas MacInTabn-
pyemMocTh. He Tax ocTpo cToWT W TpobiieMa coTJacoBaHWS CKOPOCTH PabOTHI
[polieccopa U namsTu.

Ectb u Hepocrarku. Hampumep, MexXIpoLeccOpHble COeAIMHEHMST ropa3no Oosee
MeIJIeHHbIe, YeM B cHUCTeMax ¢ pasnensdeMoill mamsaThio. CUHXpOHM3ALUs 331a4
B TAaKOM CJIy4yae IOYTM Ha MOPSLIOK 3aMeIsieT paboTy CUCTEMBbI.

B MIMD-mauiuHax ¢ pacnpeaeieHHoNM NaMsIThIO YaCTO MCII0JIb3YeTCsl TOMOJIOrUs
"runepky6”. TeopeTuyecku, B CETSIX C TOMOJOrMEl IunepkKyda MOXHO UMUTHPO-
BaThb APYIUe TOIOJOTMM, TaKue Kak "mepeBo”, "KojabLo", "pemietka” u mp. Jdpyroi
93¢ @eKTUBHON TOIOJOIMel coeduHEeHUs sBasieTcsl "Tojctoe aepeso”. Ilpocroe
JEPEBO MMEET TOT CYIIECTBEHHBIH HENOCTATOK, UTO BOJAM3U ero "KOpHsS", Tie
MTPOTYCKHAsI CITOCOOHOCTb OTHOCUTENBHO HEBEJIMKA, YBEIMYMBAETCS KOHIEHTpA-
LMST UMPKYJUPYIOUIUX cooblleHuii. B Tonmonorum "Tojicroe n1epeBo” UCMOIb3yeTcs
IyOIMpoBaHNE CBA3EH ¢ BHICOKUMHU YpOBHAMU aepena. [IpuMep Takoil cTpyKTyphl
npuBeaeH Ha puc. 1.25.

V "TojcToro nepeBa’” MpomnyckHasi COCOOHOCTh Y "KOpHS" Bblllie, YeM Y "IHNCTheB".

JocTaToyHO YacTo MCIOIB3YIOTCS KOMMYHUKAITMOHHBIE MATPHUIIBI, OTHOKACKas-
HBIE [UISI CUCTEM C HeOOJBLIMM YKMCIOM IMpoLeccopoB (rmopsiaka 64) 1 MHOrokac-
KamHbIe U CHCTEM C GOJIBIITNM YHCIIOM TIPOIIECCOPOB.

ITpotieccopbl ucnob3ytoTes Jodbie, 06biyHO 3T0 RISC-mpolieccopbl U BEKTOP-
Hble Mpoueccopbl. YacTo MpuMeHsieTcsl Takxke clelUabHbIi KOMMYHUKAIIUOH-
HBII TIPOLIECCOP.
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Apxutektypa ccNUMA

B nacrosiee Bpems HabMOMaeTCA TEHACHIINS CO3MaHNSI KOMOMHNUPOBAHHBIX CHC-
teM (ccNUMA — Cache Coherent Non-Uniform Memory Access), B KOTOPbBIX
0a30BOIl ApXUTEKTYPHON ETWHUIEN SBISETCS MHOTOIpoIeccopHas KoHUTypa-
LMsI, cocTaBieHHast u3 HeGosbluoro yncia RISC-npoueccopoB (mo 16) ¢ omHo-
KACKaJHbIM COeIMHEHUEM. DTO CUCTEMA C "CUJIbHOM CBsI3bl0". M3 Takux "Kupnu-
YMKOB" CTPOUTCSI CUMMETPUYHAS MHOIONPOLECCOPHAS KIACTEPHAsl CHUCTEMA CO
"cnaboii CBA3bIO" IOCPEICTBOM, HampuMep, MHOrokackagHoi ceru. CucTeMbl
TAKOro poaa MoxHo otHectu K MIMD-cucremam ¢ pasneiasseMoll mamsTbio, IMO-
CKOJIBKY TIPM HEOOXOMWMOCTH BCE TIPOILIECCOPH UMEIOT ITOCTYI K eIMHOMY ampec-
HOMY TIpOCTpaHCTBY. HeoOXommMBIif 3jieMeHT MaHHBIX MOXET pacIojiaraTbcsl B
JO00OM MomyJie TTaMATH, OJHAKO JIOTMYECKN OH HAXOMUTCS B €IMHOM aapecHOM
nmpocTpaHcTBe. HeomHOpOTHOCTD 3aKimoyaeTcsl B TOM, UTO BpeMSI BBIOOPKM pas-
JIMYHBIX TAHHBIX MOXET ObITh Pa3HbIM, MOCKOAbKY (HDU3UYECKU OHM MOLYT PacIiio-
JlaraTtbCsl B pasHbIX MOAyMdIX mamsitd. B cucremax Takoro Tuma IpuXOAUTCS pe-
IaTh MpodieMy K3II-KOTe€PEeHTHOCTH.
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Knactepbl pabounx ctaHLun

Knacrepsl pabounx cTaHIMII TPEACTABISIOT COOOM COBOKYIIHOCTb PAa0OUYMX CTaH-
LW, COEINHEHHBIX B JIOKATLHYIO ceTh, OOBIUHO, B MacIilTabe oTimena, (pakyabrera
WM MHCTUTYyTa. Takoil KiacTep MOXHO CUMTATh BBIYMCIUTENBHON CUCTEMOH ¢
pacnpeneseHHON NaMsTblo M paclpeneieHHbIM yrpasieHueM. KiactepHas cuc-
T€Ma, MPU OTHOCUTEJbHO HEBBICOKOU CTOMMOCTH, MOXET 00JiagaThb MPOU3BOIM-
TEJIbHOCTbIO, CPAaBHMMON C TPOU3BOAUTENBHOCTBIO CYIEPKOMITbIOTEPOB. Benb
YacTO OKasbIBaeTcsl, YTO pabouMe CTaHUWM, POJb KOTOPBIX MOTYT UIpaTh MEpPCco-
HaJIbHbIE KOMIIBIOTEPDI, 3aKYIIJIEHbl M YCTAHOBJEHbI M HE BCEIAa 3arpyxKeHbl pa-
0oTOil, Tak Mmouyemy Obl HE IMPEBPATUTb MX B BUPTYAJIbHbIA BBIYMCIMTEIbHbIA
koMmiuieke? HeobGxomumoe st pa®oThl HapaieIbHOIO KiacTepa IPOrpaMMHOE
obecrieueHne — OecIIaTHOE, B TOM 4YMCJIE M OllepalldoHHAas cucrema. Eme op-
HUM M3 MPEUMYLIECTB Takoi, B oOllleM cjyyae reTeporeHHoi (pazHOpOmHOI)
BBIYUCUTENBHON CUCTEMBI MOXET ObITh TO, UTO OTHENbHbBIE YACTH MapayJelbHbIX
MPOrpaMM MOTIYT BBIIOJHATLCA HAa Haubosiee MOAXOAALIUX Il DTOr0 KOMIIbIO-
Tepax.

11 TOro 4Tro0bl IOCTPOUTH PA0OTOCIIOCOOHDBI mapasuielbHblil KiacTep, HE00Xo-
JUMO pelluTh paa npodaeM. Ilpexne Bcero, cieayeT UMETb B BUIY, YTO JOBOJIb-
HO 4YacTo B CEThb OOBEAMHSIOTCS KOMIIBIOTEPBI PA3TMYHBIX (QUPM-IIPOM3BOAM-
Tejell, UMelole Pa3Hyl0 apXUTeKTypy, padoTaiolure IoJ yIpaBleHUeM pa3HbIX
OMepalMOHHBIX CUCTEM, MMEIOIUX pasHble (aitaoBbie cucteMbl U T. A. To ecThb
BO3HUKAET MpobiieMa coBMecTUMocTU. MIMeeTcsl 1 mpobiieMa gocTyna, T. K. IS
BXOla B JIIOOOU KOMIIBIOTEpP MOXET IOTpedOBaThCsl paspellieHue padoTarb Ha
HeM. MoxeT ObITb U TaK, YTO BPeMsI CUETA U3MEPSIETCS THAMU, a4 TO U HEACIsIMHU,
a4 HEeKOTOpble M3 PaboyMxX CTAHLMU KiacTepa BpeMsi OT BPEeMEHHU JOKHBI OBbITb
3arpyXkeHbl cBoeil cobcTBeHHOI pabotoil. CiemoBareibHO, OCODEHHO BaXKHBIM
OKa3blBaeTcsl YINpaBjieHUE TaKOW BBIYUCIWUTENbHOW CUCTEMON, MMHAMUYHOU U
crneunpuyIecKoi.

Hexoropble U3 mepeuucieHHbIX MpodjieM MOTYT ObITh pellieHbl aAMUHUCTPATUB-
HbIM 00pa3oM, sl pelleHust Apyrux TpebyeTcs cleuuajbHOe MporpaMMHOe
obeclieueHre, pexe crelManbHasd amnmaparypa. B KadecTBe mpuMepa MpHUBeIeM
CHCTEMY YIpaBJeHMSl IeTepOreHHbIMM Kiaacrepamu padouyux craHuuit Condor.
Bra cucrema I03BOJSET 110J1b30BATEN0 COXPAHUTb 3a COOOM IOJIHbIA KOHTPOJb
3a cBoell coOcTBeHHO#N paboyeil cTaHLUMEN U He TpeOyeT OT Hero HajJuuyus MpaB
JocTyna K JIpyruM pabouumM craHuusM. OHa Takke obOecrneuuMBaeT ITOCTATOYHO
rudxKoe yrpasjieHUe MPOLECcCOM BbIMOJHEHUS Tporpamm. BaxHo ellle U TO, 4TO
ota cuctema OecriatHass. Ecte u kommepueckue cuctembl — Codine, LoadLeveler
U HEKOTOPBIE APYIUE.

Knactepbl pabounx craHLMil 0ObIYHO HA3BIBAKOT beogyrvgp-kaacmepamu (Beowulf
cluster — 10 OIHOMMEHHOMY MpoeKTy). TWNUYHBI coBpeMeHHBIH BeoBynbdh-
KJIacTep MpeacTaBisgeT co0oil KiacTep paboynX CTAHIIUA, CBI3AHHBIX JOKAJIbHOI
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cetblo Ethernet m o6kyHO paboTaromux mon ympasieHuem OC Linux, xorg
B HacToglIee BpeMs pasHooOpasre beoBynbd-KiacTepoB TOCTATOYHO BEIMKO.

TMepBuiii beoBynbd-kmactep mosiBuict B 1994 romy. IMpu opranmzanmu TEEE
Jaxe OBIT CO3MaH CIeIMaJbHBII KOMWTET TI0 KiacTepHBIM cructeMam — TFCC
(Task Force on Cluster Computing). MHTepec K KOMMEpPUYECKOMY BBIIYCKY KJja-
CTEPHbIX CUCTEM BO3HHUK U Y KPYIHbBIX IPOU3BOIUTENCH KOMIIBIOTEPOB.

BzaumoseiicTBuE KOMIIBIOTEPOB B KJacTepe MOXKET ObITb OPraHM30BAaHO C IIO-
Moluiblo cetu Ethernet 10 wiu 100 Moutr/c. D10 Haubonee IKOHOMUYHOE pellie-
HUe, HO He camoe 3PdekTuBHOEe (BpeMsi oTKiuKa okojo 100 MUKpOCEeKyH.).
Cerb Ha ocHoBe Gigabit Ethernet uMeer nponyckHy CIOCOOHOCTb HA MOPSIOK
bonbie. MmeroTcss U Apyrue BO3MOXHOCTH, 3T0 ceTu Myrinet, Giganet cLAN u
SCI (Bpemst otknuka 10—20 mukpocekyHm). Haubonblinasi npornyckHasi cnocoo-
HocThb ¥ cetit SCI (mo 500 M6uT/c), mosToMy IHaHHBIN BapHaHT YacTO MCIOIB3Y-
ercs B kiacTepax. KiacrepHble cucTeMbl MOXHO oTHecTH K MIMD-cucremam
C pacrpeneeHHON TaMsITHIO.

Mynbmnpou,eccoprle N MYJIbTUKOMIbIOTEPHbIE
CncTeMbl

MIMD-KoMIIBIOTEPHI C pa3aeiseMoil IaMsIThi0 MHOIA HA3BIBAIOT MYAbmMUNpoyec-
copHbIMU cucmemamy. B HEKOTOPBIX MYJBTUIIPOLIECCOPHBIX CUCTEMAaX OTCYTCTBYET
o011as paszpessiemasl aMsTb, BMECTO Hee Y KaXJO0ro IMpOLECCOPHOIro 3JieMeHTa
UMeeTcsl cOOCTBEHHasl JoKajbHasi MaMmsiTb, HO, TEM He MeHee, KaXIblii IMpoliec-
COpHBII BJIEMEHT UMeeT JOCTYIl K JOKAJIbHOU maMsITh J000ro MpolecCoOpHOro
sjieMeHTa. B 3ToM ciiyyae TOBOPST O HAJIUYUU TJ0OATBHOTO aApEecHOro Mpo-
cTpaHcTBa. Takas opraHusalus HDaMSTH HA3bIBACTCS pacnpedeneHHO-pa3oeasemolt
namamero. Ilepenaya maHHbIX MEXITY MPOLECCOPHBIMU DJEMEHTAMU OCYIIECTBIS-
eTCsl uepe3 pasaessaeMylo naMmsaTb — oauH IIO MoxkeT mpousBecTH 3aruch
B SYeiiKy mamsTv, a Bce ocTaibHbie I1D MOryT 3TO 3HAYEHME MCIIONb30BATD.
C TOYKU 3peHUs] MPOrpaMMUCTa, KOMMYHUKALMU PEATU3YIOTCS IOCPEACTBOM
pasaensgeMblX MEepeMEeHHbIX, T. €. IMePEeMEHHBIX, JOCTYIl K KOTOPbIM MMEIOT BCe
napajuiefibHbie mpoluecchl. IIpuMepaMu BbIYMCAUTEIbHBIX MYJIBTUITPOLECCOPHBIX
cucreMm MoryT ciyxuth: Cray X-MP, Cray Y-MP, Cray C90, Cray-3.

MIMD-koMnbIOTEPLL € pACHpPeAeA€HHBIM AAPECHBIM IIPOCTPAHCTBOM, TAK YTO
Kaxaplid 1D uMeeT coOCTBEHHYIO, JIOKAIbHYIO ONEPAaTUBHYIO MaMsITb, "HEBUIM-
Myw" apyrumu 19, uHorma Ha3bIBAIOTCSl Myabmuxomnviomepamu. Baaumonencr-
Bue Mexnay I1D peamusyercss o0OMEHOM COOOIIEHMAMM, KOTOpPbIE MEepeaaloTcs 110
KOMMYHUKAIIMOHHOM ceT. C TOYKM 3peHUs] MPOrpaMMUCTA 3TO O3HAYAeT, 4TO
JUIsl B3auMojeiicTBusi Mexay 1D ucnob3yloTcsl He pasjensieMble epeMeHHbIe, a
ornepaluu Mepecbulku U MpuUema, a Takxke KaHaibl. [TocKoNbKY B JaHHOM cllyyae
HeT KOHKYPEHIIMN MeXIy IpolleccopaMy 3a JOCTYI K OIMepaTUBHON MTaMITH, KO-
auyectBo I1D He orpaHMyeHO 0OBEMOM oOmepaTUBHOI mamsaTu. Pesyabrupyloiiee
OBICTPOAEICTBYE BbIYMCAUTENbHON CHUCTEMbl OIIPEAEISIETCS CKOPOCTbIO PaboThl
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cetn. TTpuMepaMu MYJIBTUKOMIThIOTEPOB sBAsI0TCST — nCube (8192 T19, tunep-
ky0), Cray T3E, xnacrepbl pabouux cTaHIUN U Jp.

CuMMeTpUYHbIe MHOTONPOLIECCOPHbIE CUCTEMDI

CuMMETPpUYHBIE MHOTOIIPOIIECCOPHBIC CHCTEMBI COAEPXKAT HECKOIbKO IIPOIIECCO-
POB B OIHOM KoMmIlbloTepe. Kaxablii mpolieccop UMeET AOCTyIl K oblieMy Habopy
MozyJieil maMaTu U paboTaeT Kaxk Ipolieccop obulero HazHavYeHus, KOTOpbIii MO-
JKeT BBITMOJIHATD JII000U Tpouecc. PacnpeneneHue MpoleccoB MeXAy IMpolecco-
paMM OCYILEeCTBISIET OINEpallMOHHAs cUCTEMA, MpUYeM aJTOPUTM pacrhpeneaeHus
JO/KeH obecreuyMBaTb paBHOMEPHYIO 3arpysky IpoieccopoB. Ilpu aToMm mpouec-
Cbl MOTYT [€peMeLIaTbCsl Ha OCBOOOIMBIIMECS [POLIECCOPbI, UYTO SIBJSIETCSH HE-
MPOCTOi 3ajayeil, pelieHre KOTOPOH BO3/araercs Ha ONEepaldOHHYIO CHCTEMY.
[IpumMepamMu cUMMETPUYHBIX MHorompoueccopHbix cucreM siasitorest UltraSPARC,
IBM RS/6000.

MpuMmepbl apXUTEKTYpP CYNEepKOMMNbIOTEPOB

PBIHOK BBICOKOTIPOM3BOIUTEIBHBIX BBIUMCIAUTEIBLHBIX CHCTEM OYeHb AIWHAMU-
YeH — PEeryJsipHO IOSIBISIOTCS HOBbIE, Bce 00j1€€ MOILIHBIE CUCTEMbl, C MPOU3-
BOJICTBA CHMMAIOTCS CTapble. 3HAUUTENbHAS 4YaCTh COBPEMEHHBIX BBICOKONPOU3-
BOJUTENBHBIX CUCTEM — 3TO KJIaCTEPbl CUMMETPUYHBIX MHOTOIPOLIECCOPHbBIX Y3-
JioB, mocTpoeHHbIXx u3 RISC-npolieccopoB, CcOeIMHEHHBIX OBLICTPON CEThHIO.
BypHo pasBuBaeTcsi 1 poiHOK beoBy/b(dh-KIacTepoB, pasinyHble GUpMbI Tpeaia-
raroT CKOH(UTYPUPOBAHHBIE U OTJIAXEHHbIE KjacTepbl pabounx cTaHiuii. Takue
pelIeHust TOJb3YIOTCS TMOMYJSIPHOCTBIO Oarofapsi OTHOCUTENbHOU MelleBU3HE,
He UAyIel B yiIepd HameXXKHOCTH.

B Hacrosiiiee BpeMsl BeIyLIMMU MPOU3BOAUTENSIMU BBICOKOMPOU3BOAUTEIBHBIX
BBEIYHCIIUTETBHBIX cUCTeM sIBistioTcs: Compaq (rmpomomkeHne auHum AlphaServer
SC), Cray Inc. (Cray SV-1, SV-2, MTA-2), Hewlett Packard (HP SuperDome),
IBM (ASCI Blue Pacific), SGI (Origin), SRC (SRC-6 u cneuunanusupoBaHHbIE
BBIYMCJIUTENbHbBIE CUCTEMbl). B CKOOKax yKasaHbl BBIIYCKA€Mble B HAacTosillee
BpeMs1 BbICOKOIIPOU3BOAUTENbHbIE BEIUUCIUTENbHBIE CUCTEMbI.

Kpatkuii mepedyeHb COBPEMEHHBIX BBICOKOITPOM3BOANTEIBHBIX BBIUMCINUTEIBHBIX
cucrem BkitouaeT: Cambridge Parallel Processing Gamma II, C-DAC Param
10000 OpenFrame, ceputo Compaq GS, cepuro Compaq AlphaServer SC, Cray
SV1, Cray T3E, Cray MTA-2, Fujitsu AP3000, Fujitsu/Siemens PRIMEPOWER,
ceputo Fujitsu VPP5000, Hitachi SR8000, HP 9000 SuperDome, 1BM RS/6000
SP, NEC Cenju-4, NEC SX-5, Quadrics Apemille, ceputo SGI Origin 3000, Sun
E10000 Starfire.

Bo MHOIMX BBIYMCIMTENbHBIX LEHTPAX MPOJOXKAIOT MCIONIb30BAThCI U YCTApeB-

LIMe WM CHSAThIE C MPOM3BOACTBA BbIYMCIUTEIbHbIE CUCTEMbI. WX HemoaHbIA
CHUCOK IpuBeaeH B Taba. 1.3.
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Ta6bnuya 1.3. Ycrapesiune y CHATbIE C NMPON3BOACTBA

BbICOKOIpOn3BoANTE IbHbIE CUCTeMbl

r lop 3a- MukoBasa MpuunHa cHa-

of Ha-

Cucrema uana sep= Tun nNpon3sso- ™

LweHns AUTENbHOCTb | € NPOU3BOACT-
BbiNycka
BbIMyCKa Fdnon/c Ba

Alex AVX 2 | 1992 1997 RISC-mynbTunpoueccop | 3,84 Cunctema
C pacnpegeneHHol ycTapena
namATbio

Alliant 1989 1992 BekTtopHo-napannenbHbili | 1,12 Yxop, ¢ pbiHKa

FX/2800 KOMIMblOTEp € pasfe- curpmMbI-Npouns-
NAeMoil NaMATbIO BOAUTENA

Avalon A12 | 1996 2000 RISC-mynbTunpouec- 1300 ¥Yxopg, ¢ pbiHKa
CopHas cucTema ¢ pac- hrpMbI-Npouns-
npegeneHHon NamaTbio BOAMTENA
(no 1680 npoueccopos)

BBN 1990 MapannencHas cuctema | 1000 Yxop, ¢ pbiHKa

TC2000 C BUpPTyanbHoON pasge- curpmbI-Npouns-
NAIeMOin NamMATbIO BOAUTENA
(mo 512 npoueccopos)

Convex 1995 1996 MHoronpoveccopHas 25,6 3ameHa HoBoiA

SPP-1000 RISC-cnctema ¢ pacnpe- cucTeMoin

/1200/1600 OeneHHOo NaMATbIo HP 9000
(no 128 npoueccopos) SuperDome

Cray-2 1982 1992 BekTtopHo-napannensHasa | 1,95 Yxop, ¢ pbiHKa
cuctema (go 4 npouec- hrpMbI-Npouns-
COpOB) ¢ pasaensieMoii BOAUTENA
namATbio

Cray-3 1993 1995 BekTtopHo-napannensHas | 16 ¥Yxopg, ¢ pbiHKa
cuctema (oo 16 npouec- upMbI-npous-
COpOB) ¢ pazgensemoii BOAUTENS
namATbio

Cray T3D 1994 1996 MHoronpoueccopHas 307 3ameHa
RISC-cuctema c pacnpe- Mogesbio
OeneHHO NaMATbIo Cray T3E
(mo 2048 npoueccopos)

Cray J90 1994 1998 BekTtopHo-napannensHas | 6,4 3ameHa
cucTeMa ¢ BUPTYasbHOl Mogenbio
pasgensemoli NamaTbio Cray SV1
(no 32 npoueccopos)

Cray 1994 1996 BektopHo-napannensHaa | 16 3ameHa

Y-MP C90 cucTeMa ¢ paspensemoii Mogenbio
namsTslo (8o 16 npo- Cray T90
Lleccopos)

Cray T90 1995 1998 BekTtopHo-napannensHas | 58 3ameHa
cucTemMa ¢ pasgensemoii Mogenbio
namaTbio (go 32 npo- Cray SV1

Lieccopos)
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Ta6nuya 1.3 (npogomxerue)
r lop 3a- MukoBasa MpuuunHa cHa-
of Ha-

Cucrema uana sep= Tun nNpon3sso- ™

LweHus AUTENbHOCTb | € NPOU3BOACT-
BbiNycka
BbIMyCKa Fdnon/c Ba

Fujitsu 1991 1996 MHoronpoveccopHas 5 3ameHa

AP1000 RISC-cuctema c pacnpe- Mopesbio
JeneHHoN namMaATbio Fujitsu AP3000
(mo 1024 npoueccopos)

Hitachi 1994 1996 OpHonpoueccopHas 2 3ameHa

S-3600 BEKTOpHas cuctema Mogenbto Hitachi

series SR8000

Hitachi 1996 1998 MHoronpoueccopHas 307 3ameHa

SR2201 RISC-cnctema ¢ pacnpe- MopJenbio
JerneHHoN NaMAaATbio Hitachi SR8000
(no 1024 npoueccopos)

HP/Convex | 1994 1997 BekTtopHo-napannensHas | 3,2 CHsaTre

C4600 cructemMa ¢ pasgensemMoi cepuu C
namsTbio (fo 4 npouec- C NPOV3BOACTBA
copos)

HP 1999 2000 MHoronpoveccopHas 291 3ameHa

Exemplar RISC-cuctema c pacnpe- Mogesibio

V2600 JernleHHoN NamMaATbio HP 9000
(no 128 npoueccopos) SuperDome

IBM SP1 1992 1994 MHoronpoLeccopHas 8 3ameHa
RISC-cuctema c pacnpe- Mogenbio IBM
OeneHHO NaMATbIo RS/6000 SP
(no 64 npoueccopos)

Intel 1992 1996 MHoronpoveccopHas 300 Yxop, ¢ pbiHKa

Paragon XP RISC-cuctema c pacnpe- dupmbl-npo-
feneHHol NaMATbio nsBoauTens
(no 4000 npoueccopos) (B HacToALLEE

Bpems IBM
BbiNycKaeT
TONbKO UCChe-
foBatenbcKue
CUCTEMBI)

Kendall 1992 1994 MHoronpoueccopHas 400 Yxop, ¢ pblHKa

Square RISC-cnctema c pazge- dupmMbI-npons-

Research nfaemoli NamATbio BoguTens

KSR2 (no 1088 npoueccopos)

Parsytec CC | 1996 1998 MHoronpoLeccopHas - Yxop, ¢ pbiHKa
RISC-cnctema c pacnpe- hUpMbI-Npons-
feneHHol NaMATbio BOAUTENA

SGl 1996 2000 MHoronpoveccopHas 102,4 3ameHa

Origin 2000 cucTeMa ¢ pasgensemMoii Mopzenbio
namaTbio (go 128 npo- SGI Origin 3000
Lieccopos)
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Ta6nuya 1.3 (okoHuaHue)

r lop 3a- MukoBas MpuunHa cHa-
of Ha-

Bep- nponsso- ™sa
Cucrema vyana Tun

LweHus AUTENbHOCTb | € NPOU3BOACT-

BbiNycka

BbiNyckKa Fcpnon/c Ba
Thinking 1991 1996 SIMD-napannenbHbiii 31 NameHeHne
Machine KOMIMbIOTEP C TOMoJsiornen npodcouns
Corporation runepky6 (go 64 000 npo- nefTenbHOCTN
CM-5 Leccopos) curpmbI-Npouns-

BOAUTENA

PaCCMOTpI/IM APXUTEKTYPY U TEXHUYECKUE XAPAKTEPUCTUKN HECKOJIBKUX BBICOKO-
IPOU3BOANUTECIIbHBIX CUCTEM.

Apxutektypa cynepkomnbiotepa NEC SX-4

NEC SX-4 1996 roma seinycka (NEC — smonckast ¢pupma, OauH M3 KpyIHEii-
LIKUX MPOU3BOAUTENCH CYNEPKOMIIBIOTEPOB), SIBISIETCS Iapaslie/bHO-BEKTOPHbBIM
KOMIIBIOTEPOM C IBYXCTYNEHYATOW apXUTeKTypoil. OCHOBHBIM CTPOUTEIHHBIM
OyiokoM gBJIsIeTcsl y3el, cojepxXalluil g0 32 mnpolieccopoB ¢ oOlleil MUKoBoit
pousBoauTeibHoCTbI0 64 ['daorn/c. [lpoueccopbl B y3iie COEAUHSIOTCS [10CPEil-
CTBOM KOMMYTaLIMOHHOU Marpuubl ¢ 1024 OaHkamMu namMatu oOlUM OOBEMOM
1o 16 I'éaiit. Kpome Toro, xkaxapiit ysen (puc. 1.26) nongepxuBaer 10 4 Moaynei
paciuperHHoil nmamsaru (XMU — Extended Memory Unit) ¢ cyMmMapHbIM 00be-
MoM go 32 I'Gaiit omeparuBHOU mamsitu u 4 mpoueccopamu BB (IOP — I/0
Processor).

Bropoit ypoBeHb — apxutekrypa ¢ pacipeneneHHon namsrbio. Jo 16 ysios, a
10 512 mpolieccopoB ¢ oblIeil MMKOBoOM mpousBoauteabHocThio 1 Tdomn/c,
OOBEINHSIOTCS ¢ TIOMOIIbIO KOMMYTallMOHHOW MaTpuubl. C anmnapaTHOW TOYKU
3peHUs 3TO KJacTep, sl MPOrpaMMUCTa e CUcTeMa SIBISIETCS OHOPOIHOM.

Kaxnplit polieccop cocTOUT U3 BEKTOPHOTO MOAYJISI, CKaJsSIPHOTO MOMIY/S U MO-
Iyast o0paboTKy KoMaH. TakToBas 4yacToTa OTHOCUTENBHO HeBenmnka — 125 MI'o.
BexkTopHBIZi MOAyNh pasBUBaeT MaKCUMalbHOoe OblcTpompeiictBue 2 I'dirorr/c.
CxaspHbId MOAylb HMMEET OObIYHYIO CYIEePCKASIPHYIO apXUTEKTYpy C TOMl ke
TAaKTOBOM 4acTOTOM, YTO U BEKTOPHbIA MOAY/Jb, U MAKCUMaJIbHOE ObICTPOAEKCT-
Bue 250 Mdon/c. Ilpoueccop moanepxupaer dhopmarbl MPEeACTABASHUS YUCENT
¢ mnapatoueil Toukoit IEEE, Cray u IBM, a monb3oBarejib MOXKET BbIOpaTh TUIL
HUCTIONIb3yeMOoil apuUdMETUKN BO BpeMsl TPaHCHISILIMU MNporpaMMbl. DTO yaobHO,
TTOCKOJIBKY TIOB30BaTEIM M3 aKaaeMUUYecKON cpembl MpeArouynuTaoT ¢opMar
IEEE, a nonbs3oBaTenu "MpoMbllUIeHHbIe" UCMob3yIoT ¢hopmatel Cray wiu IBM.

Bce BbBIIETIEPEUYNCICHHBIC 0COOEHHOCTH APXUTEKTYPBI 00ecTIeunBaoT XOpomyro
MaCH_ITa6I/IpyeMOCTb CUCTEMBI U MCIVICHHOC IMaICHUE CKOPOCTHU 06pa6OTKI/I IIOJIb-
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30BaTENBCKUX 3aMa4 Jaxke MPU CYIIEeCTBEHHOM 3arpy3ke cucreMbl. CrucreMa pabo-
TAeT MO yINpaBlIeHHeM omepanuoHHOi cucteMmbl Super-UX (64-paspsinHas OC
u3 cemercrea UNIX ¢ nmoaaepxkoil MHOrOIpPOLIECCOPHOCTM M MHOIOIOTOY-
HOCTHU).

L LleHTpanbHble npoleccopbl
. Mogynb
[MaeHbIN MOZYMb pacLLMpeHHON
NamATh namaTi
(RN Mpoueccopkl BBOAa/BLIBOAA
Cetb
MynksTunnekcopbl XKectkve guckn

BBOAa/BbIBOAA

Puc. 1.26. Cxema y3na NEC SX-4

Compaq AlphaServer SC

Dra cucrema 1999 romga BBITycKA TPEACTABISET cOOOM CHMMETPUIHYIO MHOTO-
MPOLIECCOPHYIO CUCTeMy ¢ pacnpeneneHHoil mamsTbio, RISC-apxurexTypoili u
KoMMyTaliMoHHoi Marputieit. [IporpammHoe obecrieueHne — OC Digital UNIX,
tpaHcaaropsl A sa3bikoB FORTRAN, High-Performance FORTRAN (HPF), C
u C++. TakroBas yacrota 833 MI'l1, MakcUMaNbHBIN pa3Mep OlNepaTHBHON Ma-
MU 2 TO 1 MakcuMajbHOe uucio mpoueccopoB 512. CKopocTh oOMeHa MexXIy
npoieccopoM M namateio 1,33 I'Gaiit/c u mexay I1D 210 Mb6aiit/c. Teoperu-
YecKoe MaKCHUMajlbHOe ObICTpoAeiicTBHE Kaxkmoro mpoieccopa 1,67 I'bmomn/c, a
Beelt cucremsr 853 ['drom/c.

Kaxnmerit y3enx mpencrtaBisieT co0oif 4-ITPOIECCOPHYI0 CUMMETPUYHYIO CHCTEMY
(Compaq ES40). IIpoueccopsr — Alpha 21264a (EV67). B kaxinom ysje ucoib-
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3yeTcsl KOMMYHUKAIIMOHHAS MaTpHlla ¢ TIPOMTycKHON crmocobHocThio 5,2 T'6aiit/c
U pazdensieMas MamsiTb. Y3Jbl cOOpaHbl B KjlacTep U coeAuHsitoTes ceTblo QsNet
(SQW Ltd.) ¢ Tononorueit "toactoro aepena’.

Ecnmu g BBITOMHEHUS IMapauIeIbHON MpOrpaMMBl JOCTATOYHO He Oojiee YeThI-
pex MIpoleccopoB, MOXHO MCIOIB30BaTh MOIETb MPOrpaMMUPOBAHMS C pase-
JisleMoll MamsITbio (Hampumep, ¢ ucrnoib3oBaHuem OpenMP). Eciau xe Heobxo-
JIUMO€E KOJIMIECTBO IMPOIIECCOPOB TIPEBHIIIaeT 4, IPIMEHSIETCS] MOIENb C Tiepena-
yeil coobuweHuir (¢ wucnoabzopaHuem MPI, PVM, HPF). bBbictponeiicTBue
CHCTEMbI MPU PELISHUU CUCTEM JIMHEHHBIX alredpanyeckKux ypaBHeHUR (IOpsaoK
cuctembl 200 000) okono 500 I'paon/c.

ApxutekTtypa cynepkomnbiotepa Cray SX-6

B 2001 romy ¢upma Cray Inc. copmectHo ¢ NEC BbIITycTHIIa HA pBIHOK MAacIliTa-
OupyeMblii, MapaIe]bHO-BEKTOPHBIN cynepkoMiibiotep Cray SX-6, omuH us
HauboJjiee MOILIHBIX COBPEMEHHbIX cymepkomibioTepoB. Cray SX-6 mpeacrasisieT
c000il CUMMETPUYHYIO MYJbTUIIPOLIECCOPHYIO CUCTEMY, CTPOUTEIbHBIMU OyoKa-
MU KOTOPOil SIBJSIOTCS MapaiebHO-BEKTOPHBIC MPOLECCOPHbIE Y3/bl. Y3Jbl CO-
CTOSIT M3 HECKOJbKMX (OT ABYX JO BOCbMH) BEKTOPHBIX IIPOLIECCOPOB, MAaKCH-
MaJlbHOE ObICTpOAeiicTBUE Kaxaoro u3 HUx cocrtapiser 8 ['daon. Kaxnabiii npo-
Imeccop WMeeT MOOCTYNl K pas3meisieMoil BBICOKOTPOM3BOANTEIHHON TaMATH
o6beMoM OT 16 1o 64 I'Gaiit 1 ckopocTbio Tepenaun naHHbIx 256 I'Gaiit/c. KoH-
durypamn, cocrose U3 HeCKONBKUX Y3JIOB, pa3BUBAIOT MaKCUMAaJTbHOE OBICT-
poneiictBue go 8 Tdumon (oAMH TPUIIUOH oOfepaluuii ¢ TUlaBarolllei TOouKoin
B CEKYHIY), UMEIOT OIlepaTUBHYIO IaMITh o0beMoM 8 TOailT m cKopocTh oOMeHa
JaHHbIMU ¢ ycrpoiictBamu BB 800 I'Gaiit/c.

3nechb, TakuM 0Opa3oM, MCIONb3YETCS KOMOMHMPOBAHHAS CXeMa OpraHu3alidu
naMsIT — pasaessgeMas BHYTPU OJHOIO y3jla U pacopeAeieHHas B MHOIOY3elb-
HOW KOHGUIypaluu. DTO IO3BOJSAET, MPU HEOOXOMAUMOCTU, MCIIOJb30BaTh OCO-
OeHHOCTH 000MX TUIIOB OpPraHM3aLMU OIeparuBHOM mamsiaTh. CKOpocTb 0oOMeHa
JAHHBIMU C OMEepaTUBHON MaMATBIO BeJMKa, a BpeMs 3alepXKu Majao. B MHoro-
y3eJIbHOM KOHGUTYpAlIMKM JOIycKaeTcs TWHAMHYecKoe M3MEeHEHWEe BHPTYaNBHOM
MHOTOIPOLIECCOPHON KOH(pUTYpalluK TyTeM BKJIIOYEHMS] B Hee HOBOTO y3ja WIn
yIayleHusl OMHOTO M3 yxXe mMmetonmxes. Cucrema pabdoraet non ynpasieHrnem OC
Super-UX.

Cray T3E (1350)

DTo MYNBTUIIpOLIECCOpHAd BhUMCIUTeNbHASA cucteMa 2000 roma BeIIycKa, ¢ pac-
npeaeneHHol mamaTeio nmoctpoeHa u3 RISC-npoueccopos. Tononoruss komMmmy-
HUKAIMOHHON ceTH — TpexMepHbIii Top. OnepannonHas cucrema UNICOS/mk
(OC UNIX c¢ wmukposinpom). Tpancagropsl mis s13bikoB FORTRAN, HPF,
C/C++. Takropas yacrora 675 MI'u. Kosuuecrso npoueccopos or 40 no 2176.
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MaxkcuMaabHBI 00BEeM ONEepaTUBHOW MaMITH IS Kaxmoro y3na 512 Moait un
MakcuManabHoe ObicTpodeiicTBre 2938 I'dutomn/c. B oTamume oT ImpenniecTBEHHM-
ka — Cray T3D, gaHHoli cucreMe He TpeOyeTcss (pOHTANbHBIA KOMIIBIOTED.

B cucreme ucmosbsyercst mpoueccop Alpha 21164A, omHako, mpu HeoOXOAUMO-
CTU, €ro HECJOXHO 3aMEHMUTh JAPYTUM, Hampumep, Oojee ObICTPOAEHCTBYIOIIUM
npotieccopoM. Kaxaplii MPOLIECCOPHBIN 3JIEMEHT COAEPKUT LEHTPaIbHBINA TPO-
LIECCOP, MOAYJb NaMATH U KOMMYHMKALIMOHHBIA y3€1 Ul CBI3U C APYTUMU IPO-
ueccopamu. IlpomyckHas cHOCOOHOCTh KaHaga CBS3M MEXIy IIpolieccopamu
325 Moaiit/c.

Honnepxupatorcss moaenu nporpammuposaHusi MPI, PVM, HPF, cobGcreenHas
oubnuoreka obMeHa coobuieHusiMu Cray shmem. BBICTpoaeiicTBHE, TONyYeH-
HOE MpHU pelIeHUHd CHCTeM JUHEHHBIX anre0panmyeckKuxX ypaBHEHUM, TOCTUTAeT
1,12 Tcnomn/c.

Cray MTA-2

BTO MyIbTUTIpOIIECCOpPHAs cUcTeMa ¢ pacnpenenaeHHoi mamsaTeio, 2001 roga BbI-
nycka. Paboraer mox ynpasiennem OC BSD. Konuvecrtso mpoueccopos a0 256.
B naHHoOl cucTeMe MCIOJb3yeTcsl MHOTONIOTOYHAs apxuTekrypa. [Ipu BbinmosiHe-
HUW TIPOTpaMMBbI TTOTOK KOMAaHI pa3OMBaeTcsl HA YacTH, KOTOPBIE MOTYT oOpaba-
ThIBaTbCSl OfHOBpeMeHHo. Eciu, Hanpumep, obpailieHrue K maMsaTi B KaKOM-JI100
13 IIOTOKOB HE MOXET OBbITb BBbIIOJHEHO, 3TOT IOTOK MNPMOCTAHABIMBAETCS, a
BMECTO HEro akTUBU3UpyeTcs Apyroid norok. KoMMyHUKAlKMOHHAS CeTb Opea-
craBisier coboil TpexMmepHblil Ky0. Kaxaplil y3ea uMeer coOCTBEHHbI MOPT BBO-
Ja/BbIBOMIA.

[Mapannenusm B MHOIOMOTOYHOM apXUTEKTYyPE BbISIBISIETCS U pealu3yercsl aBToO-
maruyecku, ogHako B cucteMe Cray MTA-2 MOryT UCIOJb30BAThCSl U SIBHBIE MO-
JeNyu napajielbHOro NporpaMMUPOBAHUS.

Bonpocbl u 3agaHusa gna camocTosTeNbHO paboTbi

1. Yto Takoe apxuTeKTypa BbIYUCIUTENbHOW CUCTEMBI?

2. IlepeuncnnTe apXUTEKTYyphl BBIYMCIMTEIbHBIX CHCTEM COIJIACHO KjaccuuKaluu
®nHHAa.

3. Onuiuure paboTy KOHBeiepa JaHHbIX U KOHBeiiepa KOMaHI.

4. Tlpusenute KiaaccuduKaluilo BbICOKOMPOM3BOAMTEIbHBIX DBM Mo apxurtekrype mop-
CHCTEeM oTlepaTMBHOM MaMsATH. Kakne JO0CTOMHCTBA, KaKre HEeIOCTATKH eCTh Y KaXIoro
U3 9TUX KJIACCOB BBIUMCIUTEIbHBIX CUCTEM?

5. Yro Ha3BIBaeTCS TOMOJIOTHEIA KOMMyHI/IKaLII/IOHHOﬁ CETU BBIYMCJIUTEJILHOM CUCTEMBI?

6. UYem XapaKTepU3yeTCsd KOMMYHUKAIIMOHHAA CETb BbIYUCJIUTEIbHON CUCTEMBI?
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10.
11.
12.

13.

14.

15.
16.

[lpuBenuTe npumep CTaTUYECKOW TOMOJOTMUM KOMMYHUKALMOHHOW cetu. Oxapakre-
pu3yiite ee.

IlpuBenute nmpumep AMHAMMYECKOI TOMOJOTMM KOMMYHMKallMOHHON ceTu. Oxapak-
TEpPU3YITE ee.

Haiite ommmcanne RISC-apxutexTyphl mpoieccopa.
Haiite onucanue CISC-apxuTekTyphl nmpoieccopa.
[Haiite onucanue VLIW-apxutekrypbl npoueccopa.

Haiite xapakrepuctuky beoBysbd-Kinacrepy Kak BUPTYaJbHOW MHOTOIPOLIECCOPHOI
BbIUMCJIUTE/IBHON CUCTEME.

Kakum o6pa30M OCHOBHbIC KOMIIOH€HTbI APXUTCKTYPbl BbIYMCJIMTEbHON CUCTEMbL
BJIUAIOT HaA €€ l'IpOI/I3BOZ[I/ITCJ'[]>HOCT]>?

B uem 3axmmouaeTcst mpobseMa Kaii-korepeHTHocTr? Kakme CylecTBYIOT CIIOCOOHI ee
peleHus?

YTo Takoe cyrnepcKaisipHas apXuTeKTypa?

ITonpoOyiiTe "ckoHCTpyupoBaTh" (pasyMeeTcsi, TEOPETUYECKM) BbIUMCIUTEIbHYIO CUC-
TeMy, KoTopasi Moria Obl 00ecreunTb MaKCUMaJIbHOE ObICTPOAEHCTBUE TIPU PELIEHUU
BalllMX IPUKIAAHBIX 33Ja4. DTO MOTYT ObITh, HAMPUMEP, 3a1a4M MATPUUYHOU ajireOpsbl,
3a[a4M COPTMPOBKM, CTAaTHCTHYecKasi ob6paboTka GOJBIIMX MACCMBOB HAHHBIX, a3pO-
JWHAMMKA, KpunTorpadus U T. 1.
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OcobeHHOCTN NporpamMMunpoBaHmna
napannenbHbiX BbIYNCIIEHUIA

B 370l TmaBe MBI TTO3HAKOMWMCST ¢ OCHOBHBIMHM TIPWHIIMTIAMU TIapauIeTLHOTO
nporpaMmmupoBanusi. JIro0oil mporpaMMUCT HAYMHAET CBOIO MPOrPAMMUCTCKYIO
KU3Hb C CO3JAHMS IMOCAenoBaTelbHbX mporpamm. IlocnegoBarenbHasi Monenb
[POrpaMMUPOBaHUS BJISIeTCH TpaAuLMOHHONW. HO cyliecTByoT u apyrue Moaeau
nporpaMmupoBanus. OnHOMl M3 HHUX SBAseTCs MapanienbHas moaenab. Ee oco-
OEHHOCTH, JOCTOMHCTBA U CBSI3aHHBIE C HEil MpobieMbl OOCYXKIAIOTCSI B AAHHOMI
TJIaBe.

Pazpaborka napamieapHON IpOrpaMmMbl 1151 IPOrpaMMUCTa, MPUBLIKIIET0 K IO-
claenoBaTelbHON MOJEIN MPOrpaMMUPOBAHMSI, MOXET 0Ka3aTrbCs HA MEpBbIX IO-
pax HempocThIM JAejoM. Bedb B 9TOM ciyyae MpUAETCS 3aayMarbCsl HE TOJbKO
O MPUBBIYHBIX BelllaXx, TAKUX KaK CTPYKTYPbl JAHHBIX, MOCIEA0BATENbHOCTh WUX
00paboTku, nHTEepdeiickl, HO 1 00 oOMeHax JaHHBIMU MEXIY Moa3agadaMM, BXO-
JSIIMMUA B COCTaB MapalieJIbHOTO MPUIOXKEHUSI, 00 UX COTIACOBAHHOM BBITION-
HeHuu u T. 1. OgHako, MpUoOpeTss HaBbIK MapajijieJbHOro MPOorpaMMUPOBAHMS,
HauyMHaellb MOHMMAaTh, YTO TMapajule/ibHOe MPOorpaMMHUPOBAHUE — 3TO... MPOCTO.
MHorpa HamucaTh MapajieNbHYlo MporpaMMmy IJisi o0paboTKuM MaccuBa JaHHBIX
OKa3bIBaeTcsl Mpollle, YeM MOCIeT0BATENbHYIO.

I'Iocnep,OBaTeanaﬂ n napannelsibHas
mMoaenn nporpammMmmnpoBaHunsA

COBOKYITHOCTb TIPUEMOB IPOrPaMMUPOBAHUS, CTPYKTYp OAHHBIX, OTBEYAIOIINX
APXUTEKTYpe THIIOTETUIECKOTO KOMITbIOTEpa, IPeIHA3HAYEHHOTO IS BBITON-
HEHUS1 OIPEAEJIeHHOro Kjiacca aJrOpuTMOB, Ha3bIBACTCS M0OOeAbl0 NpoSpaMMupo-
éanus. HamoMHMM, 4YTO aeopumm — 3TO KOHEUYHBI HAOOp IMpaBui, pacmoso-
JK€HHBIX B OINPEACIECHHOM JIOTUYECKOM IOPSIKE M MO3BOJSIONIMA MUCIOJHUTENIO
peuiarb JIOOYI0 KOHKPETHYIO 3amadyy M3 HEKOTOPOro Kiacca OIHOTUITHBIX
3a1a4.
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OmnucaHue aNTopuTMa SIBJISeTCsl epapXuiyecKnM, ero cIOXHOCTb 3aBUCUT OT cTe-
MeHu ero neranu3auuu. Ha camom BepxHeM ypoBHE UepapXul HaxoAWTCs 3ajadya
B uejoM. Ee MOXHO cuuTaTh HeEKOTOpoil o0oOuieHHoi onepaiuein. HuxHuit
YPOBEHb MEPAPXUU BKIIOYAET MPUMUTUBHBIE OTNepali, MallIMHHbIE KOMaH/IbI.

AJITOpUTM MOXHO IPEACTABUTb B BUAE NUATPAMMbl — UHPOPMAUUOHHORO epada.
MHbopmalMoHHBIN Tpad OMUCHIBAET MOCIEI0BATENBHOCTb BBIMOJHEHUS Olepa-
LIMA U B3aMMHYIO 3aBUCMMOCTb MEXIY PasIMUHBIMU OMNepauusIMU WM OJoKaMu
onepauuii. Ysnamu mHbOpMallMOHHOTO rpada sBIsIOTCS olepaluy, a OJAHOHA-
MpaBJIeHHBIMU JyTaMM — KaHaJibl oOMeHa naHHbiMU (puc. 2.1). [ToHsitue onepa-
MW MOXET TPAaKTOBATHCSA PACIIUPEHHO. DTO MOXET OBITH OIeparop sS3bIKa, HO
MOXET ObITh U 0oJiee KpYMHbIN OJOK MPOrpamMMbl.

‘ Bxopn ‘

Bbixoa

Puc. 2.1. VIHpOpMaLnOHHLIM rpad anroputmMa

B undopmanmonHom rpade Kaxkablil y3ed 3agaercss mapoil (n, s), Tae n — UMs
ysjaa, s — ero pasmep. Pasmep yzia omnpesessiercs KOJMYECTBOM IIPOCTEMIIMX
omnepamuii, BXOASIIINX B €ro cocraB. Jyru xapakTepusyloTcsl 3HAYeHUAMH (v, d),
rae v — TepecbltaeMas mepeMeHHas, a d — BpeMsI, 3aTpaynMBacMoe Ha ee Tepe-
cbuiKy. CiusiHMe HEeCKOJIbKMX Y3JI0B B OiuH (YIIAKOBKA Y3J10B) YMEHbLIACT CTE-
[eHb JAEeTAJM3ALMU AITOPUTMA, HO YBEIMYMBACT KOJIMYESCTBO JYyr, BbIXOMUSLIUX U3
BepIIMHBI Tpada. YIakoBKa IO3BOJISET CKPHITh HECYIECTBEHHBIE HA MAHHOM
aTamne paspadoTKU KOMMYHUKAIIMK U CHU3UTh 3aTPaThl HA UX IIAHUMPOBAHUE.

Ha puc. 2.2 u 2.3 npeacraBieHbl ABa TMpeaeabHbIX ciaydass WHGOPMAIMOHHOTO
rpacda. IlepBblii M3 HMX COOTBETCTBYET IOCJENOBATEIbHONM, a BTOPONH — mapai-
JIEJIbHOW MOJENU BbIYUCICHUN.

TpaauLMOHHON CUMTAETCS HOCAe006aAMEAbHASA MOOeab npoepammuposanus. B sTom
cilyyae B 11000 MOMEHT BPEMEHHU BBIIIOJHETCS TOJAbKO OAHA ONepalus U TOJb-
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KO Haj OTHWM 3jJeMeHTOM AaHHEIX. [lociaemoBaTenbHas Momaeldh YHUBepcalbHA.
Ee ocHOBHBIMM UepTaMu SBJISIOTCA MPUMEHEHNe CTAaHIAPTHBIX S3BIKOB IPOrpaM-
MUPOBAHUS (IS pellieHUs] BBIYUCIUTENBHBIX 3amad 5To, o0brdHOo, FORTRAN
90/95 u C/C++), xoporiast epeHOCUMOCTh ITPOTPaMM W HEBBICOKAsS TTPOM3BOIM-
TEJbHOCTb.

Bxop,
Bxon
Bmeﬂi v
Bbixoa
Puc. 2.2. [NonHoCTLIO NocnenoBaTenbHbIn Puc. 2.3. MNonHoCTbI0 NapannenbHbIit
anroputm anroputMm

IMosBeAne B cepemnHe MECTUAECATHIX TOIOB TPOIIIOTO CTONETUST TIEPBOTO BEK-
TOPHOIO KOMIIbloTepa, pa3padoraHHoro B ¢upmMe CDC 3HameHuthiM CeiiMypoM
Kpeem, o3dHaMeHOBAJIO POXICHUE HOBOU apXuTeKTypbl. OCHOBHAsI M/Esl, I[0JO-
JKEHHas B €e OCHOBY, 3aKJTI0YaJIach B pachapajUieIUBaHUU Tpolecca oOpadoTKI
JOAHHBIX, KOTJA OJHA M Ta e OIepalusl IPUMEHSIETCS OJHOBPEMEHHO K MACCHBY
(BexTOpy) 3HAUYeHUI. B 3TOM ciydyae MOXHO HamesITbCS Ha OINpeneTeHHBIN BBINT-
PhIll B CKOPOCTU BbluuciaeHuil. Maes mapajuienusma okasajach ILI0JOTBOPHOIL
M HallWIa BOIUIOLIEHME HAa PasHbIX YPOBHSIX (YHKLIMOHUPOBAHUS KOMIIbIOTEpA
(em. en. 1). B Hacrosiiiee Bpemsi, CTPOIO [OBOpPSI, YK€ HET MCKIHOYUTEIbHO I10-
CIIeIOBATEIbHBIX apXUTEKTYp; Mapaien3M IIPUMEHSIeTCS Ha Pa3HBIX YPOBHSX, a
¢ MapauTeIM3MOM Ha YPOBHE KOMAHI MPUXOOUTCS CTATKUBATHCHA JIOOOMY IIOJTb-
30BaTENII0 COBPEMEHHOTO ITEPCOHATHLHOTO KOMITBIOTEPA.

OCHOBHBIMI OCOOEHHOCTAMM MO0 NAPAALeAbHO0 APOSPAMMUPOBAHUs STBISTIOTCS
Gojee BBHICOKAST TIPOW3BOMNUTENBHOCTE TIPOTPaMM, TIpUMeHEeHWe CTelnatbHBIX
MTPUEMOB TTPOTPAMMUPOBAHNS W, KaK CIeICTBHe, Gojiee BBICOKAs TPYIOEMKOCTh
MPOTPAMMHUPOBAHMS, TPOOIEMBI C TEpPeHOCHMMOCThIO mporpamMm. [lapamnenpHas
MOJIeTh He 00IagaeT CBONCTBOM YHUBEPCATLHOCTH.
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B mapanmenbHOil Momemn TIpOTpaMMWPOBAHUS TIOABISTIOTCS TTPOOJIEMBI, HETPU-
BBIYHBIC TSI TPOTPAMMUCTA, TPUBBIKIIETO0 3aHUMAThCs MTOCTIEIOBATEIbHEIM TIPO-
rpamMmMupoBaHreM. Cpean HHUX: yIIpaBlIeHWE paboTOil MHOXECTBA IIPOIIECCOPOB,
OpraHM3aIns MeXIPOIeCCOPHBIX MEPEeChUIOK MTAHHBIX U T. A. MoXHO chopMynn-
poBarh YeTbipe (yHIAMEHTATBHBIX TpeOOBaHUS K TMapaUIeJbHBIM ITPOrpaMMaM:
napauienusM, MaclITabupyeMOCTh, JIOKAIbHOCTb U MOAYJbHOCTb.

B mpocrteitieit Momenu mapauIebHOTO MPOrpaMMHPOBAHUS, OHA HAa3bIBaeTCs
Mmodeavio 3adaua/kananr (puc. 2.4), mnporpaMma COCTOUT M3 HECKOJbKMX 3aaady,
CBSI3AHHBIX MEXJy COOOI KaHajaMy KOMMYHUKALMU W BBHITTONHSIOIINXCS OTHO-
BpeMmeHHo. Kaxias 3ajaya COCTOMT M3 IOCAEN0BATEJbHOIO KOJd U JOKAJbHOMI
namsitd. MOXHO ¢4uTarbh, YTO 33jaya — 3TO BUPTyaibHas OH-HEMMaHOBCKAs
MamimHa. Habop BXOMHBIX W BBIXOIHEIX MTOPTOB OIpEHeNHsIeT ee HHTepdeiic ¢ OK-
pyxenueM. Kanam — 3To odepenb COOOIIEHWI-TIOCBUIOK ¢ MAaHHBIMHU. 3amada
MOXeET TTOMECTHTh B O4epe/lb CBOE COOOIIeHNE WIN, HA00OpOT, YIAIUTE COOOIIIe-
HUe, IPUHSB COIepXKallMecs B HEM JaHHbIC.

Puc. 2.4. Mopenb 3agadva/kaHan

KomuectBo 3agaqy MOXET MEHSTBHCA B IMPOILIECCE BBITTOJTHEHUS. KpOMe CUUTBIBA-
HuUA M 3allMCH JAaHHDbIX B JOKAJbHYIO IIAMATb KdXddfd 3agadd MOKET I10CbLIATb
1 IIpUHUMATDL COO6LLl€Hl/IH, IIOPOXKIATh HOBLIC 3aJd4M M 3dBEPLIATb MX BbLIOJI-
HCHUCEC.

Omepaltis OTHPaBKU TAHHBIX GCUHXPOHHAs, OHA 3aBeplIaeTcs cpasy. Omepaltus
NpUeMa CUHXPOHHAA — OHA OJOKUPYET BBIMOJHEHKME 3aJaYd OO0 TeX IOp, IoKa He
Oyger mnoiydeHo cooluieHue. KoanuecTBO KaHAIOB TaKXKe MOXKET MEHSAThCS
B MPOLECCE BBIMTOJHEHHMSI TPOrPAMMEL.

Apgexmuenocmsy TaKux abCTpaKIUi TOCIEeI0BATEIbHOTO MPOrpaMMUPOBAHMUS,
Kak TMpoUeaypbl U CTPYKTYPbl JAHHBIX, OCHOBAaHA Ha TOM, UYTO OHM JIETKO OTO-
OpaxaroTcs Ha (HOH-HEHMaHOBCKYIO apXUTEKTypy. 3ajaya U KaHal Takxke cpaB-
HUTEJNIBHO JIETKO OTOOpaXaloTcsl HA apXUTEKTypy MapajieIbHON BBIYUCIUTENBHON
cucreMbl. Eciu aBe 3amauu, pasmensionine OJuMH KaHaj, OTOOpaxKaloTcs Ha pas-
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HBIEe TIPOLIECCOPHI, KaHaJl peann3yerTcsl ¢ TTOMOIIBIO COOTBETCTBYIOIINX MeXaHU3-
MOB MEXITPOIIECCOPHBIX KOMMYHUKAIIMI (3TO MOTYT OBITh, HAIPUMEp, CETeBbIE
MpoToKoJbl). [Tpu oTobpaxeHnn obenx 3amady Ha OJUH MPOLECCOP UCIONb3YIOTCS
bosee a¢pdexTHBHBIE CITOCOOBI KOMMYHUKALIMU.

Hezasucumocms pezyasvmama vinoAHeHUs NAPAAICAHOU NPOSPAMMbBL OM OMOOpadice-
HUA Ha KOHKPETHYIO apXMTEKTypy obOecrneuMBaeTcs TéM, YTO 3aJauyd B3auMOJEl-
CTBYIOT MEXJYy coDOil ¢ MOMOIIbIO YHUBEpCAaIbHOro MexaHusma. OH He 3aBUCUT
OT TOro, KaK paclpeiessiorcsl 3a1aud, MOTOMY M Pe3YJbTaT BbIIOJHEHHUS IPo-
rpaMMbl He JOJKEH 3aBHUCeTb OT crocoba pacmpeneneHus. Ilpu paszpaborke an-
TOPUTMOB B paMKax NapaleJbHON MOIEIU IMPpOrpaMMMUpPOBAaHUS He Hamo 3abo-
TUTbCS O KOJIMUECTBE MPOLIECCOPOB, Ha KOTOPHIX OYIET BHITIONHATHCS TTporpaMma.
DTO Mo3BONSET NOOUTHCS Xopollei MaciuTadbupyemocTtu. Ilpu yBeauyeHUU yucia
MPOLIECCOPOB KOJMYECTBO 3a7ay, MPUXOASAIIMXCS HAa ONMH TMpolieccop, YMEHbIIA-
€TCsl, HO AJITOPUTM TIPU 3TOM M3MEHSITh He Hano. Co3gaHue Gobliero yucia 3a-
Jad, yeM 4UCJIO0 MPOIIeCCOPOB, MOXET CHU3UTh MOTEPU ObICTPOAEHCTBUS BCJIEACT-
BUE 3AIEPXKEK IIPU IepechbLIKe MAaHHBIX, MOCKOJAbKY BO BpeMs IEPEeChUIOK U
[pyueMa JaHHbIX OJHUMMU 3ama4aMu APYyrue MOTYT BbINOJHATH BbIYUCICHUA.

B Momenu 3amaya/KaHasl COXPAHSIOTCS W TOCTOMHCTBA MOOYAbHOLO MPOSPAMMUPO-
éanusa. YacTu MOIYIBbHOM MPOTpaMMBbl CO3MAIOTCS OTACABHO M OOBEIUHSIOTCS Ha
3aBeplUaloleM dTane pa3paboTKu IMporpaMmMbl. B3aumoneiicTBue Mexay MOAYJs-
MU OOecIIeYMBaeTCsl XOPOIO ONpeneJeHHbIMU HHTepdeiicamu, a caMu MOAYJIU
MOIYT MOAMGULMPOBATLCA IO OTASNbHOCTH, HE3aBUCHMMO OT APYIUX MOAYJEH.
3amaya IBISETCS eCTECTBEHHBIM CTPOUTEIBLHBIM OJJOKOM B MOIYIbHOI KOHCTPYK-
LMW TTPOTPAMMBI.

EcTtb cxomcTBO MexXny AaHHOH MoJelblo U OOBEKTHO-OPUEHTHUPOBAHHOU TMapa-
JUTMOM TPOTPaMMUPOBAaHUA. 3amadyu, MOIOOHO O0BEKTaM, comepkaT Kak maH-
HBIE, TaK U METOIBI UX 00paboTKu. OTINYNTETbHEIE OCOOEHHOCTH MOIESIH 3ama-
ya/KaHaJl — TapajieTbHOe BBITOMHEHNE, UCIIOTh30BAHNIE KAaHAIOB, a HE METOIOB
JUTSL OTIpeNIeNIeHUsT B3aMMOIEHCTBUI U OTCYTCTBUE TOAMEPKKN HACTEIOBAHMSI.

Jlemepmunusm MomeaN 3aKIIOYACTCS B TOM, YTO PE3YIbTAaT BBIMTONMHEHUS TIPO-
rpaMMBI ¢ OTHUM M TeM ke HabopoM BXOIHBIX HAHHBIX Bcerma JaeT OMUH M TOT
K€ pPe3yJbTaT. DTO CBOICTBO TapaHTUpPYETCs TEM, YTO KaHaly COOTBETCTBYET
ONMH OTIpPaBUTE/Ib, 4 MPU MOJIYYCHUH HAHHBIX 33dauyeil ee BBIIOJIHEHUE OJOKU-
pyercs.

AOpyrve mogenm
napannesibHoro NporpaMmmMmpoBaHus

CylUeCTBYIOT U Ipyrue MOMAEIN Mapa/uielbHOro mporpaMMmupoBaHus. OHu pasiiu-
YJaloTCs TMOKOCTBIO, MEXaHM3MaMH B3aWMOACHCTBUSI MEXAY 3amadyaMy, YPOBHEM
napauieaMsMa U "3epHUCTOCTBIO", MACLUTAOMPYEMOCTbIO, MOAACPKKONH MOAYJb-
HOCTU U T. .
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Mepepava coobueHun

IMepemaua coobImeHnit — ogHA W3 CaMBIX PacTpoCTpaHeHHBIX MOIeNeil Tapa-
JIeJIBHOTO IporpaMMupoBaHus. IlporpaMmel, HalmMcaHHbIE B paMKax BTOi Mone-
JIM, KaK U IporpaMMbl B MOJAEIM 3amadya/KaHai, IMpU BbUIOJHEHUM HOPOXKIAIOT
HecKoJIbKo 3amad. Kaxmoii 3amade mprcBanBaeTcsl CBOM YHUKAIbHBIN MASHTHDM-
KaTop, a B3aUMOMAEMCTBHE OCYIIECTBISETCS ITOCPEACTBOM OTIPABKU M IpUeMa
coobmieHnit. MOXHO CYMTaTh, YTO AAaHHAS MOIENb MPOTPAMMUPOBAHUSA OTIMYA-
€TCsl OT MOJAEIU 3aJaya/KaHal TOJAbKO MEXaHU3MOM Iiepenauyu maHHbix. Coolle-
HUE ITOChLIAETCI HE B KaHal, a oNpeAeJeHHON 3a1aye.

B monenu mepemaud cooOuIeHMI HOBBIE 33JaYld MOTYT CO3[ABATHCS BO BpEMS
BBITIOMTHEHUS MAPAIEIBHON MpOorpaMMbl, HECKOJBKO 3aMad MOIYT BBIIOJHSITHCS
Ha omHOM mpoueccope. OnHAKO Ha NPakKTUKE IpU 3alycke IMPOrpaMMbl 4allle
Bcero coanaercsl (PMKCMPOBAHHOE YMCO OJMHAKOBBIX 3a1ay, U 3TO YUCIO OCTa-
eTcsl HEM3MEHHBIM BO BpeMs BBINOJHEHUs mporpamMmbl. Takasi pasHOBUIHOCTD
Mozenu HasbiBaercst SPMD-modeavro (Single Program Multiple Data — onHa npo-
rpaMma, MacCHUB JAaHHBIX), IIOCKOJbKY KaxXzas 3aaadya COACPXUT OMMH U TOT XKe
KO/, HO 00pabaTbiBaeT pa3HbIE JAHHbIE.

Mapannenusm gaHHbIX

Dra Momedrh TPOTPAaMMUPOBAHNAS OCHOBAaHA Ha TIPUMEHEHWW OIHON oOTlepainin
K MHOKECTBY 3JIEMEHTOB CTPYKTYPBI JaHHBIX (IIPUMEp TaKoi ormepannu — "yBemxmn-
YUTH B JBa paza CTHIICHAWIO BceM cTyaeHTaMm rpymmbsl 111"). Iporpamma, Hamm-
caHHas B paMKax JAHHON MOIEIH, CONEPXKHT ITOCIeN0BATeILHOCTh TAKMX Olepa-
UM, "3epHUCTOCTL" BHIYMCASHUN Majia, MOCKOJAbKY KaXaasl omepalus Haj Kax-
JbIM 2JIEMEHTOM JaHHBIX MOXET CUMTATbCS He3aBUCUMOIl 3amadeil. IlporpamMmuct
JOJKeH YKa3aThb TPAHCISATOPY, KaK JAAHHbIE CIeAyeT pacIpeleauTb MEXAy IIpo-
eccopamu (T. €. Mexay 3amayaMmu). TpaHcisitop reHepupyer SPMD-kon, aBTo-
MaTH4yecKu M00aBIsAsg B HEro KOMaHIbI oOMeHa JaHHBIMU. MeTombl pa3paboTKu
QITOPUTMOB M aHajJM3a MPorpaMM B MOAETN ¢ TapaIeIu3MOM TAHHBIX aHaIo-
TUYHBI TeM, KOTOPBIE HCIIONB3YIOTCA B MOMENH 3amada/KaHajl.

Mogenb pasgensemoil namaTu

B wmomenm pasmensieMoit TamMsITH 3amadd oOpaliamTed K ofIIeil mamMsaTh, uMest
o0lee ampecHoe MPOCTPAHCTBO W BBINONHSS OIEPAlldd CUMTHIBAHUS/3AIUCH.
YrpapneHne AOCTYIIOM K IIAMSITH OCYIIECTBIISIETCS C TIOMOIIBIO PAa3HBIX MeXa-
HU3MOB, TaKHUX, HAIIPUMep, Kak ceMadopbl. B pamkax 3toit Momenn He TpeOyeTcs
ONMCHIBAThL OOMEH HAHHBIMU MEXAy 3amadyaMd B SIBHOM BHae. DTO YIIpOIIaeT
nporpaMmmupoBanue. Bmecte ¢ teM ocoboe BHUMAHUE IPUXOMUTCS YACISATb CO-
OJI0JCHUIO TeTepMMHU3MA.
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3akoH AMpana

B obmem caydae cTpykTypa WHGOPMAIMOHHOTO Tpada anaTopuTMa 3aHUMaeT
MIPOMEXYTOUHOE IMOJOXEHNE MEXTY KpailHUMU CJAy4yasMHU IOJHOCTBIO MOCIea0-
BaTeJIbHOTO U TIOJTHOCTBIO MapalIeIbHOTO alTopuT™Ma. B 2TOl CTpyKTYpe MMEIoT-
¢ (pparMeHThl, KOTOPHIE TOMYCKAIOT OJHOBPEMEHHOE BBIMTOMHEHHWE HA HECKOTb-
KX (YHKIMOHATBHBIX YCTPOMCTBAX — 3TO TMapajuleJbHas YacTb MpPOTPaMMBI.
EcTth 1 ¢dparMeHTBI, KOTOPHIE HOKHBI BBITOTHATHCS MOCIENOBAaTEIBHO B HA OfI-
HOM YCTPOICTBE — 5TO MOCIEeN0BATEIbHAS YaCTh IPOrPAMMBI.

C nomouipio nHGOPMALIMOHHOTO Tpada MOXHO OLEHUTh MAKCUMAJIbHOE YCKOope-
HUE, KOTOPOro MOXHO JOCTMYb MPW pachapauielMBaHWM aJIropuTMa Tam, IIe
3TO BO3MOXKHO. Ilpennonoxum, 4To mporpaMma BbIIOAHSETCS HA MAllUHE, apXKh-
TEKTypa KOTOPOil MaeanbHO COOTBETCTBYET CTPYKType MHOOpMALUMOHHOIro rpada
nporpaMmbl. [lycTb Bpemsl BBIIOAHEHMSI JITOPUTMA HA IMOCIeN0BATEIbHON Ma-
e 77, nmpuyeM 7y — BpeMs BBITIOJTHEHUST TOCAeN0BATEIbHON YacTu aTOpUT-
ma, a T, — nmapaiesbHoi. O4eBHIHO:

T =T,+T,

[lpu BBHIMOTHEHWHN TOU Ke MporpaMMbl Ha WACATBHON Mapa/UIeIbHON MalluHe,
N He3aBHUCUMBIX BeTBEH Napa/UIeIbHON YacTH paclpeneisioTcss Mo OIHOM Ha
N TpolieccopoB, TTOITOMY BpeMsI BBITTOTHEHWS 9TOW YacTH yMeHBIIaeTcd 0 Be-
Juyunbl T, / N, a momHoe BpeMsl BBITTONTHEHUS TTPOTPAMMBI COCTABHT:

Ty=T,+ T,/N.

KoadduumeHTt yeckopeHus, MokassBaloINil, BO CKOJIBKO pa3 ObICTpee Tporpam-
Ma BBIMOJHSIETCS Ha MapayielbHOM MallliHe, YeM Ha IOocelnoBaTelbHOM, oIpe-
nensercst popMyIIoii:

K=T/T,=(T;+ T) / (Ts + T,/N) =1/ (S+ P/N),

rne S= T,/ (Ty+ T,) u P= T,/ (T;+ T,) — OTHOCUTENbHBIE JOJIM TIOCIEN0BA~
TeJIbHOW U MapamienbHoli yacteir (S + P = 1). I'paduk 3aBucuMoOcTH Koa(pu-
LIMEHTAa YCKOPEHHUS OT YMcJia MPOLECCOPOB U CTEHNEHM Mapaieiu3Ma alropurMa
(OTHOCUTEJIbHOM 101 IapalIe/IbHOI YyacTu) MpUBeleH Ha puc. 2.5. Dra 3aBUCK-
MOCTb HOCUT Ha3BaHUE 3aKoHa Amdana.

M3 pucyHka BUAHO, YTO I MporpaMm (aJropuTMOB) C HEOOJbIION CTEleHbIO
napauien3Ma KCIoAb30BaHUE OOJIBIIOrO YKCaa MPOLECCOPOB HE AAET CKOJbKO-
HUOYIb 3HAYMTENBHOIO BBIMIPBIIIA B ObIicTponeiicTBUM. Eciu Xe cremenp mapani-
JIeTM3Ma TOCTAaTOYHO BeNWKa, KO3(hGUIIMEHT YCKOPEHWST MOXET OBITH OONBIIHM.
Haunnast ¢ HeKoTOporo 3HAYEHUS, YBETNICHNE YHCIA TTPOIECCOPOB MaeT TOIBKO
HeOOJBIION MPUPOCT TMPOM3BOAUTEILHOCTH. Ha mMpakTmke, Korma IPHUXOTUTCH
MMPUHIMATh BO BHUMaHHE KOHEYHOE BpeMs oOMeHa NaHHBIMU, PH YBETUICHUU
Yyc/ia MPOLIECCOPOB MOXET HaGMI0daTbCsl JAXe MajeHUe MNPOU3BOAUTEbHOCTH,
MOCKOJIbKY YBEIUYMBACTCS KOJIMYECTBO OOMEHOB.
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Puc. 2.5. 3akoH Amaana

an/IBCI[EM PA3JIMYHBIE KOIWYECTBEHHBIC XapaKTEePpUCTUKU TTapaajieIn3Ma. 94)-
¢€I€mu6‘H0€mb UCNOABL306AHUA NPOUECCOPOE8 XAPAKTCPUIYCTCA BEJAMYUHOMN:

E=K/N, I/N<E<1.

B uneanbHoii cutyauuu K= N u E =1, HO Ha NpakTUKe ITO 3HAYEeHUE dPPeK-
TUBHOCTU HEAOCTHXKUMO.

Cmenenvlo napaiieiu3ma Ha3BIBAIOT KOJWYECTBO IIPOIECCOPOB, HCIOIB3YEeMBIX
B KaXIblii MOMEHT BpEeMEHH AJIs1 BbIIOJHEHMS mporpammbl. CreneHb napauie-
JIU3MA MOXET M3MEHSATbCS B MPOLECCE BbIIOJHEHUS IpOorpaMmbl. DTo, BooOIIe
roBops, MepeMeHHAas BeJIMYMHA, KOTOpas 3aBUCUT, B YACTHOCTM, OT HAIMYUSI U
JOCTYITHOCTU PECYypCOB, IOITOMY MHOIAA BBOAAT Pa3iMUHbIE CPENHME XapaKTepu-
CTUKU Mapauienu3ma.

HMccnenoanust moxkasaiau, 4To MOTEHLUAJIbHBINA MapauieNn3M B HayuyHbIX U TeX-
HUYECKUX MPUKIATHBIX MporpaMMmax MOXeT ObITb OUYeHb OOJbIIMM, IO COTeH U
ThICSIY KOMaHJI Ha TaKT, OJHAKO peaabHbill ("MOCTVXKUMBIIA") mapaiesnu3M 3HaYu-
TeabHO MeHblle — 10—20.

[lBe napagurmoi
napansesibHOro nporpaMmMmupoBaHusa

Hanbogee pactipoCTpaHEHHBIMU TTOAXOAAaMU K pacrapaIeINBAaHUIO BBIYHCIIEHU
n O6pa6OTKI/I OJAHHBIX SBJIAIOTCA IMOAXOJAbI, OCHOBAHHLIE Ha MOAC/IAX Hapaliic-
JIU3MA JAHHbIX M Iapalieu3Ma 3aJad. B ocHoBe xaxaoro moaxoaa JeXUT pac-



OcobeHHOCTY NPOorpaMMupOBaHUs NapaiesibHbIX BbIYUCTEHUI 85

TpeneieHne BEIYUCIUTEIBHOM paboThl MEXIY TOCTYITHBIMHU TONTH30BATENI0 TIPO-
IeccopamMy IapauIeIEHOro KoMIbloTepa. [Ipy 3ToM IpUXOANUTCS pelraTh pasHo-
obpasHble TipobieMsl. [Ipexkme Bcero, 3To paBHOMEpHas 3arpy3Ka IMPOIECCOPOB,
T. K. €CJIM OCHOBHAs1 BbIYMC/IMTE/IbHAsE pabora OYHEeT JIOXUTHCS TOJbKO HA 4acTb
W3 HWX, YMEHBIIWTCA W BBIUTPHIII OT pacnapauieuBaHus. [pyras He MeHee
BaxkHas npobjeMa — 3¢ ¢eKTUBHASA OopraHusalus ooOMeHa MHQopMaLUeil Mexay
3amayamu. Ecim BeMUMCIEHUS BHIOMHSIOTCS Ha BBICOKOIPOU3BOMUTENBHBIX TIPO-
Lieccopax, 3arpy3ka KOTOPBIX JOCTATOYHO PABHOMEPHA, HO CKOpPOCTb oOMeHa
JAHHBIMHA TIPA 3TOM HW3KA, OOJBIIAs 9acTh BPEeMEHU OyIeT TPaTHTHCS BIYCTYIO
Ha OXuIaHHe HHGOpPMAITUU, HEOOXOAMMOM Ul MampHelillell paOOTHI 3amadi.
DTO MOXKET CYLIECTBEHHO CHU3MTh CKOPOCTb PAbOThI IIPOrPaMMObL.

Mapannennam gaHHbIX

MBI yXe YITOMAHAIA O TOM, YTO OCHOBHAS WIesT TIOAXOMa, OCHOBAHHOTO Ha Ta-
pajaenusMe NaHHBIX, — IPUMEHEHME OMHOH Omepaluu Cpasy K HECKOJbKUM
9JIeMEHTAM MacCHBa MaHHBIX. PasnuMuyHble QparMeHThl TAKOro mMaccupa oOpada-
THIBAIOTCS HA BEKTOPHOM IIPOIIECCOpPe WM Ha pa3HBIX IIpolleccopax IMapajieib-
HOI MamIMHbl. BekTropmsanns iy paciapaiieiBaHue B 3TOM ClIydae Jalle Bce-
TO BBINIOJHSIOTCS YK€ BO BpeMs TPAHCISIIIUM — TIepeBOda HMCXOTHOTO TeKCTa
MpOTpPaMMBl B MallTMHHBIE KOMaHIEL. Pojib mporpaMMucTa B 3TOM CiIydae OObIYHO
CBOAMTCA K 3aJaHUI0O OIUMH BEKTOPHOU WM MapalaeNbHON ONTUMU3ALUU
TPAHCISITOPY, OUMPEKTUB MAPALISNbHON KOMIWISLUMM, MCIOAb30BAHUIO CIIEIUa-
JIU3UPOBAHHBIX SI3BIKOB TAPAJIIETBHBIX BBIYUCICHUI.

OCHOBHBIE OCOOEHHOCTH paccMaTpruBaeMOro IOIXoa:
O 06paboTKOI TaHHBIX YIPABISIET OMHA TTPOTPAMMA;

a MIPOCTPAHCTBO UMEH ABIACTCA T‘J'[O6EU'[I)HI)IM, T. €. IJIAd IIporpaMMHUCTa CYIIECT-
BY€T OJHA4 C€IAMHCTBCHHAA INaMATb, 4 JAC€TaJau CTPYKTYpbl JdHHbIX, JOCTYIId
K IaMATU 1 MEXITPOUECCCOPHOIoO 00MEeHa TAHHBIMU OT HETO CKPbITbI,

O cnabasi CMHXpPOHM3AUMS BBIUMCIEHWM Ha MapaiefbHbIX Mpolleccopax, T. €.
BBUIOJHEHUE KOMAH/ Ha PasHbIX [IPOLECCOpax HPOUCXOLUT, KAK IPABUIO, HE-
3aBUCUMO U TOJIbKO MHOILA [POU3BOAUTCHA COLJIACOBAHME BbLIIIOJIHEHUA LIMK-
JIOB WJIW JPYTUX MPOTPaAaMMHBIX KOHCTPYKIIUNH — MX CUHXpOHU3aUUs. Kaxkablii
MPOLECCOP BHIIONHSAET OAUH U TOT K& (PparMeHT mporpaMMbl, HO HET rapaH-
TUU, YTO B 3aJAHHBII MOMEHT BPEMEHU HA BCEX IPOLIECCOPAX BBIIOIHIETCS
OJlHA W Ta Xe MallVMHHAA KOMaHIa,

O napaisejbHble ONepaldM Had DJeMEHTAMU MAacCHBa BBIIOJHSIIOTCS OIHOBpE-
MEHHO Ha BCE€X JOCTYIHbLIX JAHHOI IporpamMme MpoLeccopax.

Buaum, Takum obpazom, 4TO B paMKax AAHHOIO IOAXOAa OT MPOrpaMMUCTa HE
TpebyeTcs OOJbIIMX YCUIMA MO BEKTOPU3ALUMU MM paclapalie]iBaHUIO BbIYUC-
JeHuil. Jaxe mpu MporpaMMHUPOBAHMU CIOXKHBIX BbIYMCIUTEIbHBIX AJITOPUTMOB
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MOXHO WCTOJIH30BaTh OMOIMOTEKN TIOMMPOTPAMM, CTEINAThHO pa3paboTaHHBIX
C YY4EeTOM KOHKPETHON apXHUTEKTYPhl KOMITbIOTepa M OINTHUMU3HPOBAHHBIX LIS
3TOI apXUTEKTYPHI.

Ionxon, ocHOBaHHBII HA Mapajulea3Me JaHHBIX, 0a3UPyeTCcs HA MCIONIb30BAHUM
B IIporpaMMax 6a30Boro Habopa oIepalmii;

O omnepaluu ynpapieHUs JAHHBIMU;

omnepaluy Hal MacCMBaMU B LIEJIOM, a TAKXKe UX pparMeHTaMmu;
YCJIOBHbIE ONEpallll;

onepamnyy MpUBEIeHNS;

onepamy CIBUTA;

OIIepa CKaHNUPOBAHNS,

Qooaagaao

oriepaunmn, CBA3aHHLBIC C HepeCBU[KOﬁ JAHHDBIX.

Paccmorpum a3t 6a3oBEIE oIlepalui.

YnpaBneHue gaHHbIMU

B ompeneneHHBIX CUTYaLMsIX BO3HWKAET HEOOXOAUMOCTH B YIIpaBIEHUN paclipe-
JeJleHMeM JaHHbIX MEXIY IIpolieccopaMmu. DTO MOXET IOTpeOOBaThCsl, HAIpPH-
Mep, Ij1s1 obecneyeHrsl paBHOMEPHOI 3arpy3ku MpoleccopoB. YeM Gosiee paBHO-
MEPHO 3arpyxeHbl paboToil mpolieccopbl, TeM Oonee a¢dexTuBHO OyaeT padora
KOMIIbIOTEPA.

Onepauun Hag MaccuBamu

ApTyMeHTaMH1 3THUX OTlepalluii SBISIOTCS MAacCUBHI B IIEJIOM WIW WX (pparMeHTHI
(ceyeHus), IpU ITOM OJHA oOIepalus IPUMEHSETCS OAHOBPEMEHHO KO BCEM
9JleMEeHTaM MaccuBa Wid ero yactu. IlpuMepom omepaiuy TaKoro Tuna sBisgercs
YMHOXEHHE DJIEMEHTOB MACCHBA HA CKAISPHbIA WM BEKTOPHBIA MHOXHUTENb.
Ornepaiiuu MOTYT ObITb M 0oJiee CIOXHBIMU — BblYMCIEHUE (PYHKIIMU OT MaccCu-
Ba, HaIpuMmep.

YcnosHble onepauumn

VYcnoBHBIE oTtepallii TIPUMEHSIOTCS JINTITh K TeM 3JIeMeHTaM MaccwuBa, KOTOphIe
YAOBJETBOPSIIOT ONpeNeJeHHOMY yCI0BUIO. B ceTouHbiX MeToaX, Hanpumep, 3TO
MOTYT OBITb B3JIEMEHTBI, COOTBETCTBYIOLINE YETHBIM/HEUETHBIM HOMEpPaM CTPOK
WU CTOJIOIIOB CETKH.

Onepauuu npuBeaeHus

Omepartnit TpUBeAeHNs TTPUMEHSIOTCS KO BCeM 3JIeMeHTaM MaccHBa (MW eTo
4yacTu), a Pe3yJbTATOM SBISETCS ONHO-EAMHCTBEHHOEe 3HayeHue. Ilpumepamu
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onepaum’l TIPUBEOCHUA ABIAIOTCA OINEpallin BBIYUCICHUA CYMMBI JSJIEMEHTOB
MacCcvBa WJIN MAKCUMAJIBHOI'O 3HAYCHHUA €TI0 JIEMECHTOB.

Onepauun casura

dnga shdeKTUBHON peanm3alni HeKOTOPBIX TapalelbHBIX aITOPUTMOB Tpeby-
IOTCSI OoNepanuy caBura MaccMBoB. CHBUTH HCIONB3YIOTCI B HEKOTOPBIX aJITO-
pUTMax 00paboTKN N300pakeHN, B KOHEUHO-PAa3HOCTHBIX AJITOPUTMAxX U T. .

Onepau,vm CKaHunpoBaHusa

Omnepaltii CKaHWPOBAHUS HA3BIBAIOTCS TaKKe HpeqhuKcHoLMU/CYyP@uKcHbIMU OTIe-
pauusmu. [lpedukcHas omnepauuss CyMMUPOBAHUS, HAMPUMEP, BBIIONHSETCS
CIAEeNYIOIIUM 00pa3oM. DJEMEHTbl MACCHMBA CYMMUPYIOTCS IOCIENOBATEAbHO, a
PEe3yNbTaT OYEPEIHOr0 CyMMUPOBAHUSL 3aHOCUTCS B OUEPEIHYIO SIUEHKY HOBOIO,
PE3YABTUPYIOIIETO MAacCuBa, MPUYEM HOMEP STOM SUEHKM COBOANAET C YUCIOM
MPOCYMMUPOBAHHBIX 3JIEMEHTOB UCXOAHOTO MACCHBA.

Onepauuun nepecbiiki AaHHbIX

Onepanmy MepechblUIKN JTaHHBIX MOTYT OCYIIECTBIATHCS, HANpUMeEp, MEXIYy Mac-
CHBAMM Pa3inyHON (DOPMbI, UMEIOLUIMMH PA3HYI0 PasMEPHOCTb, MPOTSLKEHHOCTD
[0 KaXIOMy M3MEPEHUIO U IIp.

I'IporpaMMMpOBaHMe B Mogenun napannesindamMma gaHHbIX

IMpn porpaMMIpOBaHNN Ha OCHOBE TIApaJITeIN3Ma JaHHBIX YacTO WCTIONB3YIOTCS
crneuuaausupoBadHbie s3biIki — CM FORTRAN, C*, FORTRAN+, MPP
FORTRAN, Vienna FORTRAN, a takxe HPF (High Perfomance FORTRAN).
A3bik HPF ocHoBaH Ha s3bike nporpammupoBaHus FORTRAN-90, yto cBsizaHo
C HAIMYMEM B HeM YIOOHBIX OIepaliiii HaJ MacCHBaMU.

Peanuzamust Momenu mapamienni3Ma JaHHBIX TpeOyeT MOMAep:KKU Tapaen3Ma
Ha YpoBHEe TpaHciagropa. Takylo Moaaep:kKy MOIyT 00ecleunBaTh;

O npenpoueccopsi, UCIIONb3YIOUIUME CYLLECTBYIOLME [10CJIE10BATE/IbHbIE TPAHCJIS -
TOPHl U CITEMATN3UPOBAHHEBIE OUOIMOTEKN, ¢ peaTnu3alusIMyi TapauIeTbHBIX
QITOPUTMUYECKUX KOHCTPYKIIUIA;

O npedmparcaamopsi, KOTOPbIe BbIIOJHSIIOT IMPEeNBAPUTENbHBIA aHAIU3 JIOIMYe-
CKOIl CTPYKTYpBI TIPOTPaMMBI, TTPOBEPKY 3aBUCHMOCTEN M OTpaHWYeHHYIO TTa-
pajieSIbHY0 ONTUMU3ALINIO;

O pacnapanieiugaroujue MpaHcaImMopsl, KOTOPBIE BBISBISIOT Tapalaelnu3M B UC-
XOITHOM KO/Ie TMPOTPaMMBbI W BHITIOJHSIOT €To MpeoOpa3oBaHNe B IMapajieib-
HBlE KOHCTPYKIMU. 11 TOro 4TOOKl YIIPOCTUTH MTpeoOpa3oBaHNue, B UCXOTHBIN
TEKCT IPOrpaMMbl MOTYT 10OABIATBCS CIIELMATbHBIE TUPEKTUBBL TPAHC/ISILIMM.
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I'Iapannenusm 3agav

Merton mporpaMMUpPOBaHNS, OCHOBAHHBIN Ha TapajjieNn3Me 3amad, TpeaycMar-
pUBaeT pazdueHne BbIUMCIUTENbHON 3a7aud Ha HECKOJbKO OTHOCUTEIbHO CaMO-
CTOSITEIbHBIX Moj3agay. Kaxnasi moazazaya BbIMOJHSIETCS Ha CBOEM IPOLIECCOpeE.
Kommbiotep npu stoMm npeactaBasier coooit MIMD-maiuny. [ns kaxnoi momu-
3a0a9M TTUIIETCS CBOSI COOCTBEHHAs TporpaMMa Ha OOBIYHOM SI3BIKE ITPOTpaMMM-
poBanus, vauie Bcero 310 FORTRAN unu C. Iloazagauu J01XKHB OOMEHUBATh-
¢ pesyabTaraMud cBoedl paboThl, MOJydYyaTb MCXOAHbIE HaHHbIe. [lpakTuyecku
TAKOii OOMEH OCYLIECTBISIETCS BbI3OBOM IPOLEAYpP CHELHUATM3MPOBAHHON Oub-
quoteku. IlporpaMMuUCT MpU 3TOM MOXKET KOHTPOJUPOBATh pacCHpeacieHUe NaH-
HBIX MEXIY pasIMYHbIMU TpoLeccopaMyd U PasUYHBbIMU TOA33AauyaMU, a TakxkKe
o0MeH JaHHbIMU. B nTOM ciiyyae, oueBUAHO, TpeOyeTcsl JOTOJHUTENbHAs paboTa
JUISl TOTO, YTOOBI obecreunTh dhPeKTUBHOE COBMECTHOE BBITIOJHEHUE Pa3IUUHbBIX
noazagad. [lo cpaBHEHUIO C MOAXOJO0M, OCHOBAaHHBIM Ha Mapajieu3Me JaHHbIX,
3TOT noaxon 0oJyiee TPYAOEMKUIA, C HUM CBSI3aHbI CAeaylole IPOOIEMbl:

O moBbIIIeHHAs TPYAIOEMKOCTh KaK pa3paboOTKM TIPOTpaMMBI, TaK M €€ OTIAIKN;

O Ha mporpaMMuIcTa JIOXKHUTCSI BCS OTBETCTBEHHOCTD 32 paBHOMEPHYIO M cOataH-
CHPOBAHHYIO 3aTPy3Ky IMIPOIIECCOPOB MapaIeILHOTO KOMITBIOTEPA;

O mporpaMMHCTy TPHXOAUTCS MUHUMU3MPOBATh OOMEH MAHHBIMU MEXIy 3ama-
yaMu, T. K. 3aTpaThl BpeMEHM Ha TEPECBUIKY JAHHBIX OOBIYHO OTHOCUTEIHHO
BEJINKI;

J MOBBIIIEHHASI OMNACHOCTh BO3HUKHOBEHUS TYIIMKOBBIX CHTyaHHﬁ, Korma OT-
paBJICHHAas1 OJTHOM HpOT’paMMOﬁ MOCBIKa ¢ TAaHHBIMU HE MMPUXOOUT K MECTY
Ha3HA4YCHUS.

INpuBnekareTbHEIMI OCOOEHHOCTSAMU JTAaHHOTO TIOIXOMA SBIISIIOTCS OOJbIIas rmo-
KOCTb M OOJbIIast cBoOOMA, MpemocTaBisgeMasi MPorpaMMICTyY B pa3paboTKe Mpo-
rpaMMbl, 3(PPEKTUBHO UCTIONB3YIOUIEN PECYPChl MapaliebHOTO KOMITBIOTEpa U,
KaK CJIEACTBUE, BO3MOXHOCTb MOCTMKEHMSI MAaKCUMAIbHOIO OBbICTPOAEICTBUSI.
TMpumepamMu cneuuanu3upoBaHHbIX OUOIMOTEK sBisItOTCA OubaMoreku MPI
(Message Passing Interface) u PVM (Parallel Virtual Machines). Otu 6ubinoreku
pacIpocTpaHsoTcs CBOOOAHO M CYLIECTBYIOT B MCXONHBIX Komax. bubmuoreka
MPI pazpaborana B AproHHckod HauuonanwHoii Jlaboparopuu (CIIIA), a
PVM — paspabotrka Oxkpumkckoit HanmonanbHo# JIabopatropuu, yHUBEPCUTETOB
wtata TenHeccn u Omopu (CIITA).

Pa3paboTka napannenbHoro anropurma

BaxkHeitmuM 1 omHUM U3 Hamboliee TPYIOEMKUX 3TAMOB CO3TAHUST TTPOTPaMMBbI
saBJisseTcsl paszpaborka anroputma. Eciu Xe peub MIET O pa3paboTke Mapasiesb-
HOro aJITOpUTMa, BO3HMKAIOT IOIMOJHUTEbHBIE TPOOAEMBI, O KOTOPBIX YXE YIOo-
MMHAJIOCh paHee B 3TOi TI1aBe. AJITOPUTM JOJDKEH obecrieunBarh 3(pdekTruBHOe
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WCMOTB30BaHNE TAPAIIETLHON BBIUNCINTENHHOM crcTeMbl. CienyeT 3a00THUTHCS
U 0 XOpolIlleil MacITabupyeMOCTH aIrOPUTMA, a 3TO HE BCeraa IMpocTo.

MPOBNEMA

JEKOMNO3MLnA l

OO0 0O000O0O0O0
OO0 pOOO0O0O0

MNAHUPOBAHWE KOMMYHUKALINIA

S5O TEL 6

YKPYMHEHWE

MOO3ATAUM

MMAHWPOBAHUE BbIYUCIEHWN

N L% MPOLIECCOPbI

Puc. 2.6. 3tanbl pa3paboTku NapannenbHoro anropmMtMma

IMpoiecc paspaboTKK MapaUIeTbHOTO AITOPUTMA MOXKHO pPas0OUTh Ha YETBIPE
srana (puc. 2.6).

1. Jexomnozuyus. Ha naHHOM 3Tale MCXOQHAsS 3afadya aHAIU3UPYETCsl, OLEHUBA-
eTcd BO3MOXHOCTh ee pacrhapajuleTMBaHusa. MHorma BHIMTPBIIT OT pacrapai-
JISTUBAaHUS MOXET OBITh HE3HAYUTETBHBIM, a TPYOOEMKOCTb Pa3padOTKU IIa-
pajuie/ibHOM HporpamMmbl 00/blioi. B 3T0M cilyyae nepBbiil 3tan pazpaboTku
ajqropuTMa okasbiBaeTcsl M InocieaHuM. Eciu xe "urpa crourt ceu”, 3agadya u
CBsI3aHHBIC C Hell TaHHBIe pasfesisaioTcs Ha Oojiee MeJKHMe YacTu — Ton3amadn
U (parMeHTbl CTPYKTYP AaHHBIX. OCOGEHHOCTH aAPXUTEKTYPhl KOHKPETHOI
BBIYHMCIIUTEIFHOM CHCTEMBI HAa TAHHOM 3TaIte MOTYT HE YUYUTHIBAThCS.

2. Ilpoexmuposanue KommyHuxauyuii (obmenoeé Oannvimu) medxcdy 3adavamu. Ha
STOM 3Tale OMPENENSIIOTCS KOMMYHUKALIMU, HEOOXOMUMBIE JUISI MEPECHLIKU
WMCXOAHBIX JAHHBIX, IPOMEXYTOUHBIX PE3YyJbTaTOB BBIMOJIHEHUS MOA3aday, a
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TAKXKe KOMMYHWKAIIMW, HeOOXOIWMBIE IS VIIpaBIeHWdA paboToil TToa3amad.
Bre1OupaloTcst aaropuT™MbI 1 METOABI KOMMYHUKALIMN.

3. Ykpynnenue. Tlonzamaum MoryT oOBEAUHSITECS B OoJiee KPYITHbIE OJIOKU, ecln
9TO TO3BOJISIET TOBBICUTH 3G(PEKTUBHOCTh AITOPUTMA M CHU3UTH TPYAOCM-
KOCTh pa3paboTku. OCHOBHBIMU KPUTEPUSMH HA JaHHOM 3Talle SABJISIOTCS
9¢hdeKTUBHOCTh ANrOpUTMa (MPOU3BOAUTENIBHOCTh — B IEPBYIO ouepeab) U
TPYAOEMKOCTb €0 peaau3alniu.

4. [hanupoeanue eorvucrenuti. Ha »TOM 3aKTIOUMTEIBHOM 3Tare MPOU3BOTUTCS
pactipenesieHne moasanay Mexmay mpoieccopamu. OCHOBHON KpHUTEpPUi BBIOO-
pa crocoba pasMelieHus moasagad — 3(pdeKTUBHOE NCIOIb30BaHE TPoIec-
COPOB ¢ MUHUMMATbHBIMU 3aTpaTaMy BPeMEHM HA OOMEHbI JaHHBIMHU.

PaccmoTpuM Kaxkablii M3 3TUX 3TANOB Oojiee MoapoOHO.

O ekomMmnoauuyusa (cermeHTUpOBaHue)

Ha manHOM ararte ompemensieTcsl cTeTleHb BO3MOKHOTO pacrmapaTeTuBaHus 3a-
Jayd. MHorna nekoMnosuuusl UCXOAHOM 3a1auyd eCTECTBEHHbIM 00pasoM cieayeT
13 TIpUPOIBI 3aMaYM 1 OKasbiBaeTcs oueBUHON. MHorma ato He Tak. YeM MeHb-
e pasMep Ioa3amay, MoJyIaeMbIX B pe3yabTaTe JeKOMITO3UIINN, YeM OOoJbIlIe X
KOJIMYECTBO, TeM Ooyiee THOKUM OKAa3bIBACTCS MApAUICTbHBIA alTOPUTM, TEM JIeT-
Yye o0ecTIeYnTh PABHOMEPHYIO 3arpy3Ky IPOIeCCOPOB BHIYMCIUTEILHON CUCTEMBI.
BriocneactBuu, Bo3MOXHO, NpUAETCs "yKPYIHUTD" aJITOPUTM, ITOCKOJBKY CAEIyeT
MPUHITH BO BHUMaHUE MHTEHCUBHOCTb OOMEHA JTAHHbIMM U Apyrue hpakTophbl.

CerMeHTHPOBAThCSI MOTYT KaK BBIUMCIMTENBHBIN aITOPUTM, TaK W AaHHbIe. [Tpu-
MEHSTIOT pasHble BapuaHThl JEKOMTIO3UIINKN. B MeTone dexomnosuyuu 0anHbix CHa-
yajia CEerMEHTUPYIOTCS JAHHbIE, a 3aTeM aJrOPUTM MX 0OpaboTKu. JlaHHblE pa3ou-
BalOTCsl Ha (hparMeHThl MPUOIUBUTENBHO OJMHaKoBoro pazmepa. C dparmeHTamu
JAHHBIX CBSI3BIBAIOTCS ONEpalUM MX OOpabOTKH, U3 KOTOPbIX U (POPMUPYIOTCS
noazanauu. Omnpeaensiorcss HeoOXoAUMMbIE MepecbUlKd AaHHbIX. IlepeceyeHue
yacTeit, Ha KOTopble pa30uBaeTcsl 3alaya, JOJKHO ObITh CBEAEHO K MMHUMYMY.
Bro nospBossieT u30exaTb AyOnupoBaHMsl BbluuciaeHuil. Cxema paszdueHust B
JanbHeilllleM MOXeT YTOUYHATbCS. B 4acTHOCTH, eciu 3TO HeoOXOmuMo s
YMEHBILIEHUSI 4Yucia OOMEHOB, AOMYCKAETCsl YBEIMYEHME CTENEeHU MepeKpbITHs
¢parMeHTOB 331a4u.

[lpyu AexoMIo3ulMK AAHHBIX CHAyala aHAIUM3UPYIOTCS CTPYKTYpbl JAHHbIX Hau-
OoJjbliero pasmepa, Jubo Te, oOpalleHHe K KOTOPbIM MPOMCXOMUT Yallle BCero.
Ha pasHbIx crammsx pacueTa MOTYT MCITONB30BATBCS Pa3IUIHBIE CTPYKTYPHI JaH-
HBIX, [1IO9TOMY MOIYT IOTPeOOBATbCA MU AMHAMMYECKUE, T. €. M3MEHSIOLIHUecs CO
BpPEMEHEM, CXEMbI AEKOMIIO3UIIUMU ITUX CTPYKTYP.

[lpuBenem npumep. B MHXEHEpHbIX M HAYYHBIX PAcUETaX YACTO MCIIOJb3YIOTCS
pasauMyHble CETOYHbIe MeToAbl. B 3TOM ciyyae TpexmepHas ceTKa OIpeneisieT
Habop MAaHHBIX, SJIEMEHTHI KOTOPOTO COMOCTABIIIOTCS y3JIaM pelieTKu. JekoMIo-
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3ULIMST B JAHHOM clIydyae MOXeT OBITh OJHOMEPHON (3TO camoe KpyImHOOIOYHOe
pasbueHue), AByMepHOil U TpexmepHoil (puc. 2.7). B nmocaenHem ciydae OTaesb-
HBIMU (bparMeHTaMU SIBJISIIOTCST Y3JIbl CETKHU.

]

OaHoMepHasi AeKoMno3nLus

Ll A [lBymMepHasa gexomnosnums

TpexmepHas eKoMNo3numst

Puc. 2.7. JexkoMno3vums TREeXMEpPHOM CeTkun

B wmetome ¢yukyuonassnold Oexomnosuyuu cHadama CErMEHTHPYETCS BBIYUCIH-
TENbHBIA AITOPUTM, 4 3aTEM YK€ IIOI 3Ty CXEMY IIOArOHSETCS CXeMa JeKOMIIO3U-
LMY JAHHBIX. YCIeX IpU STOM He BCeraa rapaHtupoBaH. CxeMa MOXKET 0Ka3aTbcs
TaKoi, YTO IOTPEOYIOTCS MHOTOYMCICHHBIC MOMOJTHUTENBHBIC TEPechIKN TaH-
HbIX. MeTon GYHKIMOHAIBHON AEKOMIIO3MIIMHM MOXET OKAa3aTbCsl MOJE3HbIM
B CHUTYyallud, II€ HET CTPYKTYp JAHHBIX, KOTOpble OYEBUAHO MOIJIM Obl OBITH
pacmapajiesieHbl.

QOyHKIMOHAbHAS NEKOMIIO3ULIMS UIPAET BAXHYIO POJIb U KaK METOJ CTPYKTYypU-
poBaHus mporpamMM. OH MOXET 0KazaThbes IMOJIE3HBIM, HAIpUMeEp, TIPU MOIETH-
POBAHUU CJIOXKHBIX CHCTEM, KOTOPbIE COCTOSIT M3 MHOXECTBA MPOCTbIX MOACUC-
TEM, CBSI3aHHbBIX MEXIY coOoii HabopoM HHTepdeiicos.

Ha npakTuke yaiie ucnoyib3yeTcss METO, 1eKOMIO3MLMK AaHHbIX. 151 Toro uro-
Obl JekoMmno3uuusl ObLia >(pPeKTUBHOM, cleayeT MPUACPXKUBATHCS CAEAYIOLIUX
PEKOMEHIAIIUNA:

O KoaMYeCTBO IOA33aay IOC/Ie AEKOMIO3ULIMU TOJXKHO MPUMEPHO HA MOPSIOK
MTPEBOCXOINTDH KOJMYECTBO TPOIIECCOPOB. DTO MO3BOISIET 00ECIIeUnuTh O6OJb-
LIYI0 TMOKOCTh HA MOCAEAYIOLIMX STalax pa3paboTKy MPOrpaMMbl;
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O cnenyer u3berath JUMILIHMX BbIYMCACHUM M MEPEChUIOK AAHHBIX, B IPOTUBHOM
clyyae mporpaMmma MOXeT OKaszaTbCsl MJI0XO MaclITabupyeMoil U He MO3BOJUT
JIOCTUYb BbICOKOI D(PDEKTUBHOCTU MPU PELIEHUU 3a1a4 OOJIbLIOTO 00bEMA;

O momzamayy JODKHBI OBITH MPUMEPHO OXMHAKOBOTO pasMepa, B 3TOM CiIydyae
Jlerye 00ecIeynTh cOaTaHCUPOBAHHYIO 3arPy3Ky IPOIIECCOPOB;

O B uiease cerMeHTAlUsl JOJXKHA ObITb TaKOH, YTOOBI C yBeluueHueM obObema
3a/la4M KOJIMUECTBO MOA3anay TakKe Bo3pacTajo (TIpU COXpaHEHUU TOCTOSH-
HBIM pasMepa OJHON Moj3afaun). DTO OOECMeyuT XOpOollyld MacluTabupye-
MOCTb.

PazMmep 0I0KOB, U3 KOTOPBIX COCTOMUT MapajuiesibHasi MporpamMma, MOXET ObIThb
pasHbIM. B 3aBHCcUMOCTHU OT pazMepa OJ0KOB AJITOPUTM MOXKET UMETh Pa3TuUHYIO
"sepHucrocTh'. Ee Mepoli B mpocreiillieM ciayyae MOXET CHYXWUTb KOJUYECTBO
ornepauuii B Osoke. BbuiensiioT Tpu cTeneHu "3epHUCTOCTU": MEJKO3EPHUCTHINH,
cpenHeONOUHbI U KPYIMHOOJIOYHBIA Mapalaeau3M.

3epHUCTOCTh CBSI3aHA ¢ YpPOBHeM Mapamienu3Ma. IlapamiennsM Ha ypoBHE KO-
MaHa — cambiil "Mmenko3zepHuctbiid”. Ero macmtad MeHee 20 xomaHa Ha OJIOK.
KonuuecTBo mapaiiesbHO BbUIOJHIEMBIX 110433124 — OT €IMHMIL 10 HECKOJbKUX
TBICSY, MPUYEM CPEeIHMIl MacluTad mapaiienu3Ma COCTaBISIeT OKOJO 5 KOMAaH.
Ha OJ10K.

Crenyoluii ypoBeHb — 2TO HapaieJu3M Ha YpPOBHE IMKIOB. OOBIYHO ITWKI
conepkut He 6osee 500 komana. Ecny utepaumu 1UKIa HE3aBUCUMbI, OHM MOLYT
BBIIOJHATBCS, HAPUMEP, C ITOMOIIbIO KOHBelepa Ui HA BEKTOPHOM MPOLECCO-
pe. OTo Toxe "MeJKO3epHUCTHIN" mapalaenusm.

IMapannenusM Ha ypoBHe Ipolleayp — cpeaHeOmouHslil. Pasmep Omoka go 2000 ko-
MaH. BbisiBieHue Takoro mnapauieinsMa ClOXHEe peaiu30Barb, MOCKOJbKY Cile-
OyeT YYUTHIBATH BO3MOXKHBIE MEXIIPOLEIYPHbIE 3aBUCUMOCTH. TpeGoBaHUS K
KOMMYHUKAIIISIM MEHBIIIEe, YeM B ciIydae MmapajuleTi3Ma Ha ypoBHEe KOMaHII.

IMapannennsm Ha ypoBHe IporpamM (3agad) — 3TO yxXe KPYIMHOOJOUHBIN mapa-
Jgeau3M. OH COOTBETCTBYET BBIMTOJHEHUIO HE3aBUCUMbIX IMPOrpaMM Ha Mapaj-
JieTbHOM KoMmTibloTepe. KpymHOOMOUHBIN Napaiiean3mM TpedyeT MOAAepXKKHU orle-
PaLlMOHHOUN CUCTEMOM.

OOMeH maHHBIMH Yepe3 pasmenseMble IepeMeHHBIe WCIIOIb3yeTcsl Ha YpOBHE
MEJTKO3epHICTOTO M CPEeIHEOJOUHOTo IMapajieii3Ma, a IOCPEACTBOM coo0Ie-
HUII — Ha cpemHeM M KPYITHOM YPOBHSX.

Hobutbcst 3¢ dekTuBHON paboThl MapaiebHOU MporpaMMbl MOXHO, cOanaHCcu-
poBaB "3€pHUCTOCTh' AITOPUTMA U 3aTpaThl BpeMeHU Ha OOMEH JaHHbIMU. Pas-
JIMYHBIE TOACUCTEMBI Tapa/uIeIbHOTO KOMIbIOTEpAa XapaKTepU3yloTcsl pasHbIMU
BpeMeHaMU 3amepxkku. Hampumep, Bpemsl gocTyna K HaMSTH YBEIMYMBAETCS
¢ pocToM ee oO0beMa. Bpems 3amepxku ompenesser crelleHb MaclITabupyeMOCTH
CHCTEMBI.
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Yacti mporpaMMbl MOTYT BHITIONHSTHCS MapajlieJIbHO, TOJIBKO €CIV OHU He3aBU-
cuMbl. Hesasucumocms no oanneim 3aKIIOYACTCS B TOM, YTO JaHHBIE, 0OpadaThi-
BaeMble OJHOW YacTblO MPOrpamMmbl, He MOMUMUUUPYIOTCS APYroil ee 4acTblo.
He3zasucumocms no ynpaésenuro COCTOUT B TOM, YTO MOPSIIOK BBITTOJHEHUS YacTei
MpOrpaMMbl MOXET ObITb OMpPEeaeH TOJbKO BO BpeMsl BBIMTOJIHEHUS MTPOrpaMMbl
(HamMyMe 3aBUCHMOCTM MO YIPABACHUIO MpeaolpenciseT MOocIelI0BaTeIbHOCTh
BbLIIOJIHEHUS). He3zasucumocme no pecypcam obeclednuBaeTCsl JOCTATOYHBIM KOMM-
YECTBOM KOMIIBIOTEPHBIX PecypcoB (0OBEMOM MaMSITH, KOJUYECTBOM (YHKIIUMO-
HJIbHBIX Y3JI0B U T. A.). 3agucumocms no 6ui600y BO3HUKAET, €CJAU ABe MOA33Aauu
MMPOM3BOAAT 3allCh B OOHY W Ty XK€ IEpeMEHHYIO, a 3aBUCHMMOCTb IO BBO-
1Iy/BBIBOMY, €CJI OTIepaTOphl BBOIA/BHIBOMA ABYX MW HECKOJBKHMX IOA3amad 00-
pawatotest K ogHomy aitay (unu nepemeHHoit). B auctunrax 2.1 u 2.2 npuBe-
JeHbl ¢dparMeHThl nporpammbl Ha s3bike FORTRAN, HezaBucumble M 3aBUCH-
MbI€ I10 YIPABACHUIO COOTBETCTBEHHO.

Z[Be noa3agzayn MOTYT BbBINOIHATHCA NapalyIeJbHO, €CJIWM OHM HE3aBUCHMDLI I1O
JAHHBIM, IIO YIIPABJACHHIO U I1O OIICpAallMAM BbIBOJA.

NucTtuHr 2.1. ®parmeHT Koga, AEMOHCTPUPYIOLWLUIA HE3aBUCUMOCTL MO ynpaBrneHuo

do k=1, m
alk] = blk]
if (alk] < c¢) then
alkl] =1
endif
enddo

1,
if (alk — 1] < ¢) then
1

endif
enddo

CBolicTBO napajgiaeiibHOCTU obJragaeT CBOMCTBOM KOMMYTAaTUBHOCTH — €CJIN I1OI-
3agauu a u b napauieJabHbI, TO b u a Toxe napaui€jibHbl, HO HE TPaH3UTUBHO,
T.€. ecin a U b HapaJyICJIbHbI, a TAKXKE ITapalsICJIbHbBI bu ¢, OTCI01a HE 00s13a-
TEJIIbHO CJICAYET apaJJI€JIbHOCTb d U C.

JlexoMIo3uiIusl JoJKHA ObITh Takoi, YyTOObI BpeMsl cueTa U oOpabOTKU JaH-
HBIX TIPEBOCXOJMJIO BpeMs, 3aTpayuBaeMoe Ha TMepechblIKYy IaHHbIX. Bpsan au
CYILIECTBYIOT TOYHBIE aJTOPUTMbI TaKOW AEKOMIIO3UIIMM, MOXHO CUWTATh, 4YTO
CEerMEHTUPOBAHUE AITOPUTMA — ITO MCKYCCTBO.
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MNpoekTupoBaHne KOMMyHUKaL Ui

IMonzamaunm He MOTYT OBITH AGCONIOTHO HE3aBUCUMBIMU, TTOSTOMY CIEAYIOIINM
9TANOM Pa3padOTKU aJIrOpUTMa SIBASIETCS IPOEKTUPOBAHUE OOMEHOB AAHHBIMU
Mexny Humu. [lpoekTupoBaHue 3aKIi04aeTcs B ONPEASJSHMU CTPYKTYpbl KaHa-
JIOB CBSI3U U COOOLIEHUH, KOTOPbIMU JOKHBI 0OMEHMBAThcd moaszanayu. KaHa-
JIbI CBSI3M MOLYT CO3[aBATbCSl HESIBHO, KAK 3TO IMPOUCXOIUT, HAIIPUMED, B SI3bIKAX
MPOrpaMMHUPOBAHMS, MOMASPKUBAIOIINX MOAEAb Mapalieau3Ma JaHHbIX, & MOILYT
MPOrpaMMHUPOBATLCS SIBHO.

Ecnu Ha mepBoM 3Tare MpuMEHSeTCs AeKOMIIO3MLMS JAHHbIX, IPOSKTUPOBAHUE
KOMMYHUKAIIMI MOXET 0Ka3aTbcd HEeMpocThbiM AenoM. CerMeHTauus JAaHHBIX Ha
HemnepeceKarolecsl MOAMHOXECTBA M CBSI3bIBAHME C KaXIbIM M3 HUX CBOEro
MHOXeCTBa onepauuii o0paboTKU — AOCTAaTOYHO OYEeBWAHBIN mmar. OqHaKo ocTa-
eTCcsl HeoOXOMMMOCTh OOMEHa JaHHBIMM, 4 TaKXKe YIPaBAeHUs STUM OOMEHOM.
CIpyKTypa KOMMYHMKALIMI MOXET 0Ka3aTbCsl CJIOXKHOM.

B cxeme (yHKLMOHANBHON AEKOMIO3ULMU OpraHu3alus KOMMYHUKALMNA OObIY-
HO IPOlIE — OHU COOTBETCTBYIOT IMOTOKAM JAaHHbIX MEXIY 3aJa4yaMu.

KOMMYHI/IKaHI/II/I OBIBAIOT CJICOYIOIINX TUIIOB:

O soxanbHble — Kaxiasi 110/3a1a4a CBsi3aHa ¢ HEOOJIbLIUM HAOOPOM APYrUX IO/~
3amay;

O erobanvrbie — Kaxiaasl 1oj3azadya cBA3aHa ¢ OONBIIMM YHCJIOM IPYIUX TOI-
3ajay;

O cmpyxmypuposannble — Kaxpaas IMoA3agada W IOA3agaud, CBSI3aHHBIE ¢ HElt,
00pazyloT peryJsipHyIo CTPYKTYpY (Hampumep, ¢ TOMOJOTUel peLieTKu);

O uecmpyxmypuposanHbie — TIOA3adAYN CBSI3aHBI TPON3BOJIBLHBIM TPachoM;
O cmamuueckue — cxeMa KOMMYHWKAITNIT He M3MEHSETCST ¢ TeUeHEM BpeMeHW,

O Junamuyeckue — cxeMa KOMMYHUKAIIMA W3MeHSETCS B TIpollecce BBITTOTHEHUS
MPOTrPaMMBbl;

O cunxponHble — OTIIPABUTENb U MOJIYJaTeNb TaHHBIX KOOPIUHUPYIOT OOMEH;
O acunxporHsie — OOMEH TAHHBIMU HE KOOPAMHUPYETCS.

B rtnobanbHOlN cxeme OOMEHOB MOXET OBITh CIAWIIKOM MHOTO, UYTO YXYIIIaeT
MacIUTAOUPyeMOCTb IporpaMmmbl. IlpumMepoM MCHONB30BAHMST TAKOW CXEMbI SIBISIIOT-
Csl MPOrpaMMbl, OPraHU30BAHHbBIE MO MNPUHUUIY X03suH/paboTHuUK (master/sla-
ve), KOraa OJuH Ipoliecc 3alyCcKaeT MHOXECTBO IM0A3anay, pacipenesseT MexXay
HUMU paboTy M IMPUHMMAET pe3yabTaThl. HemocTarkoM mporpaMmbl ¢ Takou op-
raHusaiueil MoxeT ObITb TO, YTO IVIABHA IporpaMma NpUHUMAET COOOLIEHMS OT
MOAYMHEHHBIX 3a1a4 Mo ouepean. B aToM ciyyae oHa paboTaeT B IocieaoBa-
TEJIbHOM PEXMME.

HectpykTyprpoBaHHBIE KOMMYHUKAIIMW TIPUMEHSIIOTCSI, HAapHMep, B MeTomIax
KOHEYHBIX 3JIEMEHTOB, THe TPUXOMUTCS MMETH JE0 ¢ TCOMETPHIECKUMH OOBEeK-
TaMU CIOXHON (OPMBI, a TaKKe TPU HMCIOJb30BAHNU B CETOYHBIX METOHAX He-
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paBHOMeEPHEIX ceToK. CTPYKTYpa CETKW MOXET M3MEHSIThCS B TIpollecce pacueTa.
Ha mepBbIx sTamax paspaboTKu MHapaieIbHOTO alroOpHTMa HECTPYKTYpPHpPOBaH-
HBII XapakTep KOMMYHUKAIIM{ OOBIYHO HE HOCTaBjIseT TpymHocTeil. I[Tpobmaemsr
MOTYT BO3HHUKATh Ha 3TAnax YKPYMHEHUS W TUTAHUPOBAHUS BBHIYMCICHHA.

B ciayyae acMHXPOHHBIX KOMMYHUKAIIMA 3aAaYM-OTIPABUTENU AAHHBIX HE MOIYT
ONpeleNnTh, KOoraa JaHHBIe TpeOyroTcs APYIUM 3amavyaM, ITO3TOMY IOCIemHue
JTOJDKHBI caMU 3aIpalIiBaTh JaHHEIE.

BoT HeckobKO peKoMeHAALMA 10 IPOSKTUPOBAHMIO KOMMYHUKAIIMIA:

O KOJIMYECTBO KOMMYHI/IKaLll/Iﬁ y noasaiady AoJI2KHO ObITb OpUMEPHO OAMHAKO-
BbIM, MHAYEC MMPUITOKECHUEC CTAHOBUTCA ILJIOXO MaCLL[Ta6I/IpyeMbIM;

a TaM, rg€ 3T0 BOBMOXHO, CICAYCT UCITOJIb30BATH JIOKAJIbHBIE KOMMYHUKAIIUH,
a KOMMYHHUKAIIUKU JOJ2KHBI 6I)ITB, 10 BO3MOKHOCTH, INapalJyICIbHbIMU.

OnTuMarbHas OpraHn3aIs ooMeHa JaHHBIMU MEXIY TToA3agadaMi TOKHA YUn-
THIBATh APXUTEKTYpy KOMMYHUKAIIMOHHONW CETH BBICOKOIPOU3BOAUTENHHOM
BBIYMCIIUTEIBHON CHCTEMBI, JTO/DKHA OOecTeuynBaTh €€ pPaBHOMEPHYIO 3arpy3Ky
¥ MUHUMU3NPOBATH KOHMIMKTHI TTO JOCTYITY K Pa3TUIHBIM Y37IaM CHCTEMBI.

TynukoBble CUTyallMd MOIYT ObITb CBSI3aHbl ¢ HEMPaBUJIbHON IOCNEI0BATENb-
HOCTbIO OOMEHAa JaHHBIMU MEXIY Ipoleccamu, KOrja, Hampumep, MepBblil mpo-
IIeCC OXMIAeT TAHHBIE OT BTOPOTO, TOT, B CBOIO OYepelb, OT TPEThEro, a TPEThEMY
polieccy TpebyeTcsl pe3yabTar paboTHl MepBoro mpoiecca. PermTe mpobiemy Ty-
MMMKOB MOXHO, MCIOJB3Yys HEOJOKMPYIOIINI TIpHeM OAHHBIX, codveTas IpueM
JMAHHBIX C WX OTIIPABKON W T. 1.

OOMeH cOOOLIEHUSIMU MOXET ObITh peali30BaH MO-Pa3HOMY: ¢ MOMOIIbIO MOTO-
KOB, MexmpoleccHbix KoMMmyHuKauuit (IPC — Inter-Process Communication),
TCP-cokeToB u T. 1. OOuH U3 caMbIX PacIIPOCTPAHEHHBIX CITOCOOOB MPOTPaMMMU-
pOBaHUSI KOMMYHUKAIIM — WUCMOJb30BAHUE OUOIMOTEK, Pealu3ylolnX OoOMeH
coobieHusiMu. Hampumep, yxe yrnomuHaBluuecs Oubauoreku PVM (Parallel
Virtual Machine) u MPI (Message Passing Interface), KkoTopble MO3BOJSIIOT CO3-
JaBaTh INapajulejbHble MPOrpaMMbl IS caMblX pasHblx Iuatgopm. Tak, mnpo-
rpaMMbl, HAIIMCAHHBIE AJIS KIACTePa, MOTYT BbUIOJHATHCS HA CYIepKOMIIBIOTEDPE.

CylIecTBYIOT U ApYyrHe crnocoObl opraHuzanuu KoMMmyHukauuii. Meton RPC (Re-
mote Procedure Control — ynaneHHoe ynpasjieHue MpoleaypaMu) BriepBbie ObLI
npeaioxeH ¢pupmoilt Sun Microsystems. OH IO3BOJSIET OJHOMY IPOLECCY BbI3bl-
Barb IPOLEAYPY M3 APYroro npouecca, nepeaasarb eil rnapamerpbl U, Ipu HEoO-
XOAMMOCTH, IOJy4aTh Pe3yJbTaThl BbIIOJHEHUSI.

CORBA (Common Object Request Broker Architecture) ompenensieT MpoOTOKOJ
B3aMMOMEHCTBUS MEXAY IpolleccaMy, HE3aBUCUMBIA OT $3bIKa MPOrpaMMUpOBa-
HUSI U OINEpalMOHHONH cucTeMbl. A1 omucaHus HMHTEepdEiicoB MCIOAb3YeTCs
JgexnaparuBHbii 136K 1DL (Interface Definition Language).

DCOM (Distributed Component Object Model, paspabotka Microsoft) naet npu-
OJIM3UTEJbHO Takue Xe Bo3MoxHocTd, yTo u CORBA. Jlexxutr B oCHOBEe MHTEp-
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deiicoB ActiveX, ¢ TTOMOIIIBIO KOTOPHIX OAHO TpuiaoxeHue MS Windows Moxer
3alyCTUTD IPYroe MPUIOXKEeHNEe U YIPAB/ISATb €ro BbIITOJTHEHUEM.

YKpynHeHue

PesynbsraToM TIepBBEIX JBYX 3TAIOB pa3pabOTKU TApajuIeTEHOTO aJTOPUTMA STBITS-
€TCsl aJITOPUTM, KOTOPBIl HE OPUEHTUPOBAH Ha KOHKPETHYIO apXUTEKTYpPYy Bbl-
YUCIUTEIbHON CHUCTEMbl, IIOITOMY OH MOXET oKazaTbcsl HeabdekTuBHbIM. Ha
aTane YKPYMHEHHMsI YYUTHIBAETCS APXUTEKTypa BbIYMCIMUTENbHON CUCTEMBbI, MpU
9TOM YacTO MPUXOAUTCS OOBEIUHATH (YKPYITHATH) 3aaui, MOMyYeHHBIEe Ha Tep-
BBIX IBYX 3Talax, I TOTO YTOOBI MX YMCIO COOTBETCTBOBAJIO YHCIY IPOIIEC-
COpOB.

IMTpumep yKpynHeHUs MpUBeneH Ha puc. 2.8.

] i

Puc. 2.8. YkpynHeHne B TpeXMepHOM CETOYHOM MeToae

Ilpu yKpymHEHUU MOTYT IpECIenoBaThesA TakKWe IIeNd, KaK yBeIWYeHUe "3epHH-
CTOCTU" BBIUYMCJIEHUN M KOMMYHUKAIIMNA, COXpaHEHUE TMOKOCTU U CHUXEHUe
CTOUMOCTHU pa3paboTku. OCHOBHBIE TPEeOOBAHUS:

O cHKeHHe 3aTpaT Ha KOMMYHUKAIINN;

O ecau Opu YKPYNHEHUM IPUXOAUTCI AYyONMPOBATH BLIUMCIACHMS WU JAHHBIE,
9TO He MOJIKHO TPHBOINTHL K TIOTEpe TPOM3BOAMTEIHLHOCTA M MacIlTabupye-
MOCTH TTPOTPAMMBI;

O pesyabTUpYIOLLME 3a0a4d JOKHBI MMETb IMPUMEPHO OAMHAKOBYIO TPYIOEM-
KOCTB;

O coxpaHeHue MACIITAOMPYEeMOCTH;
O coxpaHeHue BO3MOXHOCTU NapajliebHOIO BbUTOJIHEHUS];

O cHWXeHNE CTOMMOCTH M TPYIOEMKOCTH pa3paboTKH.

NMnaHupoBaHne BbIMUCIIEHMIA

Ha sTtane mmannpoBaHWg BBIMUCIEHWI, 3aKTIOYNTETHLHOM 3Talle paspaboTKH Ta-
paIeIbHOTO AJITOPUTMA, HEOOXOIMMO OIpeneInTh, Te, Ha KaKhUX Ipoleccopax
OYyIyT BBITONHATHCA Moasamadyu. OCHOBHBIM KputepreM 3hGEKTHBHOCTH 3MeCh
SIBJISIETCSl MUHUMM3aLUS BPEeMEHH BBITTOJTHEHHUSI TIPOTPaAMMBI.
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IMpoGiema mraHWpPOBAHUS JIETKO pelraeTcd MpU NCMOIb30BAaHWM CUCTEM C pa3-
JeIsIeMOll MaMsThIO, OJHAKO HE Bcerma yamaeTcsd HalTu 3¢P@eKTUBHBIN CIIOCO0
VKPYIIHEHNS U IJIaHMPOBAHMS BHIMUCAEHUI. B 3TOM ciy4ae MpUMEHSIOT 3BpU-
CTUYECKUE aJITOPUTMBI JMHAMUYECKN cOaaHCUPOBAHHON 3arpy3KH IIPOLECCOPOB,
KOIJa mepeoIpeaeieHue CTpaTernd YKPYITHeHUS U IJIAaHUPOBAHMS ITPOU3BOIUTCS
MePpUOJUYECKH BO BpeMsl BbIIOJHEHUS MMPOrPAMMBI MU HHOLAA C AOCTATOYHO
0OABILION YaCTOTOIM.

B anropurMax, oCHOBAaHHbIX HA (PYHKLIMOHATIbHON AEKOMIIO3MLMU, YaCTO CO3aa-
€TCSI MHOXECTBO MEJNKUX “"KOPOTKOXMBYLIMX' moazagad. B atom ciyyae mpume-
HSIIOTCSL (A2OPUMMbL NAGHUPOBAHUS ebinoaHeHus 3adau (tasks scheduling), koTopbie
pacrpeensior 3aJaun Mo He 3aTpy;KeHHBIM paboToil polleccopaMm.

[lnaHupoBaHue BBIMONHEHMS 3a4a4 3aKJIIOYAETCS B OpPraHu3aluu MX AOCTyNa
K pecypcam. [lopsiiok OpeaocTaBieHUs] AOCTYNA OMPEAENSIeTCS HCIOJIb3YEMbIM
IJis1 3TOro anropuTMom. B kauectse mpumepa MOXHO MPUBECTU HAAHUPOBAHUE HO
npuHyUny Kpyeogoeo obcayxcueanus (round robin). STo aJITOPUTM ILJIAHUPOBAHUS,
KOTJ]a HECKOJIbKO TMPOIIECCOB OOCTYKMBAIOTCS IO OUEPenU, MOoTydasi OMMHAKOBBIE
MOPIIAN TIPOIIECCOPHOTO BpeMeHM. YacTo MCMoNb3yeTcs TakKe memod cOarancu-
poeannoii 3aepy3ku (load balancing) mpoueccopoB BBIUMCIUTENBHON cucTteMbl. OH
OCHOBAH Ha y4yere TeKyllell 3arpy3ku Kaxuaoro mpolieccopa. MHorma mpu peann-
3auuu MeToaa cOANaHCMPOBAHHOMW 3arpy3ku mpeaycMmarpusaercs nepeHoc ("Mu-
rpauus”) mpouecca ¢ OJHOro Ipoleccopa Ha Jpyroii.

B anroputmax naanuposarus evinoanenus 3adau popmupyercss Hadop (Iysa) 3agad,
B KOTOpbIi BK/IIOYAIOTCS BHOBb CO3[AHHbIC 3a1a4M M M3 KOTOPOro 3a1ayd BblOM-
paroTcs sl BbIIOJHEHMS. Ha OCBOOOAMBILUXCS Ipoleccopax. Crparerust pasme-
LISHKUS 33784 Ha IpoLeccopax OObIYHO MPEACTAB/ISIET COOOM KOMIIPOMUCC MEXITY
TpeboBaHWEM MAKCUMAaJTbHON HEe3aBUCHMOCTU BBITIONHSIONINXCS 3aa4d (MUHUMM-
3a1MsT KOMMYHUKAIINM) W TIIOOQTbHBIM YYETOM COCTOSIHUST BhIUMCAeHM#. Yarime
BCETO TPUMEHSIIOTCS CTPaTeTUN XO3AWH/paboTHHK (puc. 2.9), uepapxuyeckue u
JEeIeHTPATN30BaHHEIE CTPATETUH.

” P nK”

Puc. 2.9. Ctparterua ynpasneHma xo3auH/paboTHUK
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B st1oit mipocroit B peaymsanun cxeMe (3pheKTuBHON IS HEOONBIIOrO Yucia
MpoIlecCOpOB) TNIaBHAS 3amaya OTBeYaeT 3a pasMellleHHde MOAYMHEHHBIX 3amad.
[loaunHeHHas 3agaya MOJy4YyaeT MCXOMHbIE AAHHbIE IS 0OpaOdOTKU OT IJIaBHOU
3aJa4u M BO3BpalLaeT €i pe3yjabrar paborbl. DPPEeKTUBHOCTh JAHHOM CXEMbl 3a-
BUCHUT OT YMCla MOTYMHEHHBIX 33724 MU OTHOCUTEJNbHBIX 3aTpaT Ha OOMEHbI JaH-
HBIMU MEXAy MOAYMHEHHON M IMaBHOH 3amavyamu. Ilpu McHoab30BaHUM LIEHTpa-
JIM30BAHHOM cXeMbl COATAaHCUPOBAHHON 3arpy3KM [JaBHAs 3amada He AOoJKHA
ObITh "c1aObIM 3BEHOM' MPOrpaMMbl, T. €. OHA HE JOJKHA TOPMO3UTh BbIIIOJIHE-
HMEe APYIUX 3amay.

HMepapxndeckas cxeMa XO3SUH/pabOTHUK SABJISETCS Pa3sHOBHIHOCTBIO ITPOCTOIT
CXeMBI XO35TMH/pabOTHUK, B KOTOPOI MOAYMHEHHBIE 3a0a4l pasfelieHbl Ha Here-
peceKamIuecs MOIMHOXECTBA U Y KaXIOro M3 3TUX IOJMHOXECTB €CTh CBOSI
raaBHas 3ajada. I[yaBHble 3a4aud [MOAMHOXKECTB YIPAB/SIOTCS OAHOM "camoit
[JIaBHOM" 3aj1a4eil.

B nenieHTpaiM30BaHHBIX CXE€Max IJIaBHas 3agaya OTCYTCTBYET. 3agayu MOTYT 00-
MEHUBATbCsl TAaHHBIMU APYT C APYroM, TIPUIEPXKUBASICh OTMPeNeeHHON cTpaTernu.
DTO MOXET ObITh CAyJYallHBINH BbIOOP 00BEKTA KOMMYHUKALIUU WU B3aUMOJEHCT-
BME C HEOOJBIIUM UYMCcIOM Onuxkaliiux coceneil. B rubpuaHoii 1eHTpaan30BaH-
Ho/pacrnpeiie/leHHOI cXeMe 3aIlpoc IMOochlIaeTcsl MIaBHOI 3amaye, a OoHA Mepenaer
€ro NMOJAYMHEHHBIM 3a7ayamM, UCIOIb3ysl METOJ KPYTroBOTO TJIAHUPOBAHUSI.

ITpu pemieHUM CHOXHBIX 337a4 AUHAMUYECKUE METO/bI MJAHUPOBAHUS TPOIIIE,
HO TIPOM3BOIUTEIBHOCTD MTPOTPAMMBI TIPU 3TOM MOXeT OBITh MeHbIne. C mpyroit
CTOPOHBI, anropuT™ SPMD obecreunBaeT 6oJjiee TMOMHBIH KOHTPOJb HaJ KOMMY-
HUKALMAMM U BbIYUCIEHUSIMHU, XOTs OH U CIOXHEE.

HuHaMuyecku cOajaHcUpoOBaHHAsI 3arpy3ka MoXeT ObIThb 3(peKTUBHO peantun3o-
BaHa, €CIM YYTEHbI CIeAYIOINe COOOPAKEHUS:

O ecau KaxXIblil MMpoLieccCop BBIMOMHSAET OXHY MOA3aJavy, JINTEIbHOCTD BBITON -
HEHUS BCEW MPOrpaMMbl OyIeT ONMpeAeTsaThcsl BpeMEeHEM BBIIOTHEHUSI caMoi
JUIMTEJIbHOM I10/43a1a4U;

O onTuManbHas MPOU3BOAUTENBHOCTD JOCTUTAETCSI, €CJIM BCE TOA3ANaYN MMEIOT
MPUMEPHO OAMHAKOBBIIA pasMmep;

O 3a00TUTbCS O cOANTAHCUPOBAHHON PaboTe MPOLECCOPOB MOXKET MPOIPAMMUCT,
HO MMEIOTCS U CPeACTBa aBTOMATUYECKOM MOAJEPXKKU COaTaHCUPOBAHHOMI pa-
OOTHI;

O cOanaHCUPOBAHHOCTb MOXKET ObITh OOecIeueHa MOCPEICTBOM 3arpy3Ku KaxKao-
TO TIpolleccopa HECKOJIBKMMU 3agauyaMu.

CyllleCTBYIOT pa3iMyHble AITOPUTMbl COATAHCMPOBAHHON 3arpy3ku, IpUMEHsIe-
Mbl€ B METOIAX NEKOMIO3UIIUM AAHHBIX. DTO METOAbl PEKYPCUBHONH NUXOTOMMM,
JIOKQJIbHBIE QJITOPUTMbl, BEPOSITHOCTHBIE METOIbl, LUKIMYECKHE OTOOpakKeHUs
U T. A. Bce oHu mpenHasHavyeHbl A1 YKPYIHEHMS MENKO3ePHUCTLIX 3a1ay, Tak,
yToOBl B pPE3yJbTaTe Ha OIMH IIPOLIECCOP IPUXOAMIACh OOHA KPYIMHOOJOYHAd
3agaya.
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BymeMm cumTarh, 4YTO JaHHBIE CBSI3aHBI C OIpPEAEICHHONW IIPOCTPAHCTBEHHOI
CTPYKTYpOI, HaIIpUMep, TPEXMEPHON CETKOM, M 3Ty CTPYKTYypy OymeM Has3bIBaTh
obaacmoro. PekypcusHnas oOuxomomus HCIOJb3yeTcsl Ui pasdueHus o0nacTd Ha
1oA00JaCTH, KOTOPbIM COOTBETCTBYET NPUMEPHO ONMHAKOBAS TPYAOEMKOCTh Bbl-
YUCIeHUHI, & KOMMYHUMKAIIMM CBEAEHbI K MUHUMYyMY. O0sacTh cHavyana pasbuBa-
€TCSl Ha JABe YacTU BAOJb ONHOrO M3MepeHMsd. PazbueHue MOBTOpsETCS pexkyp-
CHBHO B KaXIIOil HOBOI IOmOOJaCTH CTOJIBKO pa3, CKOJBKO MOTpedyeTcs i Io-
JIly4eHus HeoOX0AMMOro Yucia moa3aaay.

Meton pexypcugHoti KoopounamHoli duxomomuu OOBIYHO MPUMEHSIETCSI K HEpery-
JIIPHBIM ceTKaM. JlelleHue BBIMOMHSIETCS HAa KaXIOM IIare BAOJb TOr0 U3MeEpe-
HUSI, IO KOTOPOMY CETKAa UMEET HAUOOJBIIYI0 MPOTSZKEHHOCTh. DTO OCTATOYHO
MPOCTOIf METOl, KOTOPbIA, OAHAKO, HE MO3BOJsIET A00uUTbcsl Oomblioi 3ddex-
TUBHOCTU KOMMYHMKALUKA. 31€Ch BO3MOXHbI CUTYallMU, KOLAd BO3HUKAIOT MPO-
TSDKEHHbIE 10A001aCTU C OONbLIMM YMCIOM JOKAJIbHBIX KOMMYHUKALMA.

Memoo pexypcuenoii duxomomuu epaga UCTOAb3YeTCs VISl HEPETYSIPHBIX CETOK.
B HeM ¢ momollbl0 UH(OPMAIUK O TOMOJOTUU PELIETKU MUHUMU3ZUPYETCS KO-
JIMYECTBO Pedep, MepeceKarolinX TPAHULBI MofodaacTeil. DTo MO3BOJSIET CHU3UTH
KOJIMYECTBO KOMMYHUKAIIUIA.

JlokaavHvle aneopummpl, obecrieunBarole AUHAMUYECKM COaJTaHCUPOBAHHYIO
3arpy3Ky IpOLECCOPOB, MCITOAB3YIOT MHMOPMALNIO TOJBKO O OJMXANUIIMX COCe-
JsIX (nmoazagadyax Wjiuv rnpolieccopax). B ominune oT riiobGajbHbIX aITOPUTMOB OHU
0oJiee SKOHOMHBI M Yallle MCIIOJB3YIOTCS B TEX CUTYAalMSX, KOrMa 3arpy3Ka OBICT-
po MeHsiercst co BpemeHeM. OmHako 3((EeKTMBHOCTH JIOKAIBHBIX aJTOPUTMOB
MEHBIIIE, YeM DIOOAIBHBIX, TOCKOJIBKY OHU MCIOAB3YIOT OIpaHWYEeHHYIO MHMOp-
MaIlI0 O COCTOSSHMU BHIYMCIUTEIBHOTO IIpoliecca.

Beposmnocmuvie memodsr naaruposanus SKOHOMHBI M TIO3BOJISIIOT OOECIIEYNTh XO-
POIIYI0O MacIITAOMPyeMOCTh MPUJIOXKEHWI. B aToM ciydyae 3amauyn pasMelialoTcs
JUTS. BBITIOMTHEHWS Ha CJIy4aifHO BBIOpaHHBIX Mpolieccopax. Ecim KonmvecTBo 3a-
Jad BEIMKO, CPEmHSs 3arpy3kKa BceX IMpolleccopoB OyaeT ommHakoBoil. HemocraT-
KOM JAHHOTO IMOAXOJA MOXHO CUUTATh TO, UTO UISI paBHOMEPHON 3arpy3Ku Ko-
JUYECTBO 3amady TOJDKHO HAMHOTO TIPEBOCXOAMTH KOJMYECTBO TIPOIECCOPOB.
Hanbonbiryro 3¢ heKTHBHOCTD BEpOSITHOCTHBIE METONBI MTOKA3bIBAIOT B CHTYAIlM-
SIX ¢ HEOOTBIINM YNCIIOM OOMEHOB.

Lukauueckoe naanuposarue SIBIASIETCS PA3HOBUIHOCTBIO BEPOSITHOCTHOTO ILIAHM-
poBaHus. B aToM ciyuyae BeIOMpaeTCst OoIpeaeaeHHas cXeMa HyMepaluu Ioa3a-
Ja4, 1 Kaxabiii N-1i mpolieccop 3arpyxaercs Kaxaon N-if 3agadeil.

KonnyectBeHHble XapakTepUCTUKN
6bicTpoaeincTBMNA
Baxkueitimum KputepreM 3(hdEKTUBHOCTH TapalIeIbHOTO TTPOrpaMMUpPOBaHUS

SIBJISIETCSl OBICTPOAEHCTBHE MPOTrPAMMBbI, €€ MPOU3BOAUTEIbHOCTh. Ha npoussoau-
TEJbHOCTb BAMSIOT PA3NMUYHbE (AKTOPbl. DTO TEXHOJIOIMs BBIIOJAHEHUS amma-
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paTHOI 4yacTu (B TOM 4YUCIE SJIEKTPOHHBIX KOMIIOHEHTOB), apXUTEKTYpa BbIUKC-
JINTEILHOM CUCTEMBI, METOIbI YIIpaBJieHUsT pecypcamu, 3¢h¢PeKTUBHOCTh Iapaj-
JISJILHOIO aJITOPUTMa, OCOOEHHOCTU CTPYKTYPhl JAHHBIX, 3((GEKTUBHOCTb S3bIKA
[IPOrpaMMUpPOBAHKS, KBalu(uUKaLus nporpammucra, 3PEOeKTUBHOCTb TPaHCIsI-
TOpa U T.A. Bpemsi BblIOJHEHUS IIPOrpaMMbl 3aBUCUT OT BpPEMEHM AOCTyIla
K IJaBHOM M BHEIIHEHd MNaMsTH, KOJMYECTBA OIepauuMid BBOIA UM BbIBOJA,
3arpyK€HHOCTU OIEePALMOHHON CHCTEMBI.

Ilpoueccop ympapnsieTcsl TaKTOBBIM TIE€HEPATOPOM, BbIpabAThHIBAIOIIMM YIIPaB-
JIIOIIME MMITYJIbChl (DUKCUPOBAHHOM JUIMTENbHOCTU — TakThl. OOparHas miu-
TEJTBbHOCTH WMITyJIbca BeJWYMHA Ha3bIBaeTCs 4YacTOTOW. BhIMoNHeHHMEe Kaxmoi
MalllUHHOW KOMaH/Abl TpeOyeT HEeCKOJNbKMX TakToB. KojnyecTBo TakTOB Ha
komanny (CPI — Cycles Per Instruction) xapakTepusyeT TPYyIO€MKOCTb U JJIHU-
TEJTBbHOCTh KOMaHAbl. B pasHbIX Kilaccax MporpamMM pasHoe cpelHee 3HavyeHue
CPI, nosToMy OHO MOXET CJIYXUTb UYMCICHHOU XapaKTepUCTUKON MPOrpaMMbl.

IporieccopHoe Bpems, HEOOXOOUMOE [UIS BBHIIIOJHEHHS IPOTPAMMBI, MOXKHO
ONpeaennuTh 1o opmye:

T= N; CPI't,

rae N,'— KOJMYECTBO MAIUIMHHBIX KOMaHI B IIporpamMme, a ! — UIUTEIbHOCTH
TakKTa.

BrictponeiictBue mnpoueccopa usmepsercss B MIPS (Million Instructions Per
Second). MIPS obparHo nponopuuoHanisHo CPI.

Ilocne Toro, kax pa3paboTaH AJTOPUTM U TIPOBEACH IMPEeIBAPUTEIbHBIN aHAIN3
OBICTPONEMCTBUS MPOrPAaMMEBI, a TAKXKe MPOBEICHBI OLEHKN TPYAOEMKOCTH U IIe-
JIeCOO0Pa3HOCTH Pa3paboTKU MapajuIeIbHON MpOorpaMMBI, HACTYIMaeT 3Tall KOIu-
poBaHHs. DTOMY 3Tamy, COOCTBEHHO, ITOCBSIIEHA OOJBIIAS YacTh TMOCIEIYIOIINX
IJIaB.

NMporpammHble cpepcTBa
BbICOKOMNPON3BOAUTENbHbIX BbIYNCNEHNIA

Iporiecc paspaboTKK mapaIeTbHON TIPOrpaMMbl OTAWYAETCS OT Tpolecca pas-
paboTKu TMocheaoBare/bHOU mporpamMmbl. B aToM ciyyae TpebyeTcsl mpeaBapu-
TEJIbHBI aHaiu3, MO3BOJSIONIUK BbISICHUTb, Kakue ¢parMeHTbl TporpaMMbl
"chenaloT" Haubosblllee KOJIMYECTBO MPOLECCOPHOro BpeMeHu. Pacnapainienusa-
HME MMEHHO TakKuX (PparMeHTOB I103BOJISIET JOOUTHCS YBEIMYEHUSI CKOPOCTU BbI-
MOJIHEHUs IporpaMmbl. PacmapannenuBaHue cBSI3aHO C BBbISIBICHUEM IOA3aaady,
pelIeHre KOTOPhIX MOXHO MOPYYUTh Pa3ivMyuHbIM IpolieccopaM. Tpedyercs opra-
HM3alMg B3aMMOACMCTBUA MEXAY TaKMMU IOA3amayaMu, 4YTO AeIaeTcs IyTeM
obMeHa COOOILEHUSIMU-TIOChUIKAMHU, COASPKAIIMMU MCXOAHbIE AAHHBIE, MPOME-
KYTOYHbIE M OKOHYATeJbHBbIE pe3yabTaThl padoThl. CrieluaibHble TTpUeMbl Tpe-
OyloTCS U MPU OTJAJKe MMapajieNbHON MporpaMMbl.
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Db bhEeKTUBHOCTh Pa3padOTKU MPOTpaMM 3aBUCUT OT HAJIMUUSI COOTBETCTBYIOIIETO
MPOrpaMMHOIO MHCTpyMeHTapus. Pa3paboTuuKy napajjielbHbIX MporpaMM Tpe-
OyloTCsl cpeficTBa aHaIM3a W BBISIBJEHUS MapajjieNin3Ma, TPaHCISTOPhI, onepalu-
OHHbIE CHUCTEeMbl, OOecTeunBaolIne HaAeKHYH padoTy MHOTOIPOLECCOPHBIX
KoHurypauuit. CucreMa pazpaboTKu napajjieNbHbIX MPOrpaMM AOXKHA BKITIO-
4yaTb B CBOIl COCTAB TaKXe CPEACTBA OTIAAKM U NPpodUInpoBaHUs (OLEHKH Mpo-
MU3BOJIUTEIBHOCTA MPOrpaMMbl M OTAEAbHBLIX ee vacTeii). Cpenoil BbIIOJHEHUS
[apaJUIEJIbHbIX [POIPAMM SIBISIIOTCS ONEPALMOHHBIE CHUCTEMbBl C NOLACPKKON
MYJIbTUIPOLIECCUPOBAHMS, MHOI03aladHOCTY M MHOIronoToyHoctu. Yaiie Bcero
9TO omepanmoHHble cucTteMbl cemeiictBa UNIX wmm  Microsoft Windows
NT/2000.

B 1a6:1. 2.1 npuBeaeH HEMOMHBIM CIUCOK MapaebHbIX SI3IKOB MPOTpaMMUPO-
BaHUSI U CUCTEM pa3paboTKu MapajelbHbIX TPOTpaMM.

Tabnuya 2.1. [NapannesibHbie A3bIKU U CUCTEMbI MPOrpamMMupoBaHns

Ona cnctem Ona cnctem MapannenbHble

. . MapannenbHbie
c pa3penseMoil ¢ pacrnpepgeneHHoil 06beKTHO-OpMeHTpo-

AeKnapaTtuBHble

namsaTbio namsaTbio BaHHble
OpenMP PVM HPC++ Parlog
Linda MPI MPL Multilisp
Orca HPF CA Sisal
Java Cilk Distributed Java Concurrent Prolog
Pthreads c Charm++ GHC
Opus ZPL Concurrent Aggregates Strand
SDL Occam Argus Tempo
Ease Concurrent C Presto
SHMEM Ada Nexus

FORTRAN M uC++

CSP sC++

NESL pC++

MpC

A3bIkK 1 cucTeMBI TMapajjiIeJIbHOIo MmporpaMMUpPOBAHUA HAXOIATCI B COCTOSHUU
IOCTOAHHOIO pPa3sBUTHUS. [MosiBnstIoTCS HOBBIE KOHIECNIIMUMY U HUIEHU, COBEPILICHCT-
BYIOTCA CTAaBLINE YXE€ TPaAUIMOHHBIMMW CUCTEMbI MAPAJIICIBHOIO IIPpOTrpaMMUpPO-
BaHU.
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Hexotopwle g93bIKM TTapaiieIBHOTO TIPOTrPAaMMHUPOBAHNS MAITMHHO-3aBUCUMEBI 1
CO3IaHBI )11 KOHKPETHBIX BBIYUCIUTENLHBIX cucTeM. IIpuioxeHus:, HamMcaHHbIe
Ha TaKuX S3bIKax, HemepeHOCUMBI. MICIIOIb3YIOTCSI U YHUBEPCAIBHBIE SI3BIKKM ITPO-
rpaMMUPOBAHUSI BBICOKOTO VPOBHSI, TaKWe KaK COBpEMEHHBIE BEPCUM SI3bIKA
FORTRAN n a3k C.

FORTRAN D — 3710 pacmmpenus s3sikoB FORTRAN 77/90 (FORTRAN
77D/90D), ¢ TTOMOIIBIO KOTOPBIX IIPOTPAMMUCT MOKET OIPEAETUTh MAITUHHO-
He3aBUCHUMBIM 00pa3oM, Kak cJIemyeT paclpenenTh JaHHble MeXIy Mpolleccopa-
MH. SI3BIK TIO3BOJIIET WMCITONB30BATh OOIEe MPOCTPAHCTBO MMEH. TpaHCIATOpHI
MOTYT TeHepupoBaTh Ko Kak miast SIMD, tak u st MIMD-maimunH. Cucrema D
"BbIpocia” U3 Habopa WHCTPYMEHTAIbHBIX cpeiacTB ParaScope, paspaboTaHHOTO
U TOMACPXKKM CO3MaHMS MapalieNbHbIX IPOrpaMM C SBHBIM HapasieIU3MOM.
Cucrema D opueHTHMpoBaHa Ha MPOrpaMMUPOBAHUE IS CUCTEM C pacipeieseH-
HO-Ppa3neIsieMOi IaMSThIO.

FORTRAN D nocnyxun npenimectBeHHUKoM si3bika High Performance
FORTRAN (HPF). Cnenudukauust HPF 6puta paspaborana opranusanueit The
High Performance FORTRAN Forum, B cocTaB KOTOpPOI BOLLIU MPeACTABUTENU
MPOMbILILTEHHOCTU, HAYKK, O0pa3oBaHus.

B s3bikax ympexmarolnx BBYMUCICHWN MapaieIn3M Peajn30BaH ¢ ITOMOIIBIO
MMapayjIeIbHOTO BBITTOIHEHUS BBIYMCICHUM €Ille IO TOTO, KaK MX pe3yJbTaT Io-
TpeOyeTcsl ISl IPOAOJKCHUSI BbIIOJAHEHUs. IporpaMMbl. [IprMepamu Takux si3bl-
KOB siBistoTcss MultiLisp — nmapannenbHast Bepcust si3bika Lisp, Qlisp u Mul-T.

SA3bIKKM MporpaMMUpPOBaHUS B paMKax Mojeilu napamienusma gaHHbix: C*) APL,
UC, HPF u 1. 1. A3sik PARLOG sBisieTcsi mapajuiefibHOM Bepcuelt si3bika
Prolog. Emerald — 3T0 0OBbeKTHBIH $3bIK A5 pACHpeneNeHHbIX MNPUIOKEHMIA,
noxoxuit Ha Java. Erlang — mapaiienbHblid SI3bIK AJ51 NPWIOXKEHUH peaibHOro
BpeMeHu. Maisie — mapajlienbHblid s13bIK, ocHoBaHHbI Ha C. NESL — npocroit
U MEePEHOCUMBIA f3BIK IapajiebHOrO MporpaMmupoBaHusa. Phantom — mapan-
JIeJIbHBIA MHTePIPETUPYIOLIUI A3bIK. Scheme — oaun u3 auanektoB Lisp. Cilk —
AJITOPUTMUYECKUIT MHOTOTIOTOUHBIN SI3BIK.

KpaTtko mnepeuncnum u cpedbl paspaboTKu TapauieNbHbIX TporpamMM. aCe —
cpefa pa3paboTKW U BHITIOJIHEHUST MporpaMM B paMKaxX MOIENW Tapaiean3ma
nanHbix. ADAPTOR — cucrema, ocHoBaHHas Ha si3bike HPF. Arjuna — oObekT-
HO-OPUEHTUMPOBAHHAs CUCTEMA IPOrpaMMUPOBAHMSI PACIPENEACHHbIX MPUIOXKe-
Huit. CODE — BusyajipHag cucteMa napauiejbHOro MporpaMMUPOBaHMSI.

[lpu paspaboTke mapauiejbHbIX NPOrpaMM B paMKax MOAEIM Hapajuieiu3ma 3a-
Jay yaulle BCEro MCIOJb3YIOTCS CHEUUATU3UPOBAHHbIE OUOAMOTEKM W CHUCTEMbI
napaieabHoro mnporpammupoBaHus PVM u MPI. PVM cyluectByer mjisi cambix
pasHooOpa3HbIX MiaaTdhopM, UMEIOTCS peaau3auuu sl s3bikoB Java u Python.
Bkitouaet pazHoOOpasHble cpeAcTBa CO3MaHUsI MapaieNbHbIX TTPOTPAMM.

MPI1 — sro cneuudukalus, IepBblii BapUaHT KOTOPOil ObUl pa3paboTaH crelu-
anpbHbIM KomuteroM MPIF (Message Passing Interface Forum) B 1994 roay. OHa
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OTUCHIBAET OCHOBHBIE OCOOEHHOCTH W CHHTAKCUC TPUKIATHOTO MPOTPaMMHOTO
vHTepdeiica mapamaenbHeIx TporpaMMm. XoTd MPI He ob6mamaeT HEKOTOPBHIMU
3aMeyvare/ibHbIMU ocobeHHocTsiMU PVM, sra crneuuduxaius ocHoBaHa Ha co-
[JJACOBAHHBIX CTaHAApTax M Bce 4Yallle MPUMEHSIeTCs IJIsl CO3[aHus Mapajjielib-
HbIX Tporpamm. HMcrojib3yercsi ¢ si3pilkamu  TporpammupoBaHusi C, C++ u
FORTRAN. HMmeercd HECKOJbKO CBOOOJHO paCIpOCTPaHSIEMbIX peaau3aluii
MPI, B ToM uuciie U 1js1 pa3HbIX iatgopm:

O MPICH paspaboraHa uccienopareismu U3 AproHHckoil HauumoHanbHoii Jla-
ooparopuu (CILLIA) u yHuBepcuTeTa wTaTa MUCCUCUIIM U MPUMEHSIETCS Ha
PasaMyHBIX IUIaTGopMax OT KJIACTEPOB PabOUYMX CTAHLUUNA JO0 CUMMETPUYHBIX
MYJIbTUIIPOLIECCOPOB;

O LAM — paszpaboTka cylepKoMIlbloTepHOro ueHTpa lurtara Oraiio, Koropas
MoAJAep:KMBaeTCcd IPYINoi Huccaenonareneil yHuepcuteta Hotp-Ham u uc-
MOJb3YeTCs IS KNAaCTePHbIX CUCTEM;

a

CHIMP cosnana B Lentpe IlapamienbHbix BbluuciaeHuit DauHOypra u mnpea-
HasHayeHa i KJIacTepoB;

O NT-MPICH — Bepcust MPICH g1 Windows NT u Windows 2000;

O WMPI — sepcust MPICH g xnacrepoB noa ynpasieHueM OC Windows;
O MacMPI npexnasnadeHa mis KOMITboTepoB Macintosh.

B Hacrosiee BpeMsi pazpadoraHa crieumndukanus MPI-2, co3naHbl peatusanuun
MPI, opuenTMpoBaHHEIe Ha pa3paboTKy TporpamMM Ha s3blke C++, 00BeKTHO-
opuenTupoBaHHbIil BapuanT OOMPI u 1. 1.

Bonpocbl u 3agaHusa gna camocTosTeNbHOi paboTbi

1. PaspaboraiiTe napajjieJbHbII aJITOPUTM BbIYMCJIEHUS BEJIMUUHBI:
N
C=Y AB,.
k=1

3nech A 1 B — ogHOMEpHBIE MACCHUBBI.
2. PaspaGoraiiTe napajie/ibHblii aJIrOpUTM NEPEMHOXEHUSI MATPULL:
N
Cy =2 AuBy-
k=1

YuTaresb, HEUCKYIIEHHBI B MaTeMaTUKe, MOXET CUMTaTh, YTo A © B — 3TO TMPOCTO
JIBYMEPHBIE MAaCCUBBI, MPOTSKEHHOCTb KOTOPHIX M0 000MM M3MEpPEeHUsIM OJMHAKOBA.

3. PaszpabotaiiTe mapajiiesIbHbII aITOPUTM OBICTPOIl COPTUPOBKK Xoapa.

4. TlpoBeauTte MCCACIOBAHUE O BO3MOXHOCTM CO3IaHHUsI I1apajlIeibHOIO aJrOpUTMa pe-
LIEHMSI M3BECTHOM 3a7auM "0 paccTaHOBKEe BoCbMU (epseid”.
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Paspaboraiite napajuie/sibHbIii AJITOPUTM PELLIEHUS] OJHOMEPHOI KOHEUYHO-Pa3HOCTHOM
CXEMBbI C TpexToueuHbIM I1abjaoHoM. [lepeuncnute dakropsl, Bausionie Ha 3ddek-
TUBHOCTb JIFTOPUTMA.

Hanmiure 0630p W JaiTe CpaBHHTCJ’[beIfI dHAJIN3 SA3bIKOB MapaJlJICJIbHOTO IIpOoTrpaM-
MUPOBAHUA.

Haiite noapoOHYI0 XapaKTePUCTUKY KaxKIOMY M3 YETbIpeX 3TaIloB paspaboTKu mapai-
JIEJIHOTO ajJIrOpuTMa.

. JlaiiTe cpaBHMUTEJIbHYIO XapaKTEepUCTUKY MOJEJISIM MapajuiejiM3Ma AaHHbIX ¥ Napaie-

JIM3Ma 3azaad.

. Ilepeuncnure TuIbl KOMMYHUKALUHA.

10.

Hanmiure 0630p O CTPATETUAX IIJIAHUPOBAHUSA BBIYUCJIEHUN.
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BBeaeHue
B NapasnnesibHoe nporpaMmmMmupoBaHue
¢ ucnonb3zosaHnem MPI

B s10ii mmaBe MbI mosHakoMuMces ¢ "UHTtepdeiicom TTepemaun Coobmiennii” (Mes-
sage Passing Interface unu, coxpauieHno, MPI). Pazbepem oOliyto opraHusaiuio
U CTPYKTYpPY oiHoil u3 ero peanusauuii — MPICH. O6cynum ocobeHHOCTU Mpo-
rpaMMupoBaHus ¢ ucnonb3zoaHueM MPICH, B ToM uucie opraHuszanuio oOMeHa
JaHHbIMU. PaccmoTpum cTpykrypy MPI-niporpamMmmel. 3akiouyuTenbHas YacTb
[JIaBbl MTOCBSIIEHA TPAHCSILIMU 1 BbloJTHEeHUI0 MPI-nporpamm.

Y10 Takoe MPI?

MBI yXe 3HaeM, 4TO TPagWIIMOHHON SBISETCST TIOocTenoBaTelbHas MOIeNhb TIpo-
rpammupoBaHud. Ilporpammuct, padoras B paMKax 3TOil MOAEIM, CUUTAET, YTO Y
Hero mMeercsl aOCTPaKTHBIM KOMIThIOTED, COCTOSIIINI M3 OJHOTO IEHTPATBHOTO
rpolieccopa M MaMsaTH (KaK oIepaTUBHOM, TaK W BHelrHei). Ha Takom KoMITbIO-
Tepe W BBHIMOJHACTCS ITOCHAeIOBATEIbHAS TPOTpaMMa, IMPEACTaBISTIomas coboi
eIHOe TIeNIoe.

B Momenu mepemaum cooOImeHWI, KoTopast SBISETCS PAa3HOBUIHOCTHIO ITapai-
JIeTBHOW MOAETN TPOTrpaMMMPOBAHMS, apXUTEKTypa KOMIBIOTEpA OTIMYAETCS OT
(oH-HeitMaHOBCKOI. B 3TOM cilyyae cUMTAIOT, YTO KOMITBIOTEp COCTOUT M3 He-
CKOJIBKMX IIPOLECCOPOB, KAXIbli W3 KOTOPBIX CHAOXKeH cBoeil coOCTBEHHON TMa-
MaThlo. Ilpoueccop u ero coOCTBEHHAsl olepaTuBHAs HAMSITh, T. €. KOMIIbIOTED,
BKJIIOYEHHbIM B KOMMYHUKALIMOHHYIO CE€Tb, 4aCTO HAa3blBAIOT XOCM-MauuHou (OT
aHmmickoro host) uiad, Ha IPOrPpaMMUCTCKOM Kaprose, mpocro "xoctom”. Ila-
panenpHas TIporpaMma B MOIENHM Tepeaadynd COOOLISHWI TIPeICTaBIsIeT coOOoi
Habop OOBIYHBIX MOCIECAOBATEIBHBIX IIPOTPAMM, KOTOPBIE OTPabaTHIBAIOTCS OTHO-
BpeMeHHO. OOBIYHO, KaXmass U3 3TUX IOCIENOBaTEbHBIX IIPOTPaMM BEITIOTHSIET-
cq Ha CBOEM TIpolleccope W WMeeT MOCTYNl K CBOel, JIoKaabHOU, mamatu. Ode-
BUJHO, B TAKOM Cjlydyae TpeOyercsi MexaHu3M, 0OeCIIeurMBalOUIMil COrIACOBAHHYIO
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paboTy vacTeil TapanaenbHON TporpaMMBl. YacT TapaamelbHON TTpoTpaMMBbl B
Mpoliecce WX BBHITOJTHEHWS OyIeM Ha3bIBaTh n003adauamil.

s obecrieyeHWsT coTIacOBAHHOUW paboTHl TOA33adauYu JOJKHB OOMEHWBAThCS
Mexay coboit mHpopmanueii. MHdbopMamus MoXeT ObITb pasHO. DTO MOIYT
OBITh JaHHBIE, OO0PAOOTKY KOTOPBIX BBITIOJIHSIET TMporpaMma, a MOTYT OBITh U
yIIpaBJsAiolIe CUTHAIbL. B Moaenu mepenaynd cooOlIeHUi IepechbUlKa TaHHBIX U
YIOPaBASIOIIMX CUTHAJIOB MPOUCXOIAT C TMOMOIIbIO cooOIeHUuir. OOpaTuM BHU-
MaHMe YMTaTess Ha TO, YTO OOMEH IPOUCXOAMT He yepe3 oOllylo WM pasiaense-
MYIO TaMsITh, & Yepe3 Apyrue KOMMYHUKAIMOHHBIC CPEeAbl, IIO3TOMY JAaHHAs MO-
JeSIb OPUEHTUPOBAHA HA BBIYMCIUTENBHbBIE CUCTEMBI C paclpeneNeHHON IMaMsIThIO.
Ilepecblika coobllleHWT — MX OTIpaBKa U MPUEM PEATU3YIOTCS MPOrpaMMUCTOM
C IIOMOLIBIO BbI30Ba COOTBETCTBYIOLUUX [OAIIPOrpaMM U3 OMOIMOTEKU Mepesayun
coobleHunii. CxeMaruyeckd Mojefb Tepenadyd cooOIleHUil MpeacTaBieHa Ha
puc. 3.1.

KOMMYHUKALIMOHHAA CETb

MNPOLIECCOP|
NPOLIECCOP| NMPOLIECCOR

S R

NAMATb NAMATb

Puc. 3.1. Mopens nepepayun coobLleHni

Morens mepegaun coobIIeHnit yHUBepcanbHa. OHa MOXeT OBITH peaan30BaHa Ha
MMapayyIeIbHBIX BBIYUCIMTEIBHBIX CUCTEMAX KaK ¢ pacIpeleeHHOM, Tak U ¢ pas-
JeJISIeMOli MaMsIThblo, Ha KiacTepax pabouyMx CTAHLUMN M Jaxe Ha OOBbIYHBIX, OfI-
HOITPOIIECCOPHBIX KOMITBIOTEpax. B TocienHeM ciydyae, mapajurebHasl Mmporpam-
Ma OOBbIYHO BBIIOJHSETCS B PEXKUMME OTIAAKW. YHMBEPCAIbHOCTb MU HE3ABUCH-
MOCTb OT aPXMTEKTYPbl, CKPBHITOH OT MPOrpaMMUCTA, CTaIM OAHON M3 OCHOBHBIX
MPUYNH TOMYISIPHOCTA MOJIENH TIepelayr COOOIIeHMIA.

ITpu pazpaboTke napainesbHOro ajJropuTMa, Ha 3Tane AeKOMIIO3UIUN (cM. ea. 2),
rucxoaHas mnpobnema pa3dMBaeTcs Ha HECKOJbKO yacTed-mojzamad, Kaxaas U3
KOTOPBIX YaCTO MOXET OBITh pellieHa OJHHUM U TeM ke MeTomoMm. OOmuit MeTosn
MPUMEHSIETCI K pasjiMyHbIM (PparMeHTaM Habopa AaHHBIX, MOAJeXallero odpa-
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6otke. B sTOM ciywyae mapasurebHas MporpaMMa COCTOWT W3 OIWHAKOBHBIX (hpar-
MEHTOB M Ha BCeX IIPOLECCOPAX BBIIOJHSIIOTCSA ONMHAKOBBIC MON3amauyl, (pakTHh-
YecKW, OfHA M Ta Xe mporpamma. OHa MOXET 3aIlycKaThcs BBIACIEHHOM ITOm3a-
Jadeil, urparwlleil posab "aupuxepa” (Mbl Oyaem B AajibHElIlleM Ha3blBaThb €€
macmep-npoepammori), VN IPYTUMH ToA3agadaMi, BXOMSILINMU B TapajuiebHOe
npuiioxeHue (cMm. auctuHr 3.1). Takaa cxema HasbiBaetrcsti SPMD-modeavio (Sin-
gle Program Multiple Data) u sBisieTcsl YacTHBIM CllyyaeM MOJENU TMepeaavyu co-
oO1eHuil. B HEKOTOphIX MPOrpaMMHBIX peaTu3alusix MOAEAM MCIIOIb3yeTcs
umeHHo SPMD-BapuaHT, a 3amyck HeCKOJbKUX MoA33Ja4y Ha OJHOM Ipolieccope
3apPEeLLEH.

NMuctuhr 3.1. TunuyHasa cTpykTypa nporpaMmmsl B mogenu SPMD

program para

if (mpouecc = macrep) then
master

else

slave

endif

end

B nuctunre 3.1 cHavana Kaxablil 9K3eMILISIP IPOrPaMMbL YK€ B IIPOLIECCE CBOEIO
BBHITIONIHEHUS  OIIpeNieNIAeT, SBAAeTCI JU OH MacTep-TIporpaMMoii. 3areM,
B 3aBUCHMOCTH OT pe3yjbTaTa 3TOl MPOBEPKH, BEHIMONHSIETCA OIHA M3 BETBEH
ycioBHoro omneparopa. Ilepsast BerBb (master) COOTBETCTBYET macrep-3ajadye, a
Bropas (slave) — nmoauuHeHHo# 3agavye. CrnocoObl B3aMMOACHCTBUS MEXIY IOM-
3a1a4amMmy OIPEAC/ISIIOTCS IPOrPaMMUCTOM.

Coobuienue (cm. er. 1) COmEpKUT IMepechlIaeMble TaHHbIE U CJyxXeOHy0 MHGpOp-
MaLuIo;

O wuneHTuduUKaTOp Mpoliecca-oTnpasuTessi coodieHusi. B MPI uaentudukarop
[polecca Ha3blBalOT EI0 PAHIOM;

a aapec, MO KOTOPOMY pasMEIIArTCA IIEPECbIIa€MbI€ OAaHHBIC IIPOIIECCA-OT-
OpaBUTEIA,

O tun NEepeCbUTaEMbIX JAaHHDBIX,

0 KosnuyecTBO AaHHbIX (pazmep Oydepa cooblleHUs — sl TOro, YTOObI MpPU-
HATb COOOLIEHUE, Tpoliece MOKEH OTBECTU JJIsi HEro JO0CTaTOYHbIN 00beM
oIepaTuBHON mamsaTu');

O uneHTUdUKATOP Tpoliecca, KOTOPHI TOJIKEH MOMYIATh COOOIICHNE;

O azmpec, MO KOTOPOMY AOKHBI OBbITH PasMelleHbl JAHHbIE IPOLIECCOM-IIONY-
yaTeseM.
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YacTe ciyxkebHoIT WHbOPMALIUU cocTaBiseT "KOHBepT' coobiieHus. B "KoHBep-
Te" comepxKarcs:

(0 paHr UCTOYHUKA,
O paHr ampecara;
O Ter cooOIIeHNS,

O uaeHTUdUKATOP KOMMYHHMKATOPA, OMHUCHIBAIONIETO OOJACTh B3aWMOAEHCTBU,
BHYTPU KOTOPOH IPOUCXOMUT OOMEH.

DTN JaHHBIe TTO3BOJIOT agpecaTy pas3andarh cooOIeHnd. PanT WcToOUAMKA JaeT
BO3MOXHOCTbH Pa3lnyarh COOOLICHUS, TPUXOIIIINE OT pa3HbIX IIpoleccoB. Ter —
5TO 3aJaBaeMoe ToNIb3oBaTeaeM 1exoe yncio or 0 mo 32 767, kKoropoe wrpaer
posib UASHTU(MUKATOPA COOOIIEHUSI U MO3BOJISIET Pa3anyaTh COOOILEHUS, MPUXO-
ISIIe OT OJHOTO TIpollecca. Term MOTYT MCII0Jb30BaThCd W IS COOTIONEHUS
OIpeleIeHHOro mopsaka mpuemMa cooOineHui. JaHnHble, comepKaluecss B coo0-
LIeHUH, B OOIIEM CJIyyae OpraHM30BAaHBI B MACCHB 3JIEMEHTOB, KAXIbIA U3 KOTO-
pbIX UMEET ONpeAeJeHHbIH TUII.

KpoMme mepechliKin TaHHBIX CHCTeMa Iepenadr COOOIICHUM MO/KHA MOMIePXKH-
BaThb II€PECHLIKY HMHPOPMALMU O COCTOSIHMHM IMPOLECCOB KOMMYHUKALMU. DTO
MOXeT OBITb, HAIIPUMEpP, YBEIOMJICHUE O TOM, UTO IIpHEM JAaHHBIX, OTIpaBIeH-
HbBIX IPYTUM IIPOLIECCOM, 3aBEpIIEH.

[lepen ucnonb3oBaHMeM MpoLEAyp Mepelayd COOOLISHUII mporpamMma J0JKHA
"MONKITIOUNTBCA" K crcTeMe oOMeHa coobmeHnsIMA. [TogkmtodeHne BBITTOTHSIETCS
C TOMOIIBIO COOTBETCTBYIOIIETO BbI3OBA Ipoleaypbl n3 Oubauoreku. B omHmx
peanusanusaXx MOAEIU IOIYCKaeTcs TONbKO OMHO MOAKITIOUYEHHE, a B JPYIUX —
HECKOJIbKO TTOIKIIOUYEHNH K cUcTEME.

IMprem cooblIeHMsT HAaYMHAETCST ¢ TOATOTOBKM Oydepa TOCTATOYHOTO pasMepa.
B sroT Oydep 3anuckiBaloTcs pMuHUMaeMble JaHHbIe. JIaHHbIE MOTYT ObITh 3aKO-
JUPOBaHbI, B 3TOM CJIyyae IpPU MX CUMTHIBAHHUM BbIIOJHSIETCS AEKOAMPOBAHUE.
KonupoBaHue gaHHBIX, T. €. UX Npeodpa3oBaHUE B HEKOTOPBI YHUBEpPCATbHBIN
dopmar, Tpebyercss Wisl TOro, 4TroObl 00eCHeYUTb OOMEH COOOILUEHUSIMU MEXIY
CUCTeMaMU C pa3HbIM (popMaToM MpeACTaBIeHUS JAHHBIX.

Onepauusi OTOPAaBKU WIM IpHUEMa COODILIEHMSI CUMTAETCH 3aBEPLUEHHOM, eciu
ImporpaMMa MOXET BHOBb WCIIOJIb30BaThb TaKHWe pecypchl, Kak Oydepsl co00-
LIEHUA.

Onepauun ob6MeHa coobLeHnaMn

Jeyxmoueunsiii (point-to-point) o6MeH — 3To mpocreiiniasg ¢dopma ob6MeHa coob-
mweHussMu. HasbiBaeTcsl OH Tak MOTOMY, YTO B HEM y4YacTBYIOT TOJILKO ZiBa MpO-
1ecca, Ipolecc-oTIPABUTENb U IPOLECC-IoAyYareilb — UCTOYHUK U aapecar.
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Nwmeetcst HECKOIBKO pa3HOBHI[HOCTeﬁ JIBYXTOUEYHOTO obmeHa:

O cunxponuwili 0bmer, KOTOPBIA COMPOBOXIACTCS YBEIOMICHUEM 00 OKOHYAHUK
npuema cooOlLLeHHUS;

O acunxponnbiii 06MeH, KOTOPbIA TAKUM YBEIOMJIEHUEM HE COIPOBOXIAETCS;

O 6aokupyrowue npuem/nepedaua, KOTOPbIE TIPUOCTAHABINBAIOT BEHITIOJTHEHNE
rnpolecca Ha BpeMsl puemMa coodiueHust (puc. 3.2);

O wuebaokupyrouwue npuem/nepedaua, NpU KOTOPBLIX BbIIOJIHEHUE IIpoliecca Ipo-
nmojrkaeTcsd B ¢bOHOBOM peXHMMe, a IIporpaMMa B HYXXKHBI MOMEHT MOXET 3a-
MTPOCHUTH MTOATBEPKACHNE 3aBEPIICHUST TIpHeMa COOOIIEHMS.

MPOLIECC 1 MPOLIECC 2

BPEMA

Send(buf, 2) Recv(buf, 1)

BNOKMPOBKA

BITOKNPOBKA

“KBUTAHLMS”

Puc. 3.2. Bnokupyouwmii o6MeH cooBLIEHNAMN

Heb6noxkupyomuii ooOMeH TpeOyeT aKKypaTHOCTH IPU MUCIIONb30BAHMU (YHKIIUI
mpueMa. [lockoibKy HEOJOKMPYIOIINUI TIpUeM 3aBepllaeTcsl HeMeICHHO, IS
CUCTEMbl HEBAXHO, IPUOBLUIO COOOLIEHUE K MECTY HA3HAYeHUS WM HET. YOe-
OUTbCA B 3TOM MOXHO C IOMOLUBIO (DYHKIIUI MPOBEPKU MOAYYEHUS COOOLICHMUS.
OObIYHO BbI3OB TaKuX (PYHKIMH pasmelliaeTcss B LUKIE, KOTOPLIA MOBTOPSIETCS
J0 TeX Iop, Moka (YyHKLKS IPOBEPKU HE BEpHET 3HAYeHUe "ucThHA" (mpoBepka
MTOJIYYEHHS TIPOIIIIa yeIremHo). [locite 3Toro MOXXHO BBI3BIBATh (DYHKITUIO MIpHE-
Ma coolleHus u3 oydepa coobieHuit (puc. 3.3).
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MPOLIECC 1 MNPOLIECC 2
®
=
|
o
)
Send(buf, 2) Test(1)->false
Test(1)->false

Test(1)->false

Test(1)->true

Recv(buf, 1)

v

Puc. 3.3. HeGnokupyiowmin obmMeH coobLueHnamm

B OIICpAllN KOANeKMUEBHO2CO oOMeHa BOBIICUEHHI He aBa, a OoJbllIee YUCIO Ipo-
mneccoB. PazHOBMAHOCTSIMM KOJIJIEKTUBHOTO OOMEHA SIBJISIOTCSI:

a wupoxKoeeuamensvrasi nepeaaua — BBITIOJHAETCHd OT OJHOTO MPOIIecca KO BCEM,

O obmen ¢ bapvepom — 310 (opMa CUHXPOHM3ALMM PAbOThI MPOLECCOB, KOIAA
0OMeH COOOUIEHUSIMU IPOUCXOAUT TOJbKO IOCAE TOro, KaK K COOTBETCTBYIO-
1Iell mpoueaype oOpaTuioch ONpeAeaeHHOE YUCIO MPOLIECCOB;

O onepayuu npueedenus — BXOAHBIMU SIBISIOTCS AAHHBIE HECKOJbKUX MPOLEC-
COB, a pe3yJbTaT — OJHO 3HAYEHME, KOTOPOE CTAHOBUTCSA MOCTYIHBIM BCEM
rpoleccam, y4acTByIOLIUM B OOMEHE.

BaxHoe cBOICTBO CUCTeMBI MEpedadyn COOOIIEHUI COCTOMT B TOM, TapaHTHPYET
MM OHa coXpaHeHWe TopsiaKa TiprueMa coobmiennit. Ecim rapanTupyer, To Tpu
OTNPABKE OJHUM IPOLIECCOM APYroMy HECKOJbKUX COOOILIEHUI OHMU OyayT IOny-
YyeHbl B TOH k€ MOCIeI0BATEIbHOCTH, B KOTOPOH ObUIM OTIpaBieHbl. bojblinH-
CTBO peanusaluil Molenu mepeaauyd cooblieHMid obnagaer JaHHBIM CBOMCTBOM,
HO HE BO BCEX pexXMMax oOMeHa.

Hmerores tpu criocoba peaiu3audy MOAEIU lepeJayu COOOIIEHUI:
O cosnaHue crneluajIu3upoBaHHOTO SI3bIKA MaPaJIETbHOTO MTPOrPaMMUPOBAHNS;

O pacmupeHre OOBIMHOTO MMOCIEIOBATEIBHOTO SI3bIKA MYTEM BKJIIOUEHUSI B HEro
cpelcTB 0OMeHa COODILEHUSIMU;
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O KCHoJb30BAHUE CIICUMAIU3NPOBAHHDbIX Oubauorex B nporpaMmax, HallucCaH-
HBIX Ha OOBIYHBIX SI3bIKAX IIOCJIEIOBATEILHOIO nporpaMMuUpOBaHNsI.

Azpik Occam, pa3paGoTaHHBIN U TPAHCIBIOTEPHBIX CHCTEM, SBISICTCSA IIPUME-
poM nepBoro noaxoaa. Ilpumep Broporo noaxoma — sizbiku CC+ (Compositional
C++ — pacuupenue C++) u FORTRAN M (pacuupenue s3bika FORTRAN).

HMmeercss MHOXECTBO OMOIMOTEK Iepenadnd cOoOlLEeHUI, KaK CBOOOIHO pacIpo-
CTPAHSIEMbIX, TAK U KOMMEpPYECKMX, MPEAHA3HAYEHHbIX 1JISI KOHKPETHBIX ILIaT-
dopMm. Yauie Bcero MCHOJb3YIOTCS He3aBUCHMbIE OT ILTaTdopmel (mnardgopMoit
Ha3bIBAIOT COYETAHME APXUTEKTYPhbl KOMIIbIOTEPA M YCTAHOBIEHHOM HA HeM oOIle-
paunoHHoi cuctembl) O6ubanoreku: PVM (Parallel Virtual Machine — "Tlapan-
JnenapHas BuprtyanbHas MaimuHa") n pasnuuHbie peanusauvu MPI (Message Pass-
ing Interface). Tlpumep muargopmosaBucuMoii dubanoTEKM — OUOIUOTEKA IS
BeruucautenbHol cucreMbl NCUBE. KoHkperHble Habopbl hyHKIMI B 9TUX OUO-
JIMOTEKaX MOTYT pa3inyarbcsi, HO 0a30Bblii HAGOP MPUMEPHO ONMHAKOB.

MPI — "UnTepdpeiic NMepepgaun CoobyeHnin”

[IpakTyeckoe BOILIOIIEHWE MOIENb Iepeaadynd COOOIIeHWH Halula B crenndu-
Kauuu, KoTopasi nojuyuusna HazBaHue Humepgetic llepedauu Coobwenuii — MPI.
Ora cneuuddukanus Obuta paspadoraHa B 1993—1994 romax rpymmoit MPI
Forum, B cocraB KOTOpoil BXOAMJIM MPEACTABUTENM AKAAEMUYECKUX W ITPOMBIIII-
JIEHHbIX KpyroB. OHa cTaja MepBbIM CTAHIAPTOM CUCTEM Iepenayd COOOLIEHMI.
B MPI Obuin yuTe€Hbl JOCTUKEHUS APYIUX MPOEKTOB I10 CO3AAHMIO CUCTEM IIepe-
nayu coobuenuii: NX/2, Express, nCUBE, Vertex, p4, PARMACS, PVM, Cha-
meleon, Zipcode, Chimp u . 1. Ee peanusaiuu npeactaBisgioT coboii 0udanore-
KM TIOATIPOTPAMM, KOTOPBIE MOTYT HWCITOTB30BaThCs B TIpOrpaMMax Ha sI3bIKax
C/C++ u FORTRAN. B Hacrosiiee BpeMs TIpUHSITa HOBAas Bepcusl CIielnmduKa-
mnu — MPI-2.

B Mozenu nporpamMmMupoBaHus, KoTopylo Tonaepxxusaetr MPI, mporpamma mopo-
JKJAET HECKOJbKO IMPOLIECCOB, B3aMMOAEMCTBYIOUIMX MEXIy cOo0Oi C MOMOIIbBIO
obpalieHnif K MOANporpaMMamM Iepenadn U npuema coodieHnii. OObYHO, TIpU
nHunuanuzauuu MPI-niporpamMbl co3naercsl (GUKCUpPOBAHHBIN Habop TMpoliec-
COB, TMpUYEM KaXKIbIli TpolLecc BHIMOJTHSIETCSI Ha cBoeM TMpolieccope. B a3Tux
Mpolieccax MOTYT BBIMIOJHATBCS pa3HbIEe MPOrpamMMbl, TTO3TOMY MOJIENb MporpaMm-
MmupoBaHus MPI uHorna HaswiBaroT MPMD-modeavro (Multiple Program Multiple
Data — MHOXecTBO MpOrpaMM MHOXECTBO [aHHbIX), B oriuuue oTr SPMD-
MOJENU, TIe HA KaXIOM MPOLECCOPEe BbIMOJIHSIIOTCS TOJbKO OIMHAKOBBIE 3aIa4N.

JByxTOoueIHbIe OOMEHBI MCIOIB3YIOTCS IS OPTAHU3AIMN JTOKATBHBIX 1 HECTPYK-
TYPUPOBAHHBIX KOMMYHUKALMHA. [1py BBITOTHEHNM TITOOATBHBIX OMEpauit mpu-
MEHSIOTCSl KOJUIEKTMBHBIE OOMEHbl. ACMHXPOHHBIE KOMMYHUKALIMKM PEeaTU3yIOTCs
¢ IOMOLIBIO 3alPOCOB O IOJNYYEHUU COOOLLEeHUIA. MexaHu3M, KOTOpPbliA HasblBa-
eTCS KOMMYHUKAMOPOM, CKPbIBAET OT IPOrpaMMUCTa BHYTPEHHUE KOMMYHMKAIIM-
OHHBIE CTPYKTYPBHI.
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AJITOPUTMBI, B KOTOPBIX UMeeTcs1 (PUKCHPOBAHHOE YUCIO ToA3adad, JOMYCKaroT
MPSIMYIO peaIU3aliio ¢ MOMOIIBIO ABYXTOUEUHBIX M TPYMIIOBBIX OOMEHOB. AJIro-
PUTMbI, B KOTOPBIX KOJIUYECTBO MPOLIECCOB UBMEHSIETCSI B MPOLIECCE BbITTOJIHEHUS
MporpaMMmbl, He MOTYT ObITh peann3oBaHbl B MPI HenocpeacTseHHO (B creuu-
¢ukaunu MPI-2 Takasi BO3MOXHOCTb yX€ ecThb). B 3ToM ciyyae MpUXOAUTCS
cpasy, B MOMEHT 3alycka NpUJIOXeHUs, co3/laBaTb MHOXECTBO MPOILIECCOB CO
CTPYKTYpPOWH, B KOTOPYIO BIIMCBHIBAIOTCS BCE BO3MOXHbIC KOHQUTypalluu TMoj3a-
Jla4y, BO3HUKAIOLIME B IIPOLIECCE BbIIOJHEHUS] Nporpammbl. uHamuka Oyaer B
STOM CJ1y4Yae IOILAECPAKUBATLCS UBMEHSIOLIENCS CTPYKTYPO KOMMYyHuUKauuii. Yac-
TO 3TO OKA3bIBAETCS BO3MOKHBIM.

Crneundukauus MPI obecneunmBaeT mepeHOCUMOCTh MPOrpaMM Ha YPOBHE HC-
XOAHbBIX KONOB U Oosbliyto dhyHKIIMOHANbHOCTD. [lognepxxupaercs padora Ha re-
TEPOreHHbIX KjaacTepax MU CHUMMETPUYHBIX MHOIOIIPOLIECCOPHBIX cucTemax. He
MOAAEPXKUBAETCS, KAK YXE OTMEYaloCh, 3alyCK IIPOLECCOB BO BPEMsl BbIIIOJIHE-
Hust MPI-nporpammel. B cneuudukauyy oTcyTCTBYIOT OMMCAaHUs NApalielbHOIO
BBOJA/BbIBOAA U OTJIAAKU MAPALIENbHBIX MPOrpaMM. DTU BO3MOXHOCTU MOTYT
ObITb BKJIIOYEHBI B COCTAB KOHKpeTHOW peanudauuu MPI B Buie nonoaHuTelb-
HbIX IAKeTOB M yTUIUT. COBMECTMMOCTb pa3HbIX peanusauuii MPl He rapanTu-
pyeTcs.

B earaee 2 Mbl yxe roBOpWIN O TaKOM BaXHOM CBOWCTBe TapaieNbHOW TIPo-
rpaMMBI, KaK JeTepMUHI3M — IporpaMMa IOJIKHA BCerna JaBaTh OMWH W TOT Xe
pe3yabTaT IS OJHOTO M TOTo Xe Habopa BXOTHBIX JaHHBIX. Moenb mapajienb-
HOIO IIPOrpaMMUpPOBaHUs C Hepeaadeii cooblueHui, BooOLIe rOBOpsl, 3TUM CBOI-
CTBOM He 00JamaeT, MOCKONBKY MOPSAOK TONYYEHUS COOOIIEHW OT IBYX IMPO-
[IECCOB TPETHUM He omperesieH. Ecim ke omuH Ipollecc TTOCIea0BaTeIbHO OCHI-
JIAET HECKOJIBKO cooOLeHUuil apyromy npoueccy, MPI rapaHtupyer, uro BTopoit
rporiecc MOJIYYUT UX UMEHHO B TOM TOPSAKE, B KOTOPOM OHM OBLIM OTIpaBie-
HBl. OTBETCTBEHHOCTH 3a obecliedeHre IeTepMUHNPOBAHHOTO BBITTOMHEHUS TPO-
rpaMMbl JIOXKUTCS Ha IPOrpaMMUCTa.

OpraHusauua MPICH

MPICH (MPI CHameleon) mpeactapisieT coboit ogHY W3 pealn3alluii crieiu-
¢ukaunu MPI, kotopas noaaepxupaer paboTy Ha GOJbLIOM 4ucie miargopMm u
C Pa3IMYHBIMU KOMMYHUKALIMOHHBIMU MHTepdeiicamu, B ToMm yucie TCP/IP.

Ocnosnble ocobenHoctu MPICH Bepcuu 1.2.2:
O noaHas COBMECTUMOCTh co crnienndukanmeir MPI-1;

O nanmuuue uHTepdeiica B ctune MPI-2 ¢ dynkuuamu mis si3eika C++ us cre-
unpukanun MPI-1;

O wamuune uHTepdeiica ¢ mpouenypamu s136itka FORTRAN-77/90;

O wumeetcs peanusauus s Windows NT, Koropasi pacpocTpaHsieTcsi B UCXOI -
HBIX TeKkcTax. Ee yctaHoBKa u ncnonb3oBaHue ominmdaorcs oT UNIX;
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O noadepxkka OOJBIIONO YMCAA APXUTEKTYp, B TOM YMCI€ KJIAacTEpPOB paboyux
CTAHIIN, CHMMETPUIHBIX MHOTOIIPOIIECCOPHBIX CUCTEM U T. II.;

O uvactuyHasg noagepxka cneundukauuu MPI-2;
O uvacTuyHas OojAepxkkKa napajieabHbix BBoaa/BboiBoga (ROMIO);

O Hagu4ure CpeacTB TPACCHPOBKU W IPOTOKOMMPOBAHUS (Ha OCHOBE MAcIITaOu-
pyemoro ¢opmara log-daiiios SLOG);

O Haguyre cpencTB BU3YATM3AIMK TMPOW3BOAMTEIHLHOCTH ITapaJIIeIbHBIX TTPO-
rpaMm (upshot u jumpshot);

O nanuuue B coctaBe MPICH TecToB Mpou3BOAUTENBHOCTH U MPOBEPKN (HYHK-
IMOHWPOBAHNUS CUCTEMEL.

B nmanHo# xHMTE MBI OymeMm 3HaKoMuThbed ¢ peanmzauneii MPICH mrg ranbonee
pacmpocTpaHeHHOIT onepainoHHol cucteMmbl Linux. IMomynspHocTh maHHO Bep-
CHU OTYACTU CBSI3aHA C TEM, YTO OHA SIBISETCSI HEKOMMEPUYECKOM M pacIpocTpa-
HsieTcsl OecIIaTHO.

Hmerorcas n koMmepueckue BapuaHTel MPICH, Koropble BBIMYCKAalOTCS, Kak
MPaBUJIO, ¢ OMTUMU3AINEN I KOHKPETHOW TIaTdopMBl W MOTYT comepXaTh
JOMNOJHUTEIbHbIe (PYHKIUM U YTWINTbL. ECTb BapUaHThl sl APYTUX ONEepalloOH-
HbIX cucteM. B kauecrBe npumepa moxHo mnpuBectu WMPI — peanuzauuio
MPICH nns Microsoft Windows.

K yucny nemocrarkoB MPICH MOXHO OTHECTH HEBO3MOXKHOCThH 3amlyckKa IMpo-
LIECCOB BO BPeMs BBIIOJAHEHMS MPOrpaMMbl U OTCYTCTBME CPEACTB MOHMUTOPMHIA
(HabmoAeHUs) 38 TEKYIIMM COCTOSIHMEM BbIYMCIUTEIbHON cucTeMbl. B pesynbra-
TE€ 3TOTO, €CNIM TIPOMCXOMNUT, HATIpUMeEp, anTapaTHBIl cO0if Ha OMHOM U3 TIPOIIEC-
COpPOB, YUacCTBYIOLIMX B BbIMOJIHEHUU MapauienbHoit MPI-niporpammel, ee pabora
3aBepinaeTcsd apapuitHo. HeBO3MOXHOCTE AMHAMWYECKOTO M3MEHEHUsT Habopa
MPOIIECCOB HE TIO3BOJSET MCIOIb30BaTh PECYPCHI BBIYUCIUTEBHON CUCTEMBI
¢ MakCUMaJIbHOI 3(P(hHEeKTUBHOCTHIO.

Ecniu MPICH npu ycranoBke ObUl CKOH(MUTYpUpOBaH A pabOThI HA KJacTepe,
TO JaxKe MpU TepechbUIKax COOOILIEHWI Ha OMHOM KOMIIBIOTEpe OYIEeT MCITOIbh30-
Batbcsl yTuiauTa rsh u cereBoil mporokon TCP/IP. D10 He camoe addekTuBHOE
peuieHue. Ecniu ke cOopka Hpou3BOAMIACH ISl CUCTEMbI C pasienseMoil ma-
MmsTbio, MPICH-nporpaMma He cMoxeT paboTaTh Ha KjiacTepe.

B cocrap MPICH BxoasT GubiuoTeuHbie U 3aronoBouHbie ¢aitisl. MPICH co-
aepxut dosee cotHu noamnporpamm. C nakerom MPICH nocrasnsitorest cpeacrsa
BU3YAIbHOH OTNAAKU U NPOGUIMPOBAHMS MAPALIENbHBIX MPOrpaMM. DTO jump-
shot unu Gosee crapas Bepcusi upshot. Hanucanbl oHu Ha g3bike Java u padorta-
10T ¢ daitnamu-npoTokoiamu cobbituii (tracefiles) CLOG (jumpshot 2) u SLOG
(Gumpshot 3). Pazmep daitna-nporokosna B TpeTbel Bepcuu jumpshot MOXeT ObITh
o4yeHb OombinM, no ruradaiita. Mmeercsa mokymeHranus K MPICH B dopmaTax
HTML u PostScript.
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®aitter MPICH B onepalioHHOI cucTeMe Linux pasMelnalTces OOBIYHO B
OMHOM W3 TMOIKATAJIOrOB CHUCTEMHOTO Karajora /usr, HampuMep B KaTajore
/usr/local/mpich. Bror KaTajor ompenensieTcsl CUCTEMHBIM aIMHUHUCTPATOPOM B
MOMEHT YCTAHOBKM TakeTa. 3aMeTUM, UTO OOBbIUHBIN MOJIb30BaTElb TAKXKE MOXET
ycraHoBuTh MPICH, Ho Tonbko B cBoeM JgomaliHeM KaTajmore. KpaTko omnuiiem
cTpyKrypy Katanora MPICH u ero coaepxumoe:

3 /usr/local/mpich/ — comepsxut daitnsr u monkaramorn MPICH;

3 /usr/local/mpich/COPYRIGHT — daitn ¢ ommcanmeM aBTOpPCKMX IMpaB Ha
TaKer;

3 /usr/local/mpich/README — 3aMeTku W WHCTPYKIIUU TIO WCTIOB30BAHUIO
MaKera;

3 /usr/local/mpich/bin/ — ucnomHseMbie haitisr;

3 /usr/local/mpich/examples/ — npuMepsl TpOrpaMm;

3 /usr/local/mpich/doc/ — noxymeHTanusa mno yctaHoBKe u padore ¢ MPICH;

3 /usr/local/mpich/include/ — 3aromoBouHble aitner (B ToM uymcie mpi.h
u mpif.h);

3 /usr/local/mpich/lib/ — 6ubmmotreyHbIe haiinb;
3 /usr/local/mpich/src/ — MCXOMHBIE TEKCTHI CUCTEMBI;

3 /usr/local/mpich/man/ — cnpaBo4HbI€ CTPAHULIbL 1O MOAIPOrpaMMaM U yTH-
qutam MPICH.

Hmerores u apyrue noaxaraioru. B coctaB MPICH BkiroueHbI TakxKe IpuMephl
MPOrpaMM, KOTOPbIEC PACIOIATralOTCsl B KaTalorax:

O mpich/examples/basic/ — neMOHCTpaliMs OCHOBHBIX Bo3MoxHocteit MPICH;
O mpich/examples/test/ — TeCTOBbIE IPOrPAMMBI;

O mpich/examples/perftest/ — TecTOBbIe TPOTPAMMEBI JJIST OTNpPeNeIeHUs TTPOM3-
BOAUTENBHOCTH.

Ha6op npuMepoB MoxeT OBITh pa3HbIM B pasinuyHbIX Bepcusix MPICH.

Cpenu MHoxecTBa noanporpamm MPI MoxXHO BBIIENIUTH BCero 6 OCHOBHBIX, TEX,
KOTOPBIE MCTIOMB3YIOTCS Yallle BCeTo:

1. MPI_INIT(int *argc, char **argv) — ToaKTiouUeHNe K MPI. ApryMeHTHI argc
W argv TpeOylOTCsl TOIbKO B TiporpamMmax Ha C, TIe OHM 33Jal0T KOJIWYeCTBO
apTyMEHTOB KOMaHIHON CTPOKHM 3aIlycKa MPOTrpaMMbI U BEKTOP ITHUX apTyMeH-
TOB. [laHHBI BBI3OB MPEAIIECTBYET BCEM IIPOYMM BBI30BAM ITOANIPOTrpaMM
MPIL.

2. MPI FINALIZE () — 3aBepuieHue padotel ¢ MPI. Tlocie BbI3oBa naHHoi mof-
MporpaMMBbl HENB3s1 BBI3bIBaTH MommnporpaMmsl MPI. MPT FINALIZE HOJKHBI
BBI3BIBATH BCE IPOLIECCHI Mepe], 3aBepIIeHUEM CBOEil paboThI.
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3. MPT COMM STZE (comm, size) — OTpeNeNeHNWe pasMepa oOJAcTH B3aWMOAEHCT-
BHUA. 31€Ch comm — BXOQHON IMapaMeTp-KOMMYHMKATOpP, a BHIXOIHBIM SIBISIET-
csl MapaMeTp size LIETOrO THUIIA, KOJIMYECTBO IIPOLIECCOB B OOJIACTH B3aUMO-
IeACTBU.

4. MPT COMM RANK (comm, pid) — ONpeleNeHue HoMepa Tpoiiecca. 3aech pid —
HACHTUHUKATOP IIpoliecca B YKa3aHHOM 00JIacTH B3aMMOAEHiCTBHS.

5. MPI SEND(buf, count, datatype, dest, tag, comm) — OTIpPaBKa COOOILEHUS.
Bce mapaMmerpbl SIBASIIOTCS BXOOHBIMU: buf — aznpec Oydepa oTmpaBKu,
count — KOJMYECTBO IEPECHUIAEMBIX 3IEMEHTOB TaHHBIX (HEOTPUIIATEIBHOE
LIeJoe 3HAYeHMe), datatype — THUIT TIEPEChIIAEMBIX TAHHBIX, tag — TeT COOD-
meHus (1ejgoe 3HaUYeHUue), comm — KOMMYHUKATOP.

6. MPI RECV (buf, count, datatype, source, tag, comm, status) — IIPUEM CO-
obmenns. Ilapamerp buf BBIXOTHOM, 3TO ampec MoJydeHus: Oydepa, status
TOXE BBIXOJHOW IMapaMeTp — CTaTyc 3aBepllieHUsl olepalun, source — WACH-
THdUKATOp TIpollecca, OT KOTOPOTro IolydyaeM cooOlieHne (BXOMHOM Tmapa-
MeTp). Bce ocranbHble mapaMeTpbl — BXOJAHbIE M KX Ha3HAue€HUE COBMAAAeT
C HA3HAYEHUEM AHAJOTMUHBIX [1APAMETPOB MPI SEND.

3mech TIpWBeAEHO YCIOBHOE ONMMcaHWe WHTepdelica K 3TUM TMOATIPOrpaMMaM.
Crnenmdukarop source B (pyHKIIMM MPI RECV TO3BOJSIET MPOTPAMMUCTY YKa3aTh,
YTO COOOIIEHME JOMKHO OBITh MOJYYEHO JKMOO TOJBKO OT KOHKPETHOIO IPOIEC-
ca, 3a1aBaeMOro €ro leJ0YMCICHHbIM UAeHTU(UKATOPOM, MO0 OT a1060ro mnpo-
necca. B mocrmenHeM ciyyae WMCIOJIB3YeTCs CIENUATbHOE 3HAYEHWE MPI ANY
SOURCE. [lepBBlii CITOCOO MpeArnouYTUTeIbHEee, MTOCKOJIbKY OH MCKITIOYAeT OMIMOKH,
CBSI3aHHBIEC C HEOIPEeAeIeHHOCTBIO TTOPSIAKA MOCTYIUICHUST TaHHBIX.

C Toukm 3pEHNA KOMMYHHK&HI/IVI moarporpaMMbl  MOXXKHO pasieanuTb Ha IBE
TPYIIIBL: J10KAAbHble U HEAOKA/AbHbLE. JloxanbHbIe noamnporpaMmbl HE BBIITOJIHAIOT
MEPECBUIOK TAHHDBIX. Onu UCITOJIB3YIOT JAaHHBIC TEKYHIETO ITpoLecca WM OXUuia-
10T MMOCTYIVICHUA coO0IIeHNSI.

Obaacmo 63aumoodelicmeus (obaacme césa3u) onpenesser rpyrnmny mnpoieccoB. Bee
Mpolecchl, MPUHALIEXKAIINE OTHOW OOJacTU B3aUMOJAEHCTBUSI, MOTYT OOMEHHU-
BaTbcsl cOOOIIEeHUSIMU. OTMKUCHIBAET 3TO MHOXECTBO IMPOLIECCOB ClielMalbHas UH-
(opMallOHHAsT CTPYKTYPa, KOTOpas HA3bIBACTCS KOMMYHUKAMOPOM.

KomMMyHUKaTOp OMMCHIBACT KOHTEKCT KOMMYHMKAIIMW JUIS OINepaluyd oOMeHa.
Kaxnmelif KOHTEKCT 3amgaeT OTHEeNbHYI0 OO0JacTh B3aMMOICHCTBUSA, COOOIICHUS
MMPUHUMAIOTCA B TOM KOHTEKCTE, B KOTOPOM OHU OBUIM OTTIpaBIeHbI, a cooblie-
HMS, OTIPABJACHHbIE B PA3HBIX KOHTEKCTAX, HE MEPECeKAIOTCSl U HEe MEILAIOT APYr
apyry. Hpyrumu cioBamu, Ipouecchl, cBs3aHHble ¢ MPI-nporpammoii, moryr
B3aUMMO/IEICTBOBATb, TOJbKO €CAM OHM CBS3aHbl C OJHUM KOMMYHMKATOPOM
(puc. 3.4). 3HaueHue KOMMYHUKaropa (OHO WCIOJB3YETCSd MO YMOJIYAHUIO)
MPI COMM WORLD COOTBETCTBYET BCEM IpolleccaMm JAaHHOU mporpammbsl. Becem mpo-
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neccaMm B obyractmn B3aUMOIENCTBUSA TIPUCBANBAIOTCY IIEJIBIE TTOJIOKHUTEIBHBIC HO-
MEpa oT 0 IO HEKOTOPOTrO MAKCHMMAaJIbHOI'O, 4 HOMEP TEKYLICTO IIpoIlecca MOXKHO
OMpeACIUTb C IMOMOLIbIO BbI30OBA MPI COMM RANK.

OBNACTbL B3AVMMOLENCTBUA

Puc. 3.4. O6nactb B3anmopeiictema MPI-nporpammel

M3 mporieccoB, BXOIAIINX B CYIIECTBYIOIIYIO 0OJXACTh B3aUMOMNEHCTBUS, MOTYT
co3maBaThcsl HOBBIE 00JacTU B3amMonelicTBus. HyMmepaiins mpoiieccoB B pa3HBIX
objacTax B3aumMomelCcTBUS He3aBucuMa. KoMMyHHWKarop OIHMCBIBaeT 0OIACTh
B3aumoeicTBus. A1l omHON 00JacTM MOIYT CYLIECTBOBATb HECKOJBKO KOMMY-
HuKaTopoB. CTaHNapPTHBI# KOMMYHMKATOp MPT COMM WORLD CO3JAaeTcsl aBTOMAaTH-
yecku. Jlamee B KHUTe MBI OydeM Uil KPaTKOCTH Ha3bIBaTb KOMMYHHUKATOPOM
001aCTb B3aMMOIEHCTBUS MPOLECCOB, OJHAKO YMTATENb AOJKEH IOMHMUTb, YTO
5TO pasHbIe BEIH.

KoMMyHHKaTOpBl SBISIOTCS KOHCTAHTAMM THWMAa MPI Comm B TporpaMmax Ha
a3pike C m Tuma INTEGER B si3bike FORTRAN. Kpowme ymoMuHapiierocs
MPT_COMM WORLD WMEIOTCSI TAKKe: MPT_COMM SELF — KOMMYHWKATOp, COAEPXKAIINi
TOJBKO BBI3BIBAIOIINIA TTPOLIECC, ¥ MPT COMM NULL — MYyCTOW KOMMYHUWKATOP.

Homep mnpouecca HasbiBaeTcsi €ro paneom. PaHr ucnosb3yercs i yKazaHus
KOHKPETHOI'O [poliecca, HallpUMeED, MpU liepecbuike coobuleHuii. Boobuie ropo-
psl, IPOLECC MOXET MPUHALIEXKAaTb HECKOJbKUM OONACTAM B3aUMOACUCTBUS U
B KaXIolt y Hero OyIeT CBOil COOCTBEHHBIN paHT.

[Ipumep npocreifeit MPI-nporpaMmbl Ha HEKOEM YCIOBHOM $I3bIKE MPUBEICH
B JIUCTUHTE 3.2.



BBeseHue B napannenbHoe nporpaMMUpoBaHue ¢ UcronbaoBaHnem MPI 117

NMuctunr 3.2. NMpumep npocrtenenn MPI-nporpammebi

program mpi_ example

MPI INIT ()

MPI_COMM SIZE (MPI_COMM WORLD, count)
MPI_COMM_RANK (MPI_COMM_WORLD, id)
write (id, count)

MPI FINALIZE()

end

B sroii mporpamMe cHavanga mpoucxXoguT noakiodyeHue K MPI, zarem ompenensi-
eTcsl KOJIMUECTBO IPOIECCOB, BXOASLIUX B 00JacTb B3aUMOAEUCTBUSI, HOMEDP
npoliecca, COOTBETCTBYIOILETO JAHHOMY 3K3EMIUISIPY MPOrpaMMbl, IMOJYYeHHbIE
3HAUEHMS] BBIBOIATCS M IPOrpaMMa 3aBeplLIaeT CBOI0 padoTy, IpeaBapUTeIbHO
OTKJItOUMBIIKCH OT MPI.

MpuBaska K 13bIky C

bubanorexa MPICH wMoxeT Wcrnodb3oBaThesl B TporpamMMax Ha  sI3bIKax
FORTRAN u C/C++. BbI30B noAmporpaMM B 3THX JBYX CIyYasX pasInyaeTcs.
ITo-pazHomy ykasbiBaloTcs UMeHa (byHKUWM, pazanyaroTcs crnocoObl MOJdydyeHus
KOJIOB 3aBepIIEeHNS TOANPOrPpaMM U T. II.

ITpu ucnonb3zoBaHuu MPI B nmporpammax Ha si3pike C B MMeHax ¢hyHKIUN UC-
osib3yeTcs npeduke MpI , a meppas OykBa UMEHU HAOWUpPAaeTcsl B BEPXHEM pPEru-
ctpe. He pexoMeHayeTcst CIONB30BATh UMEHA, KOTOPBIE HAYUMHAIOTCSI ¢ MPT  JIJISI
cBoux (YHKIUN miau mepeMeHHBIX. CommacHo crennduKaui UMeHa IOAIIpo-
rpaMM HMEIOT BUT KHaCCfL[eﬁCTBl/IeiHO,HM.HOXCeCTBO NIn KHaCCi,HeﬁCTBl/Ie. AHao-
ruyHoe npaBujio aeiicteyer u st nmoamporpamm MPI ansa s3sika FORTRAN.
B C++ noamporpamma sBAsS€TCS METONOM [UISl ONMPEACJEHHOro Kjaacca, UM
HUMEET B 9TOM Cly4da€ BU MPT::Kjacc: :neicreme NOAMHOXECTBO. I[JIH HEKOTOPBIX
JeiCcTBU BBeJEHbI CTAaHIAPTHBIE HAWUMEHOBAHUS: Create — CO3IaHUE HOBOTO
00beKTa, Get — TONyYeHNE WHGHOPMALIUU 00 O0OBEeKTe, Set — ycTaHOBKA Tapa-
MeTpOB 00BEKTa, Delete — yaajeHWe WHGOPMALMU, Ts — 3aMpoc O TOM, UMeeT
JI1 00BEKT YKA3aHHOE CBOICTBO.

3HaueHUs KOMA 3aBEpLICHMs] MMEIOT LEJbId TUI M ONpPENesioTcs M0 3HAYeHUIO
¢yuxkuuu. Mmena xkoHcrant MPI 3anuckiBarorest B BepxHeM perucrpe. Mx omu-
CaHM$ HaxomsdTcs B 3arojloBoYHOM caitie mpi.h, KOTOphI 00s13aTeibHO BKIIOYA-
ercss B MPI-nporpammy. Mmst aToro aitna MoXeT ObITb MHBIM B APYTUX peain-
sauusix MPI. BxogHble mapaMeTpbl GyHKIMUN MepeaaroTcsl Mo 3HAYEHUIO, a Bbi-
xonHbie (1 INOUT) — no ccbuike. IlepeMeHHast status UMEET TUI MPI Status U
SIBJISIETCSL CTPYKTYPON C MOJSIMU status.MPI SOURCE M status.MPI TAG. B MPI
MIPUHSITA CBOS CHCTeMa 0003HAYeHUs TUIIOB JAHHBIX, KOTOpPasi COOTBETCTBYET TH-
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maM paHHbiX B sA3bikax C (Tadn. 3.1) 1 FORTRAN (tab6n. 3.2), XoTd cOOTBETCT-

BHE OTO HECIIOJIHOE.

Ta6nuya 3.1. Tunbl gaHHeix MPI ans asvika C

Tun paHHbIX MPI Twun paHHbIX C

MPT CHAR signed char

MPT SHORT signed short int
MPI INT signed int

MPI LONG signed long int

MPI UNSIGNED CHAR
MPT UNSIGNED SHORT
MPI UNSIGNED

MPI UNSIGNED LONG
MPI FLOAT

MPI DOUBLE

MPI LONG DOUBLE
MPI BYTE

MPI PACKED

unsigned char
unsigned short int
unsigned int
unsigned long int
float

double

long double

HeT cooTtBeTCcTBUA

HeT cootBeTCTBUA

B MPI pomkHBI cobmogaThed TpaBWiIa COBMECTHMOCTH THUTIOB. COOTBETCTBHE
TUIIOB IO/KHO, KaK MPaBWIO, UMETh MECTO B IpOLieIypax OTHPaBKU KM IMPOLEAY-
pax mpuema coodieHuit. M3 6a30BbIX TUIOB MOIYT OBITH CKOHCTPYMPOBAHBLI 00-
JIee CJIOXKHBIE TUIIBI JAHHbIX.

MpuBaska k a3blky FORTRAN

B sa3sixe FORTRAN mMeHa moamnporpaMM HaOUparoTcsl B BEpXHEM perucTpe (pe-
rucTp O6YKB B MMEHAxX He MMeeT 3HAYeHHUsI, OMHAKO MMEIOTCS OIpeneleHHbIe Co-
IJalIeHus U TPagulIiK, cCOOM0eHe KOTOPhIX XelarenbHo). Bece mMeHa mommpo-
rpaMMm 4 KoHcTtaHT MPI nauunarorcs ¢ mMpr . Koapel 3aBepiieHUNs TepemaroTcs
yepe3 MOMOJHUTEIbHBIA HapaMeTp LEeJIoro TUia (0OH OObIYHO HAXOMUTCS Ha IO-
claeqHEeM MeCTe B CIIMCKE I1apaMeTpoB IoamporpaMmbl). Koa ycmeiiHoro 3aBep-
meHusi — MPI_sUCCESS. KoHcTaHTeI W apyrve obwekTel MPI ommceiBaotcs B
¢daitne mpi.h, KoTophlil 00s13aTeNIbHO BKIoYaeTcsi B MPI-mmporpaMmy ¢ oMol
omneparopa include. DTOT OTEPATOp HAXOAUTCI B Havaje TIporpaMMel. [lepeMeH-
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Hasl status 4ABISETCId MACCUBOM CTAHIAPTHOIO NEJOro THIIA. Ero pasMmep

(MPIisTATUsisIZE) N MHJACKCHI 3a1al0TCsd MMEHOBAHHBIMU KOHCTAHTaAMMU:

integer status (MPI STATUS SIZE)

if (status (MPI TAG) .EQ.tagl) then

Tabnuya 3.2. Tunbl gaHHeix MPI gns asvika FORTRAN

Tun paHHbiXx MPI Tun panHbix FORTRAN
MPI_INTEGER INTEGER
MPI_REAL REAL

MPI DOUBLE PRECISION
MPI DOUBLE COMPLEX
MPI COMPLEX

MPT LOGICAL

MPI CHARACTER

MPI BYTE

MPI PACKED

DOUBLE PRECISION
DOUBLE COMPLEX
COMPLEX

LOGICAL
CHARACTER

HeT cootBeTcTBUA

HeT cooTtBeTCcTBUA

Twunbl, KoTOpble NMeloTcA He BO BceX peann3auyuax MPI

MPI INTEGERIL
MPI INTEGERZ2
MPTI INTEGER4
MPI REAL4

MPI REALS

INTEGER*1

INTEGER*2

INTEGER*4

REAL*4

REAL*8

B nporpammax Ha sizpike FORTRAN Ttakue o0wvektel MPI, kak MpI Datatype

i MPT Corm — 11esioro tumna (INTEGER).

Hrak, B mporpammax Ha sa3bike C ucnonbaylorcs oubauoreynnie ¢pyHkunu MPI,
a B mporpamMmax Ha si3elke FORTRAN — mpouenypsl. B nmambHeiinem u Te u
JIpyTue MBI OyleM HasbIBaTh moamnmporpammamMu MPIL.
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Kopapbl 3aBepLueHuns

Konpr 3aBepiiieHus Bo3BpallaloTesl B KadyecTBe 3HaueHUs ¢pyHkuun C uiam dyepes
nocaeaHuit aprymeHT npoueaypsl FORTRAN. UckiioueHue cocTapisioT MOa-
MpPOrpaMMbl MPI Wtime UM MPI Wtick, B KOTOPBIX BO3BpalllcHUE KOAA OIIMOKU HE
MIPeTyCMOTPEHO.

Ucnionb3ytoTess craHmapTHble 3HAYeHUS MPI SUCCESS — TIpU YCIIEITHOM 3aBep-
IIIEHWU BbI30BA U MPI ERR OTHER — OOBIYHO IMPHU MOIBITKE MOBTOPHOTO BHI30BA
MPOIIEAYPH MPT Init.

CucreMoli pacro3HalTCs W APyrhe OMMOKKW. BMeCTO UMCIOBBIX KOIOB B TIPO-
rpaMMax OObIYHO MCITONB3YIOT CIIeUANIbHBIE MMEHOBAHHBIE KOHCTAHTHL. Cpeayn HUX:

MPI ERR BUFFER — HETPAaBUJIBHBIN yKa3arenb Ha Oydep;
MPI ERR COMM — HEMpPAaBUJIBHBIN KOMMYHUKATOD;

MPI ERR RANK — HETPABUJIBHBINA PAHT;

MPI ERR OP — HETPABUJIBHAS OEPaLIns;

MPI ERR ARG — HEMPABWJIBHBINA apTyMeHT;

MPI ERR UNKNOWN — HEWM3BECTHasl OIINOKa;

MPI ERR TRUNCATE — COOOIIEHNE 00pe3aHO TpU TIpUEMe;

g aoaoaaoagoaaaaq

MPI ERR INTERN — BHYTPEHHASA ommnbxka. OOBIYHO BO3HUKACT, €CJIN CUCTEME
HE XBATacT IaMsAaTu.

Kak yctpoeHa MPI-nporpamma

B mporpamme MPI ciaenmyer cobmiogaTh omnpeldeleHHBIe TpaBuiIa, 0e3 KOTOPBIX
OHa OKaxeTcsd HepaboTocmocoOHoii. Ilpexae Bcero, B Hayaie IporpaMMbl, cpasy
[OC/IE €€ 3arojloBKa, HeoOXOMUMO MOIKIIOUYUTh COOTBETCTBYIOLINI 3aroJ0BOYHbII
¢daitn. B nporpamme Ha si3bike C 310 mpi.h:

#include "mpi.h"
a B mporpamme Ha s136ike FORTRAN — mpif.h:
include "mpif.h"

B stux ¢aiinmax comepxarcs omMcaHUsS KOHCTAHT U IEPEMEHHBIX OUOIMOTEKU
MPIL.

ITepBbiM BbI3OBOM OMOAMOTEYHON mpoleaypsl MPI B mporpamme noyikeH OBITh
BBI3OB MOJMPOrpaMMbl UHULMAIMA3AUUKA MPI Init, MEPEN HUM MOXET pacrnofa-
raThCsl TONBKO BBI3OB MPI Tnitialized, ¢ TIOMOIIbIO KOTOPOTO OIIPENENSIOT,
WHULManu3upoBaHa au cucreMa MPI. Bbi3oB mnpoueaypbl MHMLIMAIU3ALUN Bbl-
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MojHsieTcsl Toabko oauH pa3. B s3eike FORTRAN y npolienypsl MHULIMANK3a-
LMW €IWHCTBEHHBII apTYMEHT — KO OITNOKM:

integer IERR
CALL MPTI INIT (IERR)

B si3pike C mapameTpsl GYHKINY WHHIWATA3AINN TTOYJIAIOT afpeca apTyMeHTOB
[JIaBHOM MpOoTrpaMMBI, 3a1aBaeMBIX TIPU ee 3aITycKe:

MPI_Init(&argc, &argv) ;

3arpy3unk mpirun B KOHell KOMaHAHOHW cTpoku 3amycka MPI-mporpammer mo-
OaBnsieT cayxeOHble HapaMeTpbl, HeoOXoaumble MPI Init. B mporpammax Ha
sa3bike FORTRAN aprymMeHTbl KOMaHAHOM CTPOKU HE MCIONb3YIOTCS.

IMponeaypa wHANIIMAIN3AIIAN CO3IaeT KOMMYHWKATOP CO CTaHIAPTHBIM MMeHeM
MPI_COMM WORLD. OTO WM$ YKa3bIBAaeTCA BO BCEX MOCIEMYIONNX BBI30BAX TPO-
uenyp MPL

IMoce BoIMOMHEHUST BCeX OOMEHOB COOOIIEHUSIMHU B IIporpaMme JODKEH paciio-
JlaraTbCsl BBI30OB TIPOIEAYPHI MPI Finalize(ierr). B pesymbrare sToro BbI30Ba
YAAISIIOTCS CTPYKTYphl JaHHbIX MPI 1 BblnonHsIoTCsa Apyrue HeoOXonuMble Aei-
ctBus. [lporpaMMuCT DOKEH TO3a0OTUTHCSI O TOM, YTOOBI K MOMEHTY BBI30Ba
MPOIIEAYPHl MPT Finalize OBUIM 3aBeplleHBl Bce MEPEeChUIKN NAaHHBIX. [locne Bbi-
MTOJTHEHNS JAHHOTO BBI30BA Ipyrue BBI30BHI mpollenyp MPI, Bkmouasg MPI Init,
HENOMYCTUMBL. VICKTIOUEHNEe COCTaBIsieT MOANPOTrpaMMa MPI Initialized, KOTO-
pasi Bo3BpalllaeT 3HaYeHWe "MCTUHA", eCcIW IMPOIECcC BBI3BIBAT MPT Init. JJaHHBIH
BBI3OB MOXET HAXOAWTHCS B JIIOOOM MeCTe TPOTPaMMBEL.

B Tex wactax TPOTpaMMBbI, KOTOPBIE HAXOIATCA OO BBI3OBA MPTI Tinit W TIOCTIE
BbI30BA MPI Finalize, HC PEKOMCHOYECTCS OTKPBIBATH (I)aﬁﬂbl, BbIITOJIHATL CUUTDI-
BaHKUEC U 34IIUCb B Cbafl)lbl CTAHAAPTHOI'O BBOJA U BbIBOJA.

BeimonHeHNe Bcex IMPOIECCOB B KOMMYHHKATOPE MOXET OBITh IPEepBaHO IpoO-
uenypoir MPI Abort. EcAW KOMMYHWKATOp ONMWCHIBAET OONACTb CBI3W BCEX
MPOLIECCOB MpOrpaMMbl, OyAeT 3aBeplleHO BbIOJHEHWEe MporpaMmbl. JlaHHBIN
BBI30B MCHOJB3YETCS JUISI ABAPUIMHOTO OCTAHOBA MpPpOTrpaMMbl TMPU BO3HUKHO-
BEHMHM Cepbe3HbIX olunboK. I[lpuMepbl IpocTedilrX MOporpaMMm Ha S3bIKax
FORTRAN u C npuBeneHs! B auctuHrax 3.3 u 3.4.

Nuctunr 3.3. MpocTtenwaa MPI-nporpamma Ha sisbike FORTRAN

PROGRAM MAIN MPI

INCLUDE 'mpif.h'

INTEGER MYID, NUMPROCS, IERR

CALL MPI_ INIT (TERR)

CALL MPI COMM RANK (MPI COMM WORLD, MYID, IERR)
CALL MPI_COMM_SIZE(MPI_COMM_WORLD, NUMPROCS, TIERR)
PRINT *, "Process ", myid, " of ", numprocs
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CALL MPI FINALIZE (IERR)
STOP
END

NucTunr 3.4. Mpocrtenwaa MPIl-nporpamma Ha Ai3bike C

#include "mpi.h"
#include <stdio.h>
int main (int argc,char *argvl])

{

int myid, numprocs;

MPI Init (&argc, &argv);

MPI_ Comm size (MPT_COMM WORLD, &numprocs);
MPI Comm rank (MPI COMM WORLD, &myid);
fprintf (stdout, "Process %d of %d\n", myid, numprocs) ;
MPI_Finalize();

return O;

B obeux mporpaMMax UCMONB3YIOTCST MOAMPOTPAMMBI MPT Comm size M MPI Comm
rank. HammoMHWM, 4TO mMepBast M3 HUX BO3BpAaIlaeT KOJMJIECTBO MPOIECCOB, BXO-
JAIIAX B 00MacTh B3aUMOACHCTBUSI, KOMMYHHUKATOP KOTOPOH yKazaH B KadecTBe
ee MmepBoro apryMeHTa. Bropas mommporpaMMa ompemesieT paHT Impoliecca.

MNporpamMma HanucaHa, 4To ganbwe?

TpaHcnauyusa

YTUIUTH TPaHCISIUNKM M COOPKM HaxomsaTcsl B moxakaramore /usr/local/mpich/bin.
DTOT KaTaJor PeKOMEHAYeTCsl BKJIIOUMTb B IyThb IOMCKA MCIOMHsEMbIX (ailnos.
B pasnuuHbIX OmEepalMOHHBIX CHUCTEMax BTO [AeNaeTcs MO-PA3HOMY. YTHIMTHI
TPaHCSIMU 3aMycKaloT TpaHcasaTopbl oOblYHBbIX s13bIkoB C 1 FORTRAN, a B
KOMAHIHYIO CTPOKY MX 3aIlycKa MOJACTABJSIOT CChUIKM HA HeoOXxomumble 01bnauo-
TEYHbIe U 3arojioBouHble ¢aiianl. [loaxioyarbes MOIYT TakkKe OMONUMOTEKU, UC-
MTOJTB3yeMbIe IUTSI OTJIANKK U TTPOodUTUPOBAHUS.

i TpaHCAsLMUM M KOMIIOHOBKM IIporpaMM Ha #3blke C++ ucmonb3yercs
KOMAaHIa mpiCC, a A TPAHCISAIUU TporpaMM Ha si3plke C — KOMaHIa mpicc
(HarmoMHUM, 4UTO TIpH paboTe B ormepaunoHHoii cucrteme UNIX pernctp OykB
B KoMaHjae BaxkeH). KomaHaHble (ailyibl TpaHCASAIIUU U KOMIOHOBKM MOXHO U
HE UCI0JIb30BaTh, OMHAKO MPU ITOM MPUJIETCS SIBHO YKa3blBaTb MHOTOUMCIEHHbIE
KJIIOYM, KOMAHAHAS CTPOKA IPU 3TOM OyaeT IrPOMO3IKOM.

l'[epequb OCHOBHBIX KJII0YEW KOMAHIHOU CTPOKU:

O -mpilog — cOopKa BepCUU IIPOTpaMMbI, KOTOpasT CO3MAeT IPOTOKOJBI ISt
VYTUJIUT TPpodUINpPOBAHNS;
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O -mpitrace — cbopKa BEpCUN TIPOTPaMMEI, KOTOpasd TeHepupyeT TpaccupoBOU-
HBIe (paiiibl;

O -mpianim — cOoOpKa BepcuM TIPOTPAMMBI, KOTOpas TeHepupyeT aHUMHUPOBaH-
HOE M300paXeHue MPOoIEecca BHIITOTHEHNS MPOrPaMMEl;

O -show — MoKa3aTb KOMaH bl TPAHCISIIMU U COOPKU, HE BBITIONIHSIS UX;
O -help — BBIBOA KPaTKoOli MH(MOPMALIUN O KOMAH/IE;
(0 -echo — BBIBOJ HA 3KPaH KOMAH/I IO MEPE WX BBITTOJTHECHUSI.

HNudopmarnio 06 ocTalbHBIX KITIOYaX MOXHO HAWTH Ha CIPABOYHBIX CTpaHHIIAX
MPICH (mnsa ux npocMoTpa IpUMEHSIOT KOMaHAY man). [TpuMep UCTTOIbL30BaHNS
KOMAHIIBI:

mpicc -o fft fft.c

Hnsg  Tpanciaauum M KOMIOHOBKU mporpamMm Ha s3eike FORTRAN-77 u
FORTRAN-90 nipuMeHsI0TCSI KOMaHABI mpif77 W mpif90. Kirrouu, ucrnoab3yemMble
C 9TUMHM KOMaHAAMM, T€ XK€, YTO U JJIST KOMaHI mpicc M mpiCC.

[Monp3oBaTelb MOXET HA3HAYUTb CBOW COOCTBEHHBIN TPAHCJIATOP, OIPEACIUB
SHAYCHUA IEPEMCHHBIX OKpPYXEHHWdA MPICH CC, MPICH F77, MPICH CCC WJIN
MPTICH_F90. an/I OTOM CHEOAYET NMOMHUTB, UTO TPAHCIATOPBI OOJIKHBI OBITH CO-
BMECTUMBI ¢ TEMU, KOTOPBIC MUCIIOJL3YIOTCA II0 YMOJTYAHUIO. HepeHaCiHa‘{I/ITI)
[IporpamMmy-KOMIIOHOBIIUMK MOXKHO € INOMOILbIO IIEPEMCHHDIX OKPYXEHHS MPICH
CLINKER, MPICH F77LINKER, MPICH CCLINKER WM MPICH F90LINKER.

TpaHcrgaTOop, OMOAMOTEKN W KIIOYN, HEOOXOOMMBbIE TSI HOPMAaXbHON cOop-
ku MPI-iporpaMMBl, MOXHO y3HAaThb C IOMOIIBI KIIOYEd -compile info W
-link_info. [IpuMepbl BHITTOMHEHUS KOMaHI mpicc W mpif77 ¢ YKa3aHHBIMU
KIIOYaMK IIPUBOASTCS HILKE:

# mpicc —compile info

cc -DUSE STDARG -DHAVE STDLIB H=1 -DHAVE STRING H=1
—-DHAVE UNISTD H=1 -DHAVE STDARG H=1 -DUSE STDARG=1
-DMALLOC_RET VOID=1 —I/usr/local/mplch/lnclude -Cc

# mpicc -link info

cc —-DUSE_STDARG —-DHAVE STDLIB | H=1 -DHAVE _ STRING | H=1 -DHAVE . UNISTD H= 1
-DHAVE STDARG H=1 —DUSE STDARG=1 —DMALLOC RET VOID=1
—L/usr/local/mplch/llb —lmpich

# mpif77 -compile info
£77 -I/usr/local/mpich/include —c

# mpif77 -link info
f77 -L/usr/local/mpich/1lib -lmpich



124 laea 3

"Ycrpoincrtea" MPICH

B MPICH wucnonssyercs "unrtepdeiic abcrpakTHbix yerpoiicts” (ADI — Abstract
Device Interface), koTopblii obecneyuBaeT NePeHOCUMOCTb CUCTEMbl HA pasiuy-
Hble margopMbl. "YCTpoiicTBa" MPeACcTaBIsIOT co00il HAOOPLL Ipoleayp, pealu-
3YIOLIUX IEPEChUIKY M IPUEM MAKETOB ¢ YYETOM KOHKPETHON apXUTeKTypbl. YCT-
poiictBo ch_p4, Hanpumep, OCHOBAHO Ha OubIMOTEeKe p4, KOTopas MOAAepXKuBa-
eT pa3paboTKy MapayIeIbHBIX TMTPOTPAMM TS pasaudHbIX matdopm. dng Momenu
MMPOTPAMMHUPOBAHUS € pas3ieIseMoll MaMIThio p4 maeT IMPOrpaMMUCTy Habop
MMPUMHUTHABOB, U3 KOTOPBIX CO3AAIOTCS Oojiee CIOXHBIE MPOrpaMMHBIE KOHCTPYK-
uuu. Ji1s Momenu ¢ pacrpeneleHHON MaMaThio p4 JaeT peaausallii MpoLeayp
[ePeChUIKM JAHHbIX M HEKOTOpble apyrue omepauuu. OOe mozenn MOXHO
00bEIUMHUTL B OJHY "KIACTEPHYIO" Mojenb nporpamMmmupoBaHus. bubnuoreka p4
MOAJAEPKMBAET OOJbIIOE KOMWYECTBO apXUTEKTYp. CINCOK TOIIEPKUBAEMBIX
APXUTEKTYP MOXKET ObITh 6€3 00JIbILIOIO TPYAa AOIOJIHEH.

BbinonHeHne napannenbHoi NporpamMmbl

3anyck MPI-nporpaMMmbl Ha BbIMOJHEHUE HE CTAHAAPTU30BaH, MO3TOMY B pas-
JIMYHBIX peaTu3alusax WHTepdeiica MOIYT UCIOIb30BAThC pa3Hble CIOCOOBI. s
BbinojaHeHuss MPI-nporpamm B MPICH wucnoab3yercsi 3arpy3yuk NpuIoXeHU
mpirun. 9To KOMaHAHbIA (aiii, KOTOPbIA BBIIOJHSET HEOOXOAUMMBIEC OATOTOBM-
TeNbHBIC OEHCTBUSI, TaKM€ KaK OIpeAeieHUue KOHQPUIYPAUUM BbIYUCIUTENbHOM
CHUCTEMbI, M 3aIyCKaeT yKa3aHHOEe KOJIMYeCTBO KOMUK mporpammMbl. KoMaHma Bbi-
[JSIAAT CIIEAYIoIUM o0pa3oMm:

mpirun -np n [xmour MPI] nporpamMMa [KIOUM M apTyMEHTH IPOIPaMME ]

[J€ n — YUCJIO 3aMyCKaeMbIX MPOLECCOB, KOTOPblE OOBIYHO SIBISIIOTCS KOMUSIMU
OIHOM U TOM XK€ IMPOrpaMMBI.

Cnucok xitoueir MPI (kiroun ykasblBalOTCs Mepea MMEHEM UCIIONHseMoro ¢aii-
Jla IporpamMMbl) npuBeaeH B Tabj. 3.3.

Tabnuya 3.3. OCHOBHbIe KITIOUY 3arpy3YnKa NMpuioxeHni mpirun

Kniou OnucaHune

—arch <apxuTexTypa> ApxutekTtypa napasnesibHoli BblMUCIIUTENbHON CUC-
TEMbl, KOTOpasi AOJXHa COOTBETCTBOBaTh cydhdukcy
B MMeHM cpaitna machines.<apxutektypa>

-h KpaTkas nHcdopmMauums o komaHae

-machine <yma xommboTepa>  Mcnonb3oBaTb Mpouefypy 3anycka, crneuuduyeckyo
AJ19 yKa3aHHOro KOMrbloTepa

-machinefile o¢aiin Wcnonb3oBath CMMCOK KOMMBIOTEPOB U3 YKa3aHHOIo
aiina
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Ta6nnya 3.3 (okoHuaHue)

Kniou OnucaHune

-nolocal He 3anyckatb nporpamMMmy Ha NOKanbHOU MalluHe
(aToT KNIOU paboTaeT TosbKO And ycTpolictea ch_p4)

-stdin daiin Wcnonb3oBatb B kavecTBe dhaiina ctaHgapTHOro BBO-
Ja nporpamMmbl yKasaHHbIli dpalin. [JaHHbI Koy
npuMeHsieTcA Ans 3ajad, 3arnyckaemblX B MakeTHOM
pexume (c cuctemoii ouepeneit NQS)

-t Pexum TtecTupoBaHus. lNporpamma He 3anyckaetcs,
BbIBOAATCA TONIbKO AEUCTBUS,, KOTOpble AOJXHbI 6biTh
BbIMOJIHEHBI

-v BbiBog, NoapobHbIX coobLLEHMIA O BbINOMHAEMbIX LIarax

-dbx 3anyctutb nepeblii Npolecc ¢ otnagyuukom dbx

-gdb 3anycTuTb NepBbllii NpoLecc ¢ oTnagyukom gdb

-xxgdb 3anycTuTb NepBbIli Npouecc ¢ oTnagymnkoM xxgdb

-tv 3anyctute nporpaMMy ¢ otniagymkom totalview

Oco6eHHOCTH BbiNOIHEHUA NPOrpaMm
Ha KnacTtepax pa6o4ux ctaHuwmii

Ha xmacrepax pabo4ymx CTaHIWN KaXIbI Mpollece M3 MapauielbHON TpOorpaMMBl
JOJKEeH 3aIlyCcKaTbcsl WHAUMBUAYAIbHO. [ »TOro TpedyeTcs IONOMHMUTETbHAS
nHdopManus, KOTopas CoAepXUTcs B cneuuanbHoM daitne. Eciu He ucnonb3y-
eTcd ycTpoiicTBo chameleon, mepes 3amyckKoM IPOrpaMMbl AOJKEH ObITh CO3JaH
TEKCTOBbIA ¢aitn mpich/util/machines/machines.<apxutekTypa> ¢ mnepeyHeMm ce-
TEBBIX MMEH KOMITHIOTEPOB, Ha KOTOPBIX MOXET 3aITyCKaThcsl TIporpaMma. 3aech
BMecTOo <apXUTEKTypa> IMOACTABISACTCA Ha3BaHWE apXMTEKTyphel. [1pm mcmonb3o-
BaHUU Apyroro ¢aiira, ero MMs IOJDKHO OBITh YKa3aHO ITOCHE KITI0Ya -machine
KoMaHabl mpirun. MPICH nommepxxuBaet paboTy co CIeaylIIMMIA YCTPOHCTBAMH:

O chameleon — yHHBepcaqbHOE YyCTpoiicTBO, BKIoUas chameleon/pvm, chame-
leon/p4 u T. a.;

p4 — ycrpolicTBo ch _p4 st Kiacrepa pabouux CTaHLMIMA;
ibmspx — ycrpoiicTBo ch_eui ajist BoluMcauTeNbHOU cuctembl IBM SP2;

anlspx — ycTpoliicTBo ch_eui ajist BeiuucautenbHoll cucteMbl ANL SPx;

uaoaa

sgi_mp — ycTpoiicTBO ch _shmem mjisi MHOTOIPOILECCOPHBIX CUCTEM C pase-
JIieMO#l mamsThio, npexae Bcero SGI;
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O smp — ycTpoiictBo ch shmem a1 CUMMETPUYHBIX MHOIOIPOLIECCOPHBIX
CHCTEM;

O execer — NpUMEHEHUE IMPOU3BOJLHOIO KOMAHIHOrO ¢hailia Mg 3amycka Ipo-
rpaMM c¢ ucnosib3oBaHueM ch_p4, Ho Ge3 caiina procgroup;

1 HEKOTOPBIMU IPYTUMU.

[locne kimoya -arch MOXeT OBITH YKazaHa apxXUTEKTypa BBEUNCINTENLHOW CUCTe-
MBL [ommepxuBaeTcs padora co cleAylImnMu IvratdopMaMu (B Ha3BaHUIX Ba-
2KEeH peructp OyKB):

3 sun4 — OC SUN OS 4.x;

solaris — OC Solaris, B ToM uuce solaris86 (Solaris aust miatdopm Intel);
hpux — OC HP UX;

sppux — OC SPP UX;

1s6000 — OC AIX maa komneiorepa IBM RS6000;

sgi (IRIX) — OC IRIX 4.x, 5.x u 6.x;

sgi5 — OC TRIX 5.x st kommnbioTepos R4400;

alpha — DEC Alpha;

intelnx — Intel 1860 unu Intel Delta;

CRAY — CRAY XMP, YMP, C90, J90, T90;

cray_t3d — CRAY T3D;

freebsd — mepconanbHBIE KOMITbIOTEPHI TIoN yripasaeHueM OC FreeBSD;
netbsd — mepcoHanbHBIe KOMIBIOTEPH! TToA ynpaBieHrneM OC NetBSD;

LINUX — nepcoHanbHble KOMObIOTEPHI oA, yipasieHuem OC Linux;

guaaogauuoauoaoaauoaaa

LINUX_ALPHA — Alpha-koMnreiorepsl noa ynpasieHueM OC Linux;
W HEKOTOPBIMU JPYTVIMU.

Hnst MHoTOTIpolieccopHbIx KomTbloTepoB Silicon Graphics moa ynpasiaenueM OC
IRIX w04 -comm=ch p4 3ampeuiaeT UCIONb30BAHUEC KOMMYHUKALMI yepe3 pas-
ACIAEMYIO ITaMATh, 4 —comm=shared PaspeLIACT.

C momoripio KoMaHgHoro dafita tstmachines u3 karamora /usr/local/mpich/sbin
MOXHO MpoBepuTh, pabotator u ¢ MPICH Bce KoMmbloTephl, yKa3aHHbIE B CITU-
CKe€ MalllMH. DTOT (haiiJl BBHITIOJHSIET KOMAHIY BbIBOJA COAECPKMMOTO Karajora Ha
yIaJleHHBIX MalllMHAX ¢ TOMOINBI0 rsh (remote shell), 4to m sBIsIeTcs TpoBep-
Ko¥i. EnwHCTBEHHBIN apryMeHT JaHHOW KOMAaHIBl — Ha3BaHWEe apXUTEKTYPHI.
Ecnu Bce paboraer HOpMaibHO, BbIBOA Y KOMAHIbl OTCYTCTBYET, €CIAM XK€ HET,
BBIBOJIUTCSI COOTBETCTBYIOLIEE COOOIIEHUE.

B xomanaHbIil ¢aitn tstmachines BKIOYEHbI cieayloliue nposepku. Bo-nepsbix,
MOXeT JM ObITh MPOLECC 3alyllieH Ha YIaIeHHOH MallliHEe WM €C/d HeT, TO IO
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Kakoit mmpununHe? Bo3MoOXHO, He ycTaHOBJIEH TakeT r-utils win B moMalrHeM Ka-
Tajiore TOJb30BaTeIsA OTCYTCTBYeT ¢haitn .rhosts. Ciemyer ydecTb, 4TO IS TIO-
CJIEIHETO JTOJIKHBI OBbITh YCTAHOBJEHBI TMpaBa JAOCTyNa TOJbKO IO 3alUCU U UTe-
HUIO U TOJBKO Bianenblly daiina. YcrpoiictBy ch p4 aas paboTsl He TpedyeTcs
KOMAaH/Ia rsh, OHO MOXET HCITONB30BATh ATbTEPHATUBHBIC METOMB KOMMYHHKA-
unu. Bo-BTOpBIX, cleayeT TpoBepUTb, TOCTYMEeH JU TeKYIIui pabouuii Karajior
Ha Bcex MmawuHax? M, HakoHell, MOXET JiM [0Jb30BaTe/bcKas Mporpamma Bbl-
MOJIHSATBHCS Ha ynaneHHol cucteme? [ 3TOro Be3ae AO0MKHbL ObITh YCTAHOBJIEHbI
HEOOXOAMMbIE JMHAMUYECKUE OMOJIMOTEKHU, APYIME KOMIIOHEHTbL CUCTEMbL U BCE
HY>XKHBIE YaCTU MPUKIATHOU MporpamMMbl.

Kunroun 3arpysudxa mpirun mjisl KJIacTepoB M KIIOYM Ul 3alycka Mporpamm
B IAKETHOM peXMME IpUBEAEHbI B Ta01. 3.4.

Ta6bnuya 3.4. Knoun 3arpysydunka mpirun 474 3arlycka Ha Kiaacrepe
U B NAKETHOM peXumMe

Knioy OnncaHne

-e Wcnonb3oBath Ans 3anycka nporpaMMbl Ha Knactepe execer

-pg Wcnonb3oBatk Ans 3anycka p4 nporpamm dalin procgroup BMECTo
execer (Mo ymonuaHuio)

-leave pg He ypansatb nocne BbinonHeHus daiin p4 procgroup

-pdpg darit Ucnonb3oBaTb cyliecTylowmin chaiin p4d procgroup, He cosgaBas
HOBBbIlA

~tcppg garir Vcnonb3oBarthb cyulecTtByowmin daiin tcp procgroup

-pdssport nopr Wcnonb3osatb 6e3onacHblil cepeep p4 Ha ykasaHHOM ropTe A

3anycka nporpamm. Ecnu HomMep nopTa HyneBoii, ucrnonbayertcs
3HaYeHMe nepeMeHHON OKpyXeHWUst MPI P4SSPORT. [puMeHeHue
cepBepa MOXET YCKOpUTb 3aryck npouecca

Knioun ANAa NakeTHOro pexuuma

—-mvhome MNepeHecTu ucnonHaemslin cpaiin B gomaluHuil katanor. icnonbay-
eTca ¢ anlspx

-mvback ¢arer MepeHecTn ykasaHHble chaiinbl obpatHo B Tekywmia katanor. Ac-
Mosib3yeTcs TONIbKO C —mvhome, B MPOTUBHOM Cllyyae He BbIMOSIHA-
€T HUKaKuX aencteunii

-maxtime umcio MakcumanbHoe MpoLECCOPHOE BPEMs BbIMOJIHEHUS B MUHYTaXx.
B HacTosiLLiee BpeMs McnonbayeTcs ToNbKo ¢ anlspx. 3HayeHue no
yMos4aHuio paBHo 15 MuHytam

IMpunoxkenune, HanmucaHHoe B MPICH, MoskeT 3amyckaTbesl Ha BBITIONIHEHWE
¢ KJII0YaMU KOMAHIHOM CTPOKU. OTU KJIIOYM MPUBEAEHBI B Tab. 3.5.
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Ta6bnuya 3.5. Knioyun komaHgHo ctpoku 3arnycka MPI-niporpammbi

Kniou OnucaHune

-mpiqueue BeiBecTn  cocTosiHMe ouepepeli  cOOBLUEHMIA npu  Bbi3OBE
MPI_FINALIZE. MHdbopmaLums, nocTynawoLas oT pasHbiX NpoLecco-
pOB, MOXET CMELLNBATLCSA, 3TO HEe OYeHb YA06HO

-mpiversion BoiBecTtn Bepcuio peanmsauum

-mpinice umcio YBenuuutb 3HaYeHne OTHOCUTENbHOMO npuoputeta (nice number) Ha
YKa3aHHO€ 3HaYeHue

-mpedbg 3anyctutb B OKHe amynsitopa X-TepMuHana xterm otnaguuk, npu
BO3HUKHOBEHUM oWwMbkN. [aHHbIA kmioy paboTaeT, TONbKO €ecsiu
MPICH 6bin ckoHduUrypupoBaH ¢ Kimio4oM —mpedbg

—mpimem Ecnm MPICH 6bin ckoMnunmpoBaH ¢ Kio4yoM -DMPIR DEBUG MEM,
BCe onepauuy pasMeLLeHns 1 ocBobOXaeHUA NamsaT, BHYTPEeHHUe
ana MPICH, 6yayt npoBepatbCcsi Ha Hanuume owM6OK, CBA3AHHbIX
C HapyLLeH1eM BbigenaemMoln namaTu

-mpidb rmoun AkTuBupyet kimioun otnagku MPI (Ho He nornb3oBatesnbckux npo-
rpamm):

e mem— BKJIOUYUTb TPACCUPOBKY AMHAMUYECKON NamMATL A1 BHYT-
peHHux obbekToB MPI;

e memall — reHepupoBaTb BblBOA BCEX onepau,w7| pasmeLlleHus
n OCBOGO)Kﬂ,eHI/Iﬂ NaMATHU;

e ptr— BK/IOYUTb TPACCUPOBKY MpeobpasoBaHuii BHYTPEHHUX
ykasarteneii MPI;

e ref — TpaccMpoOBKa UCMOJNIb30BaHUA BHYTPEHHUX 06bekToB MPI;

e reffile ¢arur— 3anucbiBaTb TPACCUPOBKY BHYTPEHHUX OObek-
ToB MPI B dhaiin;

e trace — TpacCUpOBKa BbI3OBOB noanporpamMmm

Oco6eHHOCTM BbiNosiHeHus nporpamm MPICH
Ha SMP-knactepax

Ha kmacrepe, cocTosiieM H3 CUMMETPUYHBIX MHOTONPOLECCOPHBIX MAIIWH,
MMOJIb30BaTe/Ib MOXET 3aJaBaTh MAaKCHUMAaJIbHOE KOJMYECTBO IIPOIECCOB, 3aIlyC-
KaeMbIX Ha KaxjaoM yane. Jljist 3Toro ycrpoiictBo ch p4 n07XHO ObITh CKOH(PUrY-
PUPOBAHO C KJIIOUOM —comm=shared. Konum4yecTBo mpoieccoB ykaseiBaeTcs B (haii-
Jile co cmucKoM MammH (machines) IS KakIoro KOMITbIOTepa. DTO YKCIO He
JOJIKHO IIPEBbILIATH YUCIO MPOLEeccopoB Ha Kaxaom ysne. Mopmar daiina npo-
CTOI — B KaXIOM CTPOKE 3aIMCHIBAETCS CETEBOE MMS KOMIILIOTEPA, 34 KOTOPHIM

caenyeT pasaenautenb " (IBOETOUME) U KOJIUYECTBO MPOLECCOB (JIUCTUHT 3.5).
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' Muctunr 3.5. Mpumep dparina machines

f0l.ptc.spb.ru
£f02.ptc.spb.ru
f03.ptc.spb.ru
f04.ptc.spb.ru
fserver.ptc.spb.ru:2

B mpuMepe m3 mretHTA 3.5 B CMMUCOK BHECEHB UETHIPE OTHOMPOIIECCOPHBIX Ma-
mubbl (f01—102) u onna ayxmpolieccopHas (fserver). M3MeHUTb MaKCHUMAaJbHOE
YKUCJIO MPOLECCOB HA KAXIOM Y3JI€ MOXHO C IIOMOILBIO [IEPEMEHHOM OKPYKEHMsI
MPT MAX CLUSTER SIZE.

Oco6eHHOCTM BbiNosiHeHUA nporpamm MPI
Ha reTeporeHHbIX cucTemMax

I'ereporeHHble ceTy paboYMX CTAHLIMN COCTOSIT M3 KOMITLIOTEPOB C Pa3HOM apXu-
TEKTYpoil, paboTalolUX MOJ YMpPaBAeHUEM PA3JIUYHbBIX ONEPALMOHHBIX CHUCTEM.
B sToM ciyvae mpu 3amycke MporpaMMbl apXUTEKTYPbl 3a7al0Tcsl € MOMOIIbIO
KJIo4Ya —arch:

mpirun -arch LINUX -np 2 -arch LINUX ALPHA -np 2 program.3a

CrienmmanbHOEe UMS TIPOTPAMMBI program. %a TMO3BOJSAET OMPEAETUTh pasHble Me-
Ha MCIOMHSIEMBIX (ailoB, MOCKOAbKY B JAHHOU CHUTYallMH IIPOrpaMmMa, OTTPaHC-
JIUPOBaHHAs Ha Kommblotepe mof ynpasieHuemM OC LINUX, He noaxoauT s
BbIIIOJAHEHUsI, ckaxeM, Ha kommbloTepax SGI. Cyddukc sa 3ameHsieTcs HasBa-
HWEeM apXWTEKTYpbl, HapwuMep, program.sund. DaWIBI MOTYT TakXKe pacronia-
raTbCs B pa3sHBIX KaTajorax, HalpuMep:

mpirun -arch sun4 -np 3 —arch IRIX -np 2 /tmp/%a/program

ApPXUTEKTypa YKasbIBaeTcd Iepen KimodyoM -np. CHavama B KOMAHIHOM CTPOKeE
3amaeTcs TMIaBHASA IIporpaMma.

ITpu kaxkaoMm 3amycke mpirun co3faer BpeMeHHBbIN (aiin co cMcKOM MallluH.
[ns1 Hero Mcmosb3yloTcsl NaHHble U3 (aiina mamuH. BpemeHHoMmy aiiny aBTo-
Maruuyecku npucsauBaetrcss umsi PInnnn, roe nnnn sBasieTcs MaeHTUOUKATOPOM
npouecca. Eciau npu 3amycke mpirun ykasaTb KJIIOY -keep pg, MOXHO OyneT or-
peneuTh, IAe mpirun BbIIOTHSI IOCAETHME 3aTa4H.

BroT (daitm MOXHO CO3MaTh 3apaHee M yKa3aTh €ro B Ka4ecTBE apryMeHTa mpirun.
Hnst yerpoiictBa ch_p4:

mpirun -pd4pg pgfile myprog

Tle pgfile — UM aiina.
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Takoii ¢aitm MOXeT ObITh ITOJIE3€H, €CIM HeOOXOAUMO 3aIlyCTUTh pa3HbIe MCIION-
HseMble (hailJibl Ha pasHbIX KOMIMbIOTEPAX WJIM HYXHO 3allyCTUThb Iporpammy B
KJ1acTepe MyJIbTUIIPOLIECCOPOB € paslesieMOl MNaMsiTblo U Tpeldyercs ykasarb
YUC/IO IPOLECCOB HA Kaxaol MauiuHe. OH sIBAsSeTCS TEKCTOBBIM U COCTOMT M3
CTPOK BHIA:

<ceTeBOe MMS KOMIbIOTEpa> <KOJIUUYECTBO IIPOLECCOB> <MMS UCIIOIHAEMOTO daiia>
[<login>]

ITpumep:

f01 0 /home/sergei/myprog
f02 1 /home/andreevitch/myprog
£03 1 /home/nemnugin/myprog

3mech ompeneneHbl TPU Ipollecca, MO OTHOMY Ha KaXIylo pabovyio CTaHIIMIO,
MpuyeM UMeHa JOMALIHUX KaTaJoTOB IOJIb30BaTelsI MOTYT pasandarbes. HymeBoe
3HAYEHUE B MEPBOI CTPOKE O3HAYAET, YTO HA JAHHOM IIPOLIECCOPE IOJIb30BATENEM
C TIOMOIIBI0 KOMaHIHOM CTPOKHM MOXET OBITh 3aITyIlleH TOJbKO OIWH TIpoliece.

IIpu pabote ¢ ycrpoiictBamu ch _p4, ch_mpl u globus2 MoXHO 3amycKarb pasHble
ucrnojHsemble dailabl. Takoil CTUIb NPOrpaMMHUPOBAHUSI, KaK Mbl YX€ 3HAEM,
HasbiBaloT MPMD.

OTtnapka

C moMomuiblo nmporpaMM clogxxx MOXHO coOpaTh TaHHBIE 0 paboTe MPOoTrpaMMBl 1
MIPOCMOTPETb UX C MOMOIIbIO YTUIUT BU3yaauzauuu jumpshot. 3amyck mporpam-
MBI JUISl TPOCMOTpPa TMPOTOKOJOB COOBITHI BBIMOJTHSIETCSI KOMaHAHBIM ¢aiiioMm
logviewer, KoOTopbIii pacmojaraeTcss B momkarajore /usr/local/mpich/bin. s
pasauMyHblX peanusdanuii MP1 uMmelorcs cpeiacTBa OTianKu, CO3NaHHBIE HE3aBH-
CUMBIMU pa3paboTyukaMu, ux o030p OyIET NaH B npuiosceHuu |.

Bonpocbl u 3agaHua ana camocTofATesNbHol paboTbl
1. Cdopmynupyiite xapakTepHble 0COOEHHOCTU MOJE/M TepeIauu COOOIIeHUIA.
2. [aiite xapaktepuctuky mmakery MPICH. Onuinnre ero Bo3MOXHOCTH M OTPaHUYCHUS.

3. VY6enurtech, 4TO Ha BalieM KoMmbloTepe ycraHosjeH naketr MPICH, ecau Her, ycra-
HOBWTE.

4. TlozHakombTech ¢ "BHYTpeHHUM YycTpoiictBoMm" daiiioB mpicc, mpif90 u mpirun (mist
9TOro noTpedyeTcsi 3HAaHME KOMAH/HOIO si3blKa MHTepIIpeTaTopoB bash u csh).

5. HabGepute, otkoMmnuaupyiite npocreiiuyto nporpammy MPI (cm. nucrunru 3.2 n 3.3)
U nonpoOyiiTe ee 3alyCTUTb Ha pa3HOM uucie npoueccopoB. Caenaiite 5To 1Sl Mpo-
rpamMMm Ha si3pikax C u FORTRAN.

6. HaGepute, OTKOMIWIMPYWTe M 3aIllyCTUTE I[POrPaMMy, KOTOpPasi BbIBOOAUT Ha 3KPaH
npuserctsue "Hi, Parallel Programmer!”, eciiu paHr npoiiecca paBeH HyJo.
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O6meH gaHHbiMu B MPI

B 21ase 3 MBI TIO3HAKOMWJINCH ¢ TeM, KaK yCTpoeHa MpocTelImas MmporpaMma,
HanMcaHHas ¢ ucnojb3oBaHueM OudOauoreku MPICH. Hawa nepas MPI-
IporpaMma, CTpOTO TOBOpA, ellle He SIBiIsgeTcsd napauieabHoil. Yurarensb yxxe 3Ha-
eT, uTo "Hacrosuiasa’ MmapauienbHas MporpaMma BO BpPEMsl BBIIOJHEHUS Ipe.-
cTaBisgeT coOOi MHOXECTBO IMpoleccoB (o KpaiiHeil mepe, ABa), B KAXIOM M3
KOTOPBIX pelraeTrcs CBOS Toa3amava. DTH ToA3agadyld CBA3AHBI MEXIy coOO0i 00-
MEHOM AAaHHBIMU — IIPOMEXYTOUYHBIMH M KOHEUHBIMM PE3YJbTATaMU PaOOTHL.
Hama MPI-nporpaMma moka ymeeT TOJAbKO "HPOU3HOCUTL" MPUBETCTBUE (Bbl-
TOJTHSIET BBIBOJL Ha TEepMUHAJ), MOXET Y3HaTb cBoe "UMS" (paHT Tpollecca).
[lpuino BpeMsi MO3HAKOMHMTbCI CO CpPEeAcTBaMU OOMeHa MAaHHBIMM, KOTOpbIE
umerorcss B MPICH, 1 Hanucarbh mepBble OeHCTBUTENIbHO HapallielbHble TIPo-
rpaMMBI.

B 37Ol TIIaBe MBI MMO3HAKOMWMCST ¢ OCHOBHBEIMHW THTIaMU oOMeHa — dgyxmouey-
HOIM U KOAAeKMUGHBbIM. PACCMOTPUM OCOOEHHOCTH PAa3IMYIHBIX PEKUMOB OOMEHa,
paszbepeM MpaBUIa KUCIIONb30BAHUS OCHOBHBIX MOAMNPOIrpaMM Iepesadynd U mprueMa
coobleHunii. Bo BTOpoil yacTu TJ1aBbl Mbl HaydyuMMCsl CO3/aBaTh pasjinyHble "co-
o0IIIecTBa" TIPOIIECCOB — TPYIIIHI, KOTOPHIE TTO3BOJMSIIOT BHIACIUTD YacTh 00JacTh
B3aUMOJEHCTBUS [ BBIIOJHEHUSI OOMEHOB, OIPAHMYEHHBLIX ITOH IPYIINOM.
B 3akimoueHne MpUBOAATCA 3adaHUs UTSI CaMOCTOSITENTBHONW paboThl. MBI HacTOS-
TEJIbHO PEKOMEHIYeM YUTATETI0 BBLITOTHSITH STU 3adaHUs, TOCKOJNBKY CaMBIM
JydiidM  "yuyuTelieM” HapallIeibHOIO TPOTpaMMUPOBAHUST SIBASETCS TIpaKTUKa,
KOTOpas MO3BOJIAET MPUBBIKHYTh K HOBOM M, BO3MOXHO, HEIPUBBIYHON MOAEIN
MTPOTPAMMHPOBAHMSI.

[ByXxTOUYEeUHbIN O6MEH coobLLeHnaMN

JByXTOUEYHBI# OOMEH, ¢ TOYKU 3PEHUS IPOrpaMMMCTA, BBITIOJHSIETCS CIEeIYIO-
UM oopazoM (puc. 4.1); 17151 NepechlIKM COOOIIeHUST MPOLECC-UCTOYHUK BbI3bI-
BaeT IOANpOrpaMMy Tepeaadn, MpU OOpalleHWH K KOTOPOH YKa3bIBAETCS PAaHT
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TTpollecca-TronyuaTesis (agpecara) B COOTBETCTBYIOIIEH 0OOJaCTH B3aWMOAECTBUS.
[ocneausisi 3amaercsi CBOMM KOMMYHUKATOPOM, OOBIYHO 3TO MPI_COMM WORLD.
Iporiecc-monyyarenb, AT TOTO YTOOBI MOJTYYUTH HAIIpaBIeHHOE €My COODIIEHME,
JOJDKeH BBI3BATH MOAIIPOTpaMMYy MpHUEMa, YKa3aB MpH 3TOM PaHT MCTOYHHUKA.

MPOLIECC- MPOLIECC-
MCTOYHVIK MPUEMHMK
COOBILEHMA NOMIEIALS S eIl COOBILEHMSA

Puc. 4.1. [IByxTOo4e4HbIi 0bmeH

HamomuuMm, uto Bo Beex peanusanusx MPI, B Tom uncie u 8 MPICH, rapanTu-
pyeTcs BbIMOJHEHME HEKOTOPBIX CBOMCTB ABYXTOYEYHOro oOMeHa. OQHUM M3 HUX
SIBJISIETCS COXPAHEHME I1OPs/IKA COOOLIEHUIN, KOTOPbIE MPU JABYXTOYEYHOM OOMeE-
He He MOryT "oOroHsiTe" Apyr Apyra. Ecinu, Hampumep, npoliecc ¢ paHrom 0 me-
penaer mnpolieccy ¢ paHrom 1 aBa coobieHusi: A u B, npouecc 1 moayyuT cHava-
Jla coobuieHue A, a 3areMm B. JIpyroe BaxHeiilee CBOWCTBO — rapaHTUPOBaHHOE
BbINTOJIHEHWEe oOMeHa. Eciin oAauH mpolecc mochkulaeT cooOlleHUue, a APYro —
3aIpoc Ha ero mpuem, To Jubo mepegada, Jubo mpuem OyAyT CUMTATHCS BbIIOJI-
HeHHbIMU. [1pu 5TOM BO3MOXHbI TpU CLeHapus oOMeHa:

O BTOpOIl mpoliecc Moy4aeT OT MePBOro aApecoOBaHHOE €My COODIIEHHUE;

3 ornpaBiaeHHOE COOOIIeHNEe MOXET OBITh MOJIYYeHO TPETHUM ITPOIIECCOM, TP
3TOM (DaKTMUYECKU BBINOAHEHA OyAeT Iepemavya cOOOILUEHUSI, 3 HE ero MmpueM
(coollLIeHre TIPOIIIO MUMO anpecara);

O BTOpOI IpolEece MoayyaeT COoOIIEHNE OT TPETHETo, TOrAA Mepeaada He MOKET
CUUTATHLCS BBIMOJIHEHHOM, IOTOMY 4TO aApecaTr MOJy4yu He TO "MHUChMO".
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B mByxToueuHOM OOMeHe cllefiyeT cOOMIONATh MPABWIO COOTBETCTBUS THUTIOB Tie-
penaBaeMbIX U TIPUHUMAEMBIX NAHHBIX. DTO 3aTPyAHSIET OOMEH COOOIIEHWSIMU
MeXIy IIporpaMMaMM, HAITMCAHHBIMUA HA Pa3HBIX SI3BIKAX IMPOrpaMMUPOBAHUS.

B mpembimyineil TmaBe YMOMHWHAIOCh O TOM, UTO €CTh YEThIpe Pa3sHOBUIHOCTH
JIBYXTOYEUYHOTO OOMEHA: CMHXPOHHBIN, aCMHXPOHHBINA, OJOKUPYIOIINM 1 HebIo-
kupytouuit. B MPI uMmeloTcsl Takke uyeTblpe pexkuma obmeHa, pasiauyaroiiuecs
YCJOBUSIMU MHULMAIM3AUMU U 3aBEPUIEHUS TTepeaadnd COOOILeHUS :

a cmaH()apmHaﬂ nepe@alm CUMTAETCS BBITIOJTHEHHOU U 3aBEpLIACTCA, KaK TOJIbKO
coob1IeHne OTIIPABJICHO, HE3aBUCUMO OT TOro, JOLIJIO OHO OO aapecara NIN
HeT. B CTAaHJAPTHOM PEXKHNME Iepeaadya COOOIIEHUS MOXET Ha4YnHATLCA, JAXKE
€CJIN €lie HC HAa4yaT €ro IpueMm,

O cunxponnas nepedaua OTIMYAETCS OT CTAHIAPTHON TeM, YTO OHA He 3aBeplla-
eTcsl 10 TexX IMOp, MoKa He OyaeT 3aBeplleH mpueM coobuieHust. Aapecar, Io-
JIYYUB COOOILEHUE, IOChUIAET IIPOLIECCY, OTIPABUBLIEMY €rO, YBEAOMJICHUE,
KOTOPO€ JIOJKHO ObITh [OJYYEHO OTIPABUTENEM /IS TOrO, YTOObL OOMEH CUM-
Tajicsl BBINOAHEHHBIM. Omepaliuio mepeiadyd yBeJOMJIEHMS WHOIJA HAa3bIBAIOT
"pyKonoxaruem";

O oOygepusosannan nepedaua 3aBeplIACTCS Cpa3y Xe, COOOLICHUE KOIUPYeTCs
B CUCTEMHBI Oydep, I[1e U OXUAAET CBOSH ouepenu Ha IMepechbUiKy. 3aBeplia-
eTcsa OydepuszoBaHHAsA Tepeaadya He3aBUCHMO OT TOTO, BBIMTONHEH IPHEM CO-
OOIIeHNUs WIN HET;

O nepedaua "no eomoeHocmu” HAUMHASTCSl TOJBKO B TOM Ciydae, Koria aapecar
VHUIAATU3UPOBAT TTPUEM COOOIIEHMS, a 3aBepllaeTcs cpasy, He3aBUCHMO OT
TOTO, MPUHATO COOOIICHNE WA HET.

Kaxnplil U3 5TUX YEThIPEeX PeXMMOB MMEETCsl KaK B OJOKUpYIOLIEH, TaK U B He-
Ookupyoleit hopmax.

B MPI npuHSaThL cieayooiiyde comalleHus: 00 MMeHaX NOANPOrpaMM ABYXTOY€Y-
HOro obMmeHa:

MPI [I][R, S, BlSend

snech mpedpuke [1] (Immediate) obo3HavaeT HeOIOKUpYOIINH peskxuM. OIUH U3
mpedrKcoB [R, S, B] 0003HAYAeT peKMM OOMeHa, COOTBETCTBEHHO: TIO TOTOBHO-
CTU, CUHXPOHHKI 1 OydepusoBaHHbIA. OTCyTcTBUE IpeduKkca obo3HAYaeT IO~
nporpaMmMmy craHaapTHoro oomeHa. Takum oOpazom, UMEETCs § pasHOBUAHOCTEH
omnepaluu nepeaadn cooolleHui.

s noamporpaMm mpuema:

MPI [I]Recv

T. €. Bcero 2 pasHoBugHocTu mpuema. [loamporpamMma MPI Irsend, Hampumep,
BBITIOTHSIET Mepeaayy "o TOTOBHOCTU" B HEOJIOKUPYIOIIEM peXuMe, MPT Bsend —
Oydepr30BaHHYIO Nepeaady ¢ OJIOKUPOBKOM, @ MPI Recv BBIIOJNHSET OJIOKUPYIO-
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Wi TTIpUeM COOBIIeHNit. 3aMeTuM, 4TO TIOATpoTpaMMa TIpHeMa Jo0oro THTIA
MOXeET MPUHSITH COOOLIEHHS OT JTI000M MOAIPOrpaMMBbI TTepeIavn.

Bnokupyiowme onepayum o6meHa

Brokupywoiive omnepalini MPUOCTAHABINBAIOT BHITTOJIHEHWE BBI3BIBAIOIIETO TIPO-
1ecca, 3acTaBiisisl MPOLIeCC OXUIATh 3aBepllieHUs epeaaun JaHHBIX. biiokupoBka
rapaHTUPYeT BbIIOJHEHUE NSHCTBUI B 3afaHHOM IOPSAKE, HO U CO3IAeT YCIOBUS
JUlsl BO3BHUKHOBEHMS TYNUKOBBIX CHUTyallMii, Korma oba mpolecca-ydyacTHUKA 00-
MeHa "TouKa-Touka" OJOKUPYIOTCSI OMHOBPEMEHHO.

CraHpapTHbIit o06MeH

Coo01IeHre, OTIPaBIeHHOE B CTAHZAPTHOM PEXUMeE, MOXET B TeUeHUE HEKOTO-
poro BpeMeHU "TyIsITh" 10 KOMMYHMKALIMOHHOMU CETHU MNapajie/ibHOIO KOMIIbIO-
Tepa, yBeJMUuBasi TeM caMbiM ee 3arpy3ky. B MPI-nporpammax pekomeHayeTcs
co0JTI0MaTh clemyolnnie paBuia;

O OGaokupyoluye onepaury obMeHa cleayeT HCMNOAb30BaTh OCTOPOXHO, IIO-
CKOJIBKY B 3TOM CJIydae BO3pacTaeT BEPOSITHOCTh TYITMKOBBIX CUTYAIIWIL;

O ecau Aasa OpaBUIbHOI paboThl Ipoliecca MMEeT 3HAYeHUe MOCIel0BaTesb-
HOCTb TIpHeMa COOOIIeHNI, HICTOYHNK JTOJIKEeH TepefaBaTb HOBOE COOOIIeHNIE,
TOJNIBKO YOEIMBIINCH, YTO TIPEABIAyINee yKe TPUHATO. B MpOTHBHOM cirydae
MOXET HAPYILIUThCS AETEPMUHU3M BBITIOTHEHUS TIPOTPAMMBI;

O cooluieHusT AOKHBI TAPAHTUPOBAHHO M C JOCTAaTOYHO OOJIBIION YacTOTOM
NPUHUMATbLCH MPOLIECCAMU, KOTOPBIM OHUM IIOCbUIAIOTCS, MHAYEC KOMMYHMKA-
LIMOHHAS CETh MOXET MEPEIOJHUTbCI, YTO MPUBEIET K PE3KOMY MAJECHUIO
CKOpocTH ee paboThl. DTO, B CBOIO O4Yepelb, CHU3UT IIPOMU3BOAUTEIBHOCTH
BCE€H CUCTEMBI.

OCHOBHbIMU MOAIPOrpaMMaMK JIBYXTOUEYHOI0 oOMeHa COOOILEHUSIMU SIBJSIOTCS
MPI Send W MPI Recv. MPI Send — 3TO MOANpPOrpaMMa CTaHIAPTHON OIOKUPYIO-
meit mepemayn. OHa OJOKMpPYeT BHIMOMHEHHUE Ipollecca O 3aBepIIeHUsT Iepenaa-
Yy coolLIeHUs (YTO, OAHAKO, HE FApaHTUPYET 3aBEPILUEHMS €ro IMpUeMa):

int MPI Send(void *buf, int count, MPI Datatype datatype, int dest,
int tag, MPI Comm comm)

MPI SEND (BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERR)

3mechk M manee B MEPBOI CTPOKE MPUBOMUTCSA MPOTOTHN (GYHKUIMK I fA3blka C,
a Bo BTopoii — 3arosioBok npoueaypbl st sdblka FORTRAN. BxoaHbie napa-
METPHI TIOATPOTPAMMBI MPT Send:

O puf — ampec MepBOTO 3JeMeHTa B Oydepe Tiepenadn;
O count — KOJTMYECTBO 3IEMEHTOB B Oydepe Mepenayn;

O datatype — tun MPI xaxmoro nmepecbuiaeMoro 3yieMeHTa;



ObmeH gaHHbiMu B MPI 135

O dest — paHT TIpollecca-Toaydareas cooblleHnsa. PaHT 31echk — IIeJ10€e YNCIo
or 0 1o n — 1, TAe n — YKUCIIO TIPOLECCOB B 00JACTH B3aUMOAEHCTBUS;

O tag — Ter cooOlIeHNS;
O comm — KOMMYHUKATOD;
O ierr — KOJ 3aBEepLICHUSI.

IMTo ymMomyaHuio peakiMeil cucTeMbl Ha BOSHUKHOBEHUE OIIMOKK BO BpeMSI BbI-
MTOJTHEHUSI TIPOTPaMMBEI SIBJISIETCSl €€ OCTAHOB, OJHAKO PEaKIINI0 MOXHO M3MEHHTD
C TIOMOIIIBIO BBI30BA MOAMPOTPAMMEBI MPT Errhandler set. CleayeT MMeTh B BUAY,
onHako, yTo MPI He rapaHTupyeT HOPMajJbHOTO MPOMOJKEHUS] PaboThl MPO-
rpaMMbl Mocjie BO3HUKHOBEHUS OLIMOKH.

Kpome ommbok, ymoMuHABIIMXCS B e1a6ée 3, TIPU BBI30OBE IOAMPOTrpaMM oOMeHa
MOTYT OBITh U TaKHE:

0 MPI ERR COMM — HENpPaBWJIBHO YKa3aH KOMMYHUKarop. YacTo Bo3HMKaeT Mpu
HCIIOIB30BaHMU "ITyCTOTO" KOMMYHUKATOPA,

0 MPT_ERR COUNT — HeTpaBWJIbHOE 3HaYeHWe apTyMeHTa count (KOJWYECTBO Tie-
pechUTaeMbIX 3HAYCHMIA);

a MPI ERR TYPE — HEMPABUWJIBHOE 3HAYEHUE apTryMEeHTa, 3aJIal0IIEro TUIT TaHHBIX;
a MPI ERR TAG — HEMPABWJIBHO YKa3aH Ter COO6H_[€HI/IH;

0 MPI ERR RANK — HEMpPAaBUJIBHO YKa3aH PAHT MCTOYHWUKA WIN afpecara cood-
LIEHUST;

0 MPI ERR ARG — HEMPaBWIbHBIA apPryMeHT, OIMOOYHOE 3aJaHue KOTOPOrO He
rornagaeT HA B OMWH KJIacc OIIMOOK;

a MPTI ERR REQUEST — HeraBI/IHBHBIﬁ 34aITpocC Ha BBITTOJIHEHUE OTNEpalnn.

CrangapTHas 6J0oKMpYIOLIas Mepeaadya HaYMHASTCsl He3aBUCUMO OT TOro, ObLI JIK
3aperucTpUpOBaH COOTBETCTBYIOILMI IPUEM, 4 3aBEPLIAETCS TOJBKO IIOC]Ee TOrO,
KaK COOOLUEHUE MPUHATO CUCTEMON U IPOLECC-UCTOUHUK MOXKET BHOBb UCIIOJb-
3oBath Oydep nepegaun. CoolblieHne MOXET OBITh CKOIMMPOBAHO IIPSIMO B Oydep
mpueMa, a MOXeT OBbITh ITOMEIIEHO BO BPEMEHHBI CUCTeMHbIN Oydep, rae u Oy-
JEeT NOXWUIAThCS BbI30Ba aapecaToM MoAnporpaMMbsl npueMa. B aTom ciydae ro-
BOpST o Oydepusaumnu cooduieHusi. OHa TpeOyeT BbIMOJIHEHUS TOMOJTHUTETbHbBIX
olepauuili KONUMpoBaHUS M3 MAaMSITU B 1aM$ITb, & TAKXKE BbLIEAEHUS NaAMITU JU1s1
npomexyrouyHoro oydepa. B crangaprHom pexume MPI camocTositeabHo pelia-
eT, Hamo i OydepuszoBaTh ucxomduiMe coobuieHus. Ilepemaua MoxeT 3aBep-
LIMTBCS €1lle M0 BbI30Bad COOTBETCTBYIOLIEH omepauuu mnpuema. C apyroii cropo-
Hbl, Oydep Moxer ObITh HemocTyrieH wiu MPI Moxer peuiuTbh He GydepusoBarb
VCXOMSIIINE COOOIIEHNST TIO0 COOOpPaKeHMSAM COXPAHEHUsSI BBICOKOI TPOM3BOIM-
TelbHOCTU. B aTOM ciyyae nepegaya 3aBeplLIMTCS TOJbKO TOCAE TOro, Kak Oyjaer
3apETHCTPUPOBAH COOTBETCTBYIOIINI TMpHUEeM M IaHHBbIE OymyT TepemaHbl aape-
cary.
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CraHgapTHBIN OJOKWPYIOIINI TTPUeM BEITIOMHSIETCS TOATPOTpaMMOii:

int MPI Recv(void *buf, int count, MPI Datatype datatype, int source,
int tag, MPI_Comm comm, MPI_Status *status)

MPI_RECV (BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, STATUS, IERR)

Ee BxomHBIe TapaMeTphI:

O count — MaKCHMalbHOE KOIWYECTBO 3JIeMeHTOB B Oydepe mpuema. Dak-
THUYCCKOC HUX KOJIHMYECTBO MOXKHO ONPCACIMTbL C IIOMOILUbIO IIOAIIPOIPaMMbl
MPI Get count;

O datatype — TUII NPUHUMAEMbIX HAaHHBLIX. HarmoMHUM O HEOOXOOUMOCTH CO-
OJMIIOIeHUsI COOTBETCTBUS THUIIOB apryMEHTOB IOJIPOrpaMM IpHeMa W Iepe-
Ja4in;

O source — paHr UCTOYHMKA. MOXHO MCIOJNb30BaTh CIEMATbHOE 3HAUeHUe
MPI ANY SOURCE, COOTBETCTBYIOIIEe MPOM3BOIBHOMY 3HAueHWIo paHra. B mpo-
rpaMMUPOBAHUN MJAEHTU(DUKATOP, OTBEYAIOIIMI TMPOW3BOJIbHOMY 3HAUYEHUIO
rnapaMerpa, 4acTo HasbIBalOT "IKOKepoM'". DTOT TepMUH OyAeM MCIOJb30BaTh
U MBI,

O tag — Ter coolleHusT Uau "MKOKep" MPT ANY TAG, COOTBETCTBYIOIIUI MPOU3-
BOJILHOMY 3HAYEHHIO Tera;

O comm — kKoMMyHHUKaTop. [Tpy yKazaHWU KOMMYHUKaTopa "IKOKephl' UCMOb-
30BaTh HEJb3Sl.

Cnenyer uMeTb B BUIY, UYTO [PU MCIOAb30BAHUM 3HAUYEHUIl MPI ANY SOURCE
(710601t MCTOYHNK) W MPT_ANY TAG (JIIOOOIi TET) ecTh OMACHOCTh TIPHeMa coobIIe-
HUS, HE NPEAHA3HAYEHHOrO JAHHOMY IPOLECCY.

BreixogHbiMu mapaMeTpaMu ABJIAIOTCA:

O buf — HavyanbHbIA agpec Oydepa mpuema. Ero pasmep moikeH OBITH DOCTa-
TOYHBIM, YTOOBl Pa3MeCTUTb MPUHUMAEMOE COOOlIeHHE, UHA4Ye MPU BbIMOJ-
HEHUU MpueMa Mpousoiier cboit — BO3HUKHET OLIKMOKA MeperoTHeHus;

O status — craryc obmeHa.

Ecnu coobuieHue MeHblie, yeM Oydep mpuemMa, U3MEHSIETCSl COASPKUMMOE JIUIIb
TeX siueeK mamsith Oydepa, KOTOpble OTHOCHTCS K coobuieHuio. MHdopmaius
O JUIMHE IIPUHSITOIO COOOILEHUS COIEPXKMUTCS B OJHOM U3 IIOJIeil craryca, HO
K 9TOi MHGoOpMalUK y MPOrpaMMMCTa HET MPSIMOro AocTyna (KakK K MOJI0 CTPYK-
TYpbl WM DJEMEHTY MaccuBa). PazMep mosyyeHHOro cooOlieHus (count) MOXHO
OIIPEIEIIUTDL C IIOMOILIBIO BBI30BA MTOAIIPOTPAMMBL MPT Get count:

int MPT Get count (MPTI Status *status, MPI Datatype datatype, int *count)
MPI GET COUNT (STATUS, DATATYPE, COUNT, IERR)

APTYMEHT datatype JIOJDKEH COOTBETCTBOBATH TUIY JAHHBIX, YKA3aHHOMY B OIle-
paiuu oOMeHa.
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IMonnporpamMma MPT Recv MOXET MPUHWMATH COOOIIEHMSI, OTIPABICHHbBIE B JTO-
oom pexume. MMeeTcst HEKOTOpasi aCUMMETPHMsSL MEXIy ollepalysiMu IIpyeMa u
mepenaur. OHA COCTOUT B TOM, YTO MPHEM MOXET BBIOJTHATHCA OT TPOM3BONIb-
HOIO Ipoliecca, a B olNepaludy Mepeaadd MoJKeH ObIThb yKa3aH BIIOJHE ompeie-
JIeHHblid agpec. [lpUeMHMK MOXET KMCIOJNb30BaTh "MXKOKEpbl' JJIsi UCTOYHUKA U
s Tera. IIpolecc MoOXeT OTIIPABUTH COOOILIEHWE M caMoMy cebe, HO clemyeT
YUMTBIBATb, YTO B BTOM Cilydae OJIOKMPYIOLIUE Olepaluy MOLYT IPUBECTU K "Ty-
nuKy".

[lporpamma, B KOTOPO#l MCIIONB3YETCSl [BYXTOUEYHbI OOMEH, CXeMaTUYeCKU
npeiacrasieHa Ha puc. 4.2. Ilepea 3aBepliueHMeM IPOrpaMMbl U BbUIOJIHEHHEM
MPI Finalize CJIEAyeT YOSIUTLCS, UTO TIPUHATHI Bce COOOLISHUS, OTMPABICHHbBIE
paHee.

Mpouecc 0 Mpouecc 1
MPI_Init(); MPI_Init();
MPI_Send(dest=1 );—» MPI_Recv(source=0);
MPI_Finalize(); MPI_Finalize();

Puc. 4.2. Cxema npocreiiiel NnporpaMmbl ¢ ABYXTOHEYHLIM OOMEHOM

Ecnau Bo BTOpOM Tipollecce He TIPEeNyCMOTPEH TMPHUeM OTIPaBISHHOTO eMy CO00-
LEHUs, IPOrpaMMy ClieyeT CUUTaTh oludouHoi (puc. 4.3).

Mpouecc 0 Mpouecc 1
MPI_Init(); MPI_Init();
MPI_Send(dest=1); =——Jp 7
MPI_Finalize(); MPI_Finalize();

Puc. 4.3. Cxema olnBGOYHOM NPOrpamMmbl € ABYXTOYEYHLIM OBMEHOM

IIpumep aByxTOUeuHOro oOMeHa mpuBedeH B JucTtuHre 4.1. D10 mporpamma
B Ayxe 3HaMeHuToll mporpammbl "Hello, world!" — npumepa us kiaaccuueckoi
kaurn b. Kepaurana u 0. Putun "The C Programming Language". 3mech uc-
noje3yercss SPMD-Monenb mporpaMMUpPOBAHUSI.

' NucTuHr 4.1. Mpumep 1 ncnonb3oBaHMA CTaHAAPTHOIO GNOKMUPYHOLWEro O6GMeHa

#include "mpi.h"
#include <stdio.h>
int main (int argc,char *argvl])
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{

int myid, numprocs;
char message[24];
int myrank;
MPI Status status;
int TAG = O;
MPI_TInit (&argc, &argv);
MPI Comm rank (MPI COMM WORLD, é&myrank);
if (myrank == 0)
{

strcpy (message, "Hi, Parallel Programmer!");
MPT Send (&message, 25, MPI CHAR, 1, TAG, MPTI COMM WORLD) ;
}

else
{

MPI Recv (&message, 25, MPI CHAR, O, TAG, MPI COMM WORLD, &status);
printf ("received: %s\n", message);
}

MPI Finalize();
return O;

}

B marmom mipuMepe mipoliece ¢ paHroM () TiepemaeT coolIeHne Tpolleccy ¢ paH-
roM 1, ucmonb3ysl Wi 3TOrO MOANpPOrpammy MPI Send. Ilpu BBITONHEHUU 3TOR
omepaluu B MaMsITU Ipoliecca-oTIpaBuTesisl BblaeasieTcs Oydep nepemauu, KOTo-
pblii COAEPXKUT MepPEeMEHHYI0 message. B Oydepe comepxkarcs 24 cumBona. Ilpo-
ecc ¢ paHroM | NpUHUMAET COOOUIEHUE C MOMOILIBI0 MOANPOrpaMMbl MPI Recv.
CoobuieHue coxpausiercss B Oydepe mpuema. IlepBbie Tpu apryMeHTa IOAIPO-
rpaMMbl TIpUeMa OIpeaesslloT MojoXeHue, pasMep U Tum Oydepa npuema. Pe-
3yJIbTAT BBIMIOJHEHMSI DTOW MPOTrpamMMblL:

# mpirun -np 2 a.out
received: Hi, Parallel Programmer!

B mepBoii cTpoke MpuBeAeHA KOMaHAHAs CTPOKA 3aITycka IIpOrpamMMBbl. 31ech
U panee OyaeM mojaraTb, YTO MMsl MCIONHsIeMoro daiiaa — a.out.

INpumep TporpaMMBl, B KOTOPOM COOOIICHUSIMHU OOMEHHMBAIOTCS TPOIECCHl C
YETHbIMU M HEYETHbIMU paHramu, gaH B auctuHre 4.2. Ilpenmnonaraercs, 4To
3HAYEHHUE size YETHO.

#include "mpi.h"
#include <stdio.h>
int main(int argc,char *argvl])



ObmeH gaHHbiMu B MPI 139

{
int myrank, size, message;
int TAG = 0;
MPI Status status;
MPI Init (&argc, &argv);
MPI Comm rank (MPI COMM WORLD, &myrank) ;
MPI Comm size(MPI COMM WORLD, &size);
message = myrank;
if ((myrank % 2) == 0)
{
if ((myrank + 1) != size)
MPI Send (&message, 1, MPI INT, myrank + 1, TAG, MPI COMM WORLD) ;
}
else
{
if (myrank != 0)
MPI Recv (&message, 1, MPI INT, myrank — 1, TAG, MPI COMM WORLD,
&status) ;
printf ("received :%i\n", message);
}
MPI Finalize();
return O;

}

PesynbraT BBIMOTHEHWST 5TOM MpOTpaMMBl B ciydae 3amycka 10 ImpolieccoB BBI-
TISTIUT TakK:

# mpirun —np 10 a.out
received :0

received
received
received

Q0 > o N

received

IMopsimok BBIBoAA COOOIIEHUN MOXET OBITH OPYTMM, OH MEHSETCS OT ciydast
K cIydalo.

Ecnmu cranmaprHas mepemadya He MOXeT OBITh BBHITIOJHEHA M3-3a HEZOCTATOYHOTO
obwpeMa TIprueMHoro Oydepa, ocyllecTBIeH!e Mmpolecca OJIOKUPYETCs 0 TeX Top,
noka He Oyner nocryneH Oydep mocrarouyHoro pasmepa. MHorma sTo MOXET oka-
3arbesd yaoOHbIM. Ilpusenem mpumep. [lycTb MCTOYHMK LUMKIMYECKU IIOCBLIAET
HOBbIE 3HAYEHHUs aapecaTy M IyCTb OHM BbIpabaThiBAIOTCS ObICTpee, YeM IOTpe-
OuTeabp MOXeT MX IpuHAThb. Ilpu Mcrmonb3oBaHuu Oydepr3oBaHHON mepeaayu
MOXeT MPOU30HTU NepenonHeHue Oydepa npuema. st Toro 4ytoObl ero u3oe-
KaTh, B IPOrpamMMmy MNPMAETCS BKIIOYUTb JOMNOJTHUTENbHYI0 CHMHXPOHHU3ALMIO, a



140 Maea 4

MTPU MCIIOJIb30BAHUM CTAHIAPTHONW TIepelayld TaKas CUHXPOHU3AIINS BBITIONHSET-
csl aBToMaTu4ecku. MHorga HemocTaTouHBIl pasMep Oydepa MOXET MPUBECTU K
TYIUKOBOI CUTyallMid. DTO WLIIOCTPUPYETCs MpUMepaMu, IpUBEAEHHBIMU B JIAC-
TiHTax 4.3 1 4.4.

NMuctur 4.3. NMpumep ycTonuymBo paboTatoler NnporpaMmmbl

PROGRAM MAIN MPI

INCLUDE 'mpif.h'

INTEGER RANK, TAG, CNT, IERR, STATUS(MPI_STATUS_SIZE)

REAL SNDBUF1, SNDBUF2, RCVBUF

CNT = 1

TAG = 0

CALL MPI_INIT(IERR)

CALL MPI COMM RANK (MPI COMM WORLD, RANK, IERR)

IF (RANK.EQ.0O) THEN
SNDBUF1 = 3.14159

CALL MPI SEND (SNDBUF1l, CNT, MPI REAL, 1, TAG, MPI COMM WORLD, IERR)
PRINT *, "Process ", RANK, " send ", SNDBUFL

CALL MPI RECV(RCVBUF, CNT, MPI REAL, 1, TAG, MPI COMM WORLD, STATUS, IERR)
PRINT *, "Process ", RANK, " received ", RCVBUF

ELSE

CALL MPI RECV(RCVBUF, CNT, MPI REAL, O, TAG, MPI COMM WORLD, STATUS, IERR)
PRINT *, "Process ", RANK, " received ", RCVBUF

SNDBUF2 = 2.71828

CALL MPI SEND (SNDBUF2, CNT, MPI REAL, 0, TAG, MPI_COMM WORLD, IERR)

PRINT *, "Process ", RANK, " send ", SNDBUF2
END IF
CALL MPI_FINALIZE(IERR)
STOP
END

BeiBog aTOI TIpOrpaMMBI TPUBOAUTCS HIXKE:

# mpirun -np 2 a.out
Process 1 received 3.14159012
Process 1 send 2.71828008
Process 0 send 3.14159012

0

Process received 2.71828008

NMuctutr 4.4. NMpumep nporpammbl, nonagatowen B "rynuk"

PROGRAM MAIN MPT
INCLUDE 'mpif.h'
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INTEGER RANK, TAG, CNT, TERR, STATUS (MPI_ STATUS STZE)
REAL SNDBUF, RCVBUF

TAG = 0
SNDBUF = 3.14159
CNT = 1

CALL MPI INIT (IERR)
CALL MPI COMM RANK (MPI COMM WORLD, RANK, IERR)
IF (RANK.EQ.0) THEN
CALL MPI_RECV (RCVBUF, CNT, MPI REAL, 1, TAG, MPI COMM WORLD, STATUS, IERR)
CALL MPI SEND(SNDBUF, CNT, MPI REAL, 1, TAG, MPI COMM WORLD, IERR)
ELSE
CALL MPI RECV(RCVBUF, CNT, MPI REAL, 0, TAG, MPI COMM WORLD, STATUS, IERR)
CALL MPI SEND (SNDBUF, CNT, MPI REAL, 0, TAG, MPI COMM WORLD, IERR)
END IF
CALL MPI_FINALIZE (IERR)
STOP
END

IMepBast U3 >TUX mporpaMMm padboraeT HOPMAJIbHO, a BTOpas IomnagaeT B "TYMUK"
(I02TOMY M pe3yJbTaT €€ BBEIIIOMHEHMS 3[eCh He MPUBOIUTCSI — €To MPOCTO HET).
Bo BropoMm ciydae mpuem cooOlieHus IpoueccoM ¢ paHroMm 0 mosikeH 3aBep-
LIMTBLCS A0 Hepeadyd UM CBOEro COOOLIeHU. DTOT IPUEM MOXKET ObITb OCYLIECT-
BJIEH, TOJIBKO €CJIM MPOLECCOM C PAHIOM 1 BbIIIOJHEHA COOTBETCTBYIOLIAS IIEpe-
JaJa, a OHa, B CBOIO OYepedb, MOXET HayaThcs TOJMBKO TOCHE 3aBEPIIEHUS TIPO-
meccoM 1 mpuema cooOiieHust oT mpoiiecca 0.

CUHXPOHHBbIA 6110KMpYyIoLWnin o6MeH

IMTpu cuHXpoHHOM OOMeHe ajapecar MOochlIaeT UCTOYHUKY "KBUTAHLINIO' — YyBe-
JOMJIEHHE O 3aBepIleHUM npuema. ToAbKO I0CIe MONMYyYEHUS ITOr0 YBEIOMICHUS
0OMeH CcUMTaeTcsl 3aBepllieHHBIM M UCTOYHUK "3HAET', YTO ero COOOIIeHUE MOy~
yeHo. CUHXPOHHAS Mepeiaya BhIMOIHSIETCS ¢ MOMOLIbIO MOANPOrpaMMbL MPI Ssend:

int MPT Ssend(void *buf, int count, MPI Datatype datatype, int dest,
int tag, MPI Comm comm)

MPI_SSEND (BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERR)

Ee mapamMeTphl coBmagaioT ¢ mapaMeTpamMmu MOAMPOTPAMMBI MPT Send.

Ecau mpoliecc BBIOJNHSIET OMIOKUPYIOLIYID CHHXPOHHYIO Iepegady o TOro, Kak
JIpyToil mpolecc MOMBITAeTCd MOJYIUTh COOOIIeHNe, OH MPUOCTAHABIMBAETCS H0
nmpuema coobieHust agpecatoM. CUHXPOHHBIM 0OOMeH MemjieHHee, YeM CTaHIapT-
HBIIf, HO OH Oe3olacHee, MOCKOJBKY He JaeT KOMMYHMKAIMOHHON CeTu Iepe-
MOJHUTbCS HE AOLUCALIMMU A0 aapecarad, "HOTePSHHBIMU B CETH", COOOLIECHUSIMMU.
DruMm obecrneunBaercss OoJbllasi CTENEHb IMPEACKA3yeMOCTH ITOBEAEHMS I1apai-
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JIeJIbHOM TIporpaMMBbl. biiarogapst oTCyTCTBHIO TIOTEepSIBIINXCS, "HEBUANMBIX" CO-
0011leH1 1, TIpollle OKa3bIBaeTCsl U OTJIaAKa MPOrpamMMbl.

IMepenaua cooOlIeHNS B CHHXPOHHOM pPeXXMMe MOXET ObITh Havyarta He3aBUCHUMO
OT TOTO, OBLI JIM 3apEerMCTPUPOBAH €ro MpHeM, HO OHA CUMTAETCS YCIIEIIHO BbI-
MTOJTHEHHOW TOJIBKO MPU HATMYMU COOTBETCTBYIOIIETO MpreMa. 3aBepllieHne CUH-
XPOHHOHM Mepesayd O3HayaeT He TOJAbKO TO, YTO Oydep mepemsadyd MOXKHO MC-
MTOJTB30BAaTh 3aHOBO, HO W TO, YTO ajpecaT Hayaj BBITOTHeHHe Mpuema. Ecam u
nepenaya, M IpUeM SBISIOTCSA ONOKUPYIOIIUMMU OIlepanusMu, oOMEH He 3aBep-
LIMTCS, MoKa oba Ipoliecca He HAYHYT Iepenadyy u ImpueM coobiueHus. Omnepa-
WS TTepeiavyil B 5TOM peXUMe HeJTOoKaTbHa.

BycdepusoBaHHbIit 06MeH

Ilepenaua coobuieHus B Oydepn3oBaHHOM peKUMe MOXET ObITh Hayara He3aBU-
CUMO OT TOIO, 3aPErMCTPUPOBAH JU COOTBETCTBYIOIIMHI MpueM. MCTOUHUK KOMU-
pyeT coobuieHue B Oydep, a 3aTeM mepenaer ero B HeOJOKUPYIOIEM PeKuMe Tak
Ke, KaKk B CTaHAapTHOM pexume. DTa onepauusi JOoKajibHA, MOCKOJbKY €€ Bbl-
[OJIHEHME HE 3aBUCUT OT HAJIMYUS COOTBETCTBYMOllIEro npuema. Eciu obobem Oy-
depa HegocTaTOUYeH, BO3HMKAET olinMOKa. BeimeneHue O6ydepa u ero pamep KOH-
TPOJUPYIOTCST TTPOTPAMMUCTOM.

BydepuszoBannasi nepenavya 3aseplaercsi cpasy, MOCKOJbKY COOOIIEHHE HeMel-
JICHHO KomupyeTcs B Oydep /IS mocienywolleil nepegaun. B oTauyue oT cTaH-
JapTHOro oOMeHa, B OTOM cjlydyae paboTa MCTOYHMKA M aapecara He CMHXPOHM30-
BaHa. [TapaMeTpsl moanporpamMmbl Oydepr30BaHHOTO OOMEHA MPI Bsend:

int MPT Bsend(void *buf, int count, MPI Datatype datatype, int dest,
int tag, MPI Comm comm)

MPI_BSEND (BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERR)

TaKNE XK€, KaK U y MPT Send.

IMpn BBMOTHEHWN OGydepn30BaHHOTO OOMEHa TPOTpaMMHUCT JODKEH 3apaHee
co3marh Oydep TOCTaTOYHOTO pasMmepa. DTO MeNaeTcs ¢ MOMOIIBI0 BBI3OBA ITOA-
MTPOTPAMMBI:

int MPI Buffer attach(void *buf, size)
MPI_BUFFER_ATTACH(BUF, SIZE, IERR)

B pesynbrare BBI3OBa cosmaercs Oydep buf pasMepoM size 0aitToB. B mporpam-
max Ha sisbike FORTRAN ponb Oydepa MoxeT urparb MaccuB. DTOT MacCuUB
JOJKEH ObITh OMKCAaH B MporpaMMe, €ro He cieayeT WCIOoJb30BaTh AJIsl IPYTUX
ueneil (Hampumep, B KauecTBE IMEPBOrO apryMeHTa MOANPOTrpPaMMbl MPI Bsend).
3a oauH pa3 K mpoleccy MOXET ObITh MOAKIIIOUEH TOJBKO OAUH Oydep.

ITocne 3aBepuieHnsT paboThl ¢ OydepoM ero HeoOXOAMMO OTKIIOUUTH. Jlemaercs
5TO C MTOMOIIBIO BBI30BA IMOAIPOIPAMMEL:

int MPI Buffer detach(void *buf, int *size)
MPI BUFFER DETACH(BUF, SIZE, IERR)
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B pesynbTate BBITTOIHEHHWS BBI30BA BO3Bpalaercsd aapec (buf) W pasMep OTKIIO-
yaemoro 6ydepa (size). DTa omepaius OJ0KHpPYyeT paboTy Ipoliecca 0 TeX Iop,
IToKa Bce cOOOIIeHUs, Haxoadmecs: B Oydepe, He OymyT odbpaboransl. braroma-
psi DTOMY, BbI3OB TAHHOW MOAMPOTPaMMbl MOXHO MCITOJb30BaTh ISl (hOPCUPO-
BaHHOW mepegauu coobuieHuit. IMocyie 3aBepliieHUs] BbI30Ba MOXHO BHOBb MC-
MoJb30BaTh MaMsTh, KOTOPYK 3aHUMall Oydep, oqHAaKO cieayeT MOMHUTb, 4TO
B s3bike C MaHHBI BbI30B HE OCBOOOXIAET ABTOMATUYECKU MAMSITh, OTBEACHHYIO
s Oydepa. [Ipumep ucnonb3oBaHUs MOANPOrpAMM IOAKIIOUEHHUS U OTKIIOYE-
Hus Oydepa npuBeaeH B JUCTUHIE 4.5.

| ucTuwr 4.5. Mpumep ncnonb3oBaHus 6ycdhepusoBaHHOro ooMeHa

#include "mpi.h"
#include <stdio.h>
int main(int argc,char *argvl])
{

int *buffer;

int myrank;

MPI Status status;

int buffsize = 1;

int TAG = 0;

MPI Init (&argc, &argv);

MPI Comm rank (MPI COMM WORLD, é&myrank);
if (myrank == 0)

buffer = (int *) malloc (buffsize + MPI_BSEND OVERHEAD) ;

MPI Buffer attach(buffer, buffsize + MPI_BSEND OVERHEAD) ;
buffer = (int *) 10;

MPI Bsend (&buffer, buffsize, MPI INT, 1, TAG, MPI COMM WORLD) ;
MPI Buffer detach (&buffer, sbuffsize);

}

else

{
MPI Recv (&buffer, buffsize, MPI INT, 0, TAG, MPI COMM WORLD, &status);

printf ("received: %i\n", buffer);
}

MPI Finalize();

return 0O;

}

O6parute BHUMAaHUE HA TO, YTO pasmep Oydepa MOLKEH MPEBOCXOMUTH PasMep
COOOIIeHNsT Ha BEIWYWHY MPT BSEND OVERHEAD. DTO NOMOTHUTETHHOE TPOCTPaH-
CTBO UCIOJIB3YeTCs MOMIporpaMMoli Oydhepr30BaHHOM TIepenatyl Ul CBOUX IIeIeH.
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Ecnu mepen BuITIONHEHHWEM oliepallii Oydepru3oBaHHOTO oOMeHa He BBIAENeH
oydep, MPI BeneT cebst Tak, Kak eciid Obl C MpolieccoM ObLT cBsA3aH Oydep Hy-
JieBoro pasmepa. Pabora ¢ Ttakum OydepoMm oObIUHO 3aBepliuaercss cOoeM Ipo-
rpaMMEI.

BydepnsoBaHHbIT 0OMEH peKOMEHIYETCST MCIONb30BATh B TE€X CHTYaIMAX, KOTIa
MPOTPAMMHUCTY TpebyeTcsl OOJBIINI KOHTPOIb Ham paclpemeleHUueM MaMsITH.
DTOT peXUM yIoOeH M IS OTIIAAKH, IIOCKOJBKY MPUYMHY MepertorHeHus 6ydepa
OMPEeNUTD Jierde, YeM MPUUMHY TYIHKA.

O6mMeH "no rotoBHocTH"

IMepegaua "mo roToBHOCTU" MOJKHA HAUMHATBCS, €CIU YXKe 3aperMcTpUpOBaH
COOTBETCTBYIOIINI TIpreM. 3aBeplaeTcs oHa cpasy Xe. Eciu mpmem He 3aperu-
CTPMPOBAH, PE3yJIbTAT BHIIIOJTHEHHS OIepalli He OolpenesieH. 3aBeplieHue mepe-
Ja4yyd He 3aBUCUT OT TOTO, BBI3BAHA JIM JPYTUM IIPOLIECCOM ITOATIpOrpaMMa Tpue-
Ma JaHHOIO COOOULIEHHMsI MJIM HET, OHO O3HAayaeT TOJbKO, YTo Oydep mepeaauu
MOXHO MCII0JIb30BaTh BHOBb. COO0O0ILeHUE MPOCTO BbIOPACKIBAETCS B KOMMYHM-
KALUMOHHYIO CE€Th B HaJexX[Ie, YTO aapecar ero noaydur. Cneayer MMeTb B BUAY,
YTO 3TA HaJexjaa MoxXeT U He cObiThesl. "[lpaBuna urpbl”" 3aech Takue ke, Kak W
B ONepanusax CTAaHIAPTHOTO WM CHHXPOHHOro obMeHa. B "mpaBumibHOI" mpo-
rpaMMe Iepegadya "o TOTOBHOCTU" MOXET OBbITh 3aMe€HeHa CTaHIApTHOI mepena-
Yyelt, pe3y/IbTaT BBIMOJTHEHWS W TIOBEIEHHE IPOTPAMMBI IPU 3TOM HE TOIKHEI
U3MEHHUThCA. MI3MEHUTBhCS MOXKET TONbKO CKOPOCTH €¢ BBIMONHeHus. [lepemada
"[10 TOTOBHOCTHU" BBIIIOJHSIETCS. C TOMOLLbIO MOAMPOrpaMMbl MPT Rsend:

int MPI Rsend(void *buf, int count, MPI Datatype datatype, int dest,
int tag, MPI Comm comm)
MPI_RSEND (BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERR)

IMapameTps! y Hee Te ke, YTO W Y TTOMIMPOTPAMMBI MPT_Send.

OOMeH "ITO0 TOTOBHOCTH' MOXET YBEIWYUTH IPOM3BOMUTENBHOCTH IPOrPaMMEL,
TMTOCKOJBKY 37IeCh He MCTOMB3YIOTCSI 3TANbl YCTAHOBKHM MEXITPOILIECCHBIX CBSI3ei, a
Takxke Oydepusanms. Bce aTo — omnepauuu, TpeOyromne BpemeHU. C apyroit
CTOPOHBI, OOMeH "TIO TOTOBHOCTH" TIOTEHLIMANIBHO OMMaceH, KpoMe TOTo, OH yc-
JIOXKHSIET OTAAAKYy, IOITOMY €r0 PEKOMEHIYeTCSl MCIIOJb30BATh TOJNbKO B TOM
cllyyae, Koraa MpaBWJibHas paboTa MporpaMMmbl TapaHTUPYeTCsl €€ JOTHYECKON
cTpyKTypoi (puc. 4.4), a BbIUIpbIIIA B OBICTPOJAENCTBUM HAA0 TOOUTHCS J1OOOH
LIEHOM.

MoagnporpamMmbl-Npo6HNKK

TMoayunTh MHMOPMALINIO O COOOIIEHUN ellle 1o ero ToMelleHusT B Oydep mprema
MOXHO € IOMOLIBIO TMOAMPOrpaMM-IIPOOHUKOB (WM 30HAUPYIOLIMX TMOAINPO-
rpaMM) MPI Probe M MPI IProbe. Ha ocHoOBaHWM mMomydeHHOU WHGoOpMAINN
MPUHUMAETCS pellieHne o JalbHeilux aeictBusix. MoxHO, Harpumep, BbIACIUTH
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BPEMS
MPOLIECC 0 MPOLIECC 1
HEBNOKNPYIOLLMNA
MPVEM COOBLLEHMSA 0
OT NPOLIECCA 0
BNOKUPYIOLLAS MEPENAYA _ BIOKUPYIOLLWI MPUEM
COOBILEHMS 1 > COOBLLEHNSA 1
MPOLIECCY 1 OT MPOLIECCA 0
MEPELAYA v
“T10 FOTOBHOCTH" SMEN
COOBLLEHNA 0
MPOLIECCY 1
MPOBEPKA
HEBNOKUPYIOLLEFO
MPYEMA

Puc. 4.4. "be3onacHas” CTPyKTypa NporpaMmmbl
C UCMNOMb30BaHUEM obMeHa "Mo roTOBHOCTU™

Oydep mpuema TOCTAaTOYHOTO pasMepa, OIPEAeIWB JIMHY COOOIIEHHS C II0-
MOIIBIO TOAMPOTPAMMBI MPI Get count, KOTOpasi JaeT MOCTYIT K OMHOMY U3 ToJeit
craryca. Eciu mocie BBI3OBa MPI_Probe CJENyeT BBI3OB MPI _Recv C TaKUMW 3Ke
3HAYEHUSIMU apTYMEHTOB, YTO U MPI Probe, OH IIOMECTUT B Oydepe mpuema To
Xe caMoe cooOlieHne, THGOPMAIUA O KOTOPOM ObLTa MOMyYeHa MPT Probe.

IMoanporpaMMa MPI Probe BBINOJHSET OJOKHPYIOILYIO MPOBEPKY JOCTABKU CO-
001IeHus:

int MPT Probe (int source, int tag, MPI_Comm comm, MPI Status *status)

MPI PROBE (SOURCE, TAG, COMM, STATUS, IERR)

Ee BxomHbIe mapaMeTphI:

O source — paHT UCTOYHUKA WIN "IKoKep";

O tag — 3HAYeHUe Tera Uiu "mKokep";

O comm — KOMMYHUKATOP.

BbIXomHBIM TTapameTpoM SIBIIsSIETCST cTaTyc (status), KOTOPBI U COMEPXKUT HeoO-
XOIUMYI0 MH(OPMALINIO.

HeGmoxupylomasg  mpoBepka  COOOIIEHWS  BHITTOJHSIETCS  TTOHITPOTpaMMOit
MPI Iprobe:

int MPI Iprobe (int source, int tag, MPI Comm comm, int *flag,
MPI Status *status)

MPI TPROBE (SOURCE, TAG, COMM, FLAG, STATUS, IERR)
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BxonmHbie mapaMeTpsl Te Xe, YTO W y TONIMPOTPaMMBl MPT Probe, a BBIXOAHBIE:
flag — ¢ar U status — craryc. Eciu cooluieHUe yXKe MOCTYMUIO M MOXeT
OBITb TPUHSATO, BO3BpallaeTcs 3HaYeHHe dmara "mctuHa". [lpoBepka mpueMa
MOXET BBITIONHSITHCS C TIOMOIIBIO MPI Iprobe HeogHokparHo. He obGsi3atenbHO
BBITIONHATE MpHUeM COOOIIEHHS Cpa3y Xe Iocie ero mocTyrmieHus. [Ipumep mc-
M0JIb30BaHUsI OJIOKUPYIOLIEro 30HAUPOBAHUS IIPUBEAECH B JUCTHHIE 4.6.

IucTuHr 4.6. MpnmMep ncnonkb3oBaHWA NoaAnporpaMm
' 6riokmpytolero 30HAUPOBaHUS

PROGRAM MATN MPT
INCLUDE 'mpif.h'
INTEGER RANK, I, K, IERR, TAG, DEST, STATUS (MPI STATUS SIZE)
REAL X
TAG = 0
DEST = 2
CALL MPI_INIT(IERR)
CALL MPI_COMM_RANK(MPI_COMM_WORLD, RANK, IERR)
IF (RANK.EQ.O) THEN
I = 2002
CALL MPI SEND(I, 1, MPI INTEGER, DEST, TAG, MPI COMM WORLD, IERR)
ELSE IF(RANK.EQ.1) THEN
X = 3.14159
CALL MPI_ SEND(X, 1, MPI REAL, DEST, TAG, MPI COMM WORLD, IERR)
ELSE
DO K =1, 2
CALL MPI PROBE (MPI ANY SOURCE, TAG, MPI COMM WORLD, STATUS, IERR)
IF (STATUS (MPI SOURCE).EQ.0) THEN
CALL MPI RECV(I, 1, MPI INTEGER, O, TAG, MPI_COMM WORLD, STATUS, IERR)
PRINT *, "Received ", I, " from 0"
ELSE
CALL MPI RECV(X, 1, MPI REAL, 1, TAG, MPI COMM WORLD, STATUS, IERR)
PRINT *, "Received ", X, " from 1"
END IF
END DO
END IF
CALL MPI FINALIZE (IERR)
STOP
END

B »ToM mpumMmepe mpobiema 3akioyaeTcs B TOM, YTO Ipolecchl ¢ panramu (O m 1
MepenaoT Ipoleccy 2 coobIeHUsI, coiepXaline AaHHbIe pa3HbIX THIOB. [lops-
JOK IpueMa BTUX COOOIEHMH He OIpeneaeH, MO3TOMY 3apaHee HEU3BECTHO,
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JTaHHBIe KaKOTO TUTIA JOJIKHBI OBITH MPUHATH TIPH TTIEPBOM BEI30BE TOMITPOTpaM-
MBIl MPI Recv, & KaKu€ — TMpu BTOpoM. biaromapss BbI30BY IOANPOTPAMMBI
MPI Probe, KaXIO€ COOOIEHUE MPUHUMAETCS C UCIIONBb30BAHWEM IPABUIBHOTO
TUIIA JAHHBIX.

B npumepe u3 auctuHra 4.7 noanporpaMMbI-MpOOHUKU MPUHUMAIOT COOOILEeHUSI
OT HEM3BECTHOIO MCTOYHHMKA, KOTOPbIE K TOMY X€ COJAepXKAaT HEM3BECTHOE KOJM-
YECTBO 3JIEMEHTOB IIeJIOT0 TUMA. B 3ToM ciyyae BMecTO paHTa MCTOYHHMKA M Tera
COOO0LIeHUsT MCMOJb3yIoTCa "mkokephl”. CHayaga ¢ MOMOILBIO BbI30BA IOAINPO-
rpaMmbl MPT_Probe (pUKcHpyeTcsl mocTylieHne (Ho He mipuem!) coobieHnsd. 3a-
TeM OIpenenseTcsl UCTOYHUK COOOIIEHUS, C TOMOIIbI0 BBI30BA MPI Get count
ompenenseTcs ero JIMHa, BeIeasgercs Oydep Momxomsiiero paaMepa W BBITOTHS-
eTcsd MPUEeM COOOIIeHUS.

! NluctuHr 4.7. NMpumep Mcnonb3oBaHUA 30HAUPYIOLWUX NoAnporpaMm

#include "mpi.h"
#include <stdio.h>
int main(int argc,char *argvl])

{

int myid, numprocs, **buf, source, 1i;

int message[3] = {0, 1, 2};

int myrank, data = 2002, count, TAG = 0;

MPI Status status;

MPI Init (&argc, &argv);

MPI Comm rank (MPI COMM WORLD, é&myrank);

if (myrank == 0)

{

MPI Send(&data, 1, MPI_INT, 2, TAG, MPI COMM WORLD) ;
}

else if (myrank == 1) {

MPI Send (smessage, 3, MPI INT, 2, TAG, MPI COMM WORLD) ;
}

else

{

MPI_Probe (MPT ANY SOURCE, 0, MPI COMM WORLD, &status);
source = status.MPI SOURCE;

MPI Get count (&status, MPI INT, é&count);

for (1 = 0; 1 < count; i++){

buf[i] = (int *)malloc (count*sizeof (int));

}

MPT Recv (&buf[0], count, MPI INT, source, TAG, MPI COMM WORLD, &status):;
for (1 = 0; 1 < count; i++){
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printf ("received: %d\n", buf[i]);
}

}

MPI Finalize();

return 0O;

}

IMpn 3amycke 3TO¥ TIPOrPaMMBI TOIKHEI CO3IaBaThed TPH TIpollecca:

# mpirun -np 3 a.out

Iporecc ¢ panrom 0 mepemaer mpolieccy 2 coobIIeHue, comepxKaliee ogHO 3Ha-
yeHue (IepeMeHHas data), a MPOLECC ¢ paHroM 1 mepesaeT TOMY K€ MPOILEcCy
TPH JIEMEHTA TaHHBIX B MACCHUBE message. [1OPAIOK MOCTYIIEHUS 3THX COODIIIE-
HUII He ompeneieH W IepBBIM MOXET MPUITH KaK coodlleHne oT mporecca 0,
Tak M coobdieHue ot mpoiecca 1. JIjusi Toro ytoObl MPaBUIbLHO OPraHU30BaATH
MpueM cooOLIEHHUsI, HEOOXOAUMO 3apaHee Y3HaTb ero JJIMHY M, BO3MOXHO, MC-
TOYHUK. DTO W JEJAI0T MOANPOrpaMMbl MPT Probe W MPI_Get count. 3aMETHM,
YTO B JAHHOM IIpUMEpPE MBI CO3HATEIBbHO HAPYIIWIW paHee JaHHBIE peKOMEHIa-
LMY, — Belb M3 IBYX OTIPABACHHBIX COOOLIEHMI MPUHATO OYAET JMIlb OIHO,
a TaKMX CUTyauuil cieayer u3deratsb.

CoBMecTHble NpueM 1 nepegava

Omeparmmy IpreMoTiepeladl OOLeINHSIOT B eIWHOM BBI30Be Tiepenauy coobIie-
HMSI OJHOMY IIPOLIECCY U IIpUMEM COOOLIEeHMS OT APYroro mpoiecca. JaHHbil Buj
OOMEHOB MOXKET 0KA3aTbCsl I10JE3HbIM IIPY BBIIOJIHEHMU CIOXHbIX CXeM oOMeHa
coOOLLEHUSIMU, HAmpumep, no uLenu mnpoueccoB (puc. 4.5). Ecau nas casura
MMPUMEHSIOTCST OJMOKMPYIOIINEe Olepalluy Tepeaadyd W TpueMa, OINpeneanTb UX
MTOPSIIOK cJIemyeT TIpaBUIbHO, MHAYe B3aMMHBIE 3aBUCHMOCTH MEXIY MpolleccaMiu
MOTYT IIPUBECTU K TYIMKOBBIM cUTyauusaM. YeTHbIe mpoliecchl, HAIPUMED, MOTYT
paboTarh BHavaje Ha Tepenady, a HedyeTHble Ha MpHeM. 3aTeM OHU MEHSIOTCS
possamu. Ilpu Mcmosnb3oBaHMUM Omepaluil IpueMolepenayu cama cucrema 3abo-
TUTCSL O COOJIIOACHUU [IPABUIbHOMN I10C/1€10BaTe/bHOCTH OOMEHOB.

IMoamporpaMMbl IpueMoliepenay MOTYT B3aUMOAEICTBOBATh C OOBIYHBIMM ITOMA-
TTporpaMMaMi oOMeHa 1 TIOAITPOTpaMMaMA 30HINPOBAHMS.

IMoanporpaMMa MPI Sendrecv BBINOJHSIET MPUEM U MEPeNavdy JAHHLIX ¢ OJIOKU-
POBKOIA:

int MPI Sendrecv (void *sendbuf, int sendcount, MPI Datatype sendtype,
int dest, int sendtag, void *recvbuf, int recvcount,

MPTI Datatype recvtype, int source, int recvtag, MPI Comm comm,

MPI Status *status)

MPI SENDRECV (SENDBUF, SENDCOUNT, SENDTYPE, DEST, SENDTAG, RECVBUF,
RECVCOUNT, RECVTYPE, SOURCE, RECVTAG, COMM, STATUS, IERR)
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MPOLIECC 3 MPOLEECC 1

MPOLIECC 2

Puc. 4.5. O6MeH coobleHnsaMn No Uenn NpoLeccor, 3aMKHYTOM B KONbLO

Ee BxomHBIe TapaMeTphI:

sendouf — HaYaJbHBIN ampec Oydepa mepemsayu;
sendcount — KOJWYECTBO MEpeaaBaeMbIX IeMEHTOB;
sendtype — TWII TepeaaBaeMbIX 3JIeMEHTOB;

dest — paHT ajpecara;

sendtag — TerT MePENaBaeMoro COOOIIEHNS;

recvbuf — HavYaJbHBIN ampec Oydepa nmpuema;
recvcount — KOJIWYECTBO 3JIEMEHTOB B Oydepe mpuema;
recvtype — THI DJIEMEHTOB B Oydepe preMa;

source — pPaHT UCTOYHUKA,

auadauaogaaoaaa

recvtag — TeT MPUHIMAEMOTO COOOIICHNS;
comm — KOMMYHWKATOP.

BbixogHble napamerpbl: recvbuf — HavyalbHBIM agpec Oydepa mpueMa u status —
cTaryc omepauuu mpueMa. M mpuem, W Tiepemada MCIONB3YIOT OMWH M TOT Xe
KoMMyHUKaTop. Bydepsl mepemaunm m mpueMa He OODKHBI IepeceKarbes, Y HUX
MOXET ObITb pasHblif pasMmep, TUIIbl MEPEChbUIAeMbIX WM MPUHUMAEMBIX MAHHBIX
TaKKe MOTYT Pa3InJaThCsl.

[onmporpamma MPTI Sendrecv replace OTMPABASIET W TIPUHWUMAET COOOIICHWE
B OJIOKUPYIOILIEM pekuMe, NCIIOIb3Ys 001N Oydep IS mepenadn U U rmpueMa:

int MPT Sendrecv_replace (void *buf, int count, MPI Datatype datatype,
int dest, int sendtag, int source, int recvtag, MPI_Comm comm,
MPI Status *status)

MPT_SENDRECV_REPLACE (BUF, COUNT, DATATYPE, DEST, SENDTAG, SOURCE,
RECVTAG, COMM, STATUS, IERR)

Bxognbie mapaMeTpshl:
O count — KOJIWYECTBO OTTIPABISIEMbIX JAaHHBIX U eMKOCTb Oydepa npuema;

O datatype — TUIT JaHHEIX B Oydepe TpremMa 1 mepemadn;
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dest — PpaHT agpecara,
sendtag — TET TEPENABAEMOTO COODIIEHMNS,;
source — paHT UCTOYHUKA,

recvtag — TEr IPUHHUMACMOTO COO6H_[CHI/IH;

aaoagad

comm — KOMMYHWKATOP.

BbixonHbie mapaMerphl: buf — HavyadbHBIN agpec Oydepa mprema U Tiepegadyu u
cratyc (status). [TpuHUMaeMoe coolllleHNe He JOKHO MPEeBBIaTh O pasMepy
OTIIPABJISIEMOE COOOIIEHNUE, A MEepeaaBaeMble M NMPUHUMACMBIE TAHHBIE TOJKHBI
ObiTb onHoro rtuna. IlociaegoBarelbHOCTb IpUeMa U IEpenadyud BblOMpaeTcs cuc-
TEMOI aBTOMATUYECKU.

Mbl yKe rOBOpMJIM O TOM, YTO OOJIbLIMHCTBO peanusauniit MPI rapantupyior co-
OJI0[eHUE OIPENeIeHHbIX CBOMCTB ABYXTOYEYHOro oOMeHa. BakHeHIIUM U3 HUX
SIBJISIETCS COXPAaHEeHME MOPSAKA COOOLUEHUI Mpu mpueme. [laHHOe CBOHCTBO oOec-
MeYnBaET JETEPMUHUPOBAHHOE MOBENECHUE MapaJIeIbHONW MpOrpaMMbl B Clyyae,
Korja Tpoliecchl BBITIOJHSIIOTCS B OJHOM TOTOKE, a Ofepaluy IpueMa He Hc-
MOJIb3YI0T "MKOKEP" MPI ANY SOURCE. HapyluuTp meTepMUHUPOBAHHOE MOBENEHUE
MPOTpaMMBbl MOTYT BBI3OBBI MOAMPOrPaMM MPI Cancel M MPT Waitany.

IMpumep mporpaMMmbl ¢ Tepegadeil M MPUEMOM COOOIICHUH, MOPSIOK KOTOPHIX
COXpaHseTCs pH MpueMe, TIpUBeAeH B JIUCTUHTE 4.8.

| TivcTunr 4.8. MpuMep nepeaadn 1 Npema COOBLICHHIA C COXPaHEHVEM NOPAAKE

PROGRAM MAIN MPI
INCLUDE 'mpif.h'
INTEGER RANK, TAG, CNT, IBUF, IERR, STATUS(MPI STATUS SIZE)
REAL SNDBUF1, SNDBUF2, RCVBUF
PARAMETER (BUFSIZE = 4 + MPI BSEND OVERHEAD)
BYTE BUFF (BUFSIZE)
CNT = 1
TAG = 0
CALL MPI INIT (IERR)
CALL MPI COMM RANK(MPI COMM WORLD, RANK, IERR)
IF (RANK.EQ.0) THEN
SNDBUF1 = 3.14159
CALL MPI_BUFFER_ATTACH(BUFF, BUFSIZE, IERR)
CALL MPI BSEND (SNDBUF1l, CNT, MPI REAL, 1, TAG, MPI COMM WORLD, IERR)
PRINT *, "Process ", RANK, " send ", SNDBUFL
SNDBUE2 = 2.71828
CALL MPI BSEND (SNDBUF2, CNT, MPI REAL, 1, TAG, MPI COMM WORLD, IERR)
PRINT *, "Process ", RANK, " send ", SNDBUF2
CALL MPI BUFFER ATTACH(BUFF, IBUFSIZE, IERR)
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ELSE

CALL MPI RECV(RCVBUF, CNT, MPI REAL, O, TAG, MPI COMM WORLD, STATUS, IERR)
PRINT *, "Process ", RANK, " received ", RCVBUF

CALL MPI RECV (RCVBUF, CNT, MPI REAL, 0, TAG, MPI COMM WORLD, STATUS, IERR)
PRINT *, "Process ", RANK, " received ", RCVBUF

END IF

CALL MPI_FINALIZE(IERR)

STOP

END

Coob1eHne, OTMpaBIeHHOe TIEPBBIM, TOISKHO OBITh TTONYYEHO TIPW TIEPBOM BBI-
30B€ TOMITPOTPAMMBI TIpreMa, a BTOPOe — IPU BTOPOM.

Crenyrolliee CBONCTBO ABYXTOUEUHOTO OOMEHA 3aKTI0YAETCS B TOM, UTO, €CJIW IBa
npoiiecca MHULMATM3UPOBAIM Mepenady U npueM cooOlUeHUs, 0 KpaiHeil mepe
olHA M3 3TUX omepauuii Oyaer BeimojHeHa. Ilepenaya OyaeT BbIIOJHEHA, €CId
TOJIGKO ampecar He MpUMeT apyroe coobineHue. [lpueM OymeT BBHITIOJHEH, €Cld
coobIIeHe He OyIeT MmepexBayeHo APYTMM IPOIECCOM, BEBITOJHSIONINM OOMEH
¢ TeM Xe MCTOYHUKOM, KaK B IpUMepe M3 JUCTUHTA 4.9.

NucTuHr 4.9. NMpumep nepexBaTta coobuieHUsA

PROGRAM MAIN MPI

INCLUDE 'mpif.h'

INTEGER RANK, TAGl, TAG2, CNT, IERR, STATUS (MPI STATUS SIZE)
REAL SNDBUF1, SNDBUF2, RCVBUF1l, RCVBUF2

PARAMETER (BUFSTZE = 4 + MPI BSEND OVERHEAD)

BYTE BUFF (BUFSIZE)

CNT = 1
TAGL = 0
TAG2 =1

SNDBUF1 = 3.14159

SNDBUF2 = 2.71812

CALL MPI INIT (IERR)

CALL MPT COMM RANK (MPT COMM WORLD, RANK, IERR)

IF (RANK.EQ.0) THEN

CALL MPI BUFFER ATTACH (BUFF, BUFSIZE, IERR)

CALL MPI BSEND (SNDBUF1, CNT, MPI REAL, 1, TAGl, MPI COMM WORLD, IERR)
PRINT *, "PROCESS ", RANK, " SEND ", SNDBUF1

CALL MPI_BUFFER DETACH (BUFF, IBUFSIZE, IERR)

CALL MPI_SSEND(SNDBUF2, CNT, MPI REAL, 1, TAG2, MPI COMM WORLD, IERR)
PRINT *, "PROCESS ", RANK, " SEND ", SNDBUF2

ELSE

CALL MPI RECV(RCVBUF1l, CNT, MPI REAL, 0, TAG2, MPI COMM WORLD, STATUS,
IERR)
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PRINT *, "PROCESS ", RANK, " RECEIVED ", RCVBUF1

CALL MPI RECV (RCVBUF2, CNT, MPI REAL, 0, TAGl, MPI COMM WORLD, STATUS,
IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED ", RCVBUF2

END IF

CALL MPI_FINALIZE (TERR)

STOP

END

3mech oba mpolecca BBI3BIBAIOT CBOIO IMIEPBYIO MOATIporpaMmy mnepemauun. Ilepsas
nepenaya npouecca ¢ padiroM 0 mpoucxoauT B pexume Oydepusalnuu, MOITOMY
oHa OymeT BBHITOJTHEHA HEe3aBUCHMO OT COCTOSTHHS TIpoliecca ¢ paHroM 1. 3ampoca
Ha IpUEM HET, MO3TOMY cooOlleHHe Komupyercs B Oydep, 3aTeM BbI3bIBAETCS
BTOpas IoANporpamMma Iepenayd. B 3ToT MoMeHT obpasyercs Mapa COOTBETCT-
BYIOIIMX IIpYT JPYTy ollepanunii mepemxaun u mpuema. Obe omepamnu OyayT BbI-
nonHeHbl. Ilpolecc ¢ paHnrom 1 BbI3BIBAE€T BTOPYIO ONEpalMIo MpUeMa, KOTOpasd
TpuHIMAaeT Oydeprn30BaHHOE COOOIIEeHME:

# mpirun -np 2 a.out

Process 0 send 3.14159012

Process 0 send 2.71828004

Process 1 received 3.14159012
1

Process received 2.71828004

Ecnu Ob1 00e mepegauyn BBIIOMHSUINCH, HAIPUMEP, B CHHXPOHHOM OJIOKHUPYIOLIEM
pexuMe, mporpamma Mpu 3amycke "3aBucia’ Obl (mposepbTe!). Mcnonb3oBaHue
Oydepr3oBaHHOI Mepeaauyu no3BojisieT u3dexars "Tynuka'.

MPI He rapanTupyet "cnpaBeaiuBoil” odpaborku ooMeHoB. IlpuBesem mpumep.
Ilycrb mpoueccom O mpoueccy 1 ornpasieHo coobuieHue. Moxer okasaTbcs, 4To
ajJipecaT OCYIIECTBISET TePUOINISCKH TTOBTOPSTIOIINECS 3alpochl HAa TIpHUEM, TeM
HE MeHee, He HMCKIIOYEHO, 4To coodlieHue oT mpouecca 0 Huxkorma He Oyaer
MIPUHSTO, TIOTOMY YTO KaKABIN pa3 paHblle Hero OymeT TMPUXOOUTE JIPYroe cood-
IeHNe, OTIIpaBIeHHOe APYTUM TpolieccoM. [IporpaMMucT moimkeH n3berarh Mo-
JOOHBIX CUTYaLMIA.

CieayeT yuyuTbIBaTh U OTPAHUUEHHOCTH pecypcoB KoMTibioTepa. Jioboe coobiie-
HME, HAXoJsdlleecs] B KOMMYHUKAIIMOHHON CETU, MCIIONb3yeT CUCTEMHbIE pecyp-
Chl. DTH pecypchl OTpaHWYEHBI M TPU HEOIATONPHITHOM CTEUCHHUHM OOCTOSI-
TENbCTB UX MOXET OKa3aTbhCd HEAOCTATOYHO. TaKUX CUTyalMH TAKXKe CleayeT M3-
6erath. Ormepamus Oydepn3oBaHHON Tiepemadynd, KOTopas He MOXeT OBITh
BEITIOTHEHA M3-3a HEMOCTAaTOYHOTO oO0heMa Oydepa, MOXET MPUBECTH K aBaphii-
HOMY OCTaHOBY IPOrpaMMbl.

He6nokupyiowme onepayum ob6mMeHa

It Toro YTOOB M30EKATH TIPOCTOEB BO BPeMS BEBITIOTHEHWS oOMeHa, MCTOTb3YIOT
HeOJIOKMPYIOIINE olepallii. BBI30B MoamporpaMMbl HeOJOKUPYIOIIe mepeaayn
WHULMUPYET, HO HE 3aBepliaeT ee. 3aBepIMTbCs BBIIOJIHEHHUE IOAIPOrPaMMbl
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MOXeT ellle 0 TOTO, KaK cooOlleHne OyIeT CKONMMpoBaHO B Oydep mepemaun.
[lpuMmeHeHre HEOJOKHUPYIOLIMX ONEpalrid YIydyllaeT MpOU3BOAUTEbHOCTb IIPO-
rpaMMBI, TIOCKOJBKY B 3TOM CJIydae IOIMycKaeTcs TepeKpbiTHe (T. €. OTHOBpE-
MEHHO€ BBIIIOJHEHKE) BblUMCIeHU U obmeHoB. Ilepemaua manHblx U3 Oydepa
WM UMX CUUTBIBAHWE MOXET MPOUCXOAMTb OJHOBPEMEHHO C BBIIOJIHEHHUEM IpO-
mmeccoM Apyroif paboTel. st 3aBepileHWsT oOMeHa TpeOyeTcs BBI3OB IOMOTHM-
TENbHOI MpolieAypbl, KOTOpas MpOBepsieT, CKOMUPOBAHLI JM AaHHbIE B Oydep
nepenaud. HecMoTpst HA TO, 4TO mpu HEOJOKUPYIOIEM OOMEHE BO3BpallleHUE U3
MTOATIpOTPAaMMBI OOMeHa TIPOUCXOIUT cpasy, 3aluch B Oydep MiIN CUNTHIBAHHUE W3
Hero Imocje 3TOro IPOM3BOAUTH HENb35, Belb COOOINEHNe MOXeT OBbITh elle He
OTIPABJACHO WM HE MOJydeHO U padora ¢ OydepoM MOXET "UCIOPTUTL" €ro co-
Jgepxumoe. TakuMm oOpa3zoM, HeOJIOKUPYIOIIUIT OOMEH BBIMOHSIETCS B JBa dTana:

1. MHunuanuszauus odMeHa.
2. IIpoBepka 3aBepilieHUsI OOMEHa.

Paznenenue aTMX 1IaroB memaeT HEOOXOOUMBIM MApKHPOBKY KaXKIOW omeparnin
oOMeHa, YTO ITO3BOJISIET IIeJICHAIIPABICHHO BHIMOMHATh MPOBEPKU 3aBEpPIICHUS
COOTBETCTBYIOIINX omepanuii. sl MapKUpOBKH B HEOJOKHPYIOIMINX OTEPALIMSIX
UCIIONb3YIOTCS UdeHmupuxamopsl onepayuii oomena (requests).

He6nokupytoias mnepegadya MOXET BBIMOJHSITbCS B TEX XK€ UYEThIPEX peXUMax,
YyTO U OJIOKMpYIONIAsi: CTaHAApTHOM, Oydepu30BaHHOM, CUHXPOHHOM M "TMO To-
ToBHOCTM". Ilepenaya B KaXXIOM M3 HUX MOXKET ObITb HayaTa HE3aBUCUMO OT TO-
ro, ObUI JIM 3aperUCTPUPOBAH COOTBETCTBYIOIIWI MpueM. Bo Bcex ciyvasix, ore-
pauus Hayajaa nepegayd JoKaabHA, OHA 3aBEpIUACTCS Cpa3y XKe U He3aBUCHMO OT
COCTOSIHUS IPYIHX IPOLIECCOB.

UHnynanunsauyna Hebnokupyiowero obmMmeHa

Nunnmanmsanms HeGIOKMpPYIONIeil cTaHIapTHOW Tiepedadld BHITIOMHSIETCS ¢ To-
MOIIBIO TTOATIPOTPAMMEI MPT Tsend:

int MPI Isend(void *buf, int count, MPI Datatype datatype, int dest,
int tag, MPI_Comm comm, MPI_Request *request)

MPI ISEND (BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERR)
Ee BXxoaHble mapaMeTpbl aHANOTUYHBI APTYMEHTAM TMOANPOTPAMMBI MPI Send,
a BBIXOIHBIM SIBIIETCS TApaMeTp request — WACHTHGUKATOP OIIepaIlH.

HNoanporpamma MPI_TIssend WHUIMAIN3UPYET HEOIOKUPYIOUIYI0 CUHXPOHHYIO
nepenavyy AJaHHBIX:

int MPT Tssend(void *buf, int count, MPI Datatype datatype, int dest,
int tag, MPT Comm comm, MPT Request *request)

MPI TSSEND (BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, TIERR)

Ee mapaMeTpsl coBnagaior ¢ nmapaMeTpaMy MOANPOrpaMMbl MPT_TSend.
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Heb6nokupylomas 6ydeprzoBaHHasg Tiepegadya cOOOIIEHUST BBITIONHAETCS TTONMPO-
rpaMMoil MPI_Ibsend:

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

MPI IBSEND (BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERR)

Hebnokupylomas mepemaya "Mo TOTOBHOCTH" BBHITIONHSIETCS] TOAMIPOTPaMMOit
MPI Trsend:

int MPT Trsend(void* buf, int count, MPI Datatype datatype, int dest,
int tag, MPI Comm comm, MPI request *request)

MPI IRSEND (BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERR)

IMapaMeTpsl Bcex TTOAMpOTpaMM HeOTOKUPYIOLIEH Tiepelayr COBMAAaloT.

[Monmporpamma MPT Irecv HAaYMHAET HEOMOKUPYIOIIWI TTPUEM:

int MPI Irecv(void *buf, int count, MPI Datatype datatype, int source,
int tag, MPI_Comm comm, MPI_ Request *request)

MPI IRECV (BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERR)

Hasnauenne apryMeHTOB 37ech TaKoe Xe, KaK W B TIPEIBIIYIINX MTOAITPOorpaMMax,
3a MCKIIIOYCHUEM TOIO, YTO YKAa3bIBACTCA PAHI’ HE aapecara, a MCTOYHUKA c000-
1eHUs (source).

Bbi30BbI moamporpaMM HeOJIOKUpYOlLero o0MeHa (POPMHUPYIOT 3ampoc Ha BbI-
TTOTHEHWEe oTlepallnii oOMeHa W CBSI3BIBAIOT €T0 ¢ MAEHTUMWKATOPOM OTIepaIni
request. 3ampoc MACHTH(ULUPYET pasinMyHBIE CBOICTBA olepailuu oOMeHa, Ta-
KHe KaK PEeXMM, XapaKTepucTUKu Oydepa oOMeHa, KOHTEKCT, Tel M PaHT, HC-
1ojib3yeMble Ipu obmeHe. Kpome Toro, sampoc comepxur uHGOpMALUIO O CO-
CTOSTHUM OXUIAIOIINX 0OpaboTKM omepalrinii ooMeHa U MOXET OBITh MCITOIb30BaH
JUTS TIOJIyYeHHsT WHMPOPMAIIMY O COCTOSTHUM OOMeHa WM IS OKWAAHUS €ro 3a-
BeplLueHus (cm. dasee 6 3moil eraee).

Bbi3oB moanporpaMmbl HeGJOKUpPYIOIEH Mepeaadyrd o3HayaeT, uyTo cucTemMa Mo-
JKET HAYMHATh KONMPOBAHME NAHHBIX U3 Oydepa. McTouHUMK He moykeH obpa-
marteest K Oydepy nepegayu BO BpeMs BBHITIOJHEHUSI HEOJOKUPYIONIEH mepenayu.
Bbi3oB HeOMoKkMpyOlIero mnpuemMa o3HavyaeT, 4To cHucTeMa MOXET HauyWHaTb
3anuch AaHHbIX B Oydep mpuema. McTouHMK BO BpeMs mepeaadd U aapecaTr BO
BpeMsl MpuemMa He JOJKHBI obpainatbes K Oydepy. HeGnokupymwolias nepenaya
MOXET OBbITh MPUHSATA MOANPOTPAaMMOI OJOKMPYIOIIETO NMpUueMa U Hao0opoT.

HeG6noxupytomnmit 06MeH MOXHO HCIOIB30BaTh HE TOJBKO TS YBEIWMYCHUS CKO-
POCTH BBHITIOJTHEHUST TIPOTPaMMBI, HO W B Te€X CHUTYalUsX, TAe OJOKUPYIOIINA 00-
MEH MOXeT npuBecTd K "Tymnuky". M3bexaTb B 3TOM ciydyae "Tynmuka' MOXHO,
WCITONB3YSI W TOMNPOrpaMMy OJIOKHPYIONIET0 oOMeHa MPI Sendrecv, HO OJIOKHU-
pyloLMii OOMEH 3aMe/UIsieT BbIIOJHEHUE IPOrpaMMbl, IIOCKOJIbKY €r0 CKOPOCTb
OIIPEACSICTCSI CKOPOCTbIO padOThl KOMMYHUKALMOHHOM CETH, a 3Ta CKOPOCTb,
Kak TPaBUjI0, He OUYeHb BEJINKA.
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N vemHoro o TepMmmuHax. [lycThIM HasbIBalOT 3aMpoc ¢ WIACHTUGHUKATOPOM
MPI REQUEST NULL. OT/I0KEHHBIN 3aMpoc Ha BBIMOJHEHUE olNepauuu oOMeHa Ha-
3bIBAIOT HEAKTUBHBIM, €CJAM OH He CBSI3aH HU C KaKUM UCXOASIIUM COOOIIEHHUEM.
ITycTbiM Ha3plBalOT cTaTyc, IoJ€ Tera KOTOpPOTro TMPUHUMAET 3HayeHUe
MPI ANY TAG, IOJE€ MCTOYHMUKA CcOODIIIeHUsT — MPI ANY SOURCE, a BbI3OBbI ITOI-
nporpaMmMm MPI Get count W MPI Get elements BO3BpalllalOT HYJICBOC 3HAYCHUC
ApryMmeHTa count.

MpoBepka BbiNoNIHEHUA o6MeHa

IMpoBepka HakTHYecKOTO BHIMOJTHEHHWS Tepedauyd WIN TIpHeMa B HeOTOKUPYIo-
IeM PEeXHUME OCYIIECTBISETCS C TIOMOIIBIO BBI30BA TMOAMPOTPaAMM OXHIAHUS,
OIOKUPYIOIIKNX paboTy IMpollecca Mo 3aBeplIeHUs OINepaluy, WIM HeOIOKUpPYIo-
IIUX MTOATIPOTpaMM TIPOBEPKH, BO3BPAIIAIONINX JOTMYEeCKoe 3HaYeHUe "MCThHA',
€CJIN oTlepallnsl BBITIIOJTHEHA.

MMonmporpamma MPT wait OMoKMpyeT paboTy Ipollecca A0 3aBEpIEHUs] MpueMa
WU TIepeadyn COOOIIeHMS:

int MPI Wait (MPI_Request *request, MPI Status *status)
MPI WATT (REQUEST, STATUS, IERR)

BxomHoli mapamerp request — WIEHTUGUKATOP omepanuu oOMeHa, a BBIXOA-
HOIl — craryc (status). B aprymeHre status Bo3BpallaeTcss UH(POpMAaIus O BbI-
TMOJTHEeHHOW omnepaluu. 3HaYeHWe cTaTyca IJIsT onepaluy Tepeaadyd cCOOOIIeHUS
MOXHO TONYyYUTh BBI30BOM MOANPOTPAMMEI MPT Test cancelled. MOXHO BBHI-
3BATh MPT Wait C MyCTBIM WJIM HEAKTHBHBIM apTYMEHTOM request. B aToMm ciydae
oIlepanus 3aBePIIAeTCs cpasy XKe ¢ IMYCTBIM CTaTyCOM.

YcneuiHoe BbIIOJHEHUE MOANPOrpaMMbl MPI Wait TOCHE BBI30BA MPI_Ibsend
TToApasyMeBaeT, 4To Oydep Tepeaauyn MOKHO MCTTONb30BaTh BHOBB, T. €. TTepechli-
JIaeMbl€ JaHHbIE OTIPABICHbI UM CKOMUPOBaHbl B Oydep, BblASICHHbIH IpKU Bbi-
30BE MOJANPOrpaMMbl MPT Buffer attach. B 9TOT MOMEHT yXe HeIb3s1 OTMEHUTH
nepenayy. Eciu He OyaeT 3apeTMCTpPHpPOBAH COOTBETCTBYIOIIMI IpueM, Oydep
Heb3sl OyJaeT OCcBOOOMUTH. B 3TOM cilyyae MOXHO TIPUMEHUTH ITOAIPOrpaMMy
MPI Cancel, KOTOpas OCBOOOXIAET MaMsITh, BBIICIEHHYIO MOMCUCTEME KOMMYHM-
KaIuif.

IMonnporpamMma MPT_Test BBITIONHSIET HEOJOKMPYIOUIYIO TPOBEPKY 3aBepIeHUS
MpueMa WIH Tepenaqr COOOIIeHUS:

int MPI Test (MPI Request *request, int *flag, MPI Status *status)
MPI TEST (REQUEST, FLAG, STATUS, IERR)

Ee BXxomHbIM MmapameTpoM sIBISIETCS MAEHTU(PHUKATOP OIlepalud oOMEHa request.
BeixomHbie apaMeTphl: flag — "MCTUHA", eCIK omlepalus, 3agaHHast UIeHTUdU-
KaTOPOM request, BBIIIOJHEHA, U status — CTATYyC BBIIOJHEHHOI Oepaluu.
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Ecnu mpu BbI30BE MPI Test WUCTONB3YeTCS IMYCTOW WM HEAKTUBHBIN apryMEeHT
request, OTepalus Bo3BpalllaeT 3HavyeHWe ¢rara "WcTWHA" W MYCTOW cTaTyc.
DOYHKIIUU MPT Wait M MPI Test MOXHO HCIIONB30BAaTh ISl 3aBEPIICHUS] omepa-
LU mpueMa 1 nepeaadu.

B tom ciydyae, Korla Cpa3y HECKOJBKO TPOLECCOB 0OMEHWBAIOTCS COOOIIEeHUS -
MM, MOXHO HCIIOJIb30BATh IMPOBEPKH, KOTOPLIE NMPUMEHAIOTCA OAHOBPEMEHHO K
HecKonbKUM ooMeHaMm. EcTb TPpU THUIIA TAKUX IMPOBCPOK:

O mpoBepka 3aBepilieHNsT BCEX OOMEHOB;
O npoBepka 3aBepileHns JI000T0 0OMEeHA U3 HECKOJIbKHX;
O npoBepka 3aBeplUCHUS 33JAHHOTO OOMEHA U3 HECKOJbKUX.

Kaxmas m3 »TMX TIpoBepoK, B CBOIO ouepeldb, MMEET IBE Pa3HOBUIHOCTH —
"oxugaHue" u "npopepka’.

IIpoBepka 3aBeplIeHUs] BCEX OOMEHOB BBIIMOIHSETCS MOANPOrpaMMOi MPI Waitall,
KOTOpasi OJIOKUPYET BBIMOJIHEHUE IIpoliecca 10 TeX ITop, IToKa Bce omlepauuu 00-
MCHA, CBA3AHHBIC C AKTUBHBIMU 34dIIPpOCAMH B MACCUBE requests, HE 6yILYT BbI-
MMOJHEHBI, M BO3BpAIaeT CTaTyc 3TUX omepauuii. CtaTyc oOMEHOB COAEPXKUTCS
B MACCUBE statuses:

int MPT Waitall (int count, MPTI Request requests[], MPI Status statuses|[])
MPI WATITALL (COUNT, REQUESTS, STATUSES, IERR)

3aech count — KOJIMYECTBO 3aMpocoB HA OOMEH (pa3Mep MACCUBOB requests
n statuses).

B pesyabrate BBIIOMHEHUS MOANMPOTPAMMBI MPI Waitall 3ampoChl, CHOpMUPO-
BaHHBIC HEOJOKHUPYIOLUINMU OIepallMsIMi OOMeHa, aHHYJIHUPYIOTCS, & COOTBETCT-
BYIOIIINM 3JIEMEHTAM MaccUBa MpUCBaNBAeTCsl 3HAUEHWE MPT REQUEST NULL. Criu-
COK MOXET COIepXaTh MyCThlE WM HEAKTWBHBIC 3ampochl. JJIsT Kakmaoro 3 HUX
YCTAHABIMBAETCS IIYCTOE 3HAYCHUE CTATYCA.

B cnyuae HeycmenrHoro BBITOMHEHUsI OMHOW WK Oojee orepalnii oOMeHa IMoj-
mporpaMma MPI Waitall BO3BpAl[aeT Ko OWIMOKM MPI ERR IN STATUS M MpHU-
CcBaMBaeT IIONIO OIIMOKW cTaTyca 3HAYeHHWE KOIa OIIMOKM COOTBETCTBYIOIIEH
onepaiyii. Eciy omepaiius BBIOJTHEHA YCIICLIHO, MOJIO IMPUCBAUBAETCS 3HAYE-
HUE MPT SUCCESS, 4 €clIVW He BBITTOJIHEHAa, HO W He OBUTO OIMWOKW — 3HAaYeHWe
MPI ERR PENDING. [locnmemHuii ciydail COOTBETCTBYET HAIMYMUIO 3AIIPOCOB HA BbI-
MMOJIHEHNE oIlepalliid 0OMeHa, OXMAAIOLINX 00pabOTKU.

HeGnoxumpytorias TpoBepKa BBITONMHSIETCS ¢ TMOMOIIBIO BHI30BA TTOATIPOTPAMMET
MPI Testall. OH Bo3Bpalaer 3HayeHUWe ¢diara (flag) "MCTUHA", €CTW Bce oOMe-
HBI, CBS3aHHBbIC C AKTUBHBIMM 3aIllpOCaMM B MAacCHUBE requests, BBITTOJHEHBI.
Ecnu 3aBepuieHbl He Bce oOMeHBI, (iary IpucBamBaeTcd 3HauyeHUe "TMOXb', a
MACCHB statuses He OTIpeleNleH:
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int MPI Testall(int count, MPI Request requests[], int *flag,
MPI Status statuses[]

MPI TESTALL (COUNT, REQUESTS, FLAG, STATUSES, IERR)

3HGCB count — KOJMWYECTBO 3aIIPOCOB.

Kaxmomy crartycy, cOOTBETCTBYIOIEMY aKTHBHOMY 3aIllpocCy, TIpHUCBAMBAeTCs 3HA-
YeHue cTaTryca CcoOOTBeTcTBylollero obmena. Eciaum 3ampoc ObL1 copMupoBaH
omnepaieil HeOJOKUPYIOIero oOMeHa, OH AHHYJUPYETCs, a €ro BJIeMEeHTY Mac-
CUBA NPMCBAMBAETCS 3HAYEHUE MPI REQUEST NULL. Kakmomy craTtycy, cOOTBETCT-
BYIOILIEMY ITYCTOMY WJIM HEaKTHBHOMY 3aIIpoCy, TIPHUCBAUBAETCS MTyCTOE 3HAUYEHME.

TTpoBepku 3aBepllieHNs JOOOTO YKcIa 0OOMEHOB BRITIONHSIIOTCS ¢ TMTOMOIIbIO TTOI-
MporpaMM MPI Waitany M MPI Testany. [lepBbIli M3 3TUX BapUAHTOB — OIOKMU-
pytolunii. BelTorHeHre mpolecca GJI0KHUpyeTes A0 TeX Iop, IMOKa, Mo KpaiHein
Mepe, olMH OOMeH U3 MacCcuBa 3alpocoB (requests) He OyaeT 3aBepiueH. MHaekc
COOTBETCTBYIOIIIETO JJIEMEHTa B MAacCHBE requests BO3BpAIaeTCI B apryMEHTE
index, a cTaTyc — B apTyMeHTe status:

int MPI Waitany(int count, MPI Request requests([], int *index,
MPI Status *status)

MPI WAITANY (COUNT, REQUESTS, INDEX, STATUS, IERR)

BxomHble mapaMeTphl: requests W count — KOJWYECTBO 3JIEMEHTOB B MaccHBe
requests, a BBIXOIHBIE: status U index — WHAEKC 3ampoca (B si3bike C 3To 1enoe
yycsio oT 0 g0 count — 1, a B 936lke FORTRAN ot 1 10 count).

Ecnu 3ampoc Ha BbIIOAHEHME omnepauuu ObUl cPOPMUPOBAH HEOJOKUPYIOLIEH
omepameil obOMeHa, OH aHHYIMpYyeTcd W eMy TIIpHCBaMBaeTcs 3HAYCHUE
MPI REQUEST NULL. MaccuB 3ampocOB MOXET COIepKaTh MYyCThIe WIM HEAKTUBHbBIE
3anpockl. Ecam B criicke BooOIIe HeT aKTUBHBIX 3aIIPOCOB MJIM OH IYCT, BBI3OBBI
3aBepIaloTCs cpaszy co 3HaYeHWeM WHJeKca MPT_UNDEFINED W MYCTBIM CTaTyCOM.

[MonmporpamMma MPI Testany TPOBEPSIET BBITOMHEHME JIIOOOTO paHee WHHMIITMATM -
3MPOBAHHOTO OOMEHaA:

int MPI Testany(int count, MPI Request requests[], int *index, int *flag,
MPI Status *status)

MPI TESTANY (COUNT, REQUESTS, INDEX, FLAG, STATUS, IERR)

CMBIC W HaszHaueHHWe TapaMeTpoB 3TON TOATIPOrpaMMBl Te Xe, YTO W IS TOJI-
MPOTpaMMBl MPT Waitany, HO €CTh JOTOMHWUTENBHBI ApTyMEHT flag, KOTODBII
TMMpUHUMaeT 3HauyeHue "WCcTWHA", eclli OJHa U3 olepaluii 3aBepiieHa. bioku-
pyloliasi TOAporpaMMa MPT Waitany W HEOTOKUPYIOIAS MPI Testany B3aMMO3a-
MEHSIeMBI, BIIPOYeM, KaK U JPYIHe aHAJOTHIHBIC TIAphI.

[lonnmporpammel MPT Waitsome W MPI Testsome NEHCTBYIOT aHAJOTHYHO TOATPO-
rpaMMaM MPI Waitany W MPI Testany, KPOME cllydas, KOT[a 3aBepliaercsi Oonee
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OIHOIo obmeHa. B MMOATIPOrpaMMax MPI Waitany M MPI Testany oO0MeH M3 4ucia
3aBEPIICHHDBIX BBI6I/IpaCTCH IIPONU3BOJIbHO, MMEHHO IJd HETO0 M BO3BPAIIACTCA
CTaryc, a Il MPT Waitsome W MPI Testsome CTAaTyC BO3BpPAIIAETCA I BCEX 3a-
BEPHICHHBIX 0OMEHOB. DTH noamnporpaMMbl MOXKHO MCITIOJIB30BATDL JJIA OIIPEAL/IC-
HHA, CKOJIBKO 0OMEHOB 3aBCPLIICHO:

int MPT Waitsome (int incount, MPI_Request requests[], int *outcount,
int indices[], MPI_Status statuses[])

MPI WAITSOME (INCOUNT, REQUESTS, OUTCOUNT, INDICES, STATUSES, IERR)

3mech incount — KOJIMYECTBO 3aMpPOcOoB. B outcount BO3BpaIaeTcss KOIUYECTBO
BEITIOTHEHHBIX 3aMpPOCOB M3 MAaccWBa requests, a B TIEPBBIX outcount 3JIEMEHTAX
MaccuBa indices BO3BpAalUAIOTCS MHIEKCHl 3TUX Omepauuil. B mepBbIX outcount
9JIEMEHTAX MAacCHBa statuses BO3BpAIlAeTCs CTATyC 3aBEPIICHHBIX OIIepaIlnii.
Ecnu BeImoMHEHHBIN 3ampoc OBUT cHopMHpPOBaH HEOJIOKHUPYIOLIEH olepauuei
obMeHa, oH aHHy1Iupyercsa. Eciu B crimcke HeT aKTMBHBIX 3aIlpOCOB, BBITIONHE-
HHE TOAIIPOrpaMMBbl 3aBepIlaeTcs cpasy, a ImapaMeTpy outcount MPHCBANBACTCS
3HAaYeHNWe MPT_UNDEFINED.

MMonmporpamma MPT Testsome — 3TO HEOJIOKUPYIOIIAS TPOBEPKa:

int MPI Testsome (int incount, MPI Request requests[], int *outcount,
int indices[], MPI Status statuses[])

MPI TESTSOME (INCOUNT, REQUESTS, OUTCOUNT, INDICES, STATUSES, IERR)

VY Hee Takue xe mapaMeTpbl, KaK U y MOANPOrpaMMBbI MPI Waitsome. DeKTUB-
HOCTh TOANMPOTPAMMBI MPT Testsome BBIIIE, YeM Y MPI Testany, MOCKOJBKY TMep-
Basl Bo3BpailaeT WHdopMannio o000 BceX onepanusx, a Uil BTOpoil TpebyeTcs
HOBBI BBI30B IS KAXKIOW BBIMIOJHEHHOMW OIEpaluu.

OTnoXxeHHble O6MeHbDI

HocTaTouHo YacTo TPUXOOUTCS CTATKWBAThCI C CHUTyalWeil, Korga OOMeHBI C
ONVHAKOBBIMHU ITapaMeTpaMH BBITTOTHSIOTCS ITIOBTOPHO, HAIpUMEp, B IIUKIIE.
B sToM cimyyae MOXHO OOBEOIWHWUTH apTyMEHTHI IMOAMPOrpaMM oOMeHa B OIMH
OTJIOXKEHHbIH 3aIpoc, KOTOPbIA 3aTeM ITOBTOPHO MCIOJb3YeTCs A1 MHULMAIM3a-
LMY M BbIMOJHEHUSI OOMeHa cooOleHUIAMU. OTI0XEHHbIA 3aIpoCc HA BbIIOJHE-
HHE HeOJOKUpYIoNIeil olepalni oOMeHa IO3BOJISET MHHUMH3WPOBATH HAKIIAMd-
HBIE pacXoAbl HAa OPTAaHM3AIMIO CBSA3W MEXIY IPOIECCOPOM W KOHTPOIIEPOM
CBS3U.

OToXeHHBIe 3apochl Ha OOMEH OOBEMUHSIOT TaKue CBeAeHUST 00 olepalnsax
obMeHa, Kak aapec Oydepa, KOJUUYECTBO IEPECHLIAEMbIX DJIEMEHTOB JAHHbIX, UX
TUIL, PAHT aIpecara, Ter COOOLUEHUSI U KOMMYHUKATOP.

A co3maHus OTI0XEHHOTO 3ampoca Ha OOMEH HUCIIOJNb3YIOTCs YeThipe IOAIpPO-
rpaMmMbl. Cam oOMEH OHHM HE BbIIONHSIOT. 3alpoc Ajsl CTAaHAApTHOU mepeaayuu
cOo3/1aeTcsl TIPM BBI30BE MOMMPOTPAMMBI MPT Send init!
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int MPI Send init (void *buf, int count, MPI Datatype datatype, int dest,
int tag, MPI Comm comm, MPI Request *request)

MPI_SEND INIT (BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERR)
Ee BxomHbIe IapaMeTphl:

O buf — azgpec Oydepa Tepenaun;

count — KOJIWNYECTBO 3JIEMEHTOB,;

datatype — THIT BJIEMEHTOB;

dest — paHT ajgpecarta;

gaoad

tag — Ter cooOLIeHNS;
corm — KOMMYHUKATOP.

BbixonHbIM TapaMeTpoM SIBJsieTCsl 3allpoc Ha BBINNOJIHEHHWE ollepaluu obdMeHa
(request)

OTI0XEHHBI 3aIpoC MOXET OBITh C(OPMHPOBAH ISI BCEX PEXMMOB OOMEHA.
JJI 3TOTO WCMONB3YIOTCA TOMMPOTPAMMBI MPT Bsend init, MPI_Ssend init W
MPI Rsend init. CIIMCOK apryMEHTOB Y HMX COBIAAaeT CO CIMMCKOM apryMEHTOB
MTONMPOrPAMMBI MPT_Send init.

OTIOXEHHBII O0OMeH WHUINATH3NPYETCS MOCIEAYIONIUM BBI30BOM IOAIIPOTPaM-
MBI MPI Start!

int MPT Start (MPT Request *request)
MPI_START (REQUEST, IERR)

BxomHpIM TTapaMeTpoM 3TOM TMOMIIPOTrpaMMbI SIBISIETCS 3allpOC HA BHIIIOJHEHUE
onepauuu odoMeHa (request). BBI30B MPI Start € 3aIpOCOM HAa OOMEH, CO3/laH-
HBIM MPI_Send init, MHUIMUPYET OOMEH C TEMU X€ CBOWCTBAMH, UYTO U BHI3OB
MONMpPOrpaMMbl MPT Tsend, a BBI30OB MPI Start C 3allPOCOM, CO3JAHHBIM
MPI Bsend init, WHWUIUUPYET OOMEH AHATOTWYHO BBI3OBY MPI_Ibsend. CoobIe-
HHE, KOTOpOE TMepelaHo olepanreil, MHUIIMUPOBAHHON C MOMOIbI0O MPI_Start,
MOXET ObITh MPUHSATO JIIOOOI MOAMPOrpaMMoii Mpuema.

IMoanporpaMma MPI Startall:
int MPI Startall(int count, MPI request *requests)
MPI STARTALL (COUNT, REQUESTS, IERR)

VHUIUHAPYET Bce OOMEHBI, CBSI3aHHBIE C 3alpocaMM Ha BBIMOJTHEHHE HEOIOKM-
pymolieil onepauuy oOMeHa B MAaCCUBE requests. 3aBepliiaeTcsl OOMeH TPU BbI3O-
B€ MPI Wait, MPI Test M HEKOTOPBIX IPYTWX MOAIMPOTPaMM.

OtmeHa "xayuwux" obmeHoB

Omnepanms MPT Cancel TIO3BOJISIET aHHYINPOBATh HEONOKMpYyolne "Kayuue" (T. €.
oXugamwie oopadorku) ooMeHbl. Ee MOXHO MCIOMIB30BaTh IJIs OCBOOOXIECHUS
pecypcoB, Ipex/e Bcero namsiTi, OTBEASHHON 1Sl pa3MelleHust 0ydepos:
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int MPI Cancel (MPI request *request)
MPI CANCEL (REQUEST, IERR)

BEI130B 3TOl TTOATIpOTPAMMBI 3aBeplaeTes cpasy, BO3MOXHO, ellle 1O PeaThbHOTO
AHHYIMpOBaHUS oOMeHAa. AHHYJIMpyeMblii OOMeH cieayeT 3aBepluuTb. Crenarb
3TO MOXHO C [IOMOIIbIO BbI30BA MOANPOrpaMM MPI Request free, MPI Wait,
MPI_Test W HEKOTOPBIX IPYTHX.

Onepaiiuio MPI_Cancel MOXHO WCITONB30BaTh JUISI aHHYJIWPOBAHUST OOMEHOB, UC-
MOMB3YIOIUX KaK OTJIOXEHHBIA, TaK M OOBIYHBINA 3ampoc. Ilocie BbI3oBa
MPI Cancel W CJEIYIOIIET0 32 HUM BBI30BA MPI Wait WM MPI Test 3alpoc Ha
BHIIIOJIHEHUE OIlepaliy oOMEHa CTAHOBUTCS HEAKTUBHBIM M MOXET OBITH aKTH-
BU3UPOBAH i1 HOBOro obmeHa. MHdpopmalus 00 aHHYIMPOBAHHOMN omepaluu
COIEPXXUTCS B apTYMEHTE status.

[lonmporpamma MPI Test cancelled BO3BpalllaeT 3HaueHWe ¢mara (flag) "MCTH-
Ha", ecTi OOMEeH, CBI3AHHBIA ¢ YKA3aHHBIM CTaTyCOM, YCIIEIIHO aHHYJIUPOBaH:

int MPI Test cancelled(MPI Status *status, int *flag)
MPI TEST CANCELLED (STATUS, FLAG, IERR)

AHHYIMPOBaHNE — TPyIOeMKas oTepallnst, He CTOUT eif 3I0YIToTpeOTsITh.

3ampoc Ha BbIIOJHEHUE OIepaluu (request) MOKHO aHHYJIUPOBATH C MOMOIIBIO
MONMPOTPAMMBI MPT_Request_free!

int MPI Request free(MPI Request *request)
MPI REQUEST FREE (REQUEST, IERR)

IMpn BEI3OBe 3Ta TOANIpoTpaMMa TIOMeYaeT 3armpoc Ha OOMeH TS VOaJeHnsS ¢
MPUCBANBAET €My 3HAUeHME MPI REQUEST NULL. Omepanny oOMeHa, CBA3aHHOU
C DTUM 3alIPOCOM, TAETCSI BO3MOXHOCTb 3aBEPIIUTHECS, & CaM 3alpoC YaTIeTCs
TOJIBKO TIOCJIE 3aBepIIeHUs] 0OMeHa.

CremyeT YYWTBIBATH, YTO TIOCNIE TOTO KaK 3alpoc aHHYJIWPOBAH, HEIb3S TIPOBe-
PUTb, OBUT JIM YCIIEIIHO 3aBepIIeH COOTBETCTBYIOIINIT 0OOMEH, ITOTOMY aKTHUBHBIMA
3aMpOC HENb3sT aHHYJIUPOBATD.

IMpumep ncMoONB30BAHUS TOANMPOTPAMMBI MPT Request free TPUBENEH B JINC-
TrHre 4.10.

- Nuctunr 4.10. Mpumep ncnonb3oBaHua NoanporpaMmMbl MPI Request free

PROGRAM MAIN MPI

INCLUDE 'mpif.h'

INTEGER RANK, TAG, CNT, IERR, N, STATUS(MPI STATUS SIZE)
REAL SNDBUF, RCVBUF

CNT = 1

TAG = 0
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SNDBUF = 3.14159

RCVBUF = 0

CALL MPI_INIT (IERR)

CALL MPI COMM RANK (MPI COMM WORLD, RANK, IERR)

N =4

IF (RANK.EQ.0) THEN

DO I=1, N

CALL MPI ISEND(SNDBUF, CNT, MPI REAL, 1, TAG, MPI COMM WORLD, REQ, IERR)
PRINT *, "PROCESS ", RANK, " SEND ", SNDBUF

CALL MPI REQUEST FREE (REQ, IERR)

CALL MPI IRECV (RCVBUF, CNT, MPI REAL, 1, TAG, MPI COMM WORLD, REQ, IERR)
PRINT *, "PROCESS ", RANK, " YET NOT RECEIVED ", RCVBUF

CALL MPI WAIT(REQ, STATUS, IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED ", RCVBUF

RCVBUF = 0

END DO

ELSE

CALL MPI IRECV(RCVBUF, CNT, MPI REAL, 0, TAG, MPI COMM WORLD, REQ, IERR)
PRINT *, "PROCESS ", RANK, " YET NOT RECEIVED ", RCVBUF

CALL MPI WAIT (REQ, STATUS, IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED ", RCVBUF

RCVBUF = 0

DO I=1, N — 1

CALL MPI ISEND(SNDBUF, CNT, MPI REAL, 0, TAG, MPI COMM WORLD, REQ, IERR)
PRINT *, "PROCESS ", RANK, " SEND ", SNDBUF

CALL MPI REQUEST FREE (REQ, IERR)

CALL MPI IRECV (RCVBUF, CNT, MPI REAL, 0, TAG, MPI COMM WORLD, REQ, IERR)
PRINT *, "PROCESS ", RANK, " YET NOT RECEIVED ", RCVBUF

CALL MPI WAIT(REQ, STATUS, IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED ", RCVBUF

RCVBUF = 0

END DO

CALL MPI ISEND (SNDBUF, CNT, MPI REAL, 0, TAG, MPI COMM WORLD, REQ, IERR)

PRINT *, "PROCESS ", RANK, " SEND ", SNDBUF
CALL MPI WAIT (REQ, STATUS, IERR)

END IF

CALL MPI FINALIZE (IERR)

STOP

END

PesynbraT BEITOMHEHUS 3TOU MPOTpaMMBbI CICAYIOIINIA:

# mpirun -np 2 a.out

Process 1 yet not received 0.
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Process 1 received 3.14159012
Process 1 send 3.14159012
Process 1 yet not received 0.
Process 1 received 3.14159012
Process 1 send 3.14159012
Process 1 yet not received 0.
Process 1 received 3.14159012
Process 1 send 3.14159012
Process 1 yet not received 0.
Process 1 received 3.14159012
Process 1 send 3.14159012
Process 0 send 3.14159012
Process 0 yet not received 0.
Process 0 received 3.14159012
Process 0 send 3.14159012
Process 0 yet not received 0.
Process 0 received 3.14159012
Process 0 send 3.14159012
Process 0 yet not received 0.
Process 0 received 3.14159012
Process 0 send 3.14159012
Process 0 yet not received 0.
Process 0 received 3.14159012

[MpokoMMeHTHpYIiTE 3Ty pacleyaTKy.

BeI30B MoOAMpoOrpaMMBl MPT Wait, KOTOPBIN 3aBEpINAeT TIPHUEM, TpephIBAETCS,
ecIM HayuHaeTcs MpueM coobuleHusa. Eciam mepemavya HeGaoKMpylolmas, MpueM
OyneT 3aBepllUeH, MaXe €CJM MCTOYHMK HE BbI3bIBAI IMOANPOIrpaMMy 3aBEepIUEHMS
nepenauu. AHaJIOrMYHO, BBI30B MPI Wait 3aBEPILUUTCSI, €CIAM HAYHETCS MpUEM
coobienus. [Tpumep npuBeneH B auctuHre 4.11.

' MucTunr 4.11. Ucnonb3oBaHMe NoaNporpamMmel MPT Wait

PROGRAM MATIN MPT
INCLUDE 'mpif.h'

INTEGER RANK, TAGl, TAG2, CNT, IERR, STATUS (MPI STATUS SIZE)
INTEGER REQUEST

REAL SNDBUF1, SNDBUF2, RCVBUF1, RCVBUF2

CNT = 1
TAG = 0
SNDBUF1 = 3.14159
SNDBUFZ2 = 2.71828

CALL MPI INIT (IERR)
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CALL MPT COMM RANK (MPT COMM WORLD, RANK, IERR)

IF (RANK.EQ.0) THEN

CALL MPI_ SSEND(SNDBUF1l, CNT, MPI REAL, 1, TAGl, MPI COMM WORLD, IERR)
PRINT *, "PROCESS ", RANK, " SEND ", SNDBUF1l

CALL MPI_SEND(SNDBUF2, CNT, MPI REAL, 1, TAG2, MPI COMM WORLD, IERR)
PRINT *, "PROCESS ", RANK, " SEND ", SNDBUF2

ELSE

CALL MPI_IRECV (RCVBUF1, CNT, MPI REAL, 0, TAGl, MPI COMM WORLD, REQUEST,
IERR)

CALL MPI RECV (RCVBUF2, CNT, MPI REAL, 0, TAG2, MPI COMM WORLD, STATUS,
IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED BEFORE WAIT", RCVBUF1
PRINT *, "PROCESS ", RANK, " RECEIVED BEFORE WAIT", RCVBUF2
CALL MPI WAIT (REQUEST, STATUS, IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED AFTER WAIT", RCVBUF1
PRINT *, "PROCESS ", RANK, " RECEIVED AFTER WAIT", RCVBUF2
END IF

CALL MPI FINALIZE (IERR)

STOP

END

IMpn BHIMOTHEHWW 3TOI TIPOTPAMMBI TIepBass CHHXPOHHAS Tiepemada TTpOIeccoM
¢ panroM ( JOKHA 3aBEPIIUTHCS IMOCTIE TOTO, KaK IMPOIECC ¢ paHToM 1 3aperu-
CTPHPYET COOTBETCTBYIOIIWI HEONOKMPYIOIINI TpueM, JaXe eCIN Ielo elle He
JOLUIO 0 BbI30BAa IMoOANporpammbl MPT wWait. Ilpomecc ¢ paHrom 0 BBITOTHWAT
BTOPYIO Iepeaavy, AaB BO3MOXHOCTD Tpolleccy ¢ paHToM 1 3aBepInTh Tiepenady.
BeiBos IporpaMMBl BEITJISIOUT TaK:

# mpirun -np 2 a.out

Process 0 send 3.14159012

Process 0 send 2.71828008

Process 1 received before wait 2.08672428
Process 1 received before wait 2.71828008
Process 1 received after wait 3.14159012

Process 1 received after wait 2.71828008

Eure onuH mpuMep MCIONb30BaHUSI HEOJOKUPYIOLIKX ONepaluii U moamnporpamM-
MBI MPI Wait IPUBEAEH B JUCTUHTE 4.12.

PROGRAM MATIN MPT
INCLUDE 'mpif.h'
INTEGER RANK, TAG, CNT, IERR, STATUS (MPI STATUS SIZE)
INTEGER REQUEST
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REAL SNDBUF(5) /1., 2., 3., 4., 5./

REAL RCVBUF (5)

CNT = 5

TAG = 0

CALL MPI INIT (IERR)

CALL MPI COMM RANK (MPI COMM WORLD, RANK, IERR)
IF (RANK.EQ.0) THEN

CALL MPI ISEND (SNDBUF (1), CNT, MPI REAL, 1, TAG, MPI COMM WORLD, REQUEST,
IERR)

PRINT *, "PROCESS ", RANK, " SEND BEFORE WAIT", SNDBUF
CALL MPI WAIT (REQUEST, STATUS, IERR)

PRINT *, "PROCESS ", RANK, " SEND AFTER WAIT", SNDBUF
ELSE

CALL MPI_IRECV(RCVBUF (1), CNT, MPI REAL, 0, TAG, MPI COMM WORLD, REQUEST,
IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED BEFORE WAIT", RCVBUF
CALL MPI WAIT (REQUEST, STATUS, IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED AFTER WAIT", RCVBUF
END IF

CALL MPI FINALIZE (IERR)

STOP

END

PesynwraT BEITTOMHEHWS 3TON MPOTPAMMET:

# mpirun -np 2 a.out

Process 0 send before wait 1. 2. 3. 4. 5.

Process 0 send after wait 1. 2. 3. 4. 5.

Process 1 received before wait 5.73971851E-42 0. 4.12288481E-34
2.12725878 2.08672428

Process 1 received after wait 1. 2. 3. 4. 5.

Pazbepure paboTy mporpaMMel 1 TPOKOMMEHTHPYIITE Pe3yIbTaT €€ BBITOTHEHNUS.

KonnektuBHbii o6MeH gaHHbIMUN

B mByxTOoweuHOM OGMeHe YJacTBYIOT ABa TIpollecca — WCTOYHWK COOOIIEHWS U
ero aapecar. Ilpu BbIIIONHEHUM KO/UIEKTMBHOrO OOMEHAa KOJMYECTBO "MEHCTBYIO-
mux Jull" Bo3pacraer. CoollleHUe MepechbulaeTesl OT OJHOIO MpoLecca HECKOJb-
KUM WJIU, HA00OPOT, OAMH Mpoliecc "cobupaer” JaHHbIE OT HECKOJbKUX Mpoliec-
coB. B erase 3 MBI yxe roBopuwin o ToM, uro MPI mommepkuBaer Takue BUIBI
KOJIJIEKTUBHOTO 0OMeHa, Kak IIMPOKOBEIATENIbHYIO Tepenayy, ornepaluu mpuBe-
genus u 1. . B MPI umerorcsi moamnporpaMmbl, BBITOJHSIOLIKE OINEPALIUU paC-
npeneaeHus ¥ cObopa AAHHBIX, [MOOATbHbIE MAaTeMATUYECKUE OINepaluM, Takue
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KakK CYMMHUPOBAHUE SJIEMEHTOB MACCHWBA WJIW BBIYUCICHWE €Tr0 MaKCHUMAaJIbHOTO
QJIEMCHTA U T. O.

B n11060M KOUTEKTUBHOM OOMeHe yJ9acTBYeT KaXIBIi TIpoIlecc W3 HEKOTOPO 00-
JIacTH B3auMoIeicTBUA. MOXHO OpraHM30BaTh OOMEH M B ITOJAMHOXKECTBE IPO-
LIECCOB, ISl 3TOTO MMEIOTCS CPEeICcTBA CO3MAHUSI HOBBIX OONacTeil B3amMOIeHCT-
BHUSI M COOTBETCTBYIOIIMX MM KOMMYHHKATOpOB. KoImeKTuBHBEIE OOMEHBI Xapak-
TEPUIYIOTCS CIEAYIOIINM:

O KoJJIeKTUBHbIE OOMEHbI HE MOTYT B3aMMOAEUCTBOBATH C JBYXTOUEYHBIMU.
KonnekTuBHas mnepenavya, HarpuMmep, He MOXET ObITh MepexBauyeHa IBYXTO-
YEYHOW MOJAMNPOrpaMMoOii TpueMa,

J KOJJIEKTUBHBIE OOMEHBI MOTYT BBITTOJHSIThCSI KAK C CUHXPOHM3AIMEU, TaK U
6e3 Hee,

3 Bce KOJUIEKTUBHBIE OOMEHBI SIBISIIOTCS OJJOKUPYIOIIMMHU TSI UHULIMMPOBABIIIE-
ro Ux oOMeHa;

(O Teru cooOlIEHNI HA3HAYAIOTCSI CUCTEMOIA.

LLinpokoBeLyaTtenbHaa paccblfika

[IupoxoBelarebHasT PACChIIKA BBIMTOMHSIETCSI OTHUM BbIAETEHHBIM TTPOIIECCOM,
KOTOPbIii HA3bIBAETCS IIABHBIM (root), a Bce OCTAlbHbIE MPOLECCHI, IPUHUMAKD-
e y4acTue B OOMEHe, MOAydyaloT 10 OJAHOM KOMMU COOOLIEHMS OT IJIaBHOIO
mnpotecca (puc. 4.6).

0O NMEPEOAYM MOCIE NMPUEMA

A

MPOLIECCHI

/l

A

Puc. 4.6. LLInpokoBellaTensHas pacchinka

Brrmonngercq HMINPpOKOBEIIATEIbHAA pacChlIKa C€ TIOMOLIBIO MOATIPOTrpaMMbl
MPI Bcast:

int MPT Bcast (void *buffer, int count, MPI Datatype datatype, int root,
MPI Comm comm)

MPI BCAST (BUFFER, COUNT, DATATYPE, ROOT, COMM, IERR)
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Ee mapameTpsl oqHOBpeMEeHHO SIBIISIIOTCS BXOTHBIMU W BHIXOIHBIMU:
O buffer — aapec Oydepa;

O count — KOJIMYECTBO 3JIEMEHTOB JaHHBIX B COOOILICHUN;

O datatype — TUN gaHHBIX MPI;
a

root — PaHT MIABHOTO TPOIeCcca, BHIMOTHSIOLUIETO INPOKOBENIATENBHYIO pac-
CBIIKY;

O comm — KOMMYHUKATOP.

O6MeH ¢ cuHxpoHu3auuen

CuHXpoHU3alUg ¢ MOMOLIBI0 "Oapbepa” sABNsETCS MpocTeiilieil popMoii CUHXPO-
HU3ALMHU KOJUIEKTMBHBIX 00MeHOB. OHa He TpeOyeT mepechliku AaHHBIX. [lox-
MporpaMma MPI Barrier OJOKMpPYeT BBHITIOTHEHUE KAKIOTO IPOIEcca U3 KOMMY-
HUKATOpa cormm A0 TEX MOP, IMOKA BCe MPOLECCH HE BHI30BYT 3TY MOANPOrpaMMy:

int MPI Barrier (MPI Comm cormm)
MPI BARRIER (COMM, IERR)

[Tpumep uCHONB30BAHUS KOMIEKTMBHOIO OOMeHa IpUBeAeH B NUCTUHIE 4.13.

! NMucTuHr 4.13. Mpumep Mcnonb3oBaHUA KONMEKTUBHOro ooMeHa

#include "mpi.h"
#include <stdio.h>
int main(int argc,char *argvl])

{

char datal[24];

int myrank, count = 25;

MPI Status status;

MPI Init (&argc, &argv);

MPI Comm rank (MPI COMM WORLD, &myrank) ;

if (myrank == 0)

{

strcpy(data, "Hi, Parallel Programmer!");

MPI Bcast (&data, count, MPI BYTE, O, MPI COMM WORLD) ;
printf ("send: %s\n", data);

}
else

{

MPI Bcast (&data, count, MPI BYTE, O, MPI COMM WORLD) ;
printf ("received: %s\n", data);

}
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MPI Finalize();
return 0;

}

PesynwraTt BEITTOMHEHWS 3TOUW MPOTPAMMET:

# mpirun -np 3 a.out

send: Hi, Parallel Programmer!
received: Hi, Parallel Programmer!
received: Hi, Parallel Programmer!

YnpaBneHue obnacrtblo B3aumogeiicTeus
M rpynnoii npoweccos

B MPI umMerotcs cpeacTBa co3gaHus U IpeoOpa3oBaHUS KOMMYHMKATOPOB, KO-
TOPbIE MAIOT BO3MOXHOCTb IIPOTPAMMUCTY B MOMOJHEHUE K CTAHIAPTHBIM IPEeno-
npeneaeHHbIM 00beKTaM CO3AaBaTb CBOU COOCTBEHHBIE. DTO HE TOJbKO MO3BOJIS-
€T MCMOJb30BaTh Pa3HOOOpa3Hble M JOCTATOUYHO CIIOXHBIE CXeMbl B3aUMOJEHCT-
BUS IIPOLIECCOB, HO U OOECIEUYMBAET NOMJIEPAKKY MOIYJIbHOCTU B HApaIEibHbIX
MPI-nporpamMmmax. MoaylibHOCTb — 3TO BO3MOXHOCTb CO3[aBaTh OUOINOTEKU
(6ubaMoTEeUHBIe MOJYJIN) NApAIEIbHBIX TToANMporpaMM. YuTarenb yxke 3HaeT, 4To
B TAKMX IOAMNPOrpaMMax MCIONb3YIOTCS apryMEHTBI, MO3BOJSIOLINE OINpPeaeNuTh
WCTOYHUK U ajapecaT oOMeHa, a TaKKe TerW cooOIeHni. Tern Mmo3BojsioT pasim-
yaTb COOOILEHUsI, OTMPaBAEHHbIE ISl Pa3HbIX lieJeid, HO MeXaHU3Ma TeroB He-
JOCTAaTOYHO ISl MOAJAEP:KKH MomyiabHOCTU. Paccmorpum npumep. Ilycts mpo-
rpaMma MCMojib3yeT OMOAMOTEYHYIO TIOANMPOrpaMMy U3 CO3JAHHOTO MporpaMMHU-
CTOM MOJIYJIS MapajuleJIbHBIX Mpoleayp. Jasa mpaBuibHON OpraHusaluyu odMeHa
COOOLICHUAMU BAXHO, YTOObL TErM COOOLUCHUI, [PUMEHSEMbIE B OUOIMOTEKE,
OTJIMYAJIUCh OT TEroB, MCIONb3yeMbIX B OcCTaBlleiicsl yacTu TpujoxeHus. Ho
MoJjib30BaTe/ib OMOMMOTEYHOW MpOLEeAypbl MOXET W He 3HaTh, Kakue Tern oHa
ucnoib3yeT. B aTom ciiydyae BO3ZHWKAET OMAacHOCTh CO3JAaHUSI HECTabWIbHO pabo-
Talolllel napaaiesbHON MporpaMMbl C HEMPEACKA3yeMbIM MTOBEIEHUEM.

PemmrenniemM aToit TpoGIEMBl W IBISIOTCS KOMMYHUKATOphl. Mcons3ys cpemcTsa
MPI, MoxHO co3maTh HOBBII KOMMYHUKATOp, COAEpXKAIIMI, HAIpUMeEpP, Te Ke
MTPOIIECChI, YTO U MCXOAHBIN, HO ¢ HOBEIM KOHTEKCTOM (T. €. ¢ HOBBIMHU CBOCT-
BaMu). OOMEH BO3MOXKEH TOJbKO B PAMKAX OJHOIO KOHTEKCTa, a OOMEHbI B pas-
HBIX KOMMYHUKATOPaxX MPOUCXOIST He3aBUCUMO. HOBBIT KOMMYHHKATOP MOXHO
rmepenaTh B KauyecTBe apryMeHTa OMOTMOTEYHOH TOoAIIporpaMMe, Kak B CIEAyIO-
LIEM IIpUMEpE:

CALL MPI COMM DUP(COMM, NEWCOMM, IERR)
CALL GAUSS PARALLEL (NEWCOMM, A, B)
CALL MPI COMM FREE (NEWCOMM, IERR)
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3nmech cHavaa co3maeTcsl HOBBIM KOMMYHHMKATOP (O TOATIpOrpaMMe MPT_Comm_dup
peub TMOWAET HUKe), MOANMPOrpaMMa gauss parallel MCIONB3YeT KOMMYHUKATOP
newcomm TaK, YTO Bce OOMEHBI B HEell TApaHTUPOBAHHO BBITIONHAIOTCS HE3aBUCHMO
OT IPYTUX ONepannii ooMeHa.

HeTamy BHYTpeHHEro MpeacTaBIeHNsT KOMMYHUKATOPOB W TPYTT 3aBHCAT OT KOH-
KPeTHO! peaan3aliy, IoJIb30BaTelb He UMEeT K HUM IIpsiMoro goctyma. B MPI
CYILLIECTBYET MEXaHW3M "KRIIUPOBAHUS"', KOTOPBIN IO3BOJSET CBSI3aTh C KOMMY-
HUKATOpOM HOBBIII HAabop aTpuOyTOB. DTO "BBICIIUI MUIOTAX" MPOrpaMMUPOBaA-
Hus Ha MPIL.

pynnbl NnpoueccoB

I'pynmoit HasEBAOT YIOPAIOUYeHHOE MHOXKECTBO TIpolleccoB. KakmoMy Tiporieccy
B TPYIIIE COIOCTABICH cBOHM paHr. Omepaluu ¢ TpynmiaMid MOTYT BBITTOJHSTHCS
OTIENBHO OT OMNepaluii ¢ KOMMYHHKATOpaMU, HO B OIlepalnsx oOMeHa UCITONb-
3yIOTCS TOJTBKO KOMMYHUKaTophl. B MPI mMmeercs cienmanpHas mpemonpeneieH-
Hasl TIycTasl Tpymmna MPI GROUP EMPTY.

KomMyHUKaTOpEl OBIBAIOT OBYX THIIOB. UHMPAKOMMYHUKAMOPb! — IUIS OTIepalinit
BHYTPH OIHOW TPYIIIBI TPOIECCOB U UHIMEPKOMMYHUKAMOPbl — IUIS TBYXTOYEYHOTO
obMeHa MeXmy NIBYyMs TpylmamMu IipoieccoB. MHTpaKOMMYHHUKAaTOPOM, B YacT-
HOCTHU, SIBJISIETCS] MPT COMM WORLD.

B MPI-nporpammMax yaiiie MCHOJb3yIOTCSI UHTPAKOMMYHUKATOpbl. MHTpakKoMmy-
HUKATOp BKITIOYAET SK3EMIUISAP TPYITIIBI, KOHTEKCT OOMEeHa TSl BCEX €Tro BUIOB, a
TaKkKe, BO3MOXHO, BUPTYaJIbHYIO TOIIOJOTMIO (O TOIOJOTHSIX MBI TTOTOBOPUM B
cienylolleil mase) U Apyrue arpuOyThl. KoHTEKCT obGecreuyuBaeT BO3MOXHOCTD
CO3[aHMsI M30JMPOBAHHBIX [Ipyr OT Apyra, a [oromy "0e3onacHbix’, objacreit
B3auMmoneicTBusg. CucremMa cama ympasiseT MX pasaeieHueM. KoHTekcT urpaer
POJiIb TOMOJHUTEIBHOIO Tera, KOTopblil AuddepeHuupyeT cooduieHus.

MPI noasepxupaer oOMEHbl MeXAY ABYMS HEMNEPECEKAIOIIMMUCH TIpyIIaMu
npoueccoB. Eciu napaienbHas rnporpaMmma COCTOUT M3 HECKOJbKUX Mapalieb-
HBIX MOAYyJel, yT1oOHO pa3pelinTb OJHOMY MOIYJII0 OOMEHUBATbCS COOOIEHUSIMU
C JIpyTMM, WCIIONB3Ysl JUISl aipecalliu JIOKAJIbHbIE MO OTHOLIEHUIO KO BTOPOMY
MoAyN0 paHru. Takoll nmoaxona ymoOeH, HampuMep, MpU MporpaMMUPOBaHUU Ma-
paIeNIbHBIX KJIMEHT-CepBEepHbIX MpuiiokeHUui. MHTepoOMeHbl peanusyloTes ¢
IOMOIIIbI0 MHTEPKOMMYHHKATOPOB, KOTOpPble OOBEAMHSIOT ABE IPYIIbl IPOIEC-
COB OOlIIMM KOHTEKCTOM. B KOHTEKCTE, CBI3aHHOM C WMHTEPKOMMYHUKATOPOM,
rnepejaya cooOLIEHUsI B JIOKAIbHOW IPYIIE BCErJa COINPOBOXIAETCS €ro Ipue-
MOM B yAaJ€eHHOM IpylIe — 3TO AByXToueyHasd omepaius. I'pynma, coaepxkaiias
rpol1iecc, KOTOPbI MHUIIMUPYET OMepalio MHTEPOOMEeHA, HAa3bIBACTCS A0KAAbHOU
epynnoti, a TpyIna, cojepxailiasi mpolecc-aapecar, — ydaaennou epynnoii. Intep-
OOMeH 3amaeTcsl Mapoil: KOMMYHUKATOp — PaHT, IIPU 3TOM PaHT 3aMaeTcsl OTHO-
CUTEJIbHO YAAJIEHHON TPYIITIbIL.
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KoHCTpyKTOPHT MHTEPKOMMYHUKATOPOB (KOHCTPYKTOP — 3TO TIOOMPOTpaMMa,
co3aoIIas COOTBETCTBYIOIINE CTPYKTYPHI NAHHBIX) SIBISIIOTCSA OJIOKMPYIOIIMMU
onepausaIMH, TTO3TOMY BO M30eXaHWe TYIMMKOBBIX CUTYallMi JOKajJbHas W yda-
JIeHHas TPYIIIa He JOJDKHBI MepeceKarhes, T. €. OHM He JOJDKHBI ColepKaTh O1-
HaKOBbBI€ IIPOLIECCHI.

MHTepobMeH xapakrepusyercs CleayloluMU CBOMCTBAMU:

O cHHTaKCHC IBYXTOYEUHBIX OOMEHOB OIMHAKOB B OIepalusx oOMeHa B paMKax
WHTpAa- ¥ MHTEPKOMMYHHKATOPOB;

O azmpecar 3agaeTcs paHIoM Ipoliecca B yIaJIeHHOU IpyIIIe;

O onepanmum oOMeHa C WCIOJBb30BaHNEM WHTEPKOMMYHUKATOPOB HE BCTYMAIOT
B KOHGIMKT ¢ 0OMeHAMU, WCIOIB3YIOIINUME APYTroii KOMMYHUKATOP;

a MHTCPKOMMYHUKATOP HEJIbL3S UCITOJIb30BATh OJISI KOJIJIEKTUBHDBIX O6M6HOB;

O KOMMYHWKaTOp HE MOXET OOBbeAWHSTH CBOMCTBA WHTEP- U MHTPAKOMMYHHUKA-
Topa.

MHTepKOMMYHUKATOP CO3AA€TCsl  KOJUIEKTUBHBIM  BbI30OBOM  IMOANPOrPaMMbL
MPI_Tntercomm create (TTOAPOOHEE 00 3TON MOATIPOrpaMMe TTOTOBOPUM TTO33KE).

Co3pgaHue rpynn npoLeccos

Onepam/m CO3OaHus IpynIil nMpouecCoB daHAJITOTMYHbI MATEMATUYECKUM OIl€panun-
AM HaJd MHOXKECTBAMM:

O obsedunenue — K mpolieccaM MeEPBON Tpymmbl (groupl) n00aBISIOTCS Mpollec-
Cbl BTOPOI Ipymibl (group2), He NpUHALIEeXKALIME TePBOK;

O nepeceuernue — B HOBYIO TPYNITY BKIIIOUAIOTCST BCE TIPOIIECCHI, MMPUHAIEKAIIINE
JBYM TpyMIaM OAHOBPeMEHHO. PaHru MM HasHAyaloTcsd KaK B IMEPBOU IpyIiie;

O pasxocms — B HOBYIO TPYIIIY BKIIOYAIOTCST BCE MPOIIECCH MEPBOI TPYITITBI, He
BXOJSIlMe BO BTOPYIO rpyniy. PaHry HazHayaloTcs Kak B II€PBOl rpymiie.

HoByro rpymmy MoXHO co31aTh TOJNBKO M3 yXKe CYIIeCTBYIOIINUX Tpymi. basopas
TPYIIa, U3 KOTOPOi (HOpMUPYIOTCS Bce APYIHE TPYIIIBI, CBI3aHA ¢ KOMMYHHUKA-
TOPOM MPI_COMM WORLD. B TommporpamMax co3fgaHusl TPy, Kak MpaBuiIo, Hellb-
3s1 UCIIONIB30BATh MYCTON KOMMYHUKATOP MPI COMM NULL.

HocTyT K TPYTITe group, CBI3aHHOW ¢ KOMMYHHUKATOPOM comm, MOXHO TOJTYIHTD,
00paTUBIIUCH K TIOATTPOTpaMMe MPT_Comm_group:

int MPT Comm group (MPI Comm comm, MPI Group *group)
MPI COMM GROUP (COMM, GROUP, TERR)

Ee BHIXOOHEIM TiapamMeTpoM SBIseTcs Tpymma. s BBITOMHEHWUS OTepalnit
C TPYNIOU K HEll cHavaga HeoOXOAMMO MOJIYYUTh JOCTYII.
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IMonmporpaMma MPT Group incl CO3MAeT HOBYIO TPYNNY newgroup W3 n TMPOIEC-
COB, BXOIMIIMUX B I'PYHITY oldgroup. Pauru stux IIPOLECCOB COACPAKATCA B MACCHU-
B€ ranks:

int MPT Group incl (MPI Group oldgroup, int n, int *ranks,
MPI Group *newgroup)
MPI GROUP_INCL (OLDGROUP, N, RANKS, NEWGROUP, IERR)

B HoBylo rpynmy BoWAyT Tpolecchl ¢ paHTaMW ranks([0], ..., ranks[n — 1],
TTpUYeM PaHTY i B HOBOW TPYIIIIe COOTBETCTBYET PAHT ranks([i] B CTApOW TPYIIIe.
IMpu n = 0 cozmaeTca mycrtas Tpymnma MPT _GROUP EMPTY. C TOMOIIbIO TaHHOMN
MOANPOIrpaMMbl MOKHO HE TOJBKO CO37aTh HOBYIO IPYIINTY, HO U U3MEHMTD IIOPSI-
JIOK IIPOLIECCOB B CTAPOM IpyIIIe.

[lonmporpamma MPT_Group excl CO3[AET TPYMNY newgroup, NCKIIOYAd W3 WCXOI-
HOIWt TpyMTBI (group) MpOLECCH ¢ paHTaMU ranks[0], ..., ranks[n — 1]:

int MPI Group excl (MPI Group oldgroup, int n, int *ranks,
MPTI_Group *newgroup)

MPI GROUP EXCL (OLDGROUP, N, RANKS, NEWGROUP, IERR)

Ilpu n = 0 HOBag rpyIIa TOXIAESCTBEHHA CTApOIi.

HO,[[HpOFpaMMa MPT Group range incl CO3HA€T TPYNNY newgroup W3 TPYMITHI
group, TOOABISAS B Hee n MPOLIECCOB, PAHT KOTOPHIX YKa3aH B MacCUBE ranks:

int MPI Group range incl (MPI Group oldgroup, int n, int ranks[][3],
MPI Group *newgroup)

MPI GROUP_ RANGE INCL (OLDGROUP, N, RANKS, NEWGROUP, IERR)

MaccuB ranks COCTOUT U3 LEJIOYNCICHHBIX TPUILIETOB BUAA (HepBbHZil, ocyen—
muit_1, war 1), ..., (nepesit_n, nocsenuuit_n, war_n). B HOBYIO Tpymmy BOWAYT Tpo-
[IECCHI ¢ PAHTaMU (TTO TIEPBOI TPYTITNE) nepewit 1, nepesit 1 + war 1, ...
HO,Z[HpOI’paMMa MPI Group range excl CO3Ja€T TIPYNNY newgroup W3 TIPYNIIIbI
group, UCKJIIOYAsl U3 HEe n MPOLIECCOB, PAHT KOTOPBIX yKa3aH B MAacCUBE ranks:

int MPI Group range excl (MPI Group group, int n, int ranks[][3],
MPI Group *newgroup)

MPI GROUP RANGE EXCL(GROUP, N, RANKS, NEWGROUP, IERR)

MaccuB ranks YCTpoeH Tak Xe, KaK aHaJOTHYHBI MaccuB B TOANpPOrpaMme
MPTI Group_ range incl.

[lonnmporpamma MPI Group difference CO3MA€T HOBYIO TPYMMY (newgroup) W3
Pa3HOCTU IBYX TPYMI (groupl) U (group2):

int MPI Group difference (MPI Group groupl, MPI Group group2, MPI Group

*newgroup)
MPI GROUP DIFFERENCE (GROUP1, GROUPZ, NEWGROUP, IERR)
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IMonmporpaMma MPI_Group intersection CO3[AeT HOBYIO TPYMNy (newgroup) W3
IepeceuYeHUs1 IrpyImil groupl U group2:

int MPT Group intersection (MPT Group groupl, MPT Group groupZ,
MPI Group *newgroup)

MPI GROUP INTERSECTION (GROUP1, GROUP2Z, NEWGROUP, IERR)

IMonmporpaMma MPI_Group union CO3[aeT TPYMMY (newgroup), OOBEAWHSAS TPYIITHI
groupl U group2:

int MPT Group union (MPI_Group groupl, MPI Group groupZ2,

MPI Group *newgroup)

MPI GROUP_UNION (GROUP1, GROUP2, NEWGROUP, IERR)

HMmMeroTes m mpyrue MOAMPOrpaMMBI-KOHCTPYKTOPHI HOBBIX TpyIil. EcTe m mecT-
pyKkTop. BBI30B mommporpaMmel MPT Group free YHUUTOXAET TPYIITY group:

int MPI Group free (MPI Group *group)
MPI GROUP FREE (GROUP, IERR)

NMonyuyeHune nHcpopmMmavum o rpynne

st onpeaeneHust KOJUYECTBA MPOLECCOB (size) B Ipynne (group) UCHOMB3YETCS
MMoAIIporpaMMa MPI Group size:

int MPI Group size(MPI Group group, int *size)
MPI GROUP_SIZE (GROUP, SIZE, TIERR)

IMonmporpaMma MPI Group rank BO3BpAIlA€T PaHT (rank) TIpollecca B TPYIIe

group:

int MPI Group rank (MPI Group group, int *rank)
MPI GROUP RANK (GROUP, RANK, IERR)

Ecmm mpomecc He BXOOWT B VKA3aHHYIO TPYITITYy, BO3BpallaeTcs 3HAUYEHWeE
MPI UNDEFINED.

IIpouecc Moxer BXoauTb B HECKoJbko rpyni. IloanporpaMma MPI Group
translate ranks TpeoOpasyeT paHT Mpolecca B OMHON TPYMIE B €ro paHT B APy-
roi rpyrmie:

int MPT Group translate ranks (MPI_Group groupl, int n, int *ranksl,
MPI Group group2, int *ranks2)
MPIiGROUPiTRANSLATEARANKS(GROUPl, N, RANKS1, GROUP2, RANKS2, IERR)

Dra ¢GYHKIMS WCIONB3YeTCsl U OMNpeNeeHNsT OTHOCUTENBHOW HyMepalnu
OIHUX U TeX Xe MpPOIeCCOB B IBYX Pa3HbIX IPYIIIax.
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l'[oz[nporpaMMa MPTI Group compare WCTOJB3YETCH IS CPABHEHUM TPYIMN groupl
" group2:

int MPI Group compare (MPI Group groupl, MPI Group group2, int *result)
MPI GROUP COMPARE (GROUP1, GROUPZ, RESULT, IERR)

Ecnu rpyniiel MOMHOCTBIO COBMANAIOT, BO3BpAlllaeTcsl 3HAUeHWe MPI TIDENT. Eciu
YWICHBI 0OeUX TPYIT OJAMHAKOBHI, HO UX PAaHTU OTIMYAIOTCSA, PE3yJbTaTOM OyIeT
3HaYeHne MPT SIMILAR. Ecnu rpymmbl pasnmuyuHbI, pe3yTbTaToM OYIeT MPT UNEQUAL.

YnpaBneHune KOMMyHUKaTopamm

Co3z[a1-me KOMMYHHKATOpa — KOJUJIEKTHUBHAs oOlepaunsgd W COOTBETCTBYIOIIAS
noamnporpaMma J0J2KHa BbI3bIBATbCA BCEMU IIPpOLECCAMUM KOMMYHMKATOPA. HOZ[—
nporpaMma MPI Comm dup JOyOJIMpPYeT YK€ CYLIECTBYIOIUNNA KOMMYHHKATOP
oldcomm:

int MPI Comm dup (MPI Comm oldcomm, MPI Comm *newcomm)
MP17COMMiDUP(OLDCOMM, NEWCOMM, IERR)

B pesynpraTe BBI3OBA CO3MAETCS HOBBIT KOMMYHWKATOP (newcomm) € TOW Ke
TPYIIIO TPOIECCOB, ¢ TeMH Xe aTpuOyTaMu, HO ¢ IPYyIUM KoHTekcToM. Ilox-
mporpaMma MOXET IPUMEHSThCS KaK K MHTPa-, TAK ¥ K MHTEPKOMMYHHKATOPaM.

IMonmporpaMma MPI Comm create CO3JA€T HOBBI KOMMYHWKATOP (newcomm) W3
TMTOAMHOKECTBA TIPOIIECCOB (group) APYroro KOMMYHUKaTopa (oldcorm):

int MPI Comm create (MPI Comm oldcomm, MPI Group group, MPI Comm *newcomm)
MPI COMM CREATE (OLDCOMM, GROUP, NEWCOMM, IERR)

Bb130B 3TOlf TOATIpOrpaMMBl  TOJDKHBI  BHITIONMHUTE BCe TIPOLIECCHl M3 CTaApOTO
KOMMYHUKaTOpa, IaXe €CIM OHM HE BXOMSIT B TIPYIIY group, ¢ ONUMHAKOBBIMU
aprymeHTamu. JlaHHas onepauusi MpUMeHsIeTCSl TOJAbKO K MHTPAKOMMYHUKATO-
paM. OHa MO3BOJISIET BBIAESATH MOAMHOXKECTBA MPOLIECCOB CO CBOMMU 0O0JacTSIMU
B3aMMOJIENCTBUSI, €CIU, HATPUMED, TPeOyeTcs] YMEHBIIUTh "3epHUCTOCTD" Mapa-
JenbHoi mporpamMmbl. IloGouHbiM 3dexToM MpUMEHEHUs MOANPOrpaMMbL
MPI_Comm _create SIBISIETCS CHWHXPOHW3AIMS TpolleccoB. Ecau, HampuMep, ooHO-
BPEMEHHO CO3MAI0TCS HECKOJABKO KOMMYHHUKATOPOB, OHU JOKHBI CO30aBaThCs
B ONHOM MOC/EeI0BAaTebHOCTH BceMu Ipoiieccamu. Ilpumep co3naHusi KOMMYHU-
Karopa npuBeAcH B auctuHre 4.14.

' NucTuHr 4.14. MpuMep CO3AAHNS KOMMYHUKATOPA

#include "mpi.h"
#include <stdio.h>

int main(int argc,char *argv[])
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char message[24];
MPI_Group MPI_GROUP WORLD;
MPI Group group;

MPI Comm fcomm;

int size, g, proc;

int* process_ranks;

int rank, rank in group;

MPI Status status;

MPI_Init (&argc, &argv);

MPI Comm size (MPI_COMM WORLD, &size);

MPT Comm rank (MPT COMM WORLD, &rank);

printf ("New group contains processes:");

q = size — 1;

process_ranks = (int*) malloc(g*sizeof (int));
for (proc = 0; proc < g; proc++)

process ranks|[proc] = proc;

printf ("%i ", process ranks[proc]);

}

printf ("\n");

MPI Comm group (MPI COMM WORLD, &MPI GROUP WORLD) ;
MPI_Group_ incl (MPI_GROUP WORLD, g, process_ranks, &group);
MPTI Comm create (MPT COMM WORLD, group, &fcomm);
if (fcomm != MPI_COMM NULL) ({

MPI Comm group (group, &fcomm);

MPI Comm rank (fcomm, &rank in group);

if (rank in group == 0) {

strcpy (message, "Hi, Parallel Programmer!");

MPI Bcast (&message, 25, MPI BYTE, O, fcomm);
printf ("0 send: %s\n", message);

}
else

{

MPI Bcast (&message, 25, MPI BYTE, O, fcomm);
printf ("%i received: %s\n", rank in group, message);
}

MPI Comm free (&fcomm) ;

MPI Group free (&group);

}

MPI Finalize();

return 0O;

}
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IMocmoTpuM, kak pabortaeT 3Ta TporpamMma. I[lycThb B KOMMYHWKATOp MPI
COMM_WORLD BXOISIT p TpoiieccoB. CHavasa co3maeTcsl CUCOK MPOIeccoB, KOTO-
pble OyayT BXOAUTh B 00JacTb B3aMMOIEHCTBUS HOBOTO KOMMYHMKATOpa. 3areM
cosmaeTcs TPYIIIA, COCTOSINAS M3 3TUX IpolleccoB. s 3Toro TpedyroTcs IBe
oneparuu. [lepBas ompenenser TPyNIy, CBA3AHHYD C KOMMYHHKATOPOM MPT
comM wORLD. HoBast rpymma cosmaercsi BRI3OBOM MOAIMPOrpaMMBI MPI Group incl.
3aTeM cozmaeTcs HOBBIIT KOMMYHHMKATop. sl 3TOro MCHoib3yeTcs MOMIIporpaM-
Ma MPI Comm create. HOBBI KOMMYHUKATOp — fcomm. B pesynbpraTe Bcex 3THX
JEeHCTBUI BCE TPOLIECCHI, BXOAAIINE B KOMMYHHKATOP fcomm, CMOTYT BBIIOTHSTH
omnepami KOJUIEKTUBHOTO oOMeHa, HO TOJBKO MeXmy coboii. Pesynbrar ee BEI-
MTOTHEHUS:

# mpirun -np 5 a.out

New group contains processes:0 1 2 3
0 send: Hi, Parallel Programmer!

New group contains processes:0 1 2 3
1 received: Hi, Parallel Programmer!
New group contains processes:0 1 2 3
3 received: Hi, Parallel Programmer!
New group contains processes:0 1 2 3
2 received: Hi, Parallel Programmer!

Hoz[nporpaMMa MPIiCIommisplit MO3BOJIACT CO34aTh HECKOJIIBKO KOMMYHUKATOPOB
cpasy:

int MPT Comm split (MPI_Comm oldcomm, int split, int rank,

MPI Comm* newconmm)

MPI COMM SPLIT (OLDCOMM, SPLIT, RANK, NEWCOMM, IERR)

I'pyrma mpolieccoB, CBSI3aHHBIX ¢ KOMMYHUKATOPOM oldcomm, pa30uBaeTcsl Ha
HEIEPECEKAIOIUECH IOAIPYIIIbl, 10 OAHOM ISl KaXJOro 3HAYeHMUSl aprymeHTa
split. Ilpollecchl ¢ OOMHAKOBBIM 3HAYEHHUEM split OOpa3ylOT HOBYIO TPYIIIY.
Panr B HOBoO#i rpymne olnpeaensieTcss 3HaueHUeM rank. Eciu mpoiieccol A u B
BBI3BIBAIOT MPI Comm split C OAWUHAKOBBIM 3HAYEHUEM split, a apryMEHT rank,
MepenaHHbIi MpolleccoM A, MEHBIIIe, YeM apTyMEHT, MeperaHHbIil mpoieccoM B,
paHr A B TpyIile, COOTBETCTBYIOILEH HOBOMY KOMMYHMKATOpy, OydeT MeHbllle
panra mnpotiecca B. Eciu Xe B BbI30BaX HCIOJb3YETCS OAMHAKOBOE 3HAUYEHUE
rank, CICTeMa MPUCBOUT PAHTH MPOU3BOIBHO. I KaxkIoil MOATPYIIIEI CO3MaeT-
¢ COOCTBEHHBIN KOMMYHUKATOP newcorm.

MPI Comm split — KOJUIEKTUBHAsI TOAIPOTpaMMa, €€ MOJKHBI BbI3BATh BCE MPO-
LIECCHl M3 CTAapOro KOMMYHHKATOpa, MaXKe eCIW OHW M He BOMIYT B HOBBI KOM-
MyHUKAaTop. JIsT 5TOro B KauecTBe apryMeHTa split B MOAIIPOrpaMMy IepenaeTcs
MpeaoTpeneieHHasl KOHCTaHTa MPI UNDEFINED. COOTBETCTBYIOIIUE TIPOIIECCH
BEPHYT B KauecTBE HOBOTO KOMMYHWMKATOpa 3HaYeHWe MPI COMM NULL. HoBbie
KOMMYHMKATOPBI, CO3MAHHBIE MOMMPOrpaMMOli MPT Comm split, HE MEpPECceKaroT-
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Cd, OOHAKO C TIOMOINBIO TOBTOPHBIX BBI3OBOB TOANMPOTPAMMBI MPT Comm split
MOJXHO CO31aBaThb N MEPEKPbIBAIOIINECS KOMMYHUKATOPHI.

IMpumep paciieruieHNss KOMMYHHUKATOpa:

CALL MPI COMM RANK (COMM, RANK, IERR)

CALL MPI_COMM SIZE (COMM, SIZE, IERR)

SPLIT = 2 * RANK / SIZE

KEY = SIZE — RANK — 1

CALL MPI_COMM SPLIT(COMM, SPLIT, KEY, NEWCOMM, IERR)

B crenyromem nmpuMepe co3maTCA TPW HOBBIX KOMMYHUKATOPA (€CITW WCXOTHEIN
KOMMYHUKATOP comm COASPXKHUT HE MEHEE TPeX MPOILeCcCOB):

MPI_Comm,comm, newcomm;

int rank,

split;

MPI_Comm_rank(comm, &rank) ;

split = rank%3;

MPT Comm split (comm, split, rank, &newcomm);

Ecmu, nHampuMep, KOMMYHHUKATOP comm COAEPXKHUT 7 TpolieccoB, OymeT co3maH
HOBbIII KOMMYHUKATOP U3 IpoueccoB 0, 2 u 3; KOMMYHUKATOp U3 mpoleccos 1, 4
1 6, a TaKKe KOMMYHHUKATOp M3 OIHOro mpoiecca 5 (puc. 4.7).

[Monnporpamma MPI Comm free TOMEYaeT KOMMYHWKATOP comm JUTS YOATEHNS:

int MPI Comm free (MPI Comm *comm)
MPT COMM FREE (COMM, TERR)

NCXOOHbIA KOMMYHUKATOP

HOBbLI
KOMMYHUKATOP

HOBbIV
KOMMYHWKATOP .
HOBbIV
KOMMYHUKATOP

Puc. 4.7. CospaHue Tpex HOBbIX KOMMYHWKATOPOB
C MOMOLLbIo Nognporpammel MPI Comm split
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OOMEHBI, CBSI3aHHBIE C 3TUM KOMMYHUKATOPOM, 3aBeplIAIOTCSI OOBIYHBEIM OOpa-
30M, a caM KOMMYHHUKATOp YIAISAeTcsl TOJIBKO IMOCJe TOro, Kak Ha Hero He Oyaer
AaKTUBHBIX CCbL10K. JlaHHasl ornepauusi MOXET IPUMEHSTbCH K KOMMYHUKATOpam
00oUX BUAOB (MHTpA- U UHTEP-).

CpaBHeHue ABYX KOMMYHUKATOPOB (comml) W (comm2) BBHITIONHSIETCS TIOATIPO-
rpaMMoil MPI Comm compare:

int MPI Comm compare (MPI Comm comml, MPI Comm comm2, int *result)
MPI COMM COMPARE (COMM1, COMMZ2, RESULT, IERR)

Pesynbrar ee BBIMOMHEHUS result — ILEN0O€ 3HAUEHUE, KOTOPOE PABHO MPI IDENT,
€CITIU KOHTEeKCTBl U TPYIIBI KOMMYHUKATOPOB COBIANAIOT; MPI CONGRUENT, €CITH
COBITA/IAIOT TOJBHKO TPYMTIBI; MPT SIMILAR W MPT UNEQUAL, €CIM HE COBIIANAIOT HU
TPYIIIBI, HU KOHTEKCTH. B KadecTBe apryMeHTOB HeENb3s MCIONB30OBATH ITYCTOM
KOMMYHHMKATOP MPT COMM NULL.

K 4ucny onepauuit ynpabieHuss KOMMYHUKATOpaMd MOXHO OTHECTU 3HAKOMbBIE
yXe HaM omepanuu MPT Comm size W MPI Comm rank. OHU MO3BOJNSIOT, B YACTHO-
CTH, pacIpeleNuTh POIH MEXIy IIpolleccaMd B MOIEIW '"TJIaBHasg 3agadya — IIOA-
YUHEHHble 3amaun” (master-slave).

C MOMOIIbIO MOATIPOTPAMMBI MPTI Comm set name MOXHO MPUCBOUTH KOMMYHHKaA-
TOPY comm CTPOKOBOC MM name:

int MPT Comm set name (MPT Comm com, char *name)
MPI_COMM_SET_NAME (COM, NAME, IERR)

1 HA000pOT, MOAMPOTpaMMa MPI Comm get name BO3BPAIIAET name — CTPOKOBOE
MM KOMMYHWKATOPA corm:

int MPI Comm get name (MPI Comm comm, char *name, int *reslen)
MPI COMM GET NAME (COMM, NAME, RESLEN, IERR)

Nwmga TIpEACTABISIET coboit MaccuB CHUMBOJBHBIX 3Haqum71, IJTMHA KOTOPOTO
NOTXHA OBITh HE MEHee MPT MAX NAME_STRING. JITMHA WMEHW — BBIXOQHOI Tapa-
METpP reslen.

Iposepxa, sIBIgEeTCS MU KOMMYHHUKATOP comm (3TO BXOTHOHM IMapaMeTp) MHTEp-
KOMMYHHMKATOPOM, BBITTONHSIETCS MOMMPOrpaMMOIf MPT Comm test inter:

int MPI Comm test inter (MPI Comm comm, int *flag)
MPI COMM TEST INTER (COMM, FLAG, IERR)

PesynbraTom siBisietTcst 3HaueHUe diara (flag) "WcTHHA", eCcIU apTyMEHTOM SIBJISI-
€TCsl UHTEPKOMMYHUKATOP.

JBe oOyactTn B3aMMOAEWCTBASI MOXHO OOBeIWHWTH B ofHYy. Iloagmporpamma
MPI Intercomm merge CO3[TAE€T MWHTPAKOMMYHHKATOP newcomm M3 MWHTEPKOMMYHH-
KaTopa oldcomm:
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int MPI Intercomm merge (MPI Comm oldcomm, int high, MPI Comm *newcomm)
MPI INTERCOMM MERGE (OLDCOMM, HIGH, NEWCOMM, IERR)

IMapamMeTp high 37eCh UCTIONB3YETCS IUTS YITOPSIOUESHWS TPYITIT 000UX WHTPAKOM-
MYHUKATOPOB B comm MPHW CO3TAHUHA HOBOTO KOMMYHHWKATOPA.

Hoctyn K ynajeHHOH IpyIine, CBI3aHHOW ¢ UHTEPKOMMYHUKATOPOM comm, MOXKHO
IOJIY4YNTDb, 06paTI/IBH_[I/ICI> K nmoanporpaMmMe MPI Comm remote group:

int MPT Comm remote group (MPT Comm comm, MPI Group *group)
MPI COMM REMOTE GROUP (COMM, GROUP, TIERR)

Ee BBIXOmHBIM mapaMeTpoM sIBISIeTCs yoaleHHas TPpYIIa group.

[MonmporpamMmma MPI Comm remote size OTPENENSIET pa3Mep YAATEHHOW TPYIIIIHI,
CBSI3aHHOM ¢ MHTEPKOMMYHUKATOPOM corm:

int MPI Comm remote size (MPI Comm comm, int *size)
MP17COMIV17REMOTE7$IZE(COMM, SIZE, IERR)

Ee BbIXOIHOI TTapamMeTp size — KOJWYECTBO IPOIIECCOB B 0OJIACTU B3aUMOMIEHICT-
BHSI, CBSI3aHHON ¢ KOMMYHHKATOPOM comm.

HNHTepKOMMYHUKATOPEI MOXHO WCTONB30BaTh B OMEpPANNdX, KOTOpbIe OOBITHO
MPUMEHSIIOTCSl K WHTpaKOMMyHHUKatopam. [Ipu >ToM MPI Comm size BO3Bpa-
IaeT pasMep JOKAIBHOW TPYMIBI, MPI Comm group — JIOKAJIBHYIO TpYIINY U
MPI Comm rank BO3BpalllaeT paHT B JOKadbHOIl rpymme. B moamporpamme
MPI Comm compare 002 KOMMYHUKATopa MOJKHBI OBITh ONHOTO THUIIA, WHAYE pe-
3yAbTaTOM OY/IET 3HAYeHUE MPT UNEQUAL.

Onepayumn o6MeHa MeXxay rpynnamMu npoueccos
(uHTEepo6MmeH)

ITpu BHITIOHEHUW WHTEpOOMEHa TIPOlIeCCY-UCTOUYHUKY COOOIIEHNUS yKa3biBaeTcs
paHr ampecara OTHOCUTENbHO YNAJEHHOH TIpymibl, a MPOLECCY-MOoayyaTeao —
PaHT UCTOYHMKA (TakXKe OTHOCUTEJbHO YIAJIeHHOW MO OTHOILEHUIO K MojyyaTe-
JIto TpyInbl). OOMeH BBIMOJHSETCS MeXIy Juaepamu obeux rpyni. Ilpennonara-
eTcs, UTo B 00erX IpyIax ecTb, [0 KpaifHell Mepe, Mo OMHOMY IPOIIECCY, KOTO-
PBIiT MOXXeT OOMEHUBATHCSI COODIIEHUSIMA CO CBOMM TIapTHEPOM.

I/IHTep06M6H BO3MOXKEH, TOJIBKO €CJIN CO3IOaH COOTB@TCTBYIOHII/Iﬁ MHTCPKOMMY-
HUKATOp, a4 3TO MOXHO CAelaTb C IMOMOIIbLIO TIOAIIPOrpaMMbl MPI Intercomm
create:

int MPI Intercomm create (MPI Comm local comm, int local leader,

MPI Comm peer comm, int remote leader, int tag, MPI Comm *new intercomm)
MPIilNTERCOMM7CREATE(LOCALfCOMM, LOCAL LEADER, PEER COMM, REMOTE LEADER,
TAG, NEW_INTERCOMM, IERR)
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Bxomnble mapaMeTpbl 3TOI TTOAMPOTPAMMBbI:

O local comm — JOKAJBbHBIA MHTPAKOMMYHUKATOP;

local leader — PAaHT JWJIEPa B JIOKATBHOM KOMMYyHWKarope (06braHoO 0);
peer comm — YOUIEHHBIH KOMMYHUKATOD;

remote leader — PaHT JIUAEPA B YIATEHHOM KOMMYyHuUKarope (o6braHo 0);

aaad

tag — TeT MHTEPKOMMYHHUKATOPa, UCIIONB3YEMBIil TUAepaMi O0erX TPYIII ST
0OMEHOB B KOHTEKCTE POAUTEIbCKOr0O KOMMYHUKATOPA.

BeixonmHoli mapamerp — WHTEPKOMMYHUKATOP (new intercomm). "/[XKOKepwsl" B
KAuecTBEe MapaMeTPOB MCIIOJb30BATh HENb3s. BbI30B 3TOil Moamporpammbl a0ja-
JK€H BBITIONHATBHCS B 00X TPYIIIaxX MPOLECCOB, KOTOPHIE TOJDKHBI OBITH CBA3AHBI
MexXmy coboii. [Ipy 5TOM B KaXXKIOM M3 3THUX BHI3OBOB MCIIONIB3YETCS JIOKATBHBIN
MHTPAKOMMYHUKATOP, COOTBETCTBYIOIIMI MaHHOM rpymnme mpoueccoB. Ilpu pa-
00Te ¢ MPI Intercomm create JIOKQJbHAs W yHAJEHHAs TPYIIBI MPOIIECCOB HE
JIOJKHbBI TIepeceKkaThesl, UHaYe BO3MOXHBI "TyMUKHU".

INpumep opraHmzanuy odMeHa MeXIY Pa3HBIMU TPYIIAMU ¢ TTOMOIIBIO WHTEp-
KOMMYHUKaTopa MpuBeneH B JuctuHre 4.15.

' MucTunr 4.15. Mpumep co3paHmsa NHTEPKOMMYHUKATOPOB

#include "mpi.h"

#include <stdio.h>

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

{

int counter, message, myid, numprocs, server;

int color, remote leader rank, i, ICTAG = O;

MPI Status status;

MPI_ Comm oldcommdup, splitcomm, oldcomm, inter comm;

MPI_TInit (&argc, &argv);

oldcomm = MPI COMM WORLD;

MPI Comm dup (oldcomm, &oldcommdup) ;
MPI_ Comm size (oldcommdup, &numprocs);
MPI Comm rank (oldcommdup, &myid);
server = numprocs — 1;

color = (myid == server);

MPI Comm split (oldcomm, color, myid, &splitcomm);
if (!color) {

remote leader rank = server;

}

else {

remote leader rank = 0;

}
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MPI Intercomm create (splitcomm, 0, oldcommdup, remote leader rank,

ICTAG, &inter comm);

MPI Comm free (&oldcommdup) ;
if (myid == server) {

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

MPT Recv (&message, 1, MPT_INT, i, MPI ANY TAG, inter comm, &status);

printf ("Process rank %i received %1 from %i\n", myid, message,

status.MPI SOURCE); }

}
else(

counter = myid;

MPI Send(&counter, 1, MPI INT, 0, O, inter comm);
printf ("Process rank %1 send %i\n", counter);

}

MPI Comm free (&inter comm);

MPI Finalize();

return O;

}

B aToii iporpamMMe Tipoliecchl AeNSTCS Ha IBe TPYMIIB: TiepBas COCTOUT U3 OJHO-
ro mpouecca (Ipolecc ¢ MAKCUMAJIbHBIM PAHIOM B MCXOJHOM KOMMYHMKATOpe
MPI_COMM WORLD), 3TO — "cepBep”, a BO BTOPYIO BXOAST BCE OCTANIbHBIE MPOIEC-
chl. Mexay STUMW TpynmaMW W co3daeTcss WHTEPKOMMYHWKATOP inter comm.
IIponiecchl-KIMEHTH IepenaloT cepBepy coolineHus. CepBep NpUHUMAET 3TU
COODILIEHUsI C MOMOIIBIO MOAMPOrpaMMbl CTAHAAPTHOTO OJIOKUPYIOLIETO NBYXTO-
YEYHOro MpueMa M BbIBOAMUT UX Ha 3KkpaH. "HeHyXHble" KOMMYHUKATOPbI yaasi-

oTcs1. Pacmevarka BbIBOAA 3TOMU IporpaMMmbl BBITJIAAUT CICAYIOIIUM o6pa30M:

# mpirun -np 10 a.out

Process rank 4 send 4
Process rank 8 send 8
Process rank 2 send 2
Process rank 6 send 6
Process rank 3 send 3
Process rank 1 send 1
Process rank 9 received 0 from 0O
Process rank 9 received 1 from 1
Process rank 9 received 2 from 2
Process rank 9 received 3 from 3
Process rank 9 received 4 from 4
Process rank 9 received 5 from 5
Process rank 9 received 6 from 6
Process rank 9 received 7 from 7
Process rank 9 received 8 from 8
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Process rank 5 send 5
Process rank 7 send 7
Process rank 0 send 0O

Pazbepure paboTy mporpaMMel 1 TPOKOMMEHTHPYIITE Pe3yIbTaT €€ BBITOTHEHMUS.

Bonpocbl U 3agaHus gns camocToaTeNbHol pa6oThbl

1. Hanuimre mporpamMmy, KoTopasi BBIITOJHSIETCS B TpeX MpolieccaX, W pe3yibTaT 3aBU-
CUT OT NOPSIIKA MpUeMa COOOILECHMUIA.

2. HamuiuTe mporpamMmy, B KOTOPO#l JBa Mpollecca MHOTOKPAaTHO OOMEHUBAIOTCS CO00-
LIEHUsAMU [UTMHOM 7 3JieMeHTOB. [IpoBemuTe uccienoBaHWE 3aBUCHMMOCTH BpeMEHU
BBINIOJIHEHUSI TIPOrPaMMbl OT JJIMHbI COOOLIEHUSI.

3. 3amporpaMMUpyiiTe IBYMEPHBIi KOHEYHO-PAa3HOCTHBIM aJTOPUTM pelileHus1 auddde-
PEHIMATBHOTO YPaBHEHUST M TIPOBEIUTEe M3MEPEHMS MPOU3BOAUTEIBHOCTH TTPOTPaMMBI
JUTSI Pa3HOTO YMCIIa MPOLIECCOPOB.

4. Hanuimrte mapajuleJIbHYIO MPOTpaMMy, KOTOpasi BBITIOJIHSET TPaHCMOHWPOBaHUE Mart-
puubl NxN Ha M npoueccopax. Kaxaomy npoueccy nepenatorcsi N/M crpok, a nociie
TPAHCIIOHMPOBAHUST Kaxblii mpoiiecc Bo3Bpauiaer N/M cronbuos. [lposenure uccie-
JIOBAHUE 3aBUCUMOCTH ObICTPOAEHCTBUSI 3TOM MPOTrpaMMbl OT YMC/A MPOLIECCOPOB.
TTonpoOyiiTe McMoab30BaTh pa3Hbie BUAbl OOMEHA U CPABHUTE PE3YJIbTATHI.

5. Hanuiuwurte mapaiienbHyl0 NMporpamMmy peilieHus Joboro auddepeHLnaibHOro ypas-
HEHUSI CETOUYHBIM METOIOM, UCIOJIb3ysl pa3Hble 111a0JJOHbI.

6. HanuiuuTe napamieabHyI0 MPOTpaMMy BBIYMCIEHUSI MAKCUMAJIbHOTO (MUHMMAIBHOTO)
9JIEMEHTA MACCHUBA BELECTBEHHbIX 3HAYEHUIA.

7. HamuiuuTte mapauiebHYIO MPOTPaMMYy, KOTOpas BBHITIOJTHSIET IMEPEeMHOXEHHE IBYX
MaTpuLl.

8. HamuiuTe mapauieibHyl0 MporpamMMy, B KOTOpOi cosmaioTcs N Tpynm MpoIecCoB,
1 0OMEeH MeXIy STUMU TPYIaMU BBITTOJHSIETCS IO 3aMKHYTOMY KOJIBILY.
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KonnektnBHblin 06MeH gaHHbIMUN
B MPI

B 5T0ii rmaBe MBI MO3HAKOMUMCSI ¢ PA3HOBUIHOCTSIMU KOJUIEKTHBHOTO OoOMeHa
B MPI: pacnpenenenuem 1 cOOpOM AAHHBIX, IJ100ANbHBIMU OMNEPALIUSIMU, Ollepa-
LMUSIMU CKAHMPOBAHUS. 3aTeM HaydyMMCsl KOHCTPYUPOBATb IMPOM3BOAHbBIC TUIIbl U
BBITIOJIHSITL OOMEH CJIOXHBIMU HabopaMM JaHHbIX. [lajgee B miaBe paccMaTpuBa-
I0TCSI CIOCOOBI CO3/1aHUSI BUPTYATbHBIX TOMOJIOTMI M Ha3HAaYeHHEe KOMMYHMKATO-
paMm arpubyTtoB. B 3akitoueHue naercs o63op MoANporpaMmM mHapajjielbHOro BBO-
Ja/BeiBoga M3 6ubauorekn ROMIO, u npemiaratorest 3agaHusl ISl caMOCTOSI-
T€JbHOI PadOThI.

Pa3HOBI/Ip,HOCTI/I KOJUIEKTUBHOIro ob6mMmeHa

YyacTHUKaMU KOJUIEKTUBHBIX OOMEHOB COOOLIEHUSIMU SIBISIIOTCS BCE MPOLECCHI
U3 3aJaHHoON objacTu B3aumoaelcTBusi. OOecneyuTh paclipenesieHue U coop
JAHHBIX MOXHO ObUIO Obl U C TOMOUIBIO MHOTOKPATHBIX JIByXTOYEUHBIX OOMEHOB,
ONHAKO IIPY 9TOM IPUILLIOCH Obl MPUMEHSITh AOCTATOYHO CJIOXKHBIE CXEMbl Mepe-
CbUTOK JaHHbIX. Opranusaiusi 0OMEHOB B pPaMKax TAKUX CXEM HE OY€Hb IPOCTa U
MOXeT TpeOoBaTh BbIIOJHEHMS BCIIOMOTATEAbHbIX PACUETOB W Olepaluii, 4YTO
3HAYUTEJIBHO YCAOXHSIET MPOrpaMMHUPOBAHUE U YBEAUUYMBAET €O TPYAOEMKOCTb.
PazpaboTuyuky napamienbHol MporpaMMbl TpeOyeTcsl CpeAcTBO OpraHu3aluu oo-
MEHOB Ha MHOXECTBE IPOIECCOB, KOTOPOE CKPBIBANIO Obl OT HETO HECYIIECTBEH-
Hble TeXHUYEeCKUe AeTanu. TakuM CpeJCTBOM U SIBISIOTCS KOJJIEKTHBHbIE OOMe-
Hbl. Mcnionb3oBaHue KOJJIEKTUBHBIX OOMEHOB IO3BOJISIET, KPOME TOTrO, U30exXaTh
[IPOCTOEB MPOLECCOB, KOTOPbIC ObLIM Obl HEM30EXKHbI MPU OPraHU3alMud MHOIO-
KPAaTHbIX [€PEChUIOK AAHHBIX C IIOMOLLBIO IBYyXTOUYE€UHbIX OOMEHOB.

B MPI onpeneneHsl cienyionne TUIIBI KOJJIEKTUBHBIX OOMEHOB COOOILICHUSIMU:
O mumpokoBelaTe/IbHAs PACCHIIKA;

O cOop maHHBIX;
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O pacnpejeneHue AaHHbIX;

O omnepauuu npuBeaeHUs (MM PeAYKIIMU) U CKAHUPOBAHMS.

LLinpokoBeLlyaTenbHas nepecbiika

C 3Toif Pa3sHOBHIHOCTBHIO KOJUIEKTUBHOTO OOMEHAa MBI YXe IO3HAKOMUJINCH
B erage 4. HamoMHUM, 4TO MpU MIMPOKOBEIIATEIBHON Tepenade ONMH M TOT Xe
Habop JaHHBIX TIeperaeTcs KaXIOMYy MPOIeccy M3 COOTBETCTBYIOIIETO KOMMYHH-
KaTopa. s BbIMOJHEHMS ILMPOKOBEIIATEIbHOIO OOMEHA UCIOIb3YETCs MOANPO-
rpaMMa MPT Bcast. 3aMETHUM, UTO TIPW BBI30BE OTOW TMOMMPOTPAMMBI B PA3HBIX
TTpoIleccax TOKHBI MCTOMb30BATHLCS OMMHAKOBEIE 3HAUYEHHWS TTapaMeTpoB count W
datatype. OTHA W Ta Xe TOAMpOTpaMMa CIVKUT A Tiepeladyd W I TpueMa
JTAHHBIX.

[lpumMep ucHoNb30BaHUS ILMPOKOBEIATEAbHON IMEPEChbUIKU IS Iepeaadd Tpex

YUCIOBbIX 3HAYEHUI, BBOMUMbIX C KJIABUATYPbl B OMHOM IIPOILECCE, BCEM OCTallb-
HbIM [POLIECCAM U3 KOMMYHMKATOpa MPT COMM WORLD, TIPWBEAEH B TUCTHHTE 5.1.

' NucTtuhr 5.1. Mpumep ncnonb3oBaHUA LWMPOKOBELATENLHOW NEPECHINTKU

#include "mpi.h"
#include <stdio.h>
int main(int argc, char *argvl[])
{
int myrank;
int root = 0;
int count = 1;
float a, b;

int n;

MPI Init (&argc, &argv);

MPI Comm rank (MPI COMM WORLD, é&myrank);

if (myrank == 0)

{
printf ("Enter a, b, n\n");

scanf ("$f %f %i", &a, &b, &n);
MPI Bcast (&a, count, MPI FLOAT, root, MPI COMM WORLD) ;
MPI Bcast (&b, count, MPI FLOAT, root, MPI_COMM WORLD) ;
MPI Bcast (&n, count, MPI INT, root, MPI COMM WORLD) ;

}

else

{
MPI Bcast (&a, count, MPI FLOAT, root, MPI COMM WORLD) ;
MPI Bcast (&b, count, MPI FLOAT, root, MPI_COMM WORLD) ;
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MPT Bcast (&n, count, MPT INT, root, MPI COMM WORLD) ;
printf ("%1i Process got %f %f %i\n", myrank, a, b, n);
}

MPI Finalize();

return O;

}

PacnpepeneHune n c6op aaHHbIX

Pacnipenenenne w cOGop MAHHBIX BBITONHIIOTCA € TIOMOIIBIO  MOATIPOTpaAMM
MPI Scatter M MPI Gather COOTBETCTBEHHO. CMUCOK apryMEHTOB y O0eMX Moj-
MPOTPaMM OIMHAKOB, HO IEHWCTBYIOT OHU MO-PasHOMY.

Ha pwc. 5.1 u 5.2 mipuBeneHB! cXeMbl TMepedayn HaHHBIX VIS ofepalnit cbopa
W pacripefeeHns JaHHbIX.

00 NEPELAYM MOCNE NPUEMA

A A

[MaBHbIN Npouecc

ABCDE

MPOLIECCHI

\/

Puc. 5.1. Cxema nepepadym gaHHbIX Ana onepauum cbopa AaHHbIX

[0 NEPEOAYN MOCNE NPUEMA

MaBHbIN NpoLecc

+ C

D

MPOLIECCHI

E

Puc. 5.2. Cxema nepegayum AaHHbIX ANS onepaumn pacrnpeaeneHns AaHHbIX
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B 1a6x1. 5.1 mpuBeneH mepevyeHb MOATIPOrpaMM pacrpeneaeHnst u cbopa JaHHBIX.

Ta6nuya 5.1. MNognporpammel pacrnipegesnieqysa un coopa JaHHbIX

MopanporpammMma

KpaTKoe onncaHme

MPI Allgather

MPI Allgatherv

MPI Allreduce

MPT Alltoall

MPT Alltoallv

MPI Gather

MPI Gatherv

MPI Reduce

MPI Reduce scatter

MPI Scan

MPI Scatter

MPI Scatterv

Co6|/|paeT OaHHble OT BCEX npoueccoB U nepecbliaet nx scemMm
npoueccam

CobupaeT paHHble OT BCeX MNPOLIECCOB U MepechliaeT Ux
BceM npoueccam ("BEKTOpHbIA" BapuaHT nognporpamMmsl
MPI Allgather)

Co6|/|paeT OaHHble OT BCeX MNMpoueccoB, BbIMNOJIHAET onepauuto
npueegeHuna, N pe3ynbrtat pacnpenendaeTr BCeM rnpoueccam

I'IeperlnaeT daHHble OT BCEX MNpoueccoB BCEM lMnpoueccam

MepecbinaeT gaHHble OT BCEX MPOLECCOB BCEM MNpoueccam
("BeKTOpHBIA" BapuaHT noanporpaMmbl MPT Alltoall)

CobupaeT gaHHble OT rpynribl NPOLIECCOB

CobupaeT gaHHble OT rpynnbl npoueccos ('BekTopHbIA" Bapu-
aHT rnofinporpaMmbl MPI Gather)

BoeinonHset onepauuio npueegeHua, 1. €. BbiMUCIEHUE €ANHCT-
BEHHOIo 3Ha4eHuA No MaccuMBy UCXOOHbIX AaHHbIX

Cbop 3HaueHuiA ¢ nocnefyoWwM pacnpefesieHneM peayribTa-
Ta onepauuu NpUBeaeHUs

BbinonHeHue onepauun CKaHUpoBaHUA (HaCTMHHaH peﬂ,yKLLVISl)
ONA OaHHbIX OT rpynnbl NpoueccoB

PacnpepenseT gaHHble OT OHOrO Mpouecca BCEM OCTaslbHbIM
npoueccam B rpynne

Mepecbinaet 6ydep No yacTsM BceM Mpoueccam B rpyrne
("BeKTOpHBIA" BapuaHT NognporpaMmel MPT Scatter)

INpu mmpokoBemaTeNbHON PacChUIKE BCeM IIpolieccaM Iepenaercss OIWH M TOT
ke Habop MAaHHBIX, a TIPU pacIipeleIcHUN TepeaaloTcs ero Jactu. BermosHsercst
pacnpesneneHue NAHHbIX MOANPOrpaMMON MPI Scatter, KOTOpas TepecklIaeTr
JaHHBIE OT OJHOTO IMPOIECCA BCEM OCTAIBHBIM IIpolleccaM B IPYIIIe TaK, KaK 3TO

[10KAa3aHo Ha puc. 5.2:

int MPT Scatter (void *sendbuf, int sendcount, MPT Datatype sendtype,
void *rcvbuf, int rcvcount, MPI Datatype rcvtype, int root,

MPI Comm comm)

MPI SCATTER (SENDBUF, SENDCOUNT, SENDTYPE, RCVBUF, RCVCOUNT, RCVTYPE,

ROOT, COMM, IERR)



KonnektusHbili o6meH aaHHbiMu B MPI 185

Ee BxomHbIe TapaMeTphI:
O sendbuf — azpec Oydepa nepenauu;

O sendcount — KOJWYECTBO JJIEMEHTOB, TEPECBIIACMBIX KaXXKIOMY TTPOIIECCY (HO
HE CYMMAapHO€ KOJINYECTBO TTEPECBIIIAEMBIX SJICMCHTOB);

sendtype — THI TepeaaBaeMbIX TaHHBIX;
revcount — KOJMYECTBO 3JIEMEHTOB B Oydepe mprueMa;
revtype — THI MPUHUMAEMBIX JAHHBIX;

root — PaHT IePealoIlero Mpolecca;

aaaaaq

comm — KOMMYHHKATOP.

BerxomHo#i mapameTp rcvouf — aapec Oydepa mpuema. Padoraer sTa mommpo-
rpamMma cienywoiinM obpazom. Ilpoliecc ¢ paHroM root ("TIaBHBIN Tpoliecc”)
pactipenensieT comepxkumoe Oydepa Tiepenaunm sendbuf Cpeau BceX MPOIECCOB.
Conepxumoe Oydepa Tepegayn pasdbnBaeTcs Ha HECKOJIbKO (parMeHTOB, Kax-
JBIA M3 KOTOPBIX COACPKUT sendcount 3JIeMEHTOB. [1epBbIif ¢hparMeHT Imepemaet-
ca mpoueccy 0, Bropoif mporeccy 1 U T. 1. APryMeHTBI send WUMEIOT 3HAYEHUE
TOJILKO Ha CTOpPOHE TIpoliecca root.

[MonmporpaMma MPT Gather BBITTOJNHSIET COOP COOOIIEHNI OT OCTATBHBIX MPOIIEC-
coB B Oydep IIaBHOI 3a1auM TaK, KaK 5TO MOKa3aHO Ha puc. 5.1:

int MPI Gather (void *sendbuf, int sendcount, MPI Datatype sendtype,

void *rcvbuf, int rcvcount, MPI Datatype rcvtype, int root, MPI_Comm comm)
MPI GATHER (SENDBUF, SENDCOUNT, SENDTYPE, RCVBUF, RCVCOUNT, RCVTYPE, ROOT,
COMM, IERR)

Kaxmerit iporiecc B KOMMYHUKATOPe comm TTepeChIIaeT colepskiMoe Oydepa Tme-
penaun sendbuf MPOLECCY € PAHTOM root. IIpoliecc root "cKienBaer” MOXyYeH-
HBle JaHHBIE B Oydepe mpuema. [Topsmok cKIEHKM oIpeneseTcss paHraMu IIpo-
LIECCOB, T. €. B PE3YILTUPYIONIEM Habope Iocje TaHHBIX OT mpoliecca ( caemyror
JTaHHBIe OT Tpollecca |, 3aTeM JaHHBIE OT TIpomecca 2 M T. I. APTYMEHTHI rcvbuf,
rcvcount M rcvtype UTPAIOT POJh TONHKO HAa CTOPOHE TIIABHOTO TIpollecca. ApTry-
MEHT rcvcount YKa3bIBaeT KOJWYECTBO 3JIEMEHTOB JAHHBIX, MOIYUEHHBIX OT KaXK-
Joro Tporecca (HO He CyMMapHOe WX KOJIMdecTBO). IIpu BEI30Be TOOMPOTPAMM
MPT_ Scatter WM MPI Gather M3 PasHBIX TPOIIECCOB CJIEAyeT MCITONb30BaTh OOIIMiA
JIABHBIM Ipolecc.

[loanmporpammel MPT_Scatterv W MPI_Gatherv SIBISIOTCS PACIIMPEHHBIMHU (“BeK-
TOPHBIMU") BEPCUSIMU TIOATIPOTPAMM MPT_Scatter W MPT Gather. OHW TIO3BOJSIOT
MepechlIaTh pa3HbIM TpolieccaM (MM coOMpaTh OT HUX) pasHOE KOJNUYECTBO
9JIEMEHTOB NAHHBIX. Biaromaps apryMeHTY displs (CM. Hudce), KOTOPBIN 3amaer
paccTosSHUE MEXIy 3JeMEHTaMM, TepechuIaeMble SIEMEHThI MOTYT He pacroja-
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raThCs HeTPephIBHO B MAMATH TIIABHOTO Tpollecca. DTO MOXET OKa3aThcd TONe3-
HBIM, HaIllpuMep, IPH MepPechlIKe YacTeil MaCCUBOB.

BexropHas noanporpaMMa pacnpenesaeHusi — MPI_Scatterv:

int MPT Scatterv(void *sendbuf, int *sendcounts, int *displs,
MPT Datatype sendtype, void *rcvbuf, int rcvcount, MPI Datatype rcvtype,
int root, MPI Comm comm)

MPI SCATTERV (SENDBUF, SENDCOUNTS, DISPLS, SENDTYPE, RCVBUF, RCVCOUNT,
RCVTYPE, ROOT, COMM, IERR)

BxogHbie mapaMeTphl:
O sendouf — agpec Oydepa nepegayu;

O sendcounts — IEJTOYNCIEHHBI OTHOMEPHBI MAaccuB, COmepPXKaIIWii KO-
YECTBO 2JIEMEHTOB, IepeNaBaeMbIX KaKIOMY Ipolleccy (MHIEKC paBeH paHry
anpecara). Ero mmrHa paBHa KOJIMYECTBY MPOIIECCOB B KOMMYHHMKATOPE;

O displs — IETOYNCIEHHBI MaccWB, ITMHA KOTOPOTO paBHA KOJIWYECTBY TIPO-
[IeccoB B KOMMYHUWKATOpe. DIIEMeHT ¢ MHAEKCOM i 3aflaeT cMellleHne OTHOCH-
TeNTbHO Havajna Oydepa nepenaun. PadT ampecara paBeH 3HAYeHWIO WHAEKCA i;

sendtype — TWIT JaHHBIX B Oydepe mepegaun;
revcount — KOJMYECTBO 3JIEMEHTOB B Oydepe IprueMa;
rcvtype — TUI JAHHBIX B Oydepe mpuema;

root — PAaHT MEPEHAOIIETO TIpoLecca,

aoaoaaoad

corm — KOMMYHUKATOP.
BeixonHbiM siBisieTcst aapec Oydepa npuema rcvbuf.

[MonmporpamMmma MPI Gatherv WUCIONB3yeTCs [UISI cOOpa MaHHBIX OT BCEX MPOIEC-
COB B 33JIaHHOM KOMMYHHMKATOpe M 3alicu HMX B Oydep IpueMa ¢ yKa3aHHBIM
CMEIICHUEM:

int MPT Gatherv(void *sendbuf, int sendcount, MPT Datatype sendtype,
void *recvbuf, int *recvcounts, int *displs, MPI Datatype recvtype,
int root, MPI_Comm comm)

MPI GATHERV (SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNTS, DISPLS,
RECVTYPE, ROOT, COMM, IFERR)

CrcoK mapaMeTpoB Y 3TOW TOAMPOTPaMMBEI TIOXOX Ha CTIHCOK TTapaMeTpoOB TTOA-
MPOTPAMMBI MPT Scatterv. UWTATeNI0 HE COCTABUT TPyda CAMOCTOSITEIBHO Pa3o-
OpaThCs ¢ UX Ha3sHAYCHUEM.

B obmenax, BbIIONHAEMbIX MOANPOrpaMMaMu MPI Allgather W MPI Alltoall,
HeT IJIaBHOTO Ipollecca. JleTalu OTHpaBKM M MpHeMa BaXHBI I Bcex Ipoliec-
COB, yuyacTBylouiux B oomene. [Moanporpamma MPT Allgather COOMpaeT TaHHbBIE
OT BceX IIPOIIECCOB U paclipefesisieT X BceM Ipoueccam (puc. 5.3). HeiicTBue
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3TOI TOOMPOTPAMMBl PABHOCHIBHO NEWCTBHIO TIOCTENTOBATENEHOCTH BBEI3OBOB
MONIMPOrPAMMBI MPT Gather, B KaXKIIOM M3 KOTOPBIX B KAUECTBE TNIABHOTO MCIIONb-
3yI0Tcd pasHble Tpoliecchl. [IpreM BhITIOMHSIETCS BO Bcex 3amavax. bydep mpue-
Ma TIOCIEeIOBATEIBLHO 3aITONHSETCS COOOIIEHUSIMU OT BCEX IIPOIIECCOB-OTIIpa-
BUTEJICH.

int MPI Allgather(void *sendbuf, int sendcount, MPI Datatype sendtype,
void *rcvbuf, int rcvcount, MPI Datatype rcvtype, MPI Comm comm)

MPI ALLGATHER (SENDBUF, SENDCOUNT, SENDTYPE, RCVBUF, RCVCOUNT, RCVTYPE,
COMM, TERR)

BxomHble mapaMeTphl 3TOi TOANPOrpaMMBbI:

sendouf — HaYaJbHBIN ampec Oydepa mepemayu;

sendcount — KOJMYECTBO 3JIEMEHTOB B Oydepe mepemaun;

sendtype — TWI TlepegaBaeMbIX JaHHBIX,

revcount — KOJIMYECTBO 3JIEMEHTOB, TOJYYEHHBIX OT KAXIOTo Ipoliecca;

rcvtype — TUI JAHHBIX B Oydepe mpueMma;

gaaagaguaq

comm — KOMMYHWKATOP.

BbixonHbiM mapameTpoM siBasieTcs aapec Oydepa npuema (rcvbuf). biaok maH-
HBIX, IIepeNaHHbBII OT j-TO IIpollecca, MIPUHUMAETCS KaXIBIM IIPOIECCOM M pas-
Meluaercs B j-M 010ke Oydepa npuema recvbuf.

Monmporpamma MPT Alltoall TepechiIaeT JAHHBIE MO CXeMe "KaXkKIblil — BceM':

int MPI Alltoall (void *sendbuf, int sendcount, MPI Datatype sendtype,
void *rcvbuf, int rcvcount, MPI Datatype rcvtype, MPI Comm comm)

MPI ALLTOALL (SENDBUF, SENDCOUNT, SENDTYPE, RCVBUF, RCVCOUNT, RCVTYPE,
COMM, IERR)
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BxomHbIe TapaMeTpHr:
O sendbuf — HavyalbHBIN ampec Oydepa nepenayn;

O sendcount — KOJMYECTBO DJIEMEHTOB JAHHbBIX, MEPEChUIAEMbIX KaXIOMy IpO-
Ieccy;
O sendtype — TUI JAaHHBIX B Oydepe nepemauu;

O rcvcount — KOJAMYECTBO 3JIEMEHTOB JAAHHbBIX, IPUHUMAEMBIX OT KAXIOr0O IpO-
Lecca;

O rcvtype — TUT MPUHUMAEMBIX TAHHBIX;
O comm — KOMMYHUKATOP.

BeixogHoii mapamerp — aapec Oydepa mpuema rcvbuf. BeKTOpHBIMM BepcUSIMU
MPI Allgather W MPI Alltoall SBISIIOTCSI IOANPOrPaMMbl MPI Allgatherv U
MPI Alltoallv.

Hoz[nporpaMMa MPI Allgatherv co61/1paeT JAHHBIC OT BCEX IMPOLIECCCOB U IIEPEChI-
JIACT UX BCEM IIPpOLECCAM:

int MPT Allgatherv(void *sendbuf, int sendcount, MPI Datatype sendtype,
void *rcvbuf, int *rcvcounts, int *displs, MPI Datatype rcvtype, MPI Comm
comm)

MPI_ALLGATHERV(SENDBUF, SENDCOUNT, SENDTYPE, RCVBUF, RCVCOUNTS, DISPLS,
RCVTYPE, COMM, IERR)

Ee mapaMeTpbl cOBNAgAlOT ¢ HapaMmerpaMu OOANPOrpaMMmbl MPI Allgather, 3a
MCKIIIYECHNEM AOIMOJHUTEIBHOIO BXOJHOIO apaMeTrpa displs. JT10 TECIIOUYNCIIEH-
HBII OI[HOMeprIfI MacCCHUB, KOJIMYECTBO IJIEMEHTOB B KOTOPOM PaBHO KOJIMNYECTBY
IpoLecCcoOB B KOMMYHUKATOPE. DJIeMeHT MaccuBa ¢ UHACKCOM i 3adaceT cCMelle-
HHEe OTHOCHUTENIbHO Havasa Oydepa npuema recvbuf, B KOTOPOM pacriojiaraioTcs
JaHHBlE, IPUHUMAaEMBble OT Ipoliecca i BIoK MaHHBIX, MepelaHHBIA OT j-TO Mpo-
Lecca, NPUHUMAETCS KaxXJbiM IIPOLECCOM M pasMmellaercsi B j-M Onoke Oydepa
npuema.

HonnporpaMMa MPI_Alltoallv TIEpeCchlIacT OTAHHBIE OT BCEX TIPOIIECCOB BCEM
ImpoleccaM co CMEIICHUEM:
int MPT Alltoallv(void *sendbuf, int *sendcounts, int *sdispls,

MPT Datatype sendtype, void *rcvbuf, int *rcvcounts, int *rdispls,
MPI Datatype rcvtype, MPI Comm comm)

MPI ALLTOALLV (SENDBUF, SENDCOUNTS, SDISPLS, SENDTYPE, RCVBUF, RCVCOUNTS,
RDISPLS, RCVTYPE, COMM, IERR)

Ee mapameTpsl aHaTOTWYHBI MapaMeTpaM TOANPOrpaMMBl MPT Alltoall, KpOMe
JBYX JOMOJHUTENBHBIX ITapaMeTPOB:

O sdispls — LEJTOYUCICHHBI MACCHB, KOJIMYECTBO BIEMEHTOB B KOTOPOM paB-
HO KOJIMYECTBY IIPOIECCOB B KOMMYHUKATOPE. DIEMEHT j 3adaeT CMelleHHe
OTHOCMTEJIbHO Hayana Oydepa, U3 KOTOPOro AAHHbIE NEPesaloTcs j-My Mpo-
eccy.
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O rdispls — LEJTOYUCICHHBI MACCUB, KOJIMYECTBO BIEMEHTOB B KOTOPOM pPaB-
HO KOJIMYECTBY IPOIECCOB B KOMMYHHMKATOpe. DJIEMEHT i 3adaeT CMeIleHHe
OTHOCMTEJIbHO Hayana Oydepa, B KOTOPbI NMpUHUMAETCS COOOLIEHME OT i-To
npouecca.

Onepau,vm npueepgeHna n CKaHMpoBaHunda

Onepanmy TIpUBEACHUST U CKAHUPOBAHUSI OTHOCATCS K KaTeTOPHU TITOOATbHBIX
BbluMCJIeHUI. B miobaibHOM onepaluy MpuBeAeHUs K JAHHBIM OT BCEX IPOLIECCOB
13 33TaHHOTO KOMMYHUKATOpa MPUMEHSETCST oTepaiusi MPT Reduce (puc. 5.4).

ApTYMEHTOM OIepalny TIPUBEIEHNS SBISEeTCd MACCHB JAHHBIX — TIO OTHOMY
3JIEMEHTY OT KaXJoro Ipoliecca. PesymbraT Takoil omepalmy — eIMHCTBEHHOE
3HaYeHHME (ITOATOMY OHA U HA3BIBAeTCS OIepalueil MpHUBEICHUST).

B noanporpammax riodaibHbIX BeIUUCIEHUN (YHKIMS, NepeaaBaeMasi B oANpo-
rpaMMy, MOXET ObITh: mpenomnpenencHHol dyHkuueidr MPI, Hanpumep MPI SUM,
MTOJTB30BATEILCKOM (DYHKIMEH, a Takke 00pabOTYMKOM I TIOJb30BaTEIbCKOM
byHKIIMM, KOTOPHI CO3MAETCS TTOAPOrPAMMON MPT Op create.
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Tpu Bepcuu omepalliy MPUBEISHUS BO3BpAlllalOT pe3yabTar:

O oaHOMy IIpoLECCy;

O Bcem mpoueccam;

O pacmpenensitoT BEKTOP Pe3yJIbTATOB MEXY BCEMU TPOIECCAMU.

Omneparnust TIpuUBeIcHUs, pe3yIbTaT KOTOPOH Tepemaercss OMHOMY IpoIleccy, BbI-
TTOJTHSIETCST TIPU BBI30BE TIOJIIPOTPAMMEBI MPT Reduce:

int MPT Reduce (void *buf, void *result, int count, MPT Datatype datatype,
MPI Op op, int root, MPI Comm comm)

MPI_REDUCE (BUF, RESULT, COUNT, DATATYPE, OP, ROOT, COMM, IERR)
BxomHbie mapaMeTpsl MOAMPOrpaMMBl MPI_Reduce!

buf — ampec Oydepa nmepenaun;

count — KOJIMYECTBO 2JeMEHTOB B Oydepe nepeaaun;

datatype — TWT JAHHBIX B Oydepe mepegaun;

op — oOTlepalus TTpuBeIeHNS;

root — PaHrI IJIaBHOT'O ITpoLecca,

aaoaggagaaq

comm — KOMMYHHKATOP.

[onnporpamma MPI Reduce MPUMEHSET ONepaINio MPUBENEHNS K ONEepaHIaM 13
buf, a Pe3yJabTaT KakOOoi ollepalliu ToMmellaeTcss B Oydep pesynbrata result.
MPI_Reduce JOJDKHA BBI3BIBATBCSI BCEMU TIPOIlECCAMM B KOMMYHWKATOpe comm, a
APTYMEHTH count, datatype W op B 3TWX BBI30BaX JODKHBI coBmamaTh. DYHKINMSA
puBeneHnsT (op) He Bo3BpallaeT KoA OUWOKHA, TTO3TOMY TIPU BO3ZHWKHOBEHUU
aBapuIHON cuTyaluu J100 3aBeplIaeTcs paboTa Bceil mporpaMMbl, 1100 ommbKa
MOJIYaJiiBO UrHopupyetcsi. 1 To u ipyroe B paBHOI CTEMEeHU HexXenaTeabHO.

B MPI umeercs 12 npenonpeaeneHHbIxX onepaunii npuseaeHud (tabmn. 5.2).

Tabnuya 5.2. Criucok npefonpenesneHHslx onepauuii npueneHus MPI

Onepauyusa OnucaHune

MPT MAX Onpep,eneHme MaKCUMAaJIbHbIX 3HAUEHUIN 3NEMEHTOB OAHOMEpPHbIX Mac-
CUBOB LIeS1I0ro Unm BeLlecTBeHHOro tnna

MPTI MIN Onpep,eneHme MWHUMAabHbIX 3HAUYEHUIA 3IEMEHTOB OOHOMEPHbIX Maccu-
BOB Li€J1oro unm eellecTtBeHHOro tuna

MPT SUM BobuucneHune CYMMbI 3J1eMEHTOB OAHOMEpPHbIX MaCCUBOB LEJNIOro, Belle-
CTBEHHOIo UM KOMMJIeKCHOro tuna

MPI PROD BbluucneHne nosanemMeHTHoro npounseeaeHUas OAHOMEPHbIX MaCCUBOB
Lenoro, BewecTBeHHOro nimM KoOMniaekCcHoro tmna
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Ta6nuya 5.2 (okoHuaHue)

Onepauusa OnucaHune

MPI_LAND Jlornueckoe "A"

MPI_BAND Burosoe "N"

MPI LOR Jlornueckoe "UJTN"

MPI BOR Butosoe "UJTN"

MPI LXOR Jlornueckoe ucknovarowyee "UJ1N"
MPI BXOR butosoe nckniovaiowee "UJTN"

MPI MAXLOC  MakcuMasibHble 3HaYeHUA 3JIEMEHTOB OLHOMEPHBIX MAacCUBOB U UX UH-
JEKCbl

MPI MINLOC  MuHMMAasIbHble 3HAYEHUA 3NIEMEHTOB OLHOMEPHbIX MAacCUBOB U UX UH-
JEKCbl

[IporpaMMucT MOXET ONpeneINTh U COOCTBEHHBIE TIOOATBHbBIE OIEepalluy IIPHUBE-
NeHNs. DTO JeNaeTcsl ¢ TTOMOIIBIO TMOANPOTPAMMBI MPT Op create!

int MPT Op create (MPI User function *function, int commute, MPT Op *op)
MPI_OP_CREATE(FUNCTION, COMMUTE, OP, IERR)

BxomHpIMI mapameTpamMu 3TOH MOMPOTPAMMEIL SIBISIOTCS:
O function — IONb30BaTEIbCKAS QYHKIINA,

O commute — yar, KOTOpoMy IpHCBaWBaeTcsl 3HAUYeHUe "UCTUHA", eclu olepa-
LM KOMMYTaTHBHA (T. €. €€ pe3y/IbTaT He 3aBUCUT OT MOPSAAKA OIepaHIoB).

OnucaHue TUIIA MMOJB30BATEIBCKON QJYHKL[I/II/I BbITJIAOUT CICAYIOLIIUM O6p3,30M3

typedef void (MPTI User function) (void *a, void *b, int *len, MPI Datatype
*dtype)

3mech oTiepalns onpeaeasercs Tak:
b[I] = a[I] op bI[I]
oL =0, .., len — 1.

IMoce Toro Kak TOJIB30BaTEIbCKAS ('bYHKHI/IH CbITpajla CBOKO pPOJIb, €€ CIEOYET
AHHYJIMPOBATL ¢ IIOMOLIBIO IIOAIIPOrpaMMbl MPI Op free:!

int MPI Op free(MPI Op *op)
MPI OP FREE (OP, IERR)

Ilo 3aBCPIICHUU BbI3OBA nepeMeHHoﬁ op NMPUCBAMBACTCA 3HAYEHUE MPI OP NULL.
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Y nomnporpaMMbl MPT_Reduce €cTh BapMaHTHI. [TommporpaMMa MPT Reduce scatter
coOMpaeT n pacmpeaesieT JTaHHbIE:

int MPT Reduce scatter (void *sendbuf, void *rcvbuf, int *rcvcounts,
MPI Datatype datatype, MPI Op op, MPI Comm comm)

MPI_REDUCE_SCATTER (SENDBUF, RCVBUF, RCVCOUNTS, DATATYPE, OP, COMM, IERR)
Ee BxomHBIe TapaMeTphI:
O sendbuf — CcTapTOBbIi anpec Oydepa nmpuema;

O rcvcounts — LEAOYUCICHHBIA OTHOMEPHBI MACCUB, KOTOPBIA 3a4aeT KOJU-
YECTBO JJIEMCHTOB B PE3YJIbTUPYIOIIEM MACCHUBE, PACHpeacasieMOM KaKIOMY
mpoieccy. DTOT MacCUB AO/DKEH OBITh OJMHAKOBBIM BO BCEX IPOLECCAX, BBI-
3bIBAIOIIMX JAHHYIO MTOANPOrpaMMy;

O datatype — TUII aHHBIX B Oydepe nmpuema;
O op — omnepanus,
O comm — KOMMYHUKATOP.

BbeixonHo#l mapameTp — cTapToBbIM ampec Oydepa mnpuema rcvbuf. OcobeH-
HOCTbIO 3TOU MOAIPOrpaMMbI SIBJISIETCSI TO, YTO Kaxk/jaas 3ajada IMojydyaeT He BeCh
PE3YAbTUPYIOIIUA MACCUB, 4 €ro YacTb.

[Monmporpamma MPT Allreduce COOMpAET MAHHBIE OT BCEX MPOIIECCOB M COXPAHSI-
€T pe3yJabTaT ONepalli NMPUBENECHUS B PE3yIbTHPYIOLIeM Oydepe KaKIoro Mmpo-
ecca:

int MPI Allreduce(void *sendbuf, void *rcvbuf, int count, MPI Datatype
datatype, MPI Op op, MPI Comm comm)

MPI ALLREDUCE (SENDBUF, RCVBUF, COUNT, DATATYPE, OP, COMM, IERR)
Ee BxomHbIe TapaMeTphI:

sendbuf — HavyaJdbHBIN agpec Oydepa mepegaum;

count — KOJMYECTBO dJIEMEHTOB B Oydepe mepeaaun;

datatype — THUIT TIepeIaBaeMbIX JaHHBIX;

op — OII€panud NpMUBECACHNA,

aaoagad

comm — KOMMYHWKATOP.

BbIXogHBIM TIapaMeTpoM SIBJISIETCS CTApTOBBINM aapec Oydepa mpwema rcvbuf.
Ipu aBapuitHOM 3aBepIIEHNU IOAIpPOrpaMMa MOXKET BO3BpalllaTh KON OIMMOKN
MPT_ERR OP (HEKOppEKTHas ofepamms). OTO TPOUCXOAUT, eClId MPUMEHSeTcs
omepaiys, KoTopasi He SBISIeTcd IpelolpeleJeHHOl U KOoTopas He co3TaHa
MPEeIIEeCTBYIOLIMM BbI30BOM MOANPOrPaMMbl MPT Op create.

Onepaluy CKaHUMpOBaHUs (YACTMYHON PEIyKIMU) BBIIOAHSIOTCS C IOMOIIbLIO
BBI30BA MOANPOrpamMMbl MPT_Scan:
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int MPI Scan(void *sendbuf, void *rcvbuf, int count,
MPI Datatype datatype, MPI Op op, MPI Comm comm)

MPI SCAN (SENDBUF, RCVBUF, COUNT, DATATYPE, OP, COMM, IERR)

Ee BxomHbIe TapaMeTphI:

O sendbuf — HavyalbHBIN ampec Oydepa nepenayn;

O count — KOJIWYECTBO 3JIEMEHTOB BO BXOZHOM Oydepe;
O datatype — TUII JAHHBIX BO BXOZHOM Oydepe;

O op — onepauus;

O comm — KOMMYHUKATOP.

BbIXogHBIM TIapaMeTpoM SIBISIETCS CTApTOBBIM aapec Oydepa mpuema rcvbuf.
Cxema pacrpemeeHNs ITAHHBIX TIPW BBEITTOMHEHWN OTepalliil CKaHWpPOBAHUS

npuBeAeHa Ha puc. 5.5,
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B moamporpaMMe MPT Reduce MOXHO WCITONB30BaTh TOMBKO MPeOTIpeNeeHHbIe
tunel MPI. Bce omnepauuu SBASIOTCS acCOLUMATUBHBIMKA UM KOMMYTAaTHBHBIMU
(T. €. omepaHIB MOTYT TO-Pa3HOMY TPYIIIMPOBAThCI, a4 MX IMOPSATOK HE MMeeT
3HaueHus). IlognporpaMmma MPI_Scan TMOXOXa Ha TONMPOTpaMMy MPI Allreduce
B TOM OTHOILIEHUM, YTO KaxKIasl 3ajJaua IMojydaeT pe3ylabTUupyromuii Maccus. OT-
JINYME COCTOMT B TOM, UTO COASPXKMMOE MACCHBA-pe3yJIbTara B 3amaue / SIBJIsSIETCS
pe3y/lbTaTOM BbIIOJHEHUS OIepaluu Hal MaccuBaMu M3 3aaad ¢ HoMepamu or ()
IO i BKITFOUNTEIBHO.

B xaxnoM mpoliecce MOXKHO MCIIONb30BaTh PA3HbIE MOJb30BATENbCKIE ONEPALIMU.
B MPI He ompeneneHo, Kakue omnepaluuu M HaJ KakKUMW ofepaHgamy OymyT
MPUMEHSITLCSI B 3TOM ciiyyae. B Oydepax nepenaym AoMycKaeTcsl MEpeKpbITUe
TUIIOB, B Oydepax MmpueMa 3TO MOXET NPMBECTH K HENpeacKazyeMbIM pe3yJib-
TaTam.

[Mpumep ucCHOAB30BAHUS PEAYKLUMU COBMECTHO C JBYXTOYEUYHBIMU OOMeHaAMM
MMpUBeIeH B JUCTUHTE 5.2.

NucTuHr 5.2. NMpumep ucnonb3oBaHUA onepauun peayKkuum

#include "mpi.h"
#include <stdio.h>
int main(int argc,char *argvl])

{

int myrank, 1i;

int count = 5, root = 1;

MPI Group MPI GROUP WORLD, subgroup;

int ranks[4] = {1, 3, 5, 7};
MPI Comm subcomm;
int sendbuf[5] = {1, 2, 3, 4, 5};

int recvbuf[5];

MPI Init (&argc, &argv);

MPI Comm group (MPI COMM WORLD, &MPI GROUP WORLD) ;

MPI Group_ incl (MPI_GROUP WORLD, 4, ranks, &subgroup);
MPTI Group rank (subgroup, &myrank);

MPT Comm create (MPT _COMM WORLD, subgroup, &subcomm) ;

if (myrank != MPI UNDEFINED)

{
MPI Reduce (&sendbuf, &recvbuf, count, MPI INT, MPI SUM, root, subcomm);

if (myrank == root) {

printf ("Reduced values");
for(i = 0; 1 < count; i++){
printf (" %$i ", recvbufli]);}

}
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printf ("\n");

MPI Comm free (&subcomm) ;
MPI Group free (&MPI GROUP WORLD) ;
MPI Group free (&subgroup) ;

}

MPT Finalize();

return O;

}

B aT1oii mporpamMMe cHauana cosgaeTcs TOATPYINIa, cocTosilas W3 TIPoLeccoB
¢ padramu 1, 3, 5 u 7 (oTcloja cieayer, YTO 3alyCcKaTb €€ Ha BbIIOJHEHHUE HAaao
HEe MEHee 4eM B BOCbMU IIPOLIECCaX), U COOTBETCTBYIOIMHA €l KOMMYHMKATOP.
Penykuusi BbIIOJAHSETCS TOJBKO IpoueccaMu M3 3TOM rpynribl. B KoHle mpo-
rpaMMbl BCe CO3[IaHHbIE B Tpollecce ee paboThl OMUCATENN JTOJKHbBI ObITh YAaJIeHbI.

Tononorun

OBylagieB MCKYCCTBOM OPTaHM3allMM JIBYXTOYEYHBIX W KOJJIEKTUBHBIX OOMEHOB,
MO3HAKOMUMCSI ¢ HEKOTOPBIMU AOMOJHUTE]bHBIMU BO3MOXHOCTSIMU MPI, koTo-
phbl€ IIO3BOJLIIOT B OINPEAEAECHHBIX CUTYALUSIX YIPOCTUTh pa3pabOTKy Hapasiieib-
HBIX nporpamM. OpraHu3alusi KOJUIEKTUBHOIO OOMeHa, KaK MbI VK€ 3HAaeM, OC-
HOBaHA HAa CBOMCTBAX KOMMYHMKATOpa — OIMCATEISI 00JacTH B3aMMOICHCTBUS.
Kpome crnircka mpolieccoB 1 KOHTEKCTa 00MeHa ¢ KOMMYHUKATOPOM MOXKET OBITh
CBsI3aHa JOMOJIHUTENbHAS MHbopMalius. ['0OBOpIT, YTO OHA K3ulupyemcss ¢ KOM-
MyHUKaTopoM. BaxHeiilieil pa3sHOBUIHOCTbIO TAKOW MHMOpMALIMU SIBJASIETCS MO-
noaoeus oomeHoB. B MPI Tononorus npencrasisier co0oif MeXaHM3M COIIOCTAB-
JICHUS MpoLeccaM, NPUHAAIEXALIMM IPYIIe, albTePHATUBHLIX 110 OTHOLUEHUIO K
00bIYHOM cxeM aapecauuu. Tormoaoruu o6MeHoB coobuienussmMu B MPI saBisitores
BUPTYQJIbHBIMUA, OHU HE CBSI3aHbI ¢ (PU3NIECKOM TOMNOJOrMeil KOMMYHUKAIMOH-
HOIl CeTu MapajjielbHOl BBEIYMCIUTEIbHOU cucTeMbl. Mcmonb3oBaHNE KOMMYHH-
KaTopoB M Tonosioruii oranyaeT MPI oT GonblIMHCTBA APYTUX CUCTEM Mepeaadn
COOOIIEHUTA.

Yurarenio, He 3HAKOMOMY C BbIcllieil MaTeMaTuKol (a "Tomojorus” — MareMaru-
YecKMil TepMUH), IOSICHUM, YTO TOIOJIOTMEH B JAHHOM CJIyyae Ha3bIBAlOT CTPYK-
TYpPY COCINMHEHUH JUMHMII M y3/0B ceTu 0e3 yuyeTa XapaKTePUCTHUK CAMMX OTUX
V3JIOB. Y3JIaMU 31eCh SABIAIOTCS TIPOIECCH, COSNMHEHWSIMU — KaHaJbl oOMeHa
COOOLIEHUSMU, A CETbIO Mbl, (DAKTUYECKH, HA3BIBAEM BCE MPOLECCHI, BXOIAIIUE B
COCTaB MapajuleNbHOIl mporpaMMbl. YacTo B MPUKIAAHBIX MPOrpaMMax IpoLecchl
VIIOPSTIOYEHEI B COOTBETCTBUU C OIpeleleHHol Tomojorueit. Takas cutyamms
BO3HUKAET, HAIPUMEP, €CJU BBIIOJHIIOTCS PAcyeThl, B KOTOPBIX UCIONb3YIOTCS
pewetku (Ui "cetku"). DTO MOXET ObITb IpPU MPOrPAMMUPOBAHUU CETOYHDBIX
METOJIOB pellleHus ArddepeHIINATbHBIX YpaBHEHNH, a TakKe B IPYTUX CIydasix.
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3HaHWe TOTOMOTUY 3aauyll MOXKXHO WCTIONB30BaTh VIS TOTO, YTOOHI 3(h¢heKTUBHO
pacpenenuTb IpoLecchl MexXIy IpolieccopaMy MapaieNbHOM BbIYUCIUTENbHON
CHCTEMBI.

B MPI cyuiecTByror ABa Tua TONOJOIMU: J€KAPTOBA TOMOJOIUS — MPSIMOYIOJib-
Hasl pelleTKa MPOU3BOJIbHON pasMepHocTH (puc. 5.6) 1 Tonojorus rpada (B aToMm
clyyae IpoLecchl COeNMHEHbl MEXIY co0oii pedpamMu, MOKAa3bIBAIOIIMMU HAIPaB-
JieHue obMeHa — puc. 5.7).

MPOLIECCHI

VAN

Puc. 5.6. [lekapToBa Tononorus

MPOLIECChI

/ N\

Puc. 5.7. Tononorua rpada
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Han TomojgormaMm MOXHO BBHITIONHSATH pasMWUYHBIE omMepalni. JleKapToBHI pe-
IIETKNA, HAIPUMep, MOXHO PACIIEIISATh Ha TUIIEPITIOCKOCTH, YAAJISISI HEKOTOpbhIe
n3MepeHus. JlaHHbIe MOXXHO CIBWTIaTh BIOJb BBIOPAHHOTO M3MEPEHUs IeKapTo-
Boit pemerku. Codeueom B ITOM ClIydae HA3bIBAIOT TEPECBUIKY MAHHBIX MEXIY
rpolieccaMy BIOJIb OIPENeIeHHOTO M3MepeHus. Baomb m3GpaHHOTO M3MepeHUs
MOIYT OBbITb OPraHM30BaHbl KONJIEKTUBHbIE OOMEHDI.

st Toro 4TOOBI CBA3aTh CTPYKTYPY AEKAPTOBOU pELIETKH ¢ KOMMYHHKATOPOM
MPI COMM WORLD, HEOOXOIMMO 3a/1aTh CIEAYIONUE MapaMmeTphl:

O pasMepHOCTh pelIeTkKu (3HaueHHe 2, HampuMmep, COOTBETCTBYET ILIOCKOMN,
JIBYMEPHON pelIeTKe);

O pasMmep pelieTkKu BAOJAb Kaxkjaoro usmepeHus (pasmepnl {10, 5}, Hampumep,
COOTBETCTBYIOT MPSMOYTOJbHON IIJIOCKON PEILeTKe, MPOTIXKEHHOCTh KOTOPOIi
BJOJIb OCU X cocTapisieT 10 y3710B-MpolieccoB, a BIOJb OCU y — 5 Y3JI0B);

O nepuoIUYHOCTb BAOJIb KAXKIOIO M3MepeHMs (pellieTka MOXeT ObIThb Iepuoau-
YeCcKOM, €c/iM MPOLECChl, HAXOMAUIMECS HAa IPOTHUBOIMOMOXHBIX KOHLIAX Psaa,
B3aMMO/JIEN CTBYIOT MEXIY COOOI1).

MPI1 paer BO3MOXHOCTb CHUCTEME ONTHUMU3NPOBATH OTOOPaKeHUE BUPTYATBHOMN
TOMOJIOTUH TIPOILIECCOB Ha (PU3NYECKYIO C TMTOMOIIBI0 M3MEHEHUS TMOpsIaKa HyMe-
painu MpoIeccoB B TPYIIIIE.

HekapToBbl TONONOrNN

IMosHakoMUMCST ¢ OTIepallNsIMA CO3TAHUSA W TIPeoOPA3OBAHNS OeKapmoGsix mMono-
aoeuii oomeHa. IloamporpaMma MPI Cart create CO3MA€T HOBBIII KOMMYHWKATOP
comm_cart, HAAENSIS I€KAPTOBON TOTIONOTHEN MCXOMHBIH KOMMYHHUKATOP comm old:

int MPT Cart create(MPI Comm comm old, int ndims, int *dims,
int *periods, int reorder, MPI Comm *comm cart)

MPI CART CREATE (COMM OLD, NDIMS, DIMS, PERIODS, REORDER, COMM CART, IERR)

BxomHbIe TapaMeTpHr:
O comm old — WCXOIHBI KOMMYHUKATOD;
3 ndims — pa3MepHOCTh TEKaPTOBON pPEIIeTKN,

O dims — UEJOYMCIEHHbIA MACCUB, COCTOSILUIN U3 ndims AEMEHTOB, 3a4aI0LINNA
KOJMYECTBO MPOIIECCOB B KAXKIOM U3MEPEHUM;

O periods — JIOTMYECKUII MACCUB M3 ndims DJEMEHTOB, KOTOPBIA OMpPEACIsIET,
SBJISIETCA JIU pelleTKa Mepuoandyeckoil (3HauyeHwe "MCTWHA") BHOJIb KaXIOTO
U3MEPEHMUS;

O reorder — TIpU 3HAYEHUM OBTOro Iapamerpa "MCTMHA" CHUCTEME pa3peLIeHO
MEHSITh MTOPSIIOK HyMepaLuU IPOLECCOB.
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NHdbopmalinst o cTpyKType IeKapTOBOH TOTOJOTUM CONEPXKUTCS B TapaMeTpax
ndims, dims W periods. MPI Cart create SBIISICTCSI KOJUIEKTUBHOM oIepanuei
(3Ty TIoAMporpaMMy TOJKHBI BHI3BIBATH BCE MPOIIECCH M3 KOMMYHUKATOpa, Hame-
JISIEMOTO JIEKAPTOBOI TOIOJIOTUENH).

TTocne CO3daHUd BI/IpTyaJIBHOﬁ TOIIOJOTUN MOXKHO HCIIOJIb30BATH COOTBETCTBYIO-
LIVIO CXeMY aapecalydy IPolIecCOB, HO UIS 3TOro TpedyeTcs IepecueT paHra
mnpouecca B €ro A€KapToBbl KOOPAHWHATHI U HaO60p0T. OHpCI[CJTI/ITB IEKApTOBBI
KOOpAWHATHI Ipouecca 1o €ro paHry B Ipynie€ MOXHO € ITOMOLIBIO MOAITPOrpamM-
Mbl MPT Cart coords:

int MPT Cart coords (MPI Comm comm, int rank, int maxdims, int *coords)
MPI_CARE_COOEDS (COMM, RANK, MAXDIMS, COORDS, IERR)

Bxomnble mapaMeTphr:

O comm — KOMMYHUKATOP, HAAEIECHHBIA AEKAPTOBOM TOIIOJIOIUEH;

O rank — paHr Impolecca B comm;

O maxdims — JJINHA BEKTOPA coords B BBI3BIBAIOIIEH TTpOTpaMMe.

BbixoaHbIM mapaMeTpoM BTO MOAMPOrpaMMbl SIBASETCS OJHOMEPHBIA 1EJI04YMC-
JIGHHbIIA MAacCUB coords (€ro pasMmep paBeH ndims), COAEPNKAILNN AeKapTOBH KO-
OpPIMHATEHI IIpoliecca.

OOpaTHbIM JACHCTBMEM 110 OTHOUICHUIO K MPI Cart coords OOJamaeT MOANPO-
rpaMma MPI Cart rank. C ee TIOMOIIbIO MOXHO OMPEAEINTH PAaHT Tpolecca
(rank) TIO €TO MEKAPTOBBIM KOOPAWHATAM B KOMMYHHWKATOPE comm:

int MPT Cart rank(MPI_Comm comm, int *coords, int *rank)
MPI CART RANK (COMM, COORDS, RANK, TERR)

BXOI[HOIZ mapaMeTp coords — IIeJJOUYNCIeHHBIA MACCUB pasMepa ndims, 3a-
birz) (0310870 OEKapTOBBI KOOPpAWHATHI ITpolecca. Kak MPI Cart rank, TaK W
MPI Cart coords JIOKAJIbHBI.

Ipumep cozmaHms IeKapTOBOM TOMOJIOTUU MPUBEAEH B IUCTUHTE 5.3.

' MucTuwr 5.3. Mpumep co3aaHUA AeKapToBOW TOMOOrum

#include "mpi.h"

#include <stdio.h>

int main(int argc,char *argvl])

{

MPI Comm grid comm;

int dims[2];

int periodic([2];

int reorder = 1, g = 5, ndims = 2, maxdims = 2;
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int coordinates|[2];
int my grid rank;
int coords|[2];
MPI_Comm row_comm;

dims[0] = dims[1l] = g;
periodic[0] = periodicl[l] = 1;
coords[0] = 0; coords[l] = 1;
MPI Init (&argc, &argv);

MPI Cart create (MPI COMM WORLD, ndims, dims, periodic, reorder,
&grid_comm) ;

MPI_Comm_rank(grid_pomm, &my_grid_rank);
MPI Cart coords (grid comm, my grid rank, maxdims, coordinates);

printf ("Process rank %i has coordinates %i %i\n", my grid rank, coordi-
nates[0], coordinates[1l]);

MPI Finalize();
return 0;

}

B aroit iporpaMme KOMMYHWKATOP grid comm HafIeNsIeTcsl TOMONOTHWEN IByMep-
HOI pelieTKu ¢ NepHOANYECKUMU TPAHUYHBIMU YCIOBUSIMHU, IPUYEM CHCTEME
paspellieH0 U3MEHUTh MOPAIOK HyMmepaluu mpoueccoB. C yyeToM MOCIEIHErO,
KAXAbIA MpoLecc U3 KOMMYHUKATOPA grid comm MOXET OMPEAEANTh CBOU pPaHT
¢ TTOMOIIBIO TTOMMPOTPAMMBI MPT_Corm_rank. JleKapTOBBI KOOPAWHATHI OIpeie-
JSOTCA TP BBI3OBE TOATPOTPAMMBI MPT Cart coords. Pe3yabTaT BBITTOTHEHWS
9TOil MpOrpaMMBbl BEITJSLAUT TakK:

# mpirun -np 25 a.out

Process rank 0 has coordinates 0 0
Process rank 1 has coordinates 0 1
Process rank 2 has coordinates 0 2
Process rank 3 has coordinates 0 3
Process rank 4 has coordinates 0 4
Process rank 5 has coordinates 1 0
Process rank 6 has coordinates 1 1
Process rank 7 has coordinates 1 2
Process rank 8 has coordinates 1 3
Process rank 9 has coordinates 1 4

Process rank 10 has coordinates 2 0
Process rank 11 has coordinates 2 1
Process rank 12 has coordinates 2 2
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Process rank 13 has coordinates
Process rank 14 has coordinates
Process rank 15 has coordinates
Process rank 16 has coordinates
Process rank 17 has coordinates
Process rank 18 has coordinates
Process rank 19 has coordinates
Process rank 20 has coordinates
Process rank 21 has coordinates
Process rank 22 has coordinates
Process rank 23 has coordinates

SO W w NN
=W D RO R WD PO W

Process rank 24 has coordinates

1 HaDISIMHOCTH TTOPSAOK CTPOK BBIBOIA 3/€Ch M3MEHEH. 3aMeTHM, 4YTO B IIpo-
rpaMMe co3JaeTcsl TOIMOJIOTUSI JIByMEPHON KBagpaTHON PEUIETKU 5x5, MO3TOMY
KOJIMYECTBO MPOLIECCOB IIPU 3aIlYCKE NOJKHO ObIThb 25. Yurarenb B KkauecTse yil-
PaKHEHHUsSI MOXET HOIpo0oBaTh AOOABUTbL B ITY IIpOrpamMmy OOMEH COOOIIEHMS -
MU, B KOTOPOM SIBHBIM OOPa3oM yUUTBIBAETCS A€KAPTOBA TOIOJOIUS IPOLIECCOB.

[lonmporpamma MPI Cart sub pacHIETIIET KOMMYHWKATOP comm HA TOATPYIIITHI,
COOTBETCTBYIOIIME AeKAPTOBBIM IOIpeIeTKAM MEHbILIel pa3MepHOCTH:

int MPI Cart sub(MPI Comm comm, int *remain dims, MPI Comm *comm new)
MPIiCIARTiSUB(COMM, REMAIN DIMS, COMM NEW, IERR)

3mech i-if IEMEHT MaccuBa remain dims OIMpPENENSIET, CONEPKUTCS NN i-€ U3Me-
penHue B noapemetke ("HcTuHA"). BEIXOMHBIM IapaMeTpoM SIBISIETCS] KOMMYHMKA-
TOP newcomm, COAEPKAIINNA TMOAPEIIETKY, KOTOPOW TPUHAMISKUT NTaHHEI Mpo-
Lecc.

IMpumep pasdueHMsT TBYMepPHON pEIIeTKW Ha OTHOMEPHEIe TOMpeNIeTKH, COOT-
BETCTBYIOIINE ee psAaaM, TIPUBOINTCS HITKe:

int coords[2];

MPI Comm row comm;

coords[0] = 0; coords[l] = 1;

MPI Cart sub(grid comm, coords, &row comm);

B aToM mpuMepe BBI30OB MOAIIPOTPAMMBI MPT Cart sub CO3JaeT HECKOJIbKO HOBBIX
KOMMYHWUKATOPOB. APTYMEHT coords OTIpeNeNseT, MPUHAIEXUT M COOTBETCT-
ByIOIlle€ M3MEPEHNE HOBOMY KOMMYHUKATOPY.

HecMmotpst Ha TO, yTO moamporpamma MPI Cart sub BBITTOTHSIET (GYHKIIWM, aHa-
JIOTUYHBIE MPI Comm split, T. €. PACIIEIUISIET KOMMYHUKATOp Ha HAOOp HOBBIX
KOMMYHHUKATOPOB, ME€XIY HUMH €CTh CYIIECTBEHHOE pa3INdyne — IIOAMPOrpaMma
MPI Cart sub MCIOJB3YETCS TOJIBKO C KOMMYHMKATOPOM, HANEIEHHBIM EKApTO-
BOIi TOIIOJIOTUEH.
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HNudopmaiiio o 1eKapToBOM TOMOIOTMH, CBSI3AHHONW ¢ KOMMYHHKATOPOM comm,
MOXHO TMONYYUTh C TOMOIIBIO MOMMPOrPAMMBL MPT Cart get!

int MPI Cart get (MPI Comm comm, int maxdims, int *dims, int *periods,
int *coords)

MPI CART GET (COMM, MAXDIMS, DIMS, PERIODS, COORDS, IERR)
BxogHoli mapameTp maxdims 3agaeT OJIMHY MAcCHBOB dims, periods W vectors
B BBI3BIBAIOLIEH TIpOTpaMMe, a BHIXOZHBIE MTapaMeTphl:

O dims — LEJOYMCICHHBINA MacCHB, 3aJA0IINIA  KOIUYECTBO IIpoUeCcCcoB A
KazIIoro UsMEpecHUsI,

O periods — MAacCHB JOTMYECKHMX 3HAYCHUN, 3agaioluX IMepUOAMYHOCTEH ("HC-
THUHA", €CU pelleTKa MePUoANYecKas) LTS KAXKI0ro U3MEPEHNS;

O coords — LEJTOYUCIEHHBIM MAaccuB, 3aJalOLIUI JEeKAPTOBBI KOOPIMHATHI BHI-
3BIBAIOLLETO MOAIPOrpaMMy IIpoLecca.

C NOMOIIBI0 MOANPOTPAMMBI MPI Cart map MOXHO ONpPENENTUTh PaHT Ipolecca
(newrank) B JeKapTOBOI TOMOJIOTUHN TIOCTIE MEPEYITOPSTOYEHNS TTPOIIECCOB:

int MPI Cart map (MPI Comm comm old, int ndims, int *dims, int *periods,
int *newrank)

MPI CART MAP(COMM OLD, NDIMS, DIMS, PERIODS, NEWRANK, IERR)
Bxomnble mapaMeTphr:

O comm — KOMMYHUKATOP;

O ndims — pa3MepPHOCTb I€KAPTOBOMN PELICTKU;

O dims — LEJOYNUCICHHBIA MACCUB, COCTOAIIUN M3 ndims 3JIEMEHTOB, KOTOPHII
ONPEIENISIET KOJUYECTBO MPOLIECCOB BAOJb KAXIOTO U3MEPEHUS;

O periods — JTOTWYECKWI MaccWB pasMepa ndims, ONMPEAESIOMNWI TepHOINd-
HOCTb PeIIeTK! BIOJb KaKIOTO M3MEPEHHS.

Ecm TIpolnecc HE MMPpUHAMIEKUT PEIIESTKE, MoAarporpaMMa BO3BpAalllacT 3HAYEHUE
MPI UNDEFINED.

Mexmy mpolleccaMi, OPTaHW30BAHHBIMUA B IE€KAPTOBY PEIIETKY, MOTYT BBITTON-
HATbCS OOMEHBI 0COOOTO BUIA. DTO CIBUTH, O KOTOPBIX MBI YX€ YITOMUHAIM.
MmeroTca aBa THUITA CABMTOB JAHHBIX IO TPYITIE U3 /N IPOIIEeCCOoB:

O yukauveckui cosue Ha J 1o3uLMI BIoAb pedpa pelueTku. JlaHHble OT mpouec-
ca K nepecputatores npoiieccy (J + K) mod N;

O aunetinvil cosue Ha J MO3ULMI BOOJAb pedpa pelleTKM, KOrga AaHHble B IIPO-
necce K mepeceiatorcst mpoueccy J + K, ecam paHr agpecata HaxXoguTcs B
npenenax Mexay O u N.

Pantu nctounmka (source) cooOLIEHUS, KOTOPOE AOJIKHO OBITH TIPUHSATO, W al-
pecaTa (dest), KOTOPHIl MOJKEH TTOJYYUTH COOOIIEHME TS 3aJaHHOTO Hampas-
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JIeHUsT coBUTA (direction) M €ro BEJUYUHBI (disp), MOXHO OMpeneauTh ¢ TO-
MOLIBIO MOANPOrPAMMBI MPI Cart shift:

int MPI Cart shift (MPI Comm comm, int direction, int displ,
int *source, int *dest)

MPI CART SHIFT (COMM, DIRECTION, DISPL, SOURCE, DEST, IERR)
s n-MepHOI HeKapTOBOM pelleTKd 3HAaueHWe apryMeHTa direction MOJKHO
HaxoaMTbes B npenenax or 0 go n — 1.

IMonnporpamMmma MPI_Cartdim get TO3BONSIET ONPENETUTh PA3MEPHOCTb (ndims)
JeKapTOBOI TOIOJIOTHH, CBSI3aHHONW ¢ KOMMYHHMKATOPOM comm:

int MPT Cartdim get (MPI Comm comm, int *ndims)
MP17CARTDIM4GET(COMM, NDIMS, IERR)

Tononorua rpaca

Mur orpannamMcst 0630poM ocHOBHBEIX ToxmporpamM MPICH, npemnasnaueH-
HBIX ISl paboThl ¢ Tonosiorueii rpada. IloanporpaMma MPI Graph create CO3[A€T
HOBBIII KOMMYHUKATOP comm graph, HAMENEHHBIN Tomonornei rpada:

int MPI Graph create(MPI Comm comm, int nnodes, int *index, int *edges,
int reorder, MPI Comm *comm graph)
MPIiGRAPHiCREATE(COMM, NNODES, INDEX, EDGES, REORDER, COMM GRAPH, IERR)

Bxoxnble mapamerph:
O comm — "UCXOIHBIN" KOMMYHUKATOP, He HAEJIEHHBII TOMOJIOTUEIH;
O nnodes — KOJIMYECTBO BEPILIUH rpada;

O index — ULEJOYMCACHHBIA OJHOMEPHBIA MACCUB, COACPXKAIINMA MOPSAOK KaxXK-
J0ro y37a (KOJUYECTBO CBS3AHHbBIX C HUM pedep);

O edges — LEIOYMCACHHBIM OJHOMEPHBIM MACCHB, ONMMCHIBAIOIINI pedpa rpada;

O reorder — 3HaueHWe "MCTWHA" paspelnaeT W3MeHeHHe TopsaKa Hymepaluu
[IPOLIECCOB.

IMoanporpaMMa MPI Graph neighbors BO3BpAlAeT COCENHUE C AAHHON BEPIIMHBI
rpada:

int MPI Graph neighbors (MPI Comm comm, int rank, int maxneighbors,

int *neighbors)

MPI GRAPH NEIGHBORS (COMM, RANK, MAXNEIGHBORS, NEIGHBORS, IERR)

Ee BxomHbIe mapaMeTphl:

O comm — KOMMYHUKaTOp ¢ Tomojiornel rpada;

O rank — paHr Ipolecca B IpyIne KOMMYHUKATOPA comm;

O maxneighbors — pa3Mep MACCHUBA neighbors.
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BEIXOZHBEIM TTapaMeTpoM SABISETCS MAacCWB neighbors, COAEpPKAIINN PAHTH TTPO-
LI€CCOB, COCEAHUX C AAHHDIM.

KonuuectBo coceaeil (nneighbors) y3ja, CBI3AHHOTO ¢ TOMOJOTHEH Tpada, MOX-
HO OMPEAETUTh C TOMOIIBIO MOMMPOrPAMMBI MPI_Graph neighbors count:

int MPI Graph neighbors count (MPI Comm comm, int rank, int *nneighbors)
MPI GRAPH NEIGHBORS COUNT (COMM, RANK, NNEIGHBORS, IERR)

Bxonnble mapaMeTphr:

O comm — KOMMYHUKATOD;

O rank — paHT Tpolecca-y3na.

Monyunts nHGOPMAIINIO O TOIIOJOTMHU Tpada, CBA3ZAHHONW ¢ KOMMYHHKATOPOM
comm, MOXHO C TIOMOIIIbIO TTOAIPOrPaMMBI MPI Graph get:

int MPT Graph get (MPT Comm comm, int maxindex, int maxedges, int *index,
int *edges)

MPI GRAPH GET (COMM, MAXINDEX, MAXEDGES, INDEX, EDGES, IERR)

BxomgnbiMu mapamerpamMu SBISIIOTCS:

O comm — KOMMYHUKATOD;

O maxindex — JJIMHA MACCHUBA index B BBI3BIBAIOILECH MPOTPaMME;

O maxedges — JUIMHA MACCUBA edges B BBI3BIBAIOIIEH TTPOTPAMME.

BbixoniHbi€ 11apaMeTphbl:

(O index — UEIOYUCICHHBII MACCUB, COACPXAIIUNA CTPYKTYPY rpa(ba (CM. OIln-
CaHue HOHHpOprWMLIMPIiGraphicreatex

O edges — LEIOYMCACHHBIM MAacCHB, COASPXKAIIUI CBeAeHUS O pebpax rpada.

C TOMOIIBI0 TOAITPOTPAMMBI MPT_Graph map MOXHO OTPeNeSIUTh paHT mpolecca
B TONOJIOTUU Tpada mocie mepeyrnopsIaodeHust (newrank):

int MPI Graph map (MPI Comm comm, int nnodes, int *index, int *edges,
int *newrank)

MPI GRAPH MAP(COMM, NNODES, INDEX, EDGES, NEWRANK, IERR)
Ee BxomHbIie mapaMeTphI:

O comm — KOMMYHUKATOP;

O nnodes — KOJIMYECTBO BepLINH Tpada;

O index — LEJIOYMCICHHBIN MaccWB, 3aJallINii CTPYKTypy Tpada (cM. omuca-
HUE 1IoanporpaMMbl MPI_Graph_create);

O edges — LIETOYUCIEHHBI MaccUB, 3aJaolInii pedbpa rpada.

Ecmu mportecc He TpuHAmWIEXKUT rpady, MOAIIporpaMma BO3BpalllaeT 3HAYCHHE
MPI UNDEFINED.
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IMonnporpamMma MPT Graphdims get TO3BOJISIET MOMYYUTHh WHMOPMAIINIO O TOTMO-
Jjoruu rpada, cBSI3aHHON ¢ KOMMYHHUKATOPOM comm:

int MPI Graphdims get (MPI Comm comm, int *nnodes, int *nedges)
MPI GRAPHDIMS GET (COMM, NNODES, NEDGES, IERR)

BbIXogHBIME TapaMeTpaMy 3TOH MOAITPOTPAMMEI SIBJISIOTCS:
O nnodes — KOJIWMYECTBO BepLINH Tpada;
O nedges — KOJWYECTBO pebdep Tpada.

M, HakoHell, ONpeneNUuTh TUIT TOIOJOTUN (toptype), CBI3aHHOM ¢ KOMMYHHKA-
TOPOM comm, MOXHO C TTOMOIIBIO TTOAMPOTPAMMBI MPT Topo test!

int MPI Topo test (MPI Comm comm, int *toptype)
MPI TOPO TEST (COMM, TOPTYPE, IERR)

BeIxomHBIM mMapameTrpoM SIBISIeTCSl TUIT TOMOMOTHU toptype (3HAUEHMSI MPI CART
IUISL IEKAPTOBOI TOITOJNIOTUM W MPT GRAPH JUISI TOMOJNIOTUU Tpada).

npOI/I3BOp,HbIe TUMNbl AaHHbIX

Coobmenne B MPI npexacrasiser coboli MacCMB OMHOTUITHBIX JAHHEIX, JeMeH-
THl KOTOPOTO PACHOOXEHBI B MOCIECAOBATEIBHBIX sTYEHKAX MaMsITH (B 3TOM CIIy-
yae TOBOPST O HEMNPEpPbIBHOM PACMOJOXEHUU 3JIeMEHTOB cooluleHus). Takas
CTpYKTypa He Bcerga ymob6Ha. MHorma Bo3HMKAaeT HEOOXOOUMOCTb B IIEPECHLIKE
Pa3HOTUITHBIX JAHHBIX WX (PParMEeHTOB MAaCCHMBOB, COAEPKALINX 3JIEMEHTHI, pac-
[OJOXEHHbIE HE B IOCIEJOBATE/IbHbLIX siuelikax. Tak OblBaeT, Hampumep, Ipu
[IPOrpaMMUPOBAHUU BBbIYMCIECHUM, CBSI3aHHbIX C OIepalMsIMU C MaTpULAMU U
BEKTOpaMU, a TAKXKE B APYTrUX CUTYaLIUSIX.

IlpuBeneM mpocroii mpumep. B uucieHHBIX pacyeTax yacTo MPUXOAUTCI HMEThb
JIeN0 ¢ MarpuliaMM. MareMaTuK 3HaeT, YTO OTO TaKOe, a IMPOrpaMMUCT MOXKET
CUMTATb, YTO MaTPULibl MPEACTABISIOT COOON JIBYMEPHbBIE MACCUBbI, COAEPXKAllIUE
YKMCJIEHHbIE 3HAYEHUsI, K KOTOPbIM MOIYT IIPUMEHSTECS CTielIMalbHbIe OMePaIu,
Takue Kak CJoXeHWe U YMHOXEeHHue, BbluMcJieHue OoOpaTHOW MaTpulbl U T. 1.
B s3pike FORTRAN (u C) ucnonb3yercsl JIMHeiHass MojAelb NaMsTh, B KOTOPOU
Marpulia XpaHUTCSl B BUJE MOCJIEN0BaTENbHO PACIIONIOXEHHBIX CTONOIIOB (CTPOK).
OauH 13 aJrOpUTMOB MapaieIbHOTO YMHOXEHUsI MaTpull TpeOyeT MepechbUulKKu
CTPOK MAarpulibl, a B JMHEHHOU MOJEIM 3JIEMEHTbBI CTPOK PACIIONOXEHbI B orlepa-
TUBHOM MaMITU HE HEMPEepbIBHO, & ¢ MPOMEXyTKamu (puc. 5.8).

Pemuth mpobiaeMy TMepechblIKM PasHOTUITHBIX NAHHBIX WJIM JAaHHBIX, PACIIOIO-
2KEHHbIX HE B [10C/I€10BATE/IbHbIX S4YEHKAX [aMSTH, MOXHO Y€ M3BECTHbIMM HaM
cpeacrBamMu. MoxHo, Hanpumep, "YIOXUTb' 3JIEMEHTbl MCXOJAHOIO MaccUBa BO
BCIIOMOraTe/IbHbIil MAacCUB Tak, YTOObL JaHHbIE paciiojaraiuch HerpepbiBHo. Ho
3TO HE OYeHb YA00HO M, K TOMY e, TpeOyeT NOMOJHUTE/IbHbIX 3aTPaT HAMITU U
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MTPOIECCOPHOTO BpeMeHN. MOXXHO pas3IndHBIe 3JIeMeHTHI JaHHBIX TepechiIaTh o
OTAEJBbHOCTU. DTO TOXE YpPe3BbIYAMHO MEIJIEHHBIM M HeYTOOHBIN crocob obOMe-
Ha. bosee adhekTUBHBIM pellieHUueM SIBJSeTCSl UCIIONb30BAHUE MPOU3BOOHBIX MU-
noe OaHHbBIX.

Puc. 5.8. PacnonoxeHne a1eMeHTOB CTPOKM MaTpuLlbl B NIMHEAHOW MOAEeNn namMmsaTn

[IpousBoaHbie TUILI AAHHBIX CO3JAIOTCS BO BpPEMsI BBIIOJHEHUSI IIPOrPAMMBbL
(a He BO BpeMs ee TpPaHCIANUU), KaK IIPaBHIO, IIepell UX HMCIIOIb30BAHUEM.
Coszfanue Tia — JIBYXCTYIEHYATbIA [IPOLIECC, KOTOPhIA COCTOUT U3 [IBYX LIALOB:

1. KoncTpynpoBaHue THUIIA.
2. Perucrpauus tuna.

ITocne 3aBepilieHUs] paboOThbl ¢ TPOU3BOAHBIM TUIIOM OH aHHyJupyetrcs. [Ipu 3Tom
BCe MPOM3BOJHBIE OT HEro TUIbl OCTAIOTCSI U MOTYT MCIMOJb30BaThCsl Jabliie,
IOKa U OHU He OyAyT YHUUTOXEHBl. 3leChb YMECTHO HAIIOMHMTb, YTO KOMMYHM-
KaTopbl, TPYIINbI, TUTIBl JaHHBIX, paclpeie/ieHHbIe onepaluu, 3arnpochl, aTpudy-
Thl KOMMYHUKATOPOB, 00paboTUMKMU OlLUOOK — BCE 3TO OOBEKThI, KOTOphIE (ecau
OHM OBIIM CO37aHbl B Mpoliecce padoThl MPOrpaMMbl) AOKHBI yaansaTbes. ITo-
CJIeI0BaTEIbHOCTD YAQJIEHUSI MOXKET ObITh JI00OIA.

IIpousBoaHbIE TUITBI JAHHBIX CO3HAIOTCS 13 0A30BBIX TUITOB C MOMOIIBIO TTOIITPO-
rpaMM-KOHCTPYKTOpoB. Onepanuy CO3AaHUsl MPOU3BOAHBIX TUIIOB MOTYT MpUME-
HATBhCS PEKYPCUBHO, UTO JAET MPOrPaMMHUCTY OONBIIYI0 CBOGOMY B OpraHU3AIN
CIOXHBIX TUTTOB JTAHHBIX.

IMTpousBoaHbiii TN AaHHBIX B MPI xapakTtepusyercsl mocjenoBareibHOCTbIO Oa-
30BbIX TUIIOB U HAOOPOM LIEJOYMCAEHHBIX 3HAYEHUNA cMeleHusl. CMEeLIEHUsT OT-
CUUTBIBAIOTCSI OTHOCUTEJbHO Havaja Oydepa oOMeHa U OTNPEAessIIOT Te 2J1eMEeHThI
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TaHHBIX, KOTOpBEle OYAyT yJacTBOBaTh B oOMeHe. CMeIIeHNsT MOTYT TIPWHUMATh
KaK IIOJOXMTENbHBIE, TaK M OTpHUUATeNbHbIE 3HaueHUs. He TpeOyeTcd Takke,
YTOObI OHM ObLIM YIMOPSIOUYEHbl (HAMPUMEpP, MO BO3pACTAHMIO WJIM MO YObIBa-
Hu1o). OTciofa ciaenyeT, YTO IMOPSAOK JAEMEHTOB JAHHBIX B IPOU3BOIHOM THIIE
MOXET OTJINYaThCs OT MCXOMHOTO M, KPOME TOTO, OMMH 3JIEMEHT TAHHBIX MOXET
MOSIBJASATLCA B HOBOM TMIle MHOrokparHo. [lociemoBarenibHOCTh map (TUI, cMe-
LIeHUe) Ha3blBaeTcs kapmoii muna (Tabdia. 5.3).

Tabnuya 5.3. Kapta npousBogHoro tuna JaHHeIX

1-i aneMeHT napbl 2-i1 aneMeHT napsl

Basosblili TN 0 CwmelLieHue 6asooro Tuna 0
Basosblili TUN 1 CwmelLieHne 6asoBoro Tuna 1
bazosbili TUN 2 CwmelLieHne 6a3oBoro Tuna 2
basosbili TN N — 1 CwmeweHune 6asoBoro Tuna n — 1

OO6paTM BHHUMaHWE HA TO, UYTO PACCTOSHHE B KOJUYECTBE SAUEEK 3AMACTCA MEXIY
HayajlaMH 3JIEMEHTOB, ITOSTOMY 3JIEMEHTBI MOTYT M PACIIOJIaraThCsl ¢ pa3phIBaAMMU,
U IEPEeKPBIBATLCA MEXIY CODOIA.

KOHCTpYKTOpr NMPON3BOAHbLIX TUNOB

IMonmporpaMma MPI Type struct SBIsSeTcS Hanbojee OOIIWM KOHCTPYKTOPOM
tuna B MPI, mostoMy mporpaMMUCT MOXET HCIIONb30BATh IOJHOE OIMCAHME
Kaxjoro sjaeMeHTa tuna. Eciu nepecbuiaeMble JaHHbIE COAEPXKAT [MOJMHOXKECTBO
9JIEMEHTOB MACCHBA, Takas AeTalibHasi MHGOpMalMs HE HYyXHA, IOCKOJBKY Y
BCEX DJIEMEHTOB OAUH M TOT Xe 6a3oBblil Tuil. MPI coaepxuT Tpu KoHcTpyKTOpa,
KOTOPBIE MOXHO WCIOJb30BaTh B TAKOW CUTyallMU: MPI Type contiguous,
MPI Type vector M MPI Type indexed. IIepBbHi N3 HHUX CO3JAacT HpOHBBOHHbﬂi
TUTI, 3JEMEHTBI KOTOPOTO SIBISIIOTCS HEMPEPbIBHO PACIIONOXEHHBIMU 3JIeMEeHTaMU
MaccuBa. Bropoil co3gaer THUIM, 37A€MEHTBl KOTOPOTO HAaxoAsTCs Ha OMMHAKOBBIX
paccTosSIHUSIX APYr OT Apyra, a TpeTUU co3JaeT TUIl, COmepXKalluii TPOU3BOJIbHbBIE
3JIEMEHTDI.

"BekTopHBIii" TUTT co3MaeTcss KOHCTPYKTOPOM MPT Type vector:

int MPI Type vector (int count, int blocklen, int stride,
MPI Datatype oldtype, MPI Datatype *newtype)

MPI TYPE VECTOR (COUNT, BLOCKLEN, STRIDE, OLDTYPE, NEWTYPE, IERR)
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BxomHbIe TapaMeTpHr:
O count — KOTMYECTBO OJOKOB (HeOTpHIIATENBbHOE IIeJloe 3HAUeHNe);

3 blocklen — AJIHMHA KaXAOro OJoKa (KOJIWYECTBO 3JIEMEHTOB, HEOTPUIIATENb-
Hoe 11e510¢e);

O stride — KOJMYECTBO DIEMEHTOB, PACIONIOXEHHBIX MEXIY HAYAIOM IIPEIbi-
JyIIeTo U HavajoM cienyiolero omoka ('rpedenka’);

O oldtype — 0a30BBIN THII.

BbixoaHbIM mapameTpoM SBJSETCS MUASHTU(PUKATOP HOBOrO TUIMA newtype. ODTOT
UAeHTU(DUKATOp HazHadaeTcs IporpaMMucToM. McXomHble TaHHBIE 37€Ch OTHO-
tumHble. CxeMa pacrojIoKeHUsT TaHHBIX B HOBOM THUIIE TIpeAcTaBieHa Ha puc. 5.9.

BA30BbLIV TWM

BEKTOPHbIV TWM: COUNT=2, STRIDE=4, BLOCKLEN=3

Puc. 5.9. CxemMa BEKTOPHOIO TUMna JaHHbIX

Ecau, nanpumep,

count = 2;
stride = 4;
blocklen = 3;
a

oldtype = double;
TO KapTa HOBOI'O THUIIA newtype 6YI[€T BBITJISIACTD TAK:

{ (double, 0), (double, 1), (double, 2), (double, 4), (double, 5), (dou-
ble, 6)}

[Mpu BBI3OBE MOAMPOTrPaMMBI MPT Type hvector CMENICHUS 3aMAIOTCS B OalTax:

int MPT Type hvector(int count, int blocklen, MPI Aint stride,
MPI Datatype oldtype, MPI Datatype *newtype)

MPI TYPE HVECTOR (COUNT, BLOCKLEN, STRIDE, OLDTYPE, NEWTYPE, TERR)

CMBICI[ N Ha3HaAaY€HHNE TapaMeTpoB 3TOU moarporpaMMbl  COBIMAZarOT C TIOA-
MIPOrpaMMOil MPI Type vector, TOJBLKO 3HAUEHHWE MapaMeTpa stride 3amaeTcsd
B OaiiTax.
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KoHCTpyKTOpOM CTPYKTYpHOTO THTIA SIBJSIETCS TIOAMPOTpaMMa MPI Type struct.
OHa IO3BOJISIET CO3MAaTh TUIT, COACPXKAIINI 3JIEMEHTHI Pa3IMYHbBIX 0a30BBIX TUIIOB:

int MPT Type struct(int count, int blocklengths[], MPI Aint indices|],
MPI Datatype oldtypes[], MPI Datatype *newtype)

MPI_TYPE_STRUCT (COUNT, BLOCKLENGTHS, INDICES, OLDTYPES, NEWTYPE, IERR)
Ee BxomHBIe TapaMeTphI:

O count — 3aJaeT KOJUYECTBO DJIEMEHTOB B IPOU3BOOAHOM THUIIE, 4 TAKXKE MJINHY
MAaCCUBOB oldtypes, indices U blocklengths;

O blocklengths — KOJMYECTBO 3AEMEHTOB B KaxaoM Ojoke (MacCuB);
O indices — CMellleHHe KaxXIoro 6joKka B GaiiTax (MaccuB);
O oldtypes — TUI BIEMEHTOB B KaXIOM OJ0Ke (MAaccuB).

BeixogHo#i mapameTp — MACHTH(GHUKATOP ITPOU3BOMHOIO THUMA newtype. Cxema
pacToIoXKeHUsT TaHHBIX B CTPYKTYPHOM THUIIE TpenctaBieHa Ha puc. 5.10. Jan-
HYIO MTOATIPOrpaMMy MOKHO MCIIOIB30BaTh PEKYPCUBHO.

BA3OBbIE TUMbI

CTPYKTYPHbIA TUM

Puc. 5.10. Cxema CTPYKTYpPHOIro Tuna AaHHbIX

MPI Aint TIPEACTABIsIeT COOON CKANSPHBIN THUII, IIMHA KOTOPOTO MMEET pasMep,
OIMHAKOBEIN ¢ yKa3aTeleM.

Ipumep cozmaHusl CTPYKTYPHOTO MPOU3BOTHOTO THUTIA:

blen[0] = 1;

indices[0] = 0;

oldtypes[0] = MPI INT;
blen[l] = 1;

indices[l] = &data.b — &data;
oldtypes[1l] = MPI CHAR;
blen[2] = 1;

indices[2] = sizeof (data);

oldtypes([2] = MPI FLOAT;
MPI Type struct(3, blen, indices, oldtypes, &newtype);
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B xawecTBe ympakHeHUS TTOMPOOYITE MOCTPOUTE KapTy HOBOTO THTIA newtype I
3TOTO MpUMepa. JoCcTaToaHo U AJIT 9TOro MHGOPMAIIMH, COoMepKalleiics B MpH-
BeIeHHOM ¢hparMeHTe IMporpaMMbl?

HpI/I CO3IaHNUN WHIACKCUPOBAHHOIO THUIIA OJIOKU pacriojararorcsda Imo aiapecam
C pPa3HbIM CMCHICHUEM M €ro MOXKHO CYUTATb O606].HCHI/16M BEKTOPHOI'O THIIA.
KOHCpr'KTOpOM WHACKCUPOBAHHOIO TUIIA ABJACTCA MOAINPOrpaMmMa MPI Type
indexed:

int MPI Type indexed(int count, int blocklens[], int indices[],
MPI Datatype oldtype, MPI Datatype *newtype)
MPI TYPE INDEXED (COUNT, BLOCKLENS, INDICES, OLDTYPE, NEWTYPE, IERR)

Ee BxomHBIe TapaMeTphI:

O count — KOJUYECTBO 6)'[OKOB, OJHOBPEMEHHO [JIMHA MACCUBOB indices "

blocklens;
(O blocklens — KOJMUYECTBO DJIEMEHTOB B KaXXKI10M 6JIOKC;

O indices — cMellleHUE Kaxaoro 6joKa, KOTOpoe 33JaeTcsl B KOJUUYECTBE siueek
6azoBoro Tumna (LeJOYrCIeHHbIII MACCUB);

O oldtype — 0a30BBIN THII.

BeixogHbiM mapaMeTpoM ABJIACTCA I/ID,CHTI/I(l)I/IKaTOp IPONU3BOJIHOIO THUIIA newtype.

B s3bike FORTRAN ponb cMmelieHuii MOryT urparb 3HaY€HUsI MHAEKCOB MacCH-
Ba. CMellleHUue B DTOM cjlydyae OTCUMTHIBAETCS OTHOCUTENBHO TMEPBOIO 3JIeMEHTa
MaccuBa. YucjaeHHble 3HAUEHUsI CMELIEHMU B KapTax TUMa OTCYUTHIBAIOTCS OT
Hynsi, a 3HayeHuss uHaekcoB B FORTRAN mno ymMog4aHMIO OTCUUTHIBAIOTCSI OT
eauHuLbl. U1 cornacoBaHusl 00euX CUCTEM OTCYeTa MHOIAA yIoOHO OMMChIBATH
MAaCCHUBbI CJEAYIOIIMM 00pa3oM:

REAL A(0:49)

Torma 3HaueHUe MHAEKCA MacCUBa PAaBHO 3HAYCHHNIO CMECILCHNS.

IMonmporpamma MPT Type hindexed TaKXKe SBISETCS KOHCTPYKTOPOM WUHAEKCUPO-
BaHHOTO THIIA, OMHAKO CMELIEHMS indices 3aHalOTCs B OaifTax:

int MPI Type hindexed(int count, int blocklens[], MPI Aint indices[],
MPI Datatype oldtype, MPI Datatype *newtype)
MPI_TYPE_HINDEXED(COUNT, BLOCKLENS, INDICES, OLDTYPE, NEWTYPE, IERR)

Hoz[nporpaMMa MPI Type contiguous MCHOJB3YETCH IS CO3HAHUSA TUIMA TAHHBIX
C HETIPEPBIBHBIM PACITOJIOKEHUEM 3JIEMEHTOB:

int MPI Type contiguous (int count, MPI Datatype oldtype,
MPI Datatype *newtype)
MPI TYPE CONTIGUOUS (COUNT, OLDTYPE, NEWTYPE, IERR)
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Ee BXOIHBIE TTApaAMETPHI:
O count — CUETYNK MOBTOPEHWIA;
O oldtype — 0a30BBIN THII.

BeixogHo# mapaMeTp newtype — HMIASHTU(HUKATOP HOBOTO THUIMA. DTa MOAIPO-
rpamMMa (akTUyecKw cosmaer omucaHne maccusa. [lpuBemem dparMeHT Tpo-
TpaMMEI ¢ €€ UCIOIb30BaHUEM:

MPI Datatype a;
float b[10];

MPI Type contiguous (10, MPI REAL, &a);
MPI Type commit (&a);

MPI Send(b, 1, a,...);

MPI Type free(&a);

Hoz[nporpaMMa MPI Type create indexed block MCIIOJIB3YETCA M1 CO3MAHUSI
NHACKCUPOBAHHOIO TUIIA C 0JIOKaMU ITOCTOSTHHOTO pasMmepa:

int MPT Type create indexed block(int count, int blocklength,
int displacements[], MPI Datatype oldtype, MPI Datatype *newtype)

MPI TYPE CREATE INDEXED BLOCK (COUNT, BLOCKLENGTH, DISPLACEMENTS, OLDTYPE,
NEWTYPE, IERR)

Ee BxomHbIe mapaMeTphI:
O count — KOJIWYECTBO OJIOKOB U pa3Mep MACCUBOB indices U blocklens;
a blocklength — KOJUYECTBO JIEMEHTOB B KA’KIOM 6J'[OK€;

O displacements — CMellleHUE KAKIOTO OJI0Ka B eIMHUIIAX IJIUHBI TUMA oldtype
(LIeJTOUNCIIEHHBITT MACCUB);

O oldtype — 0a30BBIN THII.

HNnentndukarop MpoN3BOTHOTO THIIA newtype SBISETCS BBIXOMHBIM MAapaMeTpOM
3TOI MOAIpPOrpaMMEL.

Tun OTaHHBIX, COOTBGTCTBYIOH_U/Iﬁ nmoaMacCuBy MHOIOMEpPHOro mMaccmBa, MOXHO
CO3/IaTh C TTOMOIIBIO TTOANTPOTrPaMMBI MPT Type create subarray:

int MPT Type create subarray(int ndims, int *sizes, int *subsizes,
int *starts, int order, MPI Datatype oldtype, MPI Datatype *newtype)

MPI TYPE CREATE SUBARRAY (NDIMS, SIZES, SUBSIZES, STARTS, ORDER, OLDTYPE,
NEWTYPE, IERR)

Bxoagnbie mapaMeTphl:
O ndims — pa3MepHOCTb MACCHUBA;

O sizes — KOJWYECTBO BJIEMEHTOB THUMA oldtype B KAXIOM U3MEPEHUN MOTHOTO
MAaCCHUBa;
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O subsizes — KOJWYECTBO IJIEMEHTOB THIIA oldtype B KAKIOM WU3MEPEHUN TIOJI-
MacCuUBa;

O starts — CTApTOBBIE KOOPAWHATH MOAMACCUBA B KAKIOM WU3MEPEHUN;

O order — durar, 3aJa0IINI TTepeynopsaoueHne;

O oldtype — 0a30BBIN THII.

HoBbIil TUTT newtype SABISETCS BHIXOOAHBIM TTapaMeTPOM 3TON TTOATIPOTpaMMEI.

CyllecTBYIOT W JpyTHe KOHCTPYKTOPHI TIPOM3BOIHBIX THUTIOB, KOTOPHIE, BIIPOYEM,
WCTOTB3YIOTCS 3HAUNTETHHO peXe.

Perncrpauus n yganeHne nponsBogHbiX TUNOB

C momomIblo BBI30BA TMOAMPOTPAMMBl MPI Type commit MPOW3BOAHBIA THI
datatype, CKOHCTPYMPOBAHHBIN IIporpaMMUCTOM, peructpupyetcsd. Ilocie atoro
OH MOXET UCIIONb30BaThCs B Onepalusix oOMeHa:

int MPI Type commit (MPI Datatype *datatype)

MPI TYPE COMMIT (DATATYPE, IERR)

AHHy.T[I/IpOBaTb HpOHSBOILHbeI TUII datatype MOXKHO C ITIOMOIIbIO BbI30OBA ITOAIIPO-
I'paMMBbI MPT Type free!

int MPT Type free(MPI Datatype *datatype)

MPI TYPE FREE (DATATYPE, IERR)

IMpenomnpenenenHble (6a30BBIe) TUTIH JTAHHBIX He MOTYT OBITh AaHHYJIMPOBAHBI.

BcnomorarenbHble noanporpamMmbl

Kpome KoHCTpyKTOpOB TIpH paboTe ¢ TTPOM3BOIHBEIMU THUTTAMHW WHOTAA TIPUMEHS -
10T Pa3INYHEIC BCIIOMOTATEIbHBIE TTOMITPOTPAMMEBL.

PasMmep Tuma datatype B OaiiTax (pasMep — BTO oObeM TaMSTH, 3aHUMaeMBIid
OIHUM 3JIEMEHTOM JAaHHOTO TUIId) MOXHO OMNPEAENIUTb C MOMOILBI BbI30Ba MOJ-
MpOTrpaMMBbl MPI Type size!

int MPI Type size(MPI Datatype datatype, int *size)
MPI TYPE SIZE (DATATYPE, SIZE, IERR)
BeIxogHBIM mapaMeTpoM SIBISIETCS pa3Mep size.

KonuuecTBo 371€MeHTOB JaHHBIX B OMHOM OOBEKTE THUIIA datatype (CI‘O QKCI’)’leHm)
MOXHO OIIPCACIUTL ¢ IIOMOIIbIO BbI3OBA IIOAIIPOIrPAMMBI MPT Type extent!

int MPI Type extent (MPI Datatype datatype, MPI Aint *extent)
MPI TYPE EXTENT (DATATYPE, EXTENT, IERR)

BeixomgHol mapaMeTp — extent.
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CMEH_IGHI/IH MOTYT OdaBaTbCs OTHOCHUTEIBHO 6a30BOTO agpeca, 3HaYE€HNE KOTOPOTO
COJIEPKUTCA B KOHCTAHTE MPI BOTTOM.

Anpec (address) TIO 3aaHHOMY TOJOXEHWIO (location) MOXHO OTPENeUTh
C TIOMOIIBIO TOANMPOTPAMMEI MPT Address:

int MPI Address (void *location, MPI Aint *address)
MPIiADDRESS(LOCATION, ADDRESS, IERR)

DTa ToamporpaMMa MOXET WCIOJIb30BaThCsl B TporpamMMax Ha s3eikax C u
FORTRAN. B C oHa 00bIYHO BO3BpallaeT TOT K& aapec, UYTO M OIEepaTop &, XOTS
WHOTAA 3TO U He Tak. JJaHHas MmoAnporpaMMa MOXET MOHAagoOUThCS B MpPOrpaM-
me Ha sg3bike FORTRAN, a B C ecTb COOCTBEHHBIE CPEICTBA IS OIPEAe/ICHUS
agpeca.

C TMMOMOILBIO MOAIIPOTrPpaMMBI MPI Type get contents MOXHO ONPEACIUTDH q)aKTI/I-
YECKUE MapaMETPbI, UCIIOJIB30BAHHBIC IIPU CO3JaHNHN IMPOMU3BOIHOIO THUIIA:

int MPI Type get contents (MPI Datatype datatype, int max integers, int
max addresses, int max datatypes, int *integers, MPI Aint *addresses,
MPT Datatype *datatypes)

MPI TYPE GET CONTENTS (DATATYPE, MAX INTEGERS, MAX ADDRESSES,
MAX DATATYPES, INTEGERS, ADDRESSES, DATATYPES, TERR)

Bxomgnwie mapaMeTphr:

O datatype — UASHTUDUKATOP TUIIA;

a max integers — KOJIMYECTBO 3JIEMEHTOB B MACCUBE integers;
a max addresses — KOJIMYECTBO DJIEMEHTOB B MACCHBE addresses;
a max_datatypes — KOJIMYECTBO DJIEMEHTOB B MACCHBE datatypes.
BreixogHbie mapaMeTphl:

a integers — COACPXUT LECIOYUCICHHBIE aAPTYMEHTBI, WUCIIOJb30BAaHHLIC IIpU
KOHCTPYUPOBAHUU YKA3aHHOTO THUIIA,

O addresses — COIEPXKUT aPTYMEHTHI address, UCIMOIB30BAHHBIE TTPU KOHCTPYU-
POBaHNUM YKA3aHHOIO TUIIA,

a datatypes — COIOEPXKHUT ApTYMEHTHBI datatype, WCITOJIB30BAHHBIC TIPU KOHCT-
PYHUPOBAHNU YKA3aHHOI'O THUIIA.

[MoanporpamMMa MPI Type 1b BO3BpalllaeT HIDKHIOK TPAaHWUIy TUIMA IAHHBIX

datatype!

int MPT Type 1b(MPI Datatype datatype, MPI Aint *displacement)
MPI TYPE LB (DATATYPE, DISPLACEMENT, TIERR)

BeIxomHBIM TIapaMeTpoM SIBIIsieTcsT cMellleHne (B OaiiTax) HUXKHENH TpaHWIBI OT-
HOCHUTECJIBbHO UCTOYHUKA displacement.
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BepxHioto TpaHuITly THTA BO3BpAIlAeT MTOAMPOTpaMMa MPT Type ub:

int MPI Type ub (MPI Datatype datatype, MPI Aint *displacement)
MPI TYPE UB(DATATYPE, DISPLACEMENT, IERR)

EH_[G OIVH MPUMEP CO3TaHUS MPONU3BOAHOIO THUIIA MMPUBEACH B JIUCTUHTE 5.4.

' NINCTUHr 5.4. Mpumep co3paHna npoussoaHoro Tuna B sdbike FORTRAN

PROGRAM MAIN MPT

INCLUDE 'MPIF.H'

PARAMETER (N = 50)

REAL ARR(N, N, N), B(9, 9, 9)

INTEGER SLICEl, SLICE2, SLICE3, SIZEOFREAL
INTEGER RANK, IERR, STATUS (MPI STATUS SIZE)
INTEGER TAG, CNT, VCOUNT, BLOCKLEN, STRIDE, COUNT

CNT = 1
TAG = 0
VCOUNT = 9

BLOCKLEN = 1

CALL MPI INIT (IERR)

CALL MPI COMM RANK (MPI COMM WORLD, RANK, IERR)

IF (RANK.EQ.0) THEN

CALL MPI TYPE EXTENT (MPI REAL, SIZEOFREAL, IERR)

STRIDE = 2

CALL MPI_TYPE VECTOR (VCOUNT, BLOCKLEN, STRIDE, MPI REAL, SLICEl, IERR)
STRIDE = N * SIZEOFREAL

CALL MPI TYPE HVECTOR (VCOUNT, BLOCKLEN, STRIDE, SLICEl, SLICE2, IERR)
STRIDE = N * N * SIZEOFREAL

CALL MPI TYPE HVECTOR (VCOUNT, BLOCKLEN, STRIDE, SLICE2, SLICE3, IERR)
CALL MPI TYPE COMMIT (SLICE3, IERR)

CALL MPI SEND(ARR(1, 3, 2), CNT, SLICE3, 1, TAG, MPI COMM WORLD, IERR)
ELSE IF (RANK.EQ.l) THEN

COUNT = VCOUNT * VCOUNT * VCOUNT

CALL MPI RECV (B, COUNT, MPI REAL, 0, TAG, MPI COMM WORLD, STATUS, IERR)
PRINT *, B

END IF

CALL MPI FINALIZE (IERR)

STOP

END

B 3T0it TIpoTpaMMe cTposTCS MMPONU3BOIHEIE TUITHI slicel, slice2 W slice3, COOT-
BETCTBYIOIINE CEUeHWSIM WCXOTHOTO TpexmepHoro MaccuBa aA. Kaxmm? [lompo-
OyiiTe CaMOCTOSITEIEHO ONpPEIeTUTh IPOW3BOAHBIC CTPYKTYPHI MAHHBIX. 3areM
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MeXIy TPOIecCaMN B CEUEeHWU BBITTONHSAETCST OJOKWPYIOIINA IBYXTOYEUHBIH 00-
MEeH COOOIIeHUSIMMU.

IMpumep cosmanmst TIPOW3BOTHOTO (CTPYKTYPHOTO) THUTIA TPWUBOIWTCS B JTMCTHH-
re 5.5.

' NMucTunr 5.5. Mpumep co3paHnsa NpPomM3BOAHOro TMna B A3blike C

#include "mpi.h"
#include <stdio.h>
struct newtype {
float a;
float b;

int n;

}i

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

int myrank;

MPI Datatype NEW MESSAGE TYPE;
int block lengths[3];

MPI Aint displacements[3];
MPI Aint addresses[4];

MPI Datatype typelist[3];

int blocks number;

struct newtype indata;

int tag = 0;

MPI Status status;

MPI Init (&argc, &argv);
MPI Comm rank (MPI COMM WORLD, &myrank) ;

typelist [0] = MPI FLOAT;
typelist[1] = MPI_ FLOAT;
typelist[2] = MPI_INT;

block lengths[0] = block lengths[1l] = block lengths[2] = 1;
MPI Address(&indata, &addresses[0]);

MPI Address(&(indata.a), &addresses[l]);
MPI Address ( (21)+
MPI Address(&(indata.n), &addresses[3]);

(indata.b), &addresses
(
displacements |
[
[

&
&
0] = addresses[l] — addresses[0];
displacements([l] = addresses[2] — addresses[0];
displacements([2] = addresses[3] — addresses[0];

blocks number = 3;
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MPI Type struct (blocks number, block lengths, displacements, typelist,
&NEW MESSAGE TYPE) ;

MPI Type commit (&NEW MESSAGE TYPE) ;

if (myrank == 0)

{

indata.a = 3.14159;
indata.b = 2.71828;
indata.n = 2002;

MPI Send(&indata, 1,NEW MESSAGE TYPE, 1, tag, MPI COMM WORLD) ;

printf ("Process %1 send: %f %f %i\n", myrank, indata.a, indata.b, in-
data.n);

}

else

{

MPI_Recv (&indata, 1, NEW MESSAGE TYPE, 0, tag, MPI_COMM WORLD, &status);

printf ("Process %1 received: %f $f %i, status %s\n", myrank, indata.a,
indata.b, indata.n, status.MPI_ERROR);

}
MPI Type free (&NEW MESSAGE TYPE) ;

MPI Finalize();
return 0;

}

3mech cHavana 3aMaloTcsT TUITHI WICHOB TIPOM3BOMIHOIO TUITA, a 3aTéM KOJIWYECTBO
9JIeMEHTOB Kaxkjaoro Tuma. Ilocie 2Toro BBUMCSIIOTCS aapeca YIEHOB THUIIA
indata W OTIPENeNISIOTCS CMEIIeHWsT TpeX WIEHOB TPOW3BOMHOTO THWIA OTHOCH-
TENBHO ajpeca IIEPBOro, IS KOTOporo cMeleHue paBHo (. Pacmomaras aToit
rHdbopManuen, MOXXKHO ONPEASNUTb MPOU3BOAHBIA TUI, YTO M AEIAETCI C IO-
MOIIBIO TTOAMPOTPAMM MPI Type struct M MPI Type commit. CO3MaHHBIA TaKUM
00pa3oM MPOU3BOMHBIN THIT MOXHO IMPUMEHSTD B JIIOOBIX Olepalnsax oOMeHa.

CospnaHue U UcToab3oBaHUe cTpyKTypHoro Tina B si3bike FORTRAN nimoctpu-
pyercsT IpOrpaMMOii, TIPUBEIEHHOI B TUCTHHTE 5.6.

' NucTuHr 5.6. Ucnonb3oBaHMe NPOU3BOAHOrO (CTPYKTYPHOrO) TNa
i B a3blke FORTRAN

PROGRAM MAIN MPI

INCLUDE 'MPIF.H'

INTEGER RANK, TAG, CNT, IERR, STATUS(MPI STATUS SIZE)
PARAMETER (BUFSIZE=100)
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CHARACTER RCVBUF1 (BUFSIZE)
INTEGER NEWTYPE
INTEGER BLOCKS, POSITION

INTEGER DISP(2), BLEN(2), TYPE(2)
INTEGER ADDRESS (2)

INTEGER DATAl, DATA3

COMPLEX DATA2, DATA4

CNT = 1

TAG = 0

CALL MPI INIT (IERR)

CALL MPI COMM RANK (MPI COMM WORLD, RANK, IERR)

IF (RANK.EQ.O) THEN

BLEN(1) =1
BLEN(2) =1
TYPE (1) = MPI INTEGER
TYPE (2) = MPI COMPLEX
BLOCKS = 2

CALL MPI ADDRESS (DATAl, ADDRESS (1), IERR)
DISP(1) = ADDRESS (1)
CALL MPI ADDRESS (DATA2, ADDRESS(2), IERR)
DISP(2) = ADDRESS(2)

CALL MPI TYPE STRUCT (BLOCKS, BLEN, DISP, TYPE, NEWTYPE, IERR)
CALL MPI TYPE COMMIT (NEWTYPE, IERR)

DATAL 3

DATAZ = (1., 3.)

CALL MPI SEND(MPI BOTTOM, CNT, NEWTYPE, 1, TAG, MPI COMM WORLD, IERR)
PRINT *, "PROCESS ", RANK, " SEND ", DATAl, " AND ", DATAZ2

CALL MPI TYPE FREE (NEWTYPE, IERR)

ELSE

POSITION = 0O

CALL MPI RECV(RCVBUF1l, BUFSIZE, MPI PACKED, O, TAG, MPI COMM WORLD,
STATUS, IERR)

CALL MPI UNPACK (RCVBUF1l, BUFSIZE, POSITION, DATA3, 1, MPI INTEGER,
MPI COMM WORLD, IERR)

CALL MPI UNPACK (RCVBUF1l, BUFSIZE, POSITION, DATA4, 1, MPI COMPLEX,
MPI COMM WORLD, IERR)

PRINT *, "PROCESS ", RANK, " RECEIVED ", DATA3, " AND ", DATA4
END IF
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CALL MPI FINALIZE (IERR)
STOP
END

PeayanaT BBIITOJIHEHUST STOM nporpaMMbl BBIITIIAUT TaK:

# mpirun -np 2 a.out
PROCESS 0 SEND 3 AND (1.,3.)
PROCESS 1 RECEIVED 3 AND (1.,3.)

B mporpamme mcmonb3yercss ogHa W3 MOAMPOTPaMM YIAKOBKA W PaCITaKOBKWU
(MPT_unPACK). K 3HAKOMCTBY € 3TMMM MOANIPOrpAMMAMK MBI U TIEPEXOAUM.

Onepau,vm yrnakoBKU N paCNnakKoBKN AaHHbIX

ATBTEepHATUBHEIM METONOM TPYIITUPOBKA TAHHBIX IO OTHOIIEHWIO K CO3TAHWIO
MPOU3BOAHBIX TUIIOB MOXHO CUMTATh MCIOJb30BAHUE IMOANPOrpaMM YIAKOBKM U
pacnakoBKU: MPT Pack W MPI Unpack. Ilommporpamma MPI Pack TTO3BOJSIET SIB-
HBIM 00pa3oM XpaHUTh MPOM3BOJIbHBIE (B TOM UHCIE U PACIIONOXEHHBIC HE B IIO-
claenoBaTelbHbIX SYeiKax) JaHHble B HempepbiBHOM obnactu mamstu (Oydepe
nepenaun). [lopmporpaMMy MPT Unpack MOXHO HCIIONB30BATh JISI KOMUPOBAHUS
JAaHHBIX W3 HETpephIBHOTO Oydepa Imociae WX mpuemMa B IIPOU3BOJBHBIE (B TOM
Yyucae W He PacloNoXeHHbBIE HEeIPEePbIBHO) STYCHKI TTaMSTH.

DTH MOANPOrpaMMBbl HCIIOB3YIOTCS IS O0SCIIEYeHNSI COBMECTUMOCTH C IPYTUMU
OubaMoTekaMu OOMEHa COOOIIEHUSIMHM, IS IpUeMa COOOIIEHWH IO 4YacTsIM, a
TaKXe ISl TOTO, YTOOBI Oy(epn3oBaTh UCXOAAIINE COOOIIEHMSI B MOJb30BATEb-
CKO€ MPOCTPAHCTBO MaMSTU, YTO JAET HE3aBUCUMOCTb OT CUCTEMHON IOAUTUKHU
Oydepuszanuu.

CreayeT yyecTb TakXKe, YTO COOOIIEHUS] TMepefalnTcsi Mo KOMMYHUKAIMOHHOU
CeTH, CBA3bIBAIONIEN Y3/Ibl BBIYUCAUTENbHOU cucTeMbl. CeTh 3Ta padoraer n0-
BOJIbHO MEIJIEHHO, [1I09TOMY, YEM MEHbIIE B MapalieJbHOi nmporpamme OOMEHOB,
TEM MEHbIle TTOTePH Ha TepechbUIKy MTaHHBIX. C y4eToM 3TOro XejJlaTelbHO UMeTh
MEXaHM3M, KOTOPbI MO3BOMsT Obl, HAIPUMEP, BMECTO OTIPABKU TPEX Pa3HbIX
3HAYEHUI TpeMsi COOOLIEHMSIMU, OTIIPABIsATh UX Bce BMecTe. Takue MeXaHU3Mbl
ectb — B MPI ux tpu. OT0o mapaMerp count B HOAIporpaMmax oOMeHa, IPOou3-
BOJIHBIE TUITHI JAHHBIX W MOATPOTPAMMBI MPT Pack M MPI Unpack.

C noMolibl0 aprymMeHTa count B TIOAMPOTpAMMAax MPTI Send, MPI Receive,
MPT Bcast W MPI_Reduce MOXHO OTTIPaBUTh B OJHOM COOOIIEHWN HECKOJIbKO Oi-
HOTHUITHBIX 3JIEMEHTOB JAHHBIX. [ 2TOro »ieMeHThl MAHHBIX JOKHBI HaXo-
JIUTHCS B HEMPEPHIBHO PACTIONOXKEHHBIX AYeiikax IMaMsITH.

Hy, a €CJIN JJIEMEHTBI JAHHBIX — 3TO TTPOCTHIC nepeMeHHHe? Torz[a OHUN MOTYT
W HE HAXOOUTHLCH B TTOCIENOBATENBHBIX dUeHKaX MAMITH. B sTtom cJIygyace MOXHO
HCIIOJIB30BATh ITPON3BOJIHDBIC TUIIBI JAHHDbIX WJIN YIIAKOBKY.
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IMoamporpaMMa YITaKOBKH MOXKET BHI3BIBATHCS HECKONBKO pa3 IMepel Tiepemadeit
COOOIIEHHUs, COMEPKaIeTO YITAKOBAaHHbIE TAHHBIE, a MOANPOrpaMMa PaciakoBKU
B 3TOM cJiydae Takke OymeT BBI3BIBATHCS HECKOJIBKO pa3 IOCIe BBHIMOTHEHUS
mpueMa. [Iyig u3BIeYeHU KaXAOW MOPINUK JTAHHBIX IMPUMEHSETCS HOBBIA BBI3OB.
Ipu pacmakoBKe JaHHBIX TEKYIIee MOMOXEeHNe yKazareas B Oydepe coxpaHseTcs.

Wnartepdeiic moamporpaMMbl MPT Pack BBIIJISIIUT CAEAYIONIUM 00pa3oM:

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

MPT PACK (INBUF, INCOUNT, DATATYPE, OUTBUF, OUTCOUNT, POSITION, COMM, IERR)

Ilpu BBI3OBE incount 3IEMEHTOB YKA3aHHOTO THUIIA BBEIOMPAIOTCS M3 BXOIHOTO
Oydepa W VIIAKOBBHIBAIOTCS B BHIXOAHOM Oydepe, HauMHAA C TOJOXEHUS
position. BXOOHBIE TTapaMeTphl:

O inbuf — HaYaJIBHBINA ampec BXOAHOTO Oydepa;

3 incount — KOJWYECTBO BXOMHBIX JAHHbIX;

datatype — THM KaXAOTO BXOTHOTO 3JeMEHTa JaHHBIX;
outcount — pasMep BbIXoJHOro Oydepa B Oaiirax;

position — TEKylllee MojJoXeHne B Oydepe B Oaiitax;

aaaoad

comm — KOMMYHWKATOP IJIST YITaKOBAHHOTO COOOIIEHHS.

BbIXoaHbIM ITapaMeTpoM SBJISETCSl CTAPTOBbIM aapec BbIXOAHOIo Oydepa outbuf.
OOparHbBIM felicTBUEM O0aaeT MoanporpaMma MpI Unpack, KOTOpasi MCIOIb3Y-
eTCs JUIS pACTIaKOBKY TaHHBIX:

int MPI Unpack(void *inbuf, int insize, int *position, void *outbuf,
int outcount, MPI Datatype datatype, MPI_Comm comm)
MPI_UNPACK(INBUF, INSIZE, POSITION, OUTBUF, OUTCOUNT, DATATYPE, COMM, IERR)

BxomHbIe TapaMeTpHr:

O inbuf — CTApTOBBII aapec BXOXHOIO Oydepa;

O insize — pa3Mep BXogHOro 0ydepa B Galitax;

O position — TeKylllee MoJoXeHWe B OaiiTax;

O outcount — KOJWYECTBO JTAHHBIX, KOTOPbIE JOJKHBI OBITH pacakoBaHHI;
O datatype — TUIT KQKXIOTO BBHIXOTHOTO 3IeMEHTA JAaHHBIX;

O comm — KOMMYHUKATOP TSI YITAKOBBIBAEMOTO COOOIICHUS.

BbixonHo#l napameTp outbuf — CTApTOBBIN aapec BHIXOAHOTO Oydepa.

MMonmporpamMmma MPI Pack size ITO3BONSET OMpPENeNUTh OOBEM MAMSITH size
(B GaiiTax), HEOOXOOMMBIN IJIST PACITaKOBKHM COOOIIEHNS:
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int MPI Pack size(int incount, MPI Datatype datatype, MPI Comm comm,
int *size)

MPI PACK SIZE (INCOUNT, DATATYPE, COMM, SIZE, IERR)

BxogHbie mapaMeTphl:

(3 incount — apryMeHT count, UCTTOJB30OBAHHBINA MTPU YITAKOBKE;

O datatype — THIT YITAKOBAHHBIX TAHHBIX;

O comm — KOMMYHUKATOP.

TTpumep ncroab30BaHMS MTOAMPOTPpaMM YITAaKOBKHW TIpUBEIEH B INCTHUHTE 5.7.

| NucTuHr 5.7. MpuMep NCNONBL30BaHUS ONepaLMii yNaKoBKM AaHHBIX

#include "mpi.h"
#include <stdio.h>
int main(int argc,char *argvl])
{

int myrank;

float a, b;

int n;

int root = 0;

char buffer[100];

int position;

MPI Init (&argc, &argv);

MPI Comm rank (MPI COMM WORLD, &myrank) ;

if (myrank == root) {

printf ("Enter a, b, and n\n");

scanf ("$f $f %i", &a, &b, &n);

position = 0;

MPI Pack(&a, 1, MPI_FLOAT, sbuffer, 100, &position, MPI_COMM WORLD) ;
MPI Pack(&b, 1, MPI_FLOAT, sbuffer, 100, &position, MPI_COMM WORLD) ;
MPI Pack(&n, 1, MPI_INT, &buffer, 100, &position, MPI_COMM WORLD) ;

MPI Bcast (&buffer, 100, MPI PACKED, root, MPI COMM WORLD) ;

} else {

MPI Bcast (&buffer, 100, MPI PACKED, root, MPI COMM WORLD) ;

position = 0O;

MPI Unpack (&buffer, 100, &position, &a, 1, MPI FLOAT, MPI COMM WORLD) ;
MPI Unpack (&buffer, 100, &position, &b, 1, MPI FLOAT, MPI COMM WORLD) ;
MPI Unpack (&buffer, 100, &position, &n, 1, MPI INT, MPI COMM WORLD) ;
printf ("Process %i received a=%f, b=%f, n=%i\n", myrank, a, b, n);

}

MPI Finalize();

return O;

}
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3aeck mpotiecc  komupyer B Oydep cHavyaa 3HAYeHHWE a, a TTIOTOM JOMUCHIBAaeT
Tyda b U n. [Tocie BBITTOIHEHUS TUPOKOBENIATEIbHON pacChlIKU TIABHBIM TIPO-
[IECCOM, OCTAJBHBIE UCITOMB3YIOT MOAMPOTPAMMY MPT Unpack IS U3BIEUEHUS a, b
u n u3 Oydepa. Tum OaHHBIX, KOTOPBI HAAO HCMOOJAB30BaTh IIPM BbI3OBE
MPI Bcast — MPI PACKED.

Tunbl MPI_BYTE w MPI_PACKED

Oco0blit TuN maHHBIX MPI BYTE He uMmeer aHanora B C unu FORTRAN. Ou mo-
3BOJISIET XPAHUTh JaHHbIE B "chlpoM” ¢hopmaTe, UMEIOLIEM OIMHAKOBOE JBOUYHOE
MpejcTaBleHre Ha CTOPOHE UCTOUYHMKA COOOIIEHUSI 1 Ha CTOPOHE aapecaTta. DTOT
TUT MOXHO MCIOJIb30BaTh MpU Tepeaaye JoObIX cOOOIEHU B OMHOPOAHBIX CUC-
TeMax.

Tumner MPT BYTE U MPT PACKED He mMetoT coorBeTcTBUss B FORTRAN u C. 3Ha-
YEHUE TUIA MPI BYTE COAEPXKUT OaiiT, KOTOPBIN B IAHHOM CIy4yae WHTEPIPETUpY-
€Tcd MHaye, yeM cHMBOJ. [IpeicTaBieHne cMMBOJIA MOXET pa3inyaTbcs Ha pas-
HBIX MalllMHaX, a OalT Be3ae OAMHAKOB. TWI MPI BYTE MOXET UCIOJIBH30BATHCS,
€CJII HEOOXOAMMO BBINOJIHNATE MPEOOPA3OBAHUE MEXKIY PA3HBIMU IMpeJcTaBie-
HHSMU B TETEPOTEHHON BBIYMCINUTENLHON CHCTEME.

ATpn6yTbl

Kowuposanue 1Mo3BoJIsIeT 100aBUTh K KOMMYHHUKATOPY JOMOMHUTEIBHYIO WHDOP-
Maluio, KOTOPYIO Ha3bIBAIOT ampubymamu KOMMYyHUKaropa. DTO AaeT BO3MOX-
HOCTb MepechbliaTh WHGOPMALIMIO, CBS3bIBASI €€ ¢ KOMMYHUKATOPaMM JIIOOOro TH-
na (MHTpa- U WHTep-). KoMMyHuKaTop, CHAaOXEHHbIM aTpubyTaMu, COAEPKUT
IPYIIIY MPOLECCOB, KOHTEKCT OOMEHA M KIIUMPOBAHHBIE MAHHbIE (B TOM 4MC]IE,
BO3MOXHO, ¥ BUPTYAJIbHYIO TOIOJIOTUIO).

Ecmm xakasg-to wHpoOpMaIusg 3amicaHa B KavyecTBe aTpuOyTa B OTHOM U3 IPO-
LIECCOB, OHA ABTOMATUYECKKM CTAHOBUTCS JOCTYIIHOI BCEM APYIMM MpOLECCaM U3
JaHHOrO KoMMyHuKaropa. CreuuaibHON OpraHu3alMy IepechbUIOK COOOIIeHUM
[Ipy 3TOM He TpebyeTcst, cUcTeMa caMa I103a00TUTCs O Iepeiade HeoOXomuMoi
uHpopmaLuu.

ATpUOYTBI ONPEHENAIOTCS TONBKO IS TOTO KOMMYHUKATOpa, K KOTOPOMY OHM
mpucoennHeHEl. OHN MOTYT IyOMMpOBAThCS TONBKO TPU OYOIMPOBAHUN KOMMY-
HMKATOpa, APYIUMX CIOCOOOB MX Mepefadd OT OJHOI0 KOMMYHHUKATOpa APYroMy
HET.

B si3pixe C arpubyTHl UMEIOT TUM void *. OOGBIYHO BTO yKaszaTeln Ha CTPYKTYPHI,
KOTOpbIE coAepKaT HEOOXOAMMYI0 UHGOpMalMI0 Uau oOpaboTUMKK A 00bekTa
MPI. B noporpammax Ha s3bike FORTRAN aTpuOyThl UMEIOT TUII INTEGER.

HNnentudukaropoM arpubyTa SBISETCS 1IeI0€ YUCIO0, KOTOpOoe HAa3HAYaeTcsl CHC-
TeMOIl aBTOMATMYECKH W HA3BIBAGTCS KAO4OM ampubyma. ATpuOyTH OBIBAIOT
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cucmemubie N noavzoeamenvckue. CUCTEMHBIE aTPUOYTHI HE MOTYT MOIUMDUIINPO-
BaThCsT MPOTPAMMUCTOM, BO BCSAKOM cliydae, Hampsamyo. K mx duciay oTHocATCS
TOMOJIOTHS, ampec 00paboTYMKA OIIMOOK M HEKOTOpBIe Ipyrue. 3HAYeHUS KO-
Yyelt ABJISIOTCS TIOOATBHBIMA M MOTYT MCITOIh30BaThCS BCEMU KOMMYHUKATOPaMU
MTPOTPAMMBI.

B MPI peanuzoBanbl JoKaibHble omepauuu c aTpudyramu. Ilomnporpamma
MPI Keyval create:

int MPI Keyval create (MPI Copy function *copy fn,
MPI Delete function *delete fn, int *keyval, void *extra_ state)

MPI KEYVAL CREATE (COPY EFN, DELETE FN, KEYVAL, EXTRA STATE, IERR)

TTpenIHa3HaveHa TS CO3MaHWS HOBOTO KiIIoUa aTpubyTa keyval (9TO BBIXOTHOM
napamerp). Kitouu yHUKaabHbL AJ151 KQXKIOro Mpouecca U He BUAHBI MOJb30BaTe-
JIIO, XOTS SIBHBIM OOpasoM XpaHSTCS B BUIE LIEJbIX 3HAUYEHUH. Byayuyud ogHaxibl
3amaH, KJTI09 MOXKET OBITh WMCIIONB30BAH IS 3aJaHWsT aTpuOyTOB M JOCTYITa
K HUM B JII000M kKoMMyHUKaTope. OYyHKINS copy fn BBI3BIBAETCS, KOTIA KOMMY-
HUKATOp MyOIUpyeTcsl MOAMPOrpaMMoil MPT Comm dup, & QYHKIUS delete fn MC-
MoJib3yeTcsl it ynaneHus. [lapamerp extra state 3aMaeT NOTMONHUTETbHYIO WH-
dopmanuo (cocTosgHue) Il GYHKINA KOTTMPOBAHUS U YIAICHUST.

Eciu MPI-nporpamma Hammcana Ha aByx si3bikax (C m FORTRAN), dyHKung
copy fn OJKHA OBITh HAIIMCAHA HA TOM X€ $I3bIKE, YTO U OJOK, U3 KOTOPOTo
BBI3BIBAIACH MOANPOrpaMMa MPI Keyval create.

Tun GYyHKIIMKM MPT_Copy function OMpeAEsieTcs CIENYIOINUM o0pasoM:

typedef int MPI Copy function (MPI Comm oldcomm, int keyval,

void *extra state, void *attribute val in, void *attribute val out,

int *flag)

SUBROUTINE COPY_ FUNCTION (OLDCOMM, KEYVAL, EXTRA STATE, ATTRIBUTE VAL IN,
ATTRIBUTE_VAL_OUT , FLAG, IERR)

CDYHKI_H/IH KOMUPOBAHWA BBISBIBACTCA IJIA KaXKIOTO 3HAYEHWA KIIl0Ya B NCXOOHOM
KOMMYHUKATOpe B IpPou3BoJibHOM nopsiake. Kaxaoe obpauieHue K GyHKLIUU KO-
NUPOBAHHMA BbIIOJHACTCA CO 3HAYCHHUEM KIIO4Ya U COOTBCTCTBYIOLUMM €MY dATpU-
oyrom. Eciu oHa Bo3dBpallaeT 3HaueHue djara flag = 0, aTpUOYT yHausieTcs U3
MPOIYOMUPOBAHHOTO KOMMYHHMKATOpa. B mpoTuBHOM ciaydae (flag = 1) ycTaHaB-
JIMBAETCSl HOBOE 3HAYEHMUE aTpudyTa, paBHOE 3HAYEHMIO, BO3BpAlEHHOMY B ma-
paMeTpe attribute val out.

OyHKINIO copy fn B sg3bikax C mwim FORTRAN MoxHO ompenennTs 3HaYEHU MU
MPT_NULL_COPY FN WJIW MPT DUP FN. 3HaueHWe MPI NULL COPY FN SIBIseTcs (yHK-
LMel, KOTopasi He BbIIOJHSIET HUKAKUX ACUCTBUIA, TOJbKO BO3BpAllLAET 3HAYEHUE
¢rnara flag = 0 M MPI_SUCCESS. 3Ha4eHHWe MPT_DUP_FN TIPEACTaBiIsieT cobol Mpo-
cTeliyo GyHKIuw nyonupoBaHus. OHa Bo3BpallaeT 3HayeHue (uara flag = 1,
3HayeHWe arpudyTa B IIEPEMEHHOl attribute val out W KOI 3aBEPIIEHNS
MPT_SUCCESS.
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AHATOTUYHON copy fn sIBASeTCS (DYHKINS YIANEHUS delete fn. OHa BBI3BIBAET-
csl, KOTa KOMMYHUKATOP YAANSIETCSl BBI30BOM MPI Comm free WJIM IIPU BBI3OBE
MPI Attr delete. OTa YHKIUSI JOMKHA UMETh TUII MPI Delete function, KOTO-
PHIiT oTpenensieTcs CAeayomnuM o0pa3oM:

typedef int MPI Delete function (MPI Comm comm, int keyval,
void *attribute val, void *extra_ state);

SUBROUTINE DELETE FUNCTION (COMM, KEYVAL, ATTRIBUTE VAL, EXTRA STATE, IERR)

O1a (DyHKUMS BBI3BIBACTCS TONNPOrPAMMAMU MPI Comm free, MPI Attr delete U
MPI Attr put. OYHKIUS yAaxeHUs] MOXeT ObITh "MycTOl" — MPI NULL DELETE FN.
@®yHKIMA MPI NULL DELETE FN HE BBIMOJHSIET HUKAKWUX AEHCTBUIA, BO3BpaILas
TOJIBKO 3HAUYEHWE MPI_SUCCESS.

CrnennanbHoe 3HAUYE€HME KITI0Ya MPI KEYVAL INVALID HMKOTAA HE BO3BpAIAETCS
MONMPOrpaMMoOit MPT Keyval create. ETO MOXHO WMCTONTB30BATH TSI WHWITNATH-
3alIUN KITIOUEn.

Viaanute Kmou keyval anI/I6YTa MOXHO € TIOMOLIBIO BBIZOBA TIOATTPOTrPaMMBI
MPI Keyval free!

int MPT Keyval free(int *keyval)
MPI KEYVAL FREE (KEYVAL, IERR)

Ota GyHKIMS TpUcBaUBaeT Tapamerpy keyval 3HAYeHWE MPI KEYVAL TNVALID.
Hcnonbayemblit aTpndyT MOXHO YIANNTh, TTOCKONBKY (haKTUYecKoe yaameHune
MIPOUCXOTUT TOJABKO IIOCHIE TOro, Kak OyAyT YOaJeHBl BCE CCBUIKA Ha aTpuOyT.
OTU CCbUIKUA JOJXKHbI ObITb SIBHBIM OOpa3soM yAaJ€Hbl MPOTrPaMMOi, HaIpUMED,
MOCPEICTBOM BBI30BA MPI Attr delete — KaXIBIA TAKOUl BBI3OB yIANSIET ONUH
9K3EMIUISIp aTpubyTa, MO0 BBI3OBOM MPI Comm free, KOTOPBIN ymamsieT BCe K-
3eMIUTSIPBI aTpuOyTa, CBI3aHHBIE ¢ YIAISIEMBIM KOMMYHUKATOPOM.

IMoamporpamma MPT Attr put:

int MPT Attr put (MPT Comm comm, int keyval, void* attribute)
MPI ATTR PUT (COMM, KEYVAL, ATTRIBUTE, IERR)

VCIIOIB3YeTCsT TS 3aMaHUs aTpuOyTa attribute, KOTOPHIA B JAaTbHEUIIIEM MOXET
MPUMEHSIThCS TTONMPOrpaMMoii MPT Attr get. C aTpubyToMm accolmmpyercs 3Ha-
YeHWe KIIIoYa keyval. ECIM 3HaYeHWe aTpubyTa yxXKe 3amaHo, pes3yiabTarT OymeT
aHAJOTMYEeH CUTyalliW, KOTAa cHavaja IS yIaJeHWd TIpembImyInero 3HauYeHWs
BBI3BIBACTCSI MPI _Attr delete (M BBITIONHSETCS GYHKINA 0OpPaTHOTO BHI30OBA
delete fn), a 3aT€M COXpaHsieTcsl HOBoe 3HaueHWe. BBI30B 3aBepIInTCs ¢ OMIMO-
KOW, eclmM HeT KIoYya cO 3HaYeHWeM keyval. B YacTHOCTH, MPI KEYVAL
INVALID — OIIMOOYHOE 3HaueHHe Kioda. He mormyckaeTcss M3MEHEHHE CUCTEM-
HBIX aTpuOyTOB MPI TAG UB, MPI HOST, MPT IO W MPI WTIME IS GLOBAL. Ecmm at-
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pubyT yXe HasHaueH, BBI3BIBaeTcd GYHKINS yIATEHWS, 3aJaHHasg TIpH CO3TaHNN
COOTBETCTBYIOIIIETO KITIOYA.

[loanporpaMma MPI Attr get:

int MPI Attr get (MPI Comm comm, int keyval, void *attribute, int *flag)
MPI ATTR GET (COMM, KEYVAL, ATTRIBUTE, FLAG, IERR)

BO3BpalllaeT 3HAYeHNe aTpubyTa attribute, COOTBETCTBYIOIEEe 3HAYEHMIO KIIIOUa
keyval. IlepBblii mapameTp 3amaeT KOMMYHUKATOpP, ¢ KOTOPHIM CBSI3aH aTpuOyT.
Ecim kimoua co 3HaYeHUEM keyval HET, BOZHMKAET omInoOKa. OmnOKN He BO3HU-
KaeT, ecIi 3HAaYeHUE key CYILIECTBYET, HO COOTBETCTBYIOLIMI aTpuOyT HE IMpUCOe-
JUHEH K KOMMYHMKATOpy comm. B 3TOM cily4ae BO3BpalllaeTcs 3HadyeHue uara
flag = false.

Bbi3oB MPT Attr put TIepenaeT B MapaMeTpe attribute val 3HaYeHWe aTpubyTa, a
BBI30B MOANPOrpaMMBbl MPI Attr get TMEPENAET B Mapamerpe attribute val aj-
pec, o KOTOpOMY BO3BpaIlaeTcs 3HaUYeHHe aTpuoyra. ATpUOYTH MOJKHBI W3BJIe-
KaThCsl U3 TIPOTrpaMM, HAITMCAHHBIX HA TeX Ke S3hIKaxX, HAa KOTOPBIX OHM 3amaBa-
JIUCh C TIOMOIIIBIO BBI30BA MOAMPOTPAMMBI MPT Attr put.

MMonmporpamma MPT Attr delete:

int MPI Attr delete(MPI Comm comm, int keyval)
MPIAATTRiDELETE(COMM, KEYVAL, IERR)

yaamsger aTpuOyT ¢ yKa3zaHHBIM 3HAUYeHHMeM KiIoda. JlemaeTcs 3TO ¢ MOMOIIBIO
¢yHkuMu ynaneHus: atpulyrta delete fn, 3aJAHHOW NPU CO3MAHUU keyval. [la-
paMeTp comm 3amaeT KOMMYHHKATOP, ¢ KOTOPBIM CBSI3aH aTpuOyT. Bee apryMeHTH
JaHHOW TIOAIMpOrpaMMBbI BXomHBIE. [Ipu m1000M AyOIMpoBaHNM KOMMYHHKATODPA
C TIOMOIIIBI0 TOAIIPOTPAMMBI MPT Comm dup BBI3BIBAIOTCS BCE (QYHKIIUU KOIUPO-
BaHUA [UIST aTpUOYTOB, YCTAHOBJICHHBIX B NAHHBIA MOMEHT BpeMeHH. JlemaeTcs
9TO B MPOM3BOJIBHOM MOpPsAKe. AHATOIMYHbIE ACHCTBUS BBIIOJHSIOTCS IPpU yda-
JIEHUM KOMMYHUKATOPA BbI30BOM MPI Comm free, HO TIDW 3TOM BBI3BIBAIOTCS BCE
GYHKIINU yaaleHus.

[Ipumep kouIMpoBaHMsl aTpuOYTOB NPUBEAECH B JIUMCTUHIE 5.8.

INMuctuhr 5.8. NMpumep NporpaMmmbl ¢ K3LWMPOBaHUEM aTpUGYTOB

PROGRAM MATN MPT

INCLUDE 'MPIF.H'

INTEGER RANK, IERR
INTEGER NUMPROCS, NEWCOMM
INTEGER KEY, ATTR, EXTRA
EXTERNAL COPY FUN, DEL FUN
LOGICAL FLAG
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CALL MPT INIT (TERR)
CALL MPT COMM RANK (MPT COMM WORLD, RANK, TERR)
CALL MPI KEYVAL CREATE (COPY FUN, DEL FUN, KEY, EXTRA, IERR)

ATTR = 120

CALL MPTI ATTR PUT (MPI_COMM WORLD, KEY, ATTR, IERR)

CALL MPI ATTR GET (MPI COMM WORLD, KEY, ATTR, FLAG, IERR)
PRINT *, "PROCESS = ", RANK, " BEFORE DUP ATTRIBUTE ", ATTR
CALL MPI COMM DUP(MPI COMM WORLD, NEWCOMM, IERR)

CALL MPTI ATTR GET (NEWCOMM, KEY, ATTR, FLAG, IERR)

IF (FLAG) THEN
PRINT *, "PROCESS = ", RANK, " AFTER DUP ATTRIBUTE ", ATTR
END IF

CALL MPI COMM FREE (NEWCOMM, IERR)
CALL MPI FINALIZE (IERR)

STOP

END

SUBROUTINE COPY FUN(COMM, KEYVAL, EXTRA, ATTR IN, ATTR OUT, FLAG, IERR)

INTEGER COMM, KEYVAL, FUZZY, ATTR IN, ATTR OUT
LOGICAL FLAG

INCLUDE 'MPIF.H'

ATTR OUT = ATTR IN + 1

FLAG =.TRUE.

IERR = MPI SUCCESS
RETURN

END

SUBROUTINE DEL_FUN (COMM, KEYVAL, ATTR, EXTRA, IERR)
INTEGER COMM, KEYVAL, ATTR, EXTRA, IERR

INCLUDE 'MPIF.H'

IERR = MPI SUCCESS

IF (KEYVAL.NE.MPI KEYVAL INVALID) THEN

ATTR = ATTR — 1

END IF

RETURN

END

PesynbraT BEIMOMHEHUS 3TOH MPOTPaMMBIL:

#mpirun -np 4 a.out
PROCESS 2 BEFORE DUP ATTRIBUTE = 120
PROCESS 2 AFTER DUP ATTRIBUTE = 121
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PROCESS = 1 BEFORE DUP ATTRIBUTE = 120
PROCESS = 1 AFTER DUP ATTRIBUTE = 121
PROCESS = 3 BEFORE DUP ATTRIBUTE = 120
PROCESS = 3 AFTER DUP ATTRIBUTE = 121
PROCESS = O BEFORE DUP ATTRIBUTE = 120
PROCESS = 0O AFTER DUP ATTRIBUTE = 121

Ecin wncrmonb3oBath B KayecTBe d)yHKHI/Iﬁ KONMUPOBAHUA W YIOAJIEHUA MPT
NULL COPY FN W MPI NULL DELETE FN, p€3YyJbTAaT U3MEHUTCI:

#mpirun —np 4 a.out

PROCESS = 2 BEFORE DUP ATTRIBUTE = 120
PROCESS = 1 BEFORE DUP ATTRIBUTE = 120
PROCESS = 3 BEFORE DUP ATTRIBUTE = 120
PROCESS = O BEFORE DUP ATTRIBUTE = 120

TMompo6yiiTe caMocTOATETBHO OOBICHUTD, TTOUEMY M3MEHHIICS Pe3yIbTaT.

BBop n BbiBOJ,

B coctaB MPICH Bxomnt 6mbnamoreka ROMIO, comepxamas MmoarmporpaMMbl
MapayjieJbHOIO BBOJA/BbIBOAA M OCHOBHbIE omepauuu ¢ dainamu. [Ipusenem
KpaTKuil 0030p HEKOTOPbIX MOAIPOrpaMM M3 3Toi Oubnuoreku. Mcmoab3ys ux
B CBOUX IIporpammax, yoeaurechb, uto 0ubnauoreka ROMIO ycraHosneHa Ha Ba-
1IeM KOMIIbIOTEpE.

daiin OTKPLIBACTCs C IOMOILLIO IIOAIPOrpaMMbl MPI File open IJISI BCEX TPO-
IIECCOB U3 YKAa3aHHOTO KOMMYHHKATOpA:

int MPT File open(MPI_Comm comm, char *filename, int amode,
MPT Tnfo info, MPI File *fh)

MPI_FILE OPEN(COMM, FILENAME, AMODE, INFO, FH, IERR)
Bxonnble mapaMeTphr:

O comm — KOMMYHUKATOP;

O filename — UM aiiia;

O amode — peXUM J0CTyNa K daiiny;

O info — MHGOPMAIIMOHHBIN ITapaMeTp.

BerxomHBIM gBJISIETCS TIapamMeTp fh — ¢haittoBeIii geckpuntop. OTKpbITHE (aitia
SIBJISETCSl KOJJICKTHBHOU oOllepanueil, a KOMMYHHUKATOp 00s3aTelIbHO JOKEeH
ObITb MHTPAKOMMYHUKATOpoM. Bo Bcex oOpallleHMSIX AOMKHbI HCIOIb30BATHCS
ONMHAKOBbIE 3HAYEHUS MAPAMETPOB amode U filename, & 3HAYEHUE info MOXKET
OBITb pA3HBIM.
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Pexxumbr goctyma k ¢aiiny mpuBeneHsl B Ta0I. 5.4.

Ta6nuya 5.4. Pexumsbl focTtyna K chaviny

Pexum OnncaHne

MPI MODE RDONLY OTKpbITb TONBKO ANS YTEHUA

MPI MODE RDWR OTKpbITb o151 UTEHUA U 3anucu

MPI MODE WRONLY OTKpbITb TONBKO ANs 3anucu

MPI MODE CREATE Co3zpartb chaiin, ecnu He cyllecTryeT

MPI MODE EXCL BepHyTb coobuieHune ob owmnbke, ecnu cosgaBaemblil

daiin yxe cyuiecteyet

MPI MODE DELETE ON CLOSE  Ypmanutb cpaiin nocne s3akpbitus

MPI MODE UNIQUE OPEN OTKpbITb chaiin TONbKO OAUH pas
MPI MODE SEQUENTIAL OTKpbITb chaiin TONbKO 471 NOocnefoBaTeSIbHOMO AOCTyrNa
MPI MODE APPEND YcTtaHoBUTb yKa3artenb B KoHel, chalina

Kaxpgerit mponece "Buant” dalia B COOTBETCTBUN C TeM TpeAcTaBlIeHNeM JaHHBIX,
KOTOpOE MCIIOAb3YeTCsl Ha TOM Iatdopme, HA KOTOPOil OH BbimojHsercs. [Ipe-
0o0pazoBaHue (HOPMATOB XPAHEHUS] JAHHbIX HE INPOU3BOIUTCS.

HUngpopmayuonnsii napamemp UCIONb3YeTC IS Nepenayu MOMNOJHUTEIbHON HMH-
dopmalny, oTHocsdlIecs K pexxuMaM BBoaa/BbiBoaa. IloapobHoe onucaHue 3a-
pe3epBUPOBAHHBIX 3HAYEHUNA MOXHO HaiiTu B cneuucdukauuy MPI-2. 3aech Mbl
MepeyrciuM TOAMPOrpaMMbl, ¢ TIOMOIIbBIO KOTOPBIX co3daeTcss MHMOpMaluoH-
HBI TIapameTp, a B KOHIIe pasieia MpuBeaeM MPpUMeEpP UCIIOJb30BAHMS TTOAIPO-
rpaMM BBOIA/BBIBOJIA.

Coznaercs UHGbOPMALIMOHHBIM MapameTp (info) € IMOMOUIbIO MOAMNPOrPaMMBbI
MPI Info create!

int MPI Info create(MPI Info *info)
MPI INFO CREATE (INFO, IERR)

D101 mapaMeTp 1 ABIACTCA BbIXOAHBIM.

Ho06aBnuTh Mapy (xsmou, swauenne) B WHOOPMAILIMOHHBIN MMapaMeTp MOXHO ¢ TO-
MOIIBIO TTOANPOTPAMMBI MPT Tnfo set!

int MPI Info set (MPI Info info, char *key, char *value)
MPIilNFoisET(INFO, KEY, VALUE, IERR)

Bce mapameTpsl 9Tolt TOANMpOrpaMMBbl — BXOIHEIE.
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IMonnporpamMma MPI_Info get nkeys BO3BpalllaeT KONWYECTBO KIIOYEH, ompelne-
JIEHHBIX B MH(POPMAITMOHHOM TapaMeTpe:

int MPI Info get nkeys(MPI Info info, int *nkeys)

MPI INFO GET NKEYS (INFO, NKEYS, IERR)

BxomHbiM mapameTpoM gBisieTcss MHGOPMALIMOHHBINA MapaMeTp info, a BBIXOM-
HBIM — KOJMNYECTBO OIIPCACIICHHDBIX KJtouei nkeys.

[MoayyuTh 3HAY€HHUE n-TO TIO cUeTy Kioua I WH(OpMaIMOHHOTO TapamMeTpa
(info) MOXHO C TTOMOIIBIO TIOAMPOTPAMMBI MPT Info get nthkey:

int MPI Info get nthkey(MPI Info info, int n, char *key)
MPI INFO GET NTHKEY (INFO, N, KEY, IERR)
Bospparaercsd 3HaueHUe KI09a (key).

ﬂ,ﬂl/ll—la 3HA4YCHMs, COOTBETCTBYIOLUCIO KIIKO4YY, OIPCACIACTCA C IOMOLIbIO I10/-
nporpamMMmbl MPI Info get valuelen!

int MPT TInfo get valuelen (MPT Info info, char *key, int *valuelen,

int *flaqg)

MPI_INFO GET VALUELEN (INFO, KEY, VALUELEN, FLAG, IERR)

Ee BxonmHbie rmapameTphl:

O info — MHGOPMAIIMOHHBIN MapaMeTp;

O key — KJIOY;

Bosppaiuarores:

O valuelen — JJIMHA apryMEHTA value;

O flag — ¢umar, 3HaYeHUE KOTOPOTO paBHO "MCTUHA", €CIIU KIIIOY OMpeaeseH.

H3Bneub 3HaueHue (value), CBA3AHHOE C KIIIOUYOM, MOXHO C TIOMOIIBIO TIONNMPO-
TPaMMBI MPT_Info get!

int MPT TInfo get (MPI Info info, char *key, int valuelen, char *value,
int *flag)

MPI_INFO GET (INFO, KEY, VALUELEN, VALUE, FLAG, IERR)

Bxognbie mapaMeTpshl:

O info — MHGOPMAIIMOHHBIN MTapaMeTp;

O key — KJIOY;

O valuelen — JNJIMHA apTyMEHTA value.

Ecnu kimrou He ompeneneH, mapaMeTpy flag MpUCBaMBaeTcs 3HaUeHUE "JTOXb'.

[Mapa (xmou, sHauenne) yHansieTcss U3 WHGOPMALMOHHOTO TMapameTpa TOAPO-
rpaMMoi MPI Info delete:
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int MPI Info delete(MPI Info info, char *key)
MPI INFO DELETE (INFO, KEY, IERR)

Ee BXxomHbIMU mapaMeTpaMu SIBISIIOTCS:

O info — MHGOPMAIIMOHHBIN MTapaMeTp;

O key — KIIOY (CTPOKOBOE 3HAUEHWE).

[lonnporpamma MPI_Info free YHWUTOXaeT WH(MOOPMALIMOHHBIN MapameTp:

int MPI Info free(MPI Info *info)
MPI INFO FREE (INFO, IERR)

Iepeiinem K gpyruMm moamporpamMmam mjisl pabotsl ¢ ¢aittamu. HebGnoxupyroiiee
CUMTbIBaHUE U3 haiifia ¢ UCIOIb30BAHUEM MHAMBUAYATbHOTO (pailioBoro ykasa-
TEJISI BBITOJHSIETCSI C TIOMOLIBKO MOANPOrPAMMEI MPI File iread:

int MPI File iread(MPI File fh, void *buf, int count,
MPI Datatype datatype, MPIO Request *request)

MPI FILE IREAD (FH, BUF, COUNT, DATATYPE, REQUEST, IERR)
Ee BxomHbie mapaMeTphI:

O fh — dailIOBBIH JECKPUTITOD;

O count — KOJIMYECTBO SJIIEMEHTOB B Oydepe;

O datatype — TUIT KaXIOTo 3jeMeHTa B Oydepe.
BerxonHbie TapaMeTphr:

O buf — cTapTOBLIi aapec Oydepa;

O request — WAEHTU(UKATOP OlEpaLnu.

Hebmoxwmpytoias 3amnch BHITTONHSIETCS MOAMPOTPAMMON MPT File iwrite!
int MPT File iwrite(MPI_File fh, void *buf, int count,

MPI Datatype datatype, MPIO Request *request)

MPI FILE IWRITE (FH, BUF, COUNT, DATATYPE, REQUEST, IERR)
Bxomnble mapaMeTphr:

O fh — ¢aIIOBBIA AECKPUTITOP;

O buf — cTapTOBBIN aapec Oydepa;

O count — KOJIWYECTBO 3JEMEHTOB B Oydepe;

O datatype — THUII KaXA0OTro 3jJeMeHTa B Oydepe.

BbixonHbIM MapamMeTpoM SIBASETCS UAEHTU(DUKATOP ONMepalui request.
3aKkpeITh (hailsr fh MOXHO ¢ TTOMOIIBIO MOATPOTPAMMEI MPT File close!

int MPT File close(MPI File *fh)
MPI_FILE_CLOSE(FH, IERR)



KonnektusHbili o6meH aaHHbiMu B MPI 229

TTonmporpaMma MPT_File delete UCTIONB3yeTcsd A yaaneHWd daiina:
int MPI File delete(char *filename, MPI Info info)
MPI_FILE_DELETE (FILENAME, INFO, IERR) -

Ee BXOIHBIE TTApaMETPHI:

O filename — UMY Q)aﬁma;

O info — MHGOPMAIIMOHHBIN ITapaMeTp.

YrteHue u3 daiia B OJIOKUPYIOLIEM PEKUME C UCIOAb30BAHWEM WHIAMBUIYalb-
HOro Cl)&fU'[OBOl"O yKasaTrejid BbINOJIHACTCA C IIOMOLIbBIO ITOANPOrpaMMbl MPI
File read:

int MPI File read(MPI File fh, void *buf, int count,
MPT Datatype datatype, MPI_ Status *status)

MPI_FILE_READ(FH, BUF, COUNT, DATATYPE, STATUS, IERR)
BxogHbie mapaMeTphl:

O fh — ¢aiIOBBIA AECKPUTITOP;

O count — KOJIWYECTBO 3JEMEHTOB B Oydepe;

O datatype — TUII 3JIEMEHTOB B Oydepe.

BbixonHble HapaMeTphbi:
O buf — HavaJbHBIA aapec Oydepa;

O status — craryc.

Brokupyromiass sanuck B ¢aiiil  BBITOJTHSIETCS € IMOMOILBI MOAIPOrpaMMBbI
MPI File write!

int MPI File write(MPI File fh, void *buf, int count,
MPI Datatype datatype, MPI Status *status)
MPI:FILEJNRITE (FH, BUF, COUNT, DATATYPE, STATUS, IERR)
B xauecTBe BXOAHBIX TapaMeTPOB 3aAaI0TCS:

O fnh — bailIOBBINH AECKPUTITOD;

O buf — HavyadbHBIN agpec Oydepa;

O count — KOJIMYECTBO SJIIEMEHTOB B Oydepe;

O datatype — TUIT 2IE€MEHTOB.

BbixonHON napameTp — craryc onepaluu status.

B nuctunre 5.9 npuBeneH UCXOAHBIN TEKCT OAHON U3 TECTOBBIX MpOTpamMM, BXO-
pammx B coctaB ROMIO. B sToii mporpamme MCIOAB3YIOTCS MOAIPOTrpaMMbL
OoubamoTekr. PeKoMeHIyeM YMTaTeNlo CaMOCTOSTENbHO paso0parh paboTy MpH-
Mepa U NmonpoboBaTh BBIMOJIHUTH 3TY MTPOTpaMMmy.
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" NucTuHr 5.9. UcXoAHbLIN TeKCT nporpammsi file_info.c

#include "mpi.h"

#include "mpio.h" /*3Ta cTpoka He ofa3aresbHa B Bepcuax MPICH 1.1.1
m HPMPI 1.4 */

#include <stdio.h>

#include <string.h>

#include <stdlib.h>

/* Oma nporpamMMa BEIBOOUT BHAUESHUS BCEX KIIOUEel MHOOPMALIMOHHOTO IapameTpa,
MCHOJIb3yEMEE IO yMOJYUaHmo B ROMIO */

int main (int argc, char **argv)

{

int i, len, nkeys, flag, mynod, default striping factor=0, nprocs;
MPI File fh;

MPI Info info, info used;

char *filename, key[MPI MAX INFO KEY], value[MPI MAX INFO VAL];

MPI_Init (&argc, &argv);
MPI Comm rank (MPI COMM WORLD, &mynod);
MPI_ Comm size (MPT_COMM WORLD, &nprocs);

/* Tlpouecc ¢ paHroMm 0 mosyuaer uMa dalyla B KAUeCTBE ApPTyMEHTa KOMAHIHON!
CTPOKM BalyCKa NPpOTPaMMEL U [IepellaeT er'd BCeM OCTabHEM IIpolieccam
IMPOKOBEMATEIBLHON PACCHUIKON * /

if (!mynod) {

i=1;

while ((i < argc) && strcmp ("-fname", *argv)) {

i++;

argv++;

}

if (i >= argc) {

fprintf (stderr, "\n*# Usage: file info -fname filename\n\n");
MPI_Abort (MPI_COMM WORLD, 1);

}

argv++;

len = strlen(*argv);

filename = (char *) malloc (len+l);

strcpy (filename, *argv);

MPI Bcast (&len, 1, MPI INT, 0, MPI COMM WORLD) ;

MPI Bcast (filename, len+l, MPI_CHAR, 0, MPI_COMM WORLD) ;
}

else {
MPI_Bcast(&len, 1, MPI_INT, O, MPI_COMM WORLD) ;
filename = (char *) malloc (len+l);

MPI Bcast (filename, len+l, MPI CHAR, 0, MPI_COMM WORLD) ;
}
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/* ®ai oTkpeBaeTca ¢ MPI_INFO NULL */

MPI File open (MPI COMM WORLD, filename, MPI MODE CREATE | MPI_MODE_RDWR,
MPI INFO NULL, &fh);

/* TlpoBepKa SBHAUEHMI [0 yMOJUAHMIO, YCTAHOBJIEHHBX ROMIO */

MPI File get info(fh, &info used);
MPI_Info get nkeys(info used, &nkeys);

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

MPI Info get nthkey(info used, i, key):

MPI Info get(info used, key, MPI MAX INFO VAL-1, value, &flag);
if (!mynod)

fprintf (stderr, "Process %d, Default: key = %s, value = %$s\n", mynod,
key, value);

if (!strcmp("striping factor", key))

default striping factor = atoi(value);

}

MPI File close(&fh);
/* VnaneHue danna */

if (!mynod) MPI File delete(filename, MPI INFO NULL);

MPI Barrier (MPI COMM WORLD) ;
/* VCTaHOBKA HOBBIX BHAUeHM MHOOPMALMOHHOI'O HapamMerpa */

MPI Info create(&info);

/* Crnenywompe ueTwpe "momckaszkm" MMET CMBICII Ha BCeX MallMHAaX.
OHM MOT'yT OBITH BalaHel BO BPEMs OTKPHTMA daiyia i [O3Xe (MHOI'OKpaTHO) */

/* Pasmep Oybdepa mid KOJUIEKTMBHOI'O BBOAA/BHBOIA */
MPI Info set(info, "cb buffer size", "8388608");

/* KOJIMUecTBO MPOLIECCOB, KOTOPHE IEMCTBUTEIBHO BHIIOJHSIT BBO/BHBOLI
B KOJUIEKTMBHOM omepaumyu BBOIAa/BEBOmA */

sprintf (value, "%d", nprocs/2);

MPI Info set(info, "cb nodes", value);

/* Pasmep Oybepa B MHIOUBUIYAJIBHBEIX OIepalyax uTeHus */
MPI Info set(info, "ind rd buffer size", "2097152");
/* Pasmep Oydepa B MHIOVBUIOYyAJIbHBIX ONEpaLMax Bammcu */
MPI Info set(info, "ind wr buffer size", "1048576");

/* Crenywonpe Tpu MNOACKA3KM OTHOCATCH K paculeryieHrio daijia ¥ MMenT 3HaueHUre
TOJIBKO 11 GaiinoBeix cucreM Intel PFS m IBM PIOFS, a B OCT&IBbHEIX Cllydasix
UTHOPUPYITCS. OHM MOTYT OHTBH BaIaHel TOJIBKO B MOMEHT Co3maHusa daia */

/* number of I/0 devices across which the file will be striped. accepted
only if 0 < value < default striping factor; ignored otherwise */

sprintf (value, "%d", default striping factor-1);

MPI Info set(info, "striping factor", value);

/* Pasmep Osioka B OaiTax */

MPI Info set(info, "striping unit", "131072");

/* Homep yCTpoMCTBa BBOLA/BEBOIA, C KOTOPOI'O HAUMHAETCS pPacCLeIlIeHKE

daina. IllpuEmMaeTcs, Tonmeko eciam 0 <= value < default striping factor,
B [POTMBHOM Cllydyae MUIHOpupyercs */
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sprintf (value, "$%d", default striping factor-2);
MPI Info set(info, "start iodevice", value);

/* Crnenmyomad NOIACKABKA MMEEeT SHAUEHME TOJbLKO mid (GaloBoill cucreMul Intel
PFS u cepBepa PFS. OHa MoxeT OHITH 3alaHa B JIOOOM MOMEHT BpeMeHu */

MPI Info set(info, "pfs svr buf", "true");
/* OTKpeITH Galn M 3aJaTh HOBBIL MHGOPMALMOHHEIL NapaMeTrp */

MPI_File open(MPI_COMM WORLD, filename, MPI_MODE_CREATE | MPI_MODE_RDWR,
info, &fh);
/* TIpOBepUTH BHaueHud */

MPI File get info(fh, &info used);

MPI Info get nkeys(info used, &nkeys);

if (!mynod) fprintf (stderr, "\n New values\n\n");

for (i=0; i<nkeys; i++) {
MPI Info get nthkey(info used, i, key):
MPI Info get(info used, key, MPI MAX INFO VAL-1, value, &flag);
if (!mynod) fprintf (stderr, "Process %d, key = %s, value = %$s\n", mynod,
key, value);

}

MPI File close(&fh);

free (filename) ;

MPI_Info free(&info used);

MPI_Info free (&info);

MPI Finalize();

return O;

KomanmHas cTpoka 3armycka 3Toi MporpaMMbl BEITJISITAT CIEAYIOIIMM 00pa3oM:

# mpirun -np 2 a.out -fname aaa

3nech aaa — UM Gaiina.

Bonpocbl U 3agaHus gns camocToaTeNbHol pa6oThbl

1. IlpoBemute McciemoBaHue OBICTpomeiicTBUS ToOANbHBIX omnepanuiit MPI mns pasHoro
Yucia MPOoIecCOB M Pa3HBIX Pa3MePOB COODIIEHUIA.

2. Hanuiuute mporpaMMbl, B KOTOPBIX KOJUIEKTMBHBIE OTNEpallu OOMeHa pealn30BaHbI
C TIOMOILBIO TIOANIPOTPAMM ABYXTOUeUHOTo oOMeHa. OlieHuTe TPyAOeMKOCTh MpOorpam-
MHpOBaHUSI U 3G (EeKTUBHOCT MporpaMM. HamuiinTe Te Xe MporpaMMbl ¢ MCITOJIb30-
BaHUEM TMOAINPOrPpaMM KOJUIEKTUBHOTO oOMeHa. CpaBHUTE TPYAOEMKOCTh MPOrpaMMu-
poBaHus U 3DGEKTUBHOCT MPOTPAMM B 000UX Cllyuasix.

3. Jan maccuB. Paspaboraiite ajroput™ u Hanuiuure MPI-nporpamMmy BblUMCAEHUSE
MaKCUMaJIbHOTO (MUHMMAJbHOTO) 3JIEMEHTA, HE MCIOJIb3ysl ONepaluy IpUBEACHUS
MPI. To xe camoe caemaiiTe ¢ MCIOJIB30BAHUEM OIlepallvii IPUBEICHUSI.
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B caenyolumux ynpaxHeHusix TpebyeTcsi pa3paboTaTh ajropuT™M BbIYMCIEHUS] M HaMucarb
MPI-nporpammy, BeIOpaB HamboJiee IOAXONAIINE CIIOCOOB oOMeHa. B ympaxHeHUsIX mc-
MOJIb3YIOTCS OTEepalluv C MaTpUllaMu U BeKTopaMu. UuTaTelb, HE 3HAKOMBIN C BbICILIEH
MaTeMaTUKOW, MOXET CYMTaTh, YTO BEKTOpP — 3TO OAHOMEPHBI MAaccWB, a MaTpulia —
MaccuB AByMepHBbIid. [leiicTBue MaTtpuibl A Ha BeKTOp b ompenensieTcsl CIEAyIOLUM 00-
pasom:

c=Ab,

e ¢ — BeKTOp, KOMIMOHEHTH KOTOPOTO BBIUUCISIIOTCS TIO (hopMyIie:
n
¢ = Zaifbj’
Jj=1

3MIECh @jj — DJIEMEHTbI MATPULIbl, KOTOPYIO CYNTAEM KBANPATHOM (/x1).
PesyibTatoM MaTpUYHOIO MPOU3BEIEHMUSI SIBJSIETCSI MAaTPpULIA:

C=A4B,
BJIEMEHTBHI KOTOPO BBIUMCIISAIOTCS MO dopmyre:

n

o
Il

al.kbkj :

.

CKaJISIpHBIM MPOU3BEICHUEM JIBYX BEKTOPOB @ U b Ha3bIBAIOT YUCJIO;
n
p=(ab)=> ab
i=l
4. PaspaGoraiite aniroput™M u Hanuwure MPI-nporpamMmMy BbluMCaeHMST CKaIsSIPHOTO IIPO-

MN3BCACHUA BCKTOPOB a4 N b.

5. Paspaboraiite anroputMm u Hanmmiute MPI-mporpaMmy BeIYMCIIEHHST MATPUYHOTO IIPO-
U3BeIeHUS.

6. Jaubl Mmatpulibl A m B. PaszpaGoraiite anroput™ u Hanuimute MPI-mporpamMmy BeIYMc-
JIEHUST MaTPUIIbI:
C=A4B - BA.

7. Hana wmatpuna A u BekTopel a u bh. PaspaGotaiite amroputv u Hanuimmte MPI-
MPOrpaMmy BbIYMCIICHUSI:

p = (a, Ab).
8. Hana matpuua A u BekTopsl a u b. Pazpabotaiite anroput™m m Hanuiuute MPI-1ipo-
rpaMMy BBIYMCIICHUSI
c=a—Ab.
9. Wwmeetcst daitn, comepkaliuii 3anvcu Ijst Kaxaoro padbotHuka. Kaxmas 3anuchk BKITIO-

yaet (amMuinio, UM, TOA POXIAEHUSI W Tolm mpueMa Ha paborty. Paspaboraiite anro-
put™ U Hanuiuute MPI-nporpamMmy, B KOTOpoil OOWH M3 TPOLIECCOB pacmpenessieT
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BCEM OCTaJIbHBIM IpoleccaM MpUOIU3UTEIbHO OAMHAKOBbIE "mopuuu” nHbopMauuu,
a 9Tu Tpoliecchl HOPMUPYIOT CIUCOK COTPYAHUKOB, CTaX KOTOPBIX COCTaBJIsIET 0O-
snee 5 ner. PesynapTaThl mepechlialoTcsl TJIaBHOMY TPOLECCY, KOTOPBI WX BBIBOJUT
B aii.

10. Heobxomumo cMomenupoBaTh OJHOMEPHOE IBYDKEHME YAcCTHUIl B OINpeAe/IeHHOM o0mac-
. Kaxpgas yacTulia XapakTepu3yeTcsl IByMsS 3HAYEHUSIMU — KOOPAMHATOM M CKO-
pocThlo. B HavajbHEBINE MOMEHT BpeMeHU MHGpOpPMaLs 000 BCeX YaCTULIAX HAXOMTUTCS
Ha OIHOM IIpOlIecce, a 3aTeM paclpelessieTcsl IIOPOBHY APYTUM IIpolieccaM, KOTOPhIe
MOJEIMPYIOT ABMKEHHE CBOEU IpymIibl yacTull. Hanmuimmre Te 4acTu IporpaMmbl, KO-
TOpPBIE BBIMOJIHSIOT Mepenady W nprueM MHOOpMAaIK O YacTUIlaX.
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BBeaeHue
B NapannesibHoe nporpamMmmMmupoBaHune
¢ ucnonn3osaHnem PVYM

CucreMa pa3paboTKU W BBITIOJHEHUS TapaliedbHbIx nporpamm PVM (Parallel
Virtual Machine) siBasieTcsl IOYTU TaKOH Xe pacnpoOCTPAaHEHHON CUCTEMOIl, 4TO U
MPI, auiib HeMHoro ycrymnas e B nonyasipHoctu. "Popurensimu” PVM MoxHO
cuuTtaTh npodeccopa yHubepcurera Omopu (r. Atnanta, CIIA) Baiiau Canage-
pama (Vaidy Sunderam) u corpyanuka Oxkpuixckoil HaumoHansHoii JlaGoparto-
puu Oaa TIeiicta (Al Geist), a rogoM Havyana pador 1989-i1. 3arem K paspaboTke
CHCTEMBI MOAKITIOYIIINCEH APYTWE CIEeIMUANNCTHI, B TOM YHCAe W 3HAMEHUTHIN
Ixexk Hdonrappa (Jack Dongarra), yesoBek, caenaBiinii 60abII0N BKIaL B pa3Bu-
THE COBPEMEHHBIX KOMITHIOTEPHBIX TEXHOJIOTHI, B TOM YUCIEe W BHEICOKOIIPOU3BO-
JTUTEeTBHBIX BBIYMCIEHWI. B 9Tol mraBe MBI TTO3HAKOMUM YUTATENIST ¢ TeM, Kak
"yctpoeHa" M Kak padoraetr PVM. PacckakeM o peanusallud MOJEIU Tepeaadu
CcOODIIIeHN, CTpyKType Oubnuorek. Pazdepem paboty ¢ PVM-koHconbo. 3nech
K€ IMPUBOAUTCA MpUMep IpocToil PVM-nporpaMmbl MU OnKMcaHue OCHOBHbIX IOJI-
nporpaMmm oubiauoreku. CpaBHeHue PVM u MPI nomoxer uurarenio pazodparb-
cs, B KaKoM ciyyae cieayer ucnodib3doBaTb MPI, a korga ontuMaibHbIM Oyier
BoiOOp PVM. B 3zakiioueHue, KaKk OOBIYHO, MpEAIaraloTcs 3aJaHus AJisd caMmo-
CTOSITEJIbHOI pabOTHI.

O6uwan xapakrtepuctuka PVM

PVM mio3BonsieT OO0BEAWHWUTH PA3HOPOAHBI HaOOp KOMITBIOTEPOB, CBSI3AHHBIX
CETbI0, B OOLIMI BbIYUCIUTEIbHBIN pecypc, KOTopblid HasbiBawoT [lapasiesnbHoOR
BupryanbHoit MamuHoi. OTcioga U HazBaHMe cUcTeMbl. KoOMIIbIOTEpBl MOTYT
ObITb MHOTIOIPOLECCOPHBIMU MallMHAMK JIIOOOTO THUIIA: CYNEPKOMIbIOTEpaAMU,
pabouyuMu CTaHUMUSIMU U T. A., 00beAMHEHHBIMU ceTssMu Jitoboro Buaa (Ethernet,
ATM u ngp.). Kak o6srano, momaepxuBatorcsa a36iku C/C++ u FORTRAN, xotsa
B HACTOs1€€ BPEeMsl MMEIOTCSl CPEACTBa collpsikeHus Oubiuorek PVM u ¢ apy-
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TMMU A3BIKAMU, TakuMu Kak Perl, Java, g3BIK TIporpaMMHUpoBaHAs MaTeMarnde-
ckoro nakera Matlab u ap.

eTeporeHHble BbluMCUTENbHbIE cucTeMbl 1 PVM

B BbhIUMCINTEIBHBIX CHUCTEMAaX n, ONpexXac BCETO, B KIACTEpaX pa6oq1/1x CTaHHI/IfI,
MMPAaKTUYCCKHU BCCIra IIPHUXOIUTCA BCTPEUYATHCA Cpa3y ¢ HECKOJbKUMHM BHIaMHU
pa3H0p00H0cmu (FCTCpOFCHHOCTH). HpI/IHHTO BBIACIIATL IISAITb BUJAOB PasHOPOI-
HOCTHU:

O pa3sHOPOAHOCTh IO APXUTEKTYPAM BBIYMCIUTEIbHBIX Y3J10B;

O pas3HOpPOAHOCTH IO (opMaTy TPEACTaBICHUS JTaHHBIX Ha Pa3HbBIX BBIYMCIH-
TENbHBIX Y3/14X;

O pa3HOPOAHOCTh IO ObICTPOACUCTBUIO BbIYMCIUTEIbHBIX Y3I0B (Mpexie Bcero,
MTPON3BOAUTELHOCTY IIEHTPATBHBIX MPOIIECCOPOB);

O pa3HOPOAHOCTH IO 3aTPy3Ke Y3J/IOB;

O pa3sHOPOAHOCTbH IO 3arpy3Ke CeTH.

IlepBbie Tpu THUMA TETEPOTEHHOCTH SIBISIIOTCS CTaTMUYECKUMM, OHU HE U3MEHSIOT-
cs, €C/M He U3MEHsSeTCsl almapaTHoe o0ecleuyeHue BbIYUMCIMTEIbHON CHUCTEMbI
(HampuMep, MeHee MPOU3BOAUTEIbHBIE MPOLIECCOPhl 3AMEHSIOTCS 0ojiee Ipou3-
BOAUTENbHBIMI). PasHOpPOIHOCTH MO apXuUTeKType M (opmMary mnpeacTaBieHus
JAHHBIX MOXET ObITh OXApaKTepHU30BAHA KAYECTBEHHO, & Pa3sHOPOAHOCTb MO ObI-
CTPOJENUCTBUIO JOMYCKAaeT U KOJWYECTBEHHYIO XapakTepucTuky. IlocienHue nsa
BUJA PAa3HOPOAHOCTU JMHAMMYECKHE, OHM M3MEHSIOTCA co BpeMeHeM. Ilpu mpo-
rpaMMUPOBAHUM JIJII PA3HOPOJHOTO KJjacTepa MPUXOJAUTCS CTATKUBATHCS C J0-
MOJHUTENbHbIMA, MHOLAA MTOCTATOYHO CIOXHBIMHU IpoOiaeMaMU, IOCKOJBKY VIS
pPa3HbIX apXUTEKTYpP MOTYT OKa3zaTbCcsl ONTUMAaJbHBIMU pPa3fiMyHbIE CIOCOObI U
MOEIU MPOrpaMMHUPOBAHUS, 4 HAUIMYKUE B CUCTEME Pa3HbIX (HOPMATOB XpaHEHMUS
JAHHBIX 3aTpyaHsieT oOMeH AaHHbIMU. [TporpamMmbl, BBITTOJHSIIOLIMECS] HA Pa3HbIX
BBIYMCIUTENbHBIX Y3/71aX, MOIYT B 3TOM Cjyyae "He JOCTUYb B3aMMOIOHMMAaHMS".
Ecnu Ha KoMIbloTepax yCTAaHOBJIEHBI pa3Hbie ONEpaldOHHbIE CUCTEMbI, Mapaj-
JieJlbHas MporpamMma JoJKHA TPaHCIUPOBATLCS HA KaXIOM KOMIbIOTEPE OTAENb-
HO, YTO CBSI3aHO C HECOBMECTMMOCTBIO OIEPALIMOHHbIX CUCTEM HA YPOBHE HUC-
MOJTHSIEMBIX OMHAPHBIX (haitaoB.

YyeT TMHAMUYECKOW COCTaBJISIONIEH TeTeporeHHOCTH Oojiee cioxeH. Konmdecr-
BO IPOLIECCOB HA KaXJOM KOMITbIOTEpEe, BXOASIIEM B COCTaB KjacTepa, a cleno-
BaTeJIbHO, €r0 3arpy3Ka, MOXET M3MEHSIThCS, M MPOTHO3UPOBATH 3TO M3MEHEHUE
MPAKTUYECKU HEBO3MOXHO. B 11000l MOMEHT, HanpuMep, Ha J1000M KOMIIbIOTE-
pe U3 KJacTepa MOXET OTKPbITh ceaHC PaboThl HOBBIA I10Jb30BATENb. DTO MPUBE-
JeT K YBEJIMYEHWIO 3arpy3Kd TAHHOTO KOMITBIOTEPA, BO3MOXKHO, YBEIMYMTCS
3arpyska ceTtu, CHU3UTC 3(PGheKTUBHOE ObICTPOAEHCTBUE COOTBETCTBYIOLIEIO Bbl-
yucauTeapHoro ysna. [lpoliecchl, BXOAAIINE B COCTAB MapaUIeIbHOTO MPUJIOXKE-
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HUSA, OYOYT BBITIONHSITHCS Ha Pa3HBbIX XocTax (HAITOMHWM, 4TO "XOCcTOM" MBI Ha-
3bIBaeM OTACIbHBINA BBEIMUCIUTEIBHBIA Y3€1) ¢ HEOAMHAKOBOM CKOPOCThIO, a 3(-
(PEKTUBHOCTb BBIMTOJIHEHUS MPOrpaMMbl MOXKET 3HAYUTEIbHO CHU3UTHCS.

Bce PAZHOBUIHOCTU TETCPOTCHHOCTU BCTPCUAIOTCA B KIACTCPHBIX BbBIYUCINUTCIb-
HBIX cucteMax. Kazarock 6]:1, yz[o6Hee UCITOJIb30BATh CUMMETPUYHBIE MHOTOITPO-
IIECCOPHBIC CUCTEMBI, OOHAKO Yy KIACTCPOB €CTh PsAL IIPECUMYIICCTB. Hepe‘{I/ICHI/IM
HEKOTOPLIC U3 HUX!

J OTHOCUTENbHO HU3KAasA CTOMMOCTb — JJISI CO3JIaHUs KjlacTepa MOXHO UCIOJb-
30BaTh yXe UMerolieecs 00OpyI0BaHUe WM CPABHUTEIbHO HEAOPOTUE Iepco-
HaJbHble KoMIlbloTepbl. Kiactep uz 10 pabouux craHUMil AeulieBie OAeCsSTU-
MPOLIECCOPHOrO CYyMEePKOMIBIOTEPA M MHOIAA — HAMHOTIO;

O npou3BOAUTEIbHOCTh MAPALIENAbHON IPOrpaMMbl, KOTOpas BbIIONHSETCS Ha
KJIacTepe, MOXHO YBEJUYUTb, MCIOAB3YS Ul pelIeHUs] KaxXI0l KOHKPETHOI
noA3azayu Haubosiee NOAXOMSLUYIO ISl HEE apXUTEKTYPY, BbIOUPAs [MOAXOMI -
LIMHA XOCT U3 YUCIA JOCTYIIHBIX;

O pabora knacrepa 0oJjiee yCTONMYMBA, MOCKOJBKY BBIXOA M3 CTPOS NaXe He-
CKOJIbKMX BBbIMMCJIUTEAbHBIX Y3JI0B HE 00$3aTeNbHO IIPUBOAUT K OCTAHOBKE
BCEU CUCTEMBI,

O xiacTep MOXKET HapallMBaThcs U MOAUGMUIIMPOBATHCS B IIPOLECCe DKCILIyara-
LMK TIOCTETIEHHO, TTOCPEICTBOM 3aMeHBI OTAEIbHEBIX €To yacTeil, 6e3 AINTeNb-
HOI OCTAHOBKHM Ha 3aMeHY 00OpyIOBAHUS.

Cucrema PVM wusHauaibHO co3maBaiach ¢ OpUeHTalnelf MMeHHO Ha TeTeporeH-
HEIE B JI0O0OM cMBIcie cucteMbl. Ciemnyer 3aMeTuTh, uro 1 MPI mommepsknBaer
MMPOTPAMMHPOBAHNE TSI T€TEPOTeHHBIX BBIYMCIUTENBHBIX CHUCTEM, OIHAKO 3Ta
nojjepXKa orpaHuyeHa (OHa BKJIIOYAET TOJIbKO MOJAEPXKKY IeTepOreHHOCTU 10
¢opmaram XpaHeHMs] JaHHBIX U B HEOOJBIION CTeNmeHUu Mo apxuTekType). B oc-
HoBy PVM nosnioxeHa uaest eupmyatbroll napaiieivHol 6biUcAumensHol MaulHb,
KOTOpasi CKPbIBAET OT IMPOrpaMMUCTa PeasibHYI0 HEOAHOPOAHOCTb Kjaacrepa, mpe-
JOCTaBJsISI B €r0 PACMOPSIKEHUE eAUMHbIA (HO BUPTYalbHbIii!) MHOIOIpPOIIECCOP-
HbI{A BBIYMCIAMTEAbHbIA KOMILIEKC. DTOT BUPTYAIbHBIA KOMILIEKC MCIIOb3YeTCs
JUIsl PeaibHOIO BbIIOJHEHHUS pealibHbX mporpamm. Cucrema GepeT Ha cebs moc-
TaBKy cOOOIleHNIi, TpeodpasoBaHue AAHHbBIX, yIpaBieHue Mpolieccamu. PVM
MpeAcTaBIsieT coboi crucTeMy nepenadu coodllleHu, KoTopasi pa3BuBajach He3a-
BucuMo oT ctaHgapta MPI, ceoum nyrem. CxoicTBo M paszinuue obOeux cUcTeM
paccMmaTpuBaeTcsl B 3aKIIOUUTEILHOM pa3jiesie TaHHOMU TJaBbl.

P33pa60T‘{I/IKI/I CHUCTEMBI ITOJIOKWJIN B €€ OCHOBY CICAYIOININE IMPUHIINIIBI:

O ympasieHne KOHGUTIYpalledl BUPTYATbHOTO TapajuIeIbHOTO KOMITBIOTEPa
JOJIKHO  OCYIIECTBIATHCSA JIIOOBIM TIOJIb30BaTeieM cucTeMbl. [lob3oBarelb
MOXeT M00aBIATh B KOH(MPUTYpaAIMI0 HEOOXOAMMOE KOJUYECTBO (H3NYSCKUX
XOCTOB I10 BBIOOPY, UCXOMAsl U3 MOTPeGHOCTEN 3agauu, MJOCTYIHOCTU XOCTOB U
creneHd uX 3arpy3ku. KoHdurypauusi MOXeT M3MEHITbC "Ha JeTy” B Ipo-
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mmecce paboTHI, UTO TTO3BOJISET, HATIPUMEpP, 00eCTIeUnTh 0oJIee YCTOMUNBYIO pa-
00Ty IpPOrpaMMBI, TTOCKOIBKY BBIIISIIINNA U3 CTPOSI KOMITBIOTEP MOXKET OBITH
6e3 Tpyma NCKITOUeH M3 BUPTYATbHON MAIIHEL;

o1

O "mpospadyHbIii” AOCTYI K amaparype NpUKIATHBIX MPOTPaMM, UIST KOTOPBIX
BUPTYaJIbHAS MalllMHA TIPEACTaBIsgeT coboil Habop OMMHAKOBBIX IIPOIIECCOP-
HBIX 3JiIeMeHTOB. C Ipyroil CTOPOHBI, NPU HEOOXOMUMOCTU, KOHKPETHBIE XOC-
THl MOTYT MCITOJIB30BAThCS TSI PEIIeHUsI CTIenPUISCKIX 3a1ad, €CJIM 3TO MO-
3BOJISIET WX APXUTEKTypa WM YCTAHOBICHHOE HA HMX MporpaMmmHoe obecIie-
YeHue;

O emuHULEe napamienuamMa 8 PVM saBisieTcst 3amava (MM, B Halllell TepMUHO-
JIOTHHU, [10/3a/1a4a), COCTOSTHIE KOTOPOW M3MeHseTcsT B TIpoliecce paboThl TTpo-
rpaMMbl. 3ajaya B OIpPEAC/JeHHbIE MPOMEXYTKU BPEMEHU MOXET BbIIOJHATH
BBIYUC/IEHMS, 3aTEM EPEXOJUTh K OOMEHY AAHHbIMU U T. [I.;

O ucnonb3oBaHue SIBHON Monead obmeHa coodiueHussMu. Pazmep coobiieHus
OrpaHUYEH JIUIlb 0ObEeMOM AOCTYIHOM MAMSITHU;

a noaacp2KKa BCEX TUIIOB HCOIHOPOIHOCTHU;

a nogaepXKa CUMMETPUIHBIX MHOTOITPOIIECCOPHDBIX CUCTEM.

Cucrema PVM npencrapisier coboil Habop OUOINOTEK U YTWIUT, MpeaHa3HAYEH-
HbIX [J1s1 pazpaboTKK U OTJIAJKU [apajlIeibHbIX [IPOrpaMM, a TAKXKE YIpaBieHUs
KoHdurypamueil BUPTyaabHON BbIYUCIUTEIbHON MAIIMHBIL.

OCHOBHBIMU LEJISIMA, K KOTOPBIM CTpeMUJIUCh paspadoTuuku PVM, sBusitoTcst
ycToiuMBas padoTa CUCTEMBI, MacIITabUpyeMocTh, TOMIEpKKa JIIOOBIX THTIOB
[ETEPOreHHOCTU U NEPEHOCUMOCTb. DTUX Ledell yranoch poctudyb. PVM He Mo-
2KE€T BOCCTAHOBUTb PAOOTY MPUJIOXKEHMS I1OC/IE alllaparHoro cOosi, HO JAaeT Ipo-
rpaMMUCTY BO3MOXHOCTb HAllMCarTb IIpOrpaMmy, YCTOMUMBYIO K allapaTHbIM
c0OSIM U cUCTEMHBIM aBapusiM. BupTyanbHasi MalllMHa JIOIycKaeT JMHAMHYecKoe
n3MeHeHne KoHdpurypauuu. MacutabupyeMocTb BUPTYaIbHOW MalllMHbI MO3BO-
JISIeT BKJIIOYATh B €€ COCTaB COTHU XOCTOB W BBITOJHSITH B €€ cpele ThICIYU Tpo-
1eccoB. PVM 103BoJIsSIeT COENMHSTh BMECTe KOMITBIOTEPHl pasHbIX BUAoB. OHa
pabotaer ¢ MUHUMAaJIbHOK MoaucduUKaleld B 000N ONepalMOHHONA CUCTEME U3
knacca UNIX, a takke B cucTeMax, MNOCTPOEHHbIX HA OOLUMX IMPMHIMNOAX, TAKKUX
KaK MHOTO03aa4yHOCTb U MOJAepKKa cereBoil paboThl. IlporpamMmHbiil MHTEpOEiC
MPOCT, HO MMEET AOCTATOYHYIO (YHKIMOHAIbHOCTb. Ilaker MoxeT ObITb ycTa-
HOBJIEH OOBIYHBIM IOJIB30BATENEM, HE UMEIOILIUM MPUBUJIETUN CYNEPoib30BaTENS.

MporpammuposaxHne 8 PVM

IMporpammupoBanue ¢ ucrnoib3oBaHueM PVM mpoucxomauT cieayloimnuM obpa-
3oM. [IporpaMMuCT co3aaeT MporpaMmy, KOTopasi IpU ee BbIMOJHEHUU MopoxkKa-
€T HECKOJIbKO IMPOLECCOB, B3aMMOJENCTBYIOLIMX MEXAYy co0Oil mocpencTBoM o00-
MeHa coobuieHusiMu. Kak 1 B MPI, oOMeH u apyrue omnepauuu peainusyrioTcs
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obpaleHusIMHI K TroanporpamMmaM oubdanotek PVM. TloanporpamMMmel TTO3BOSIIOT
repenaBaTb U IPUHUMATH COOOINEHUS, MpuYeM oOMEeH OpPHEHTHUPOBAaH, BOOOIIE
rOBOpsI, Ha BBIMOJHEHWE MPOrpPaMMbl B TeTeporeHHON KoHdurypauuu. JHaHHble,
B 00l1IeM ciyvyae pa3HOTUITHBIE, Mepe nepenadeli "ynakoBbiBaloTcs" B Oydep me-
penauu. [Ipu ymakoBKe MOXET MCIOJb30BATLCA KOAWpOBaHUE AaHHbIX. Hamowm-
HuM, yTo B MPI coo0lieHrne coOCTOUT M3 OJHOTUIIHBIX JAHHBIX, & OOMEH MEXIy
npoleccamu, UCIOJAb3YIOIUMHU ISl XpaHEHUSI JAHHBbIX pasHblii dopmar, Tpedyer
JOMOJHUTENbHBIX YCUIUI (TOXE CBA3AHHBIX C YIIAKOBKOM JAHHBIX).

B PVM peanu3oBaHbl yX€ 3HAKOMbIE YUTATEII0 OCHOBHBIE TUIlbl OOMeEHA —
JBYXTOYEUHBIA M KOJUJIEKTUBHBIM. ECTh cpeacTBa CHMHXPOHM3ALMU IPOILIECCOB.
B coctaB PVM, kpome TOro, BXOAST MOATIPOTpaMMBI yITpaBleHUsT KOHPpUTrypaim-
eil BUPTyaJibHOM MaliuHbl. OHU TO3BOJISIOT, MPU HEOOXOAMMOCTH, YAIATh U3
BUPTYaJIbHOM MalllMHbI XOCTbl UJIU N0OABATH B Hee HoBbIe. JItobast 3amaya MOXeT
3amyckaTh HOBbIE MPOIIECChl WM 3aBeplliaTh BbIMOJHEHUE IPYrMX IPOIIECCOB,
BBITTOJTHUBILIMX CBOIO pabory. Bce »To BMecTe ngaeT BO3MOXHOCTb 3(D(heKTUBHO
MCIOJb30BaTh PECypChl MapaiebHON BbIYMCIUTENbHOM CUCTEMbl M CO30aBaTh
YCTOMYMBBIE MO OTHOIICHHMIO K ammapaTHbIM cOosiM mporpammbl. Bce atu oco-
O6enHoctu caenanu PVM onHuM M3 CTaHAAPTOB pa3paboTKu IapalielbHbIX MPO-
rpamm, Hapsiay ¢ MPI u High Performance FORTRAN.

ApxutekTtypa PVM

Cucrema PVM cocTouT M3 IBYX OCHOBHBIX KOMIOHEHTOB. [lepBBIM sBIsIeTCS
JeMOH pvmd3 (MM pvmd), KOTOPBIA 3aIycKaeTcsl Ha BCEX KOMITbIOTEpaX, BXONS-
IIUX B COCTaB BUPTyaabHOW MamuHbL JemoHamu B OC UNIX Ha3wBaloOT Tpo-
LIECChI, YIPABISIIOUINE PAZNUYHBIMUA CAYXK0aMu, B JAHHOM CJly4dae, BbIIOJHEHUEM
PVM-nporpamm. OTu npoiuecchbl padboTaloT 6e3 CBI3U ¢ TEPMUHAIOM, HAXOASCh B
CcOCTOSIHMU "cHA" A0 TexX Iop, IoKa KAKOW-HUOYIb MpoLecc He oO0paTUTCS K CO-
OTBETCTBYIOLIEH cIyxX0Oe omepallnoHHON cucTeMBl. OcOOeHHOCTBIO IEeMOHA pvmd3
SBJISETCSA TO, YTO 3aIyCcKaTh €ro (M JaXkKe YCTaHABIMBATh HA KOMITBIOTEPE) MOTYT
OOBIYHBIE TIOJB30BATENIM, padoTalole ©0e3 MPUBWIETHH CYIEepIIOIb30BaTeNIs.
OOBIYHO K€ MEMOHBI SIBJISAIOTCS CHCTEMHBIMU TpOIleCCaMU, MOMYMHSIOIINMUCS
TOJIGKO CYIeprob3oBateNto. Eciau monb3oBaTenbs codbupaeTcs 3amycTHTh Hapaj-
JenbHylo PVM-nporpaMMy, OH JOJKEH cCHavyaaa 3alyCcTUTb IEMOHbI Ha TeX XOcC-
TaxX, HA KOTOPbIX OYyIEeT BBIINOJHSAThCS MapajienbHoe OpuioxeHue. B atom u 3a-
KJIIOYAETCS CO3JAHNME BUPTYAJIbHON MAIlMHBIL.

PaznuuHble moab30BaTeN MOIYT CO3JaBaTh COOCTBEHHBIE BUPTYAJIbHbIE MAILIMHBI,
KOTOPbIE MOTYT BKJIIOYATh B CBOIM COCTAaB OMWHAKOBEIE XOCTHI, T. €. MePeKpPhIBATh-
csl, HO SIBJSIIOTCS aOCOJIOTHO "mpo3payHbiMU” Apyr aist apyra. "IlpospadHocTs”
3aKJTI0YAETCS] B TOM, YTO IIPOIIECCHI, BBHIMOJTHSIONINECS Ha Pa3HBIX BUPTYATBHBIX
MalllMHAX, He MOTYT B3aMMOACHCTBOBATH MEXIy cO0O#, a NX B3aMMHOE BIUSHUE
ONOCPENOBaHO KOHKYpPEHIIMEH 3a OMHM W Te Xe pecypchl (Hampumep, IMpoliec-
copHoe BpeMs Wiu namsTh). 3anyck PVM-nporpaMMbl MOXET BBITIONHATHCS U3
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KOMaHIHOW CTpoKM, Kak 3To neiaercd obbraHo B OC UNIX mim us PVM-
KoHcou. CrnieunanbHbIN 3arpy3uyuK MpuioxeHuit, kak B MPI, He tpebyetcsi.

BropeiM kKommoHeHTOM PVM sBnsieTcsi Habop OMOIWOTEK, pealusyIolInX yxke
yIIOMUHABIINECS HaMH ollepaluu. Brilie yxe ropopuiiochk o ToMm, uro PVM mon-
nepkuBaeT mporpamMmupoBanne Ha s3pikax C/C++ m FORTRAN — OCHOBHBIX
SI3BIKAX TIPOTPaMMUPOBAHMST BBIUMCIeHWI. B mapamie bHBIX MporpaMMax, Harm-
caHHbIX Ha s13bIkax C u C++, ucnonb3yoresd GyHKIUMKM U3 6ubauoreku libpvm3.
B nporpammax Ha sizbike FORTRAN moanporpaMmbl SIBISIIOTCS MpolieaypaMu,
HO OHU haKTU4YecKu obecrneuynBaloT uHTepdeiic ¢ dyHkuusimu C, mo3aToMy Tpu
cbopke mnporpaMm, HanucaHHbix Ha si3bike FORTRAN, HeobGxoauMo MOAKIIO-
yaTh He TosibkKo Ooubnuoreky libfpvm3 (FORTRAN), Ho u libpym3 (C). Mmena
¢ynkuuii C HaumHarotcs ¢ npedukca pvm , a UMeHa mporenyp FORTRAN —
¢ pvMF. B otmune ot MPI 3nauenuem ¢pynkunu C B PVM He obs3areabHO SIB-
Jigercs Kon 3aBeplieHus. Mogaenb nporpammupoBaHusi PVM  Bkiaouaer kKak
SPMD, raxk u MPMD-moaenu, npuyem o6€¢ OHU PaBHOIIPABHBIL.

Kak paboraetr PVM

TMocne cozmaHust BUPTyaabHON TIapalielbHONW MaIIMHBI Ha KaXXIOM XOCTe, BKIIO-
YEHHOM B €€ cOCTaB, 3amyckaercsl AeMOH pvmd. Bo Bpewmst BbmomHeHuss PVM-
MPOrpaMMbl KaxaoMy IpolecCy, BXOAsIIeMy B €€ COCTaB, CUCTEMOU IMpucBauBa-
eTcsl CBOM YHUKaNbHbIA udenmuguxamop 3adayu TID (Task IDentifier). Otor
UAEHTU(DUKATOP UTPAET MPUMEPHO TY Xe poJib, YTO U paHT B MPI — oH ucnonb-
3yeTcs Wi agpecanun coobuienunii. B otmuune ot MPI, orBeTcTBeHHOCTH 3a Ha-
sHaueHe TID B PVM Bosnaraercs Ha JOKaJbHBIE JEMOHBI pvmd. DTO MO3BOJISET
n30exarb AyOJUPOBaHUS 3HAYEHUN MAEHTU(HUKATOPOB 3adady MpU OLIMOOYHOM
VX 3aJaHuu TporpamMmucToM. OIpeneauTh 3HaUYeHWe WIeHTHGUKATOpAa MOXHO
¢ TIOMOIIIBIO COOTBETCTBYIOIINX Toamporpamm. CTporo roBopsi, MAeHTHHUKATOP
3a/auu SIBJISIeTCsSl He TIPOCTO HOMEPOM IIpoliecca, OH COAEPXKUT JAOMOTHUTETbHYIO
“HpopMaLKIO, HO MPOrpaMMUCT MOXET 00 3ToM He aymaTb, cuutast TID mpocto
agpecoM npouecca. He caemyer nmyrarb ugeHrudukarop T1D ¢ uaeHTUudukaTo-
pom npouecca PID (Process 1Dentifier) B OC UNIX, 3T0 He3aBUCUMbIE aTpUOy-
Thl UCIOJTHSIEMbIX 3a1aHUI B Pa3HbIX CUCTEMAX UASHTUDUKALIMK.

Kaxnoit mammHe, Ha Koropoit padoraer PVM, conocTaBisieTcss UMsI apXUTEKTY-
pbl. UMeloTcsl cTaHaapTHLIE UMeHa, HO MOTYT OBbITh Jo0OaBlIeHH W HOBBIe. MHoTma
KOMIIBIOTEPBl ¢ HECOBMECTUMbBIMU (hopMaTaMM MCIIONHSIEMbIX OMHAPHBIX (ailnos
KCIONb3YIOT OJAMHAKOBbIE JBOMYHbIC (popMaThl MpeacTaBieHus JaHHbX. B PVM
B TOM CJlyyae He BBIIOJIHSIETCS npeodpasoBaHue GopMaros.

JIroboit npouecc B PVM Moxer nepejgasarb cooOlleHus Jio0oMy Apyromy Ipo-
ueccy. Konuuectso U pasmep Takux COOOLUEHUU OrpaHUUYEHBL JIULIb PAZMEPOM
JOCTYITHOM MaMsTH.

PVM mnosBosnsier B Opouecce BbIITOJIHCHUSA Hapa)meanoﬁ IIporpaMMmbl CO31aBaTb
JuHamuuecKue ePYnnblL npoueccoes. HI/IHaMM‘ieCKMMI/I OHM HA3bIBAIOTCA IIOTOMY, YTO
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COCTaB TPYMIBEI MOXET MeHAThcI co BpeMeHeM. [lpomecchl MOTYT TOKWUOAThH
Ipynmny U MOAKIIOUaTbCsl K Heil. DTo M03BOJIsIeT OpraHu3oBaTh onepaunu ooMme-
Ha, 00JacTb NeUCTBUS KOTOPBIX OrpaHUWYeHa MOJMHOXECTBOM MpolieccoB. Kax-
JIOMY TIPOLIECCY, BOILEIIIEMY B COCTaB IPYMIIbI, MPUCBAUBAETCS AOMOJIHUTENbHBII
rpynmnoBoit unaeHTudukarop. I'pynmnosbie UASHTUDUKATOPHI SIBISIOTCS UEABIMU
YUCcIaMK, 3HAYEHUs] KOTOPBIX M3MEHSIOTCS nocjeaoBatenbHo oT O 1o g — 1, rme
g — pasMep Tpynmbl. [pymmel MOTYT TiepeKphIBaThbes. [pymmoBble (GYHKIIMHA CO-
Jepxarcs B OTAeAbHOU 6ubnuoTeke libgpvm3.

ITpu 3anycke aemoHa PVM B karanore /tmp cozfgaercsl OJOKUPYIOLIUU daiin
¢ umenem pvmd.UID, rae UID — yucnoBoi uaeHTUbUKATOp MOaAb30BaTeNs, 3a-
IMyCTUBIIETo MeMoH. Hammune manHoro ¢aiiza aBiaseTcs CUTHAIOM CHCTEME O TOM,
4yTO JEMOH pvmd YXe 3amylieH. Eciam aiin cyliecTByeT, a AeMOH He 3amylleH,
npu 100aBAeHUM XOCTAa B BUPTYaIbHYI0O MAIIMHY CUCTeMa BbIBEIET COOOLIEHHUE
00 owubke 3amycka geMoHa. B sTom ciydae cieayer Boiitu B PVM-KoHco/b
(c PYM-KOHCO/IbIO Mbl TO3HAKOMUMCS YyTh I03X€E) U MOAATh KOMAHIY halt WJIU
BPYUHYIO YyIanuTh Onokupylouime ¢daiapl M3 Karajzora /tmp. B kartamore /tmp
cospaerca takxke dainn pvml.UID, comepxaliuii mpoTokoi padotsl cuctembl. OH
MOXeET OBbITb I0JIE3€H MPU BbIICHEHUU INPUYMH COOEB CHUCTEMBI.

HemoH PVM

Ha xaxgom XocTe BUPTyaIbHON MalllMHBI 3allycKaeTcsl OIWH AeMOH pvmd. Ecam
HAa OJHOM KOMIIBIOTEPE PadOTAIOT HECKOJbKO IoJb3oBareiaeii PVM, mis kaxaoro
U3 HHX 3aIyckaeTcsl COOCTBEHHBIN JEMOH, KOTOPHIN paboTaeT He3aBUCUMO OT
ApyTux.

JeMOH pvmd UTpaeT polib MaplIpyTH3aTopa coodieHnit. OH Takke 3a00TUTCS 00
YIPaBJIEHUHU [POLiecCaMu U OIPeAe]eHUU 0coObIX cuTyaluid. JleMoH nponoskaer
padoratb, naxe eciaud pabora PVM-nporpaMmbl 3aBeplluiach aBapuiiHO, YTO 00-
Jeryaer otnanky PVM-nporpamm.

Camblii NepBbIil 1eMOH pvmd, 3ATYIIEHHBIN BPYYHYIO, HAa3BIBAIOT 22aeéHbimM (Mas-
ter), Bce ocrajbHble — noduurenuwvimu (slaves). Ilpu HopmanbHOI paboTe cucte-
Mbl BCE€ OHM PaBHOIIPABHbI, HO TOJIbKO IJIABHOMY IE€MOHY JAETCsl [IPaBO 3aIlyC-
KaTb HOBbIC IIOJYMHEHHbIC AEMOHbI. 3alpochl 00 M3MEHEeHUM KOHbUIypaluu
BUPTYAJIbHOM MAIIMHBI, cQOPMUPOBAHHBIE HA MPOU3BOJHLHOM XOCTE, HaIlpaBIIsi-
IOTCST TIAaBHOMY JEMOHY.

NpeHTndomkarop sagaum

PVM ucnonssyer uaentudukarop 3agaun TID mis agpecanmu JeMOHOB pvmd,
3aJa4y W Tpynn 3ajad B paMKax BUpPTyajbHoil MamuHbl. UaeHtuduxkarop TID
COCTOMT U3 ueThipex mojeit (puc. 6.1), ero aauHa 32 Gura.

TMona S, G u H gaBnsioresl TIOOATHEHBIMU, T. €. KaXIbI IEMOH pvmd WHTEpIIpe-
TUpYeT uX oguHakoBo. [loge H comepkuT HOMep XOCTa, KOTOPHI 3aMaeTcs OTHO-
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CUTENIPHO BUPTYANBHON MamMWHBL. [Tpu 3amycKe Kakablif JeMOH pvmd KOHGWTY-
pupyeTcsl ¢ COOCTBEHHBIM YHUKATHHBIM HOMEPOM XOCTa.

31 18 12 0
SG H L
CneumnanbHble  MpoeHTudumkatop xocta  MiaeHTudukatop Homep yana
OnThI npotecca

Puc. 6.1. CtpykTypa noeHtudurkaropa sagaym PVM

MakcuManbHOe KOJIUYECTBO XOCTOB B BUPTYaJbHOW MalllMHE OrpaHUYEHO 3Haue-
HueM 4095. CooTBeTCTBUE MEXAY pealbHbIMU XOCTAMU U WX HOMEPAMU 3aHECEHO
B CHELUAbHYIO TJIOOAIbHYIO XocT-Tabmuuy. HyneBoe 3HaueHMe HoMepa xocTa
WUCTIONB3YeTCsl JUISl CChIJIKM Ha JIOKAJIbHbIM JAEMOH WU [IJIsSi TEHEBOIo JeMOHa
pvmd.

but S ncnomn3yercst Ans ampecalliid JeMOHOB pvmd B ciydae, Korma momo H
MPUCBOEHO 3HaueHHe HoMepa xocTa, a noje L mycto. Cosmatenu PVM o0bsc-
HSIIOT HaJlMyMe 3TOro OMTa "MCTOPUYSCKUMU MPUYMHAMU'.

KaxkmoMy memMoHy pvmd JaeTcs TIpaBO UCIONIL30BATh Moje L I cBOWX Ilielneit,
OHO TaKKe IPUMEHSETCS IJISI CChUIKM Ha JIOKAIbHBINA AeMoH. JmnHa mois L —
18 6UT, YTO maeT BO3MOXHOCTb OJHOBPEMEHHO 3aITycKaTb HA KaKIOM XOCTE IO
218 — 1 3amau. Dro MoJIE COCTOMUT U3 ABYX vacTeil (cM. puc. 6.1). bur G ucnons-
3yeTcst Juis popMuUpoBaHUsl aapecoB rpynmnoBoii paccbliku (GID). Ilporpammuct
He UMEET MpsSMoro goctyna K mojsm TID.

Mopgenb nepepavmn coobuweHnin B PVM

Hemonst PVM m 3amaunm MOryT OOMEHUBATHCS COOOIIEHUSIMHM ITPOU3BOJBHOMN
IHEL TIpu oOMeHax MeXIy XOocTaMH ¢ pasHBIMM (opMaTaMmu IpencTaBIeHUS
JaHHble Ipeodpasytorest B popmar XDR. ®opmar XDR ("BHeliHee npeacrabie-
Hue gaHHbiX", eXternal Data Representation) npeacrasnsieT coboii cTaHAAPTHBIA
MeToJ, oOMeHa MaHHbIMM MEXIy KOMIIbIOTEpAMM C Pa3HOM apxutektypoi. Coob-
IIEHWI0O B MOMEHT Tepedadyd TpHUCBauBaeTCsT YUCIOBOM MIACHTU(MUKATOP-TET, KO-
TOPHINt HazHavYaeTcs MPOrpaMMHCTOM. TeTM MCIONB3YIOTCS VIS PAa3IuYeHUS CO-
OOILIEHUI.

HMcTounnK coolImeHnsT He OXHWAaeT OT ajpecara IMOATBEPXKICHUS Mpuema, Tpo-
JloJIXasi CBOl paboTy Mocjie TOro, Kak coollleHue "BbIOpolleHo" B KOMMYHUKa-
LIMOHHYIO ceThb U Oydep nmepenauym MoXKHO MCIONb30BaTh BHOBb. [lepen npueMom
coobueHust OydepusyloTcsl Ha cTopoHe ampecara. Ilamsars mis OydepoB ooMeHa
BblIgNseTCsl AuHamMuyecku. IlocienoBaresbHOCTb COOOILEHUI OT OJHOrO UCTOY-
HMKa OJHOMY M TOMY K€ ajpecaTy COXPaHseTcs.
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ACUHXpOHHbIe yBeaoMIieHUs 06 ocobbix cobbITUAX

PVM rmognepxmBaeTr MexaHW3M YBEIOMJIEHWI 00 OCOOBIX CHTyallMsIX B cHUcTeMe
(taba. 6.1). ®opMupoBaHUEM YBEIOMIEHU 3aHUMAIOTCS JEMOHBI pvmd.

Tabnuya 6.1. Tunbl yBegoMAeHNA 06 0cobbIX COOBITUAX

Twvn yBegomMneHuna OnucaHune

PvmTaskExit 3apaya 3aBeplueHa HopManbHO unu npousowen cboit npu ee
BbIMOSTHEHUM

PvmHostDelete XocT yganeH 13 BAPTyasibHON MallvHbl UKW Npoun3oLuen annapart-
HbIll cbol

PvmHostAdd B BupTyanbHyo MalumHy fo6aeneHbl HOBbIE XOCTbI

HacTtpoika PVM u tpanHcnauua PVM-nporpamm

Mg ycranoBkn PVM He TpeOyloTcsl IpUMBUIIETUM W IIpaBa CYNEepIIOIb30BaTes.
OOBIYHBIN TOB30BATENIb MOXET YCTAHOBHTH IAKET B COOCTBEHHOM KaTajore.
[locne ycraHOBKM HEOOXOAMMO MPABUIBHO "HACTPOMUTbL' CUCTEMY, MHAdye OHa
oKaxeTcsl HepaborocrnocobHoii. Ilpexae Bcero, mojb30BaTesb AOMKEH YCTAHO-
BUTb 3HAYEHUS IBYX MEPEMEHHbIX OKPYXEHUSI PVM ROOT W PVM ARCH. 3HAUeHWE
MepBOi — MyTh K Katajory, comepxaiiemy PVM (9TOT KaTajor mo yMOT4aHHUIO
HasbiBaeTcs pvm3), a 3HaYeHUEe BTOPOl — HAMMEHOBAHHWE apXUTEKTYPHI JAHHOTO
xocta. B ta6;. 6.2 nmpuBedeHbl HEKOTOPBIE U3 JONYCTHMbIX 3HAYEHUIl MepeMeH-
HOI PVM ARCH.

Tabnuya 6.2. [JonycTuMble 3Ha4YeHUsA NEPeMeHHO PVM ARCH

3HaueHne nepeMeHHON B, .uucnutenbHan cuctema

PVM_ARCH

ALPHA DEC Alpha

BSD386 MepcoHanbHbIA KoMmnbloTep nog ynpaeneHnem OC BSD UNIX
CM2 CM2 cpupmebl Thinking Machines

CM5 CM5 dpupmebl Thinking Machines

CNVX 1 CNVXN Convex, cepus C

CRAY CRAY-90, YMP, T3D

CRAY2 CRAY-2

CRAYSMP CRAY S-MP
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Ta6nuya 6.2 (okoHyaHue)

3HaveHMe nepeMeHHoI
PVM_ARCH

BbluncnutenbHaa cuctema

HP300 HP-9000, moanenb 300

HPPA HP-9000 PA-RISC

1860 Intel iPSC/860

LINUX MepcoHanbHbI KomnbloTep nog ynpaeneHnem OC LINUX
NEXT NeXT

PGON Intel Paragon

PMAX DECstation 3100, 5100

RS6K IBM/RS6000

RT IBM RT

SGl IRIS IRIX 4.x pupmsbl Silicon Graphics
SGI5 IRIS IRIX 5.x coupmni Silicon Graphics
SGIMP MynbTunpoueccop SGl

SUN3 Sun 3

SUN4 Sun 4, SPARCstation

SUN4SOL2 Sun 4, SPARCstation Solaris 2.x
SUNMP MynbTunpoueccop SPARC

UVAX DEC Micro VAX

PVM MOXHO yCcTaHOBUTH W IUISI TeX apXUTEKTyp, KOTOpPbIE HE BXOOAT B CTaH-
JApTHBIN CIUCOK, HO IUIST 3TOTO TPeOyeTcsT TOMOMHUTEIbHAas padboTa.

Mg nmpucBoeHus 3HadeHui nepeMeHHBIM okpyxkeHus B OC UNIX ucnons3yior-
csl KOMaH[Ibl, KOTOPblE MOTYT HEMHOTO Pa3fiMyaThCs ISl Pa3HbIX WHTEPIIPETaTo-
poB KoMmaHz. B obojouke bash, HampuMep, 3To Jenaercs Tak:

# export PVM ROOT=/usr/share/pvm3
# export PVM ARCH=LINUX

B mpuBeneHHOM mpuMmepe mpeamnonaraerca, yro PVM ycraHoBleHa B KaTtajore
Jusr/share. Iy Toro ytoObl HE BBIIOJHSITh 3TH KOMAHAbl KaXIbId pas B Hayaie
ceaHca, PeKOMEHAYeM BKJIIOUMTb MX, & TakXKe APYIMe KOMaHIbl MHULMATU3AINU
B (aiin, KOTOpblii CUUTHIBAETCS B Hauyanae ceaHca (.bashrc anst mHTepnperaropa
bash u .cshrc mas unTepnperaropa csh).

B katanore $pvM ROOT/1ib MMetoTcsl daitnsl cshre.stub n bashre.stub, xotopsle
claenyeT MPUCOCAMHUTb K COOTBETCTBYIOLEMY KOHGUIypaUruOHHOMY daiiny,
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JomuicaB ero "B xBocT aitma” (ructuHT 6.1). I 9TOTO MOKHO WCTONH30BAThH
yruauty KoHkareHauu UNIX cat unu TekcToBbIi penakTop. HdoMoaHUTeNbHO
clenyeT U3MEHUTh 3HAYeHHWe MepeMeHHOW PATH, J00aBUB B Hee IyTh K KaTajory
bin, conepxaiiemy ucrnojiHsgeMble daitnisl PVM.

| NucTuHr 6.1. NMpumep gonornHeHus K ¢anny .bashre

#.bashrc

export PVM ROOT=/usr/share/pvm3
export PVM ARCH=LINUX
#
# append this file to your.bashrc to set path according to machine
# type. you may wish to use this for your own programs (edit the last
# part to point to a different directory f.e. ~/bin/ SPVM ARCH.
#
if [ -z $PVM7ROOT 1; then
if [ -d ~/pvm3 1; then
export PVM ROOT=~/pvm3
else
echo "Warning — PVM ROOT not defined"
echo "To use PVM, define PVM ROOT and rerun your.bashrc"
fi
fi

if [ -n $PVM ROOT ]; then

# Onpemengercs apxUTEKTypa

export PVM ARCH="$PVM ROOT/lib/pvmgetarch’

# B OyTh HOMCKa BKJIIOUAOTCS KATAJOTHM, CONEpXale UCIOIHIEMEE Gariel
export PATH=$PATH:$PVM ROOT/1ib

export PATH=$SPATH:$PVM ROOT/bin/$SPVM _ARCH

fi

# Crenmynmas CTpokKa HyXHA, €CIM MUCHosb3yercs XPVM

export XPVM ROOT=/home/pub/pvm/xpvm

export PATH=$PATH:/usr/share/pvm3/1ib/LINUX

Kpowme mepeMeHHBIX OKPYKEHUST PVM_ROOT W PVM_ARCH MMEIOTCS U JAPYTHe:

O PvM_EXPORT — MMEHa TIEPEMEHHBIX OKPYKeHWs, KOTOpbIe cIeayeT SKCIIOpTH-
pOBaTh U3 POMUTENBCKON 3aMa4M B AOUYEpHME, 3alyllleHHbIE IIPU BbHI30BE MOA-
nporpammbl pvm_spawn. IMeHa B CTMCKe JOJDKHBI Pa3AeNsIThCs TBOCTOUNEM.
Ecnu 3HayeHue 5Toi IepeMeHHO He YCTAHOBJEHO, NMepeMeHHbIe He DKCIOop-
THUPYIOTCST;
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o

m

PVM_DEBUGGER — TIOJTHOE a0CONIOTHOE WMS OTIAMOYHOTO KOMaHAHOTO aiina,
KOTOPbIIA HEOOXOIMMO HUCIIOJIb30BaTh MPU BBI30BE MOAMNPOrPAMMBL pvm spawn
€ KJIIOYOM PvmTaskDebug. [0 yMOIUaHUIO $PVM ROOT/1ib/debugger;

PVM_DPATH — CONEPXHT TYTh K CTapTOBOMY KOMaHAHOMY daiiny pvmd (10
YMOJUAHUIO $PVM ROOT/1lib/pvmd). 3HAYEHWE 3TOH TMepeMeHHOH MOXeT OBITh
TTePEKPBITO KITIOUOM dx= B (haitre omrcanmns BUPTYaNbHONW MaIInHBI (pedb 06
oToM aiine MoKUaeT HIKe);

PVMDLOGMAX — YCTaHaBIWBaeT MaKCHUMAabHYIO JINHY (ailia MmpoToKoaa OlIu-
00K meMoHa pvmd. [To ymomuanuio 1 Mo6aiT;

PVMDDEBUG — YCTAHABJIWBAET MACKY OTJIaAKN OEMOHA pvmd (HO HE npnmam—roﬁ
MporpaMMbl!), UCTTOIB3YEMYIO IO YMONYaHUIO (AaHAIOTHYHO KUY pvmd —d).
3HaueHHe 3a7aeTcs B IIeCTHAAUATEPUYHOM, BOCBMEPUYHOM WJIU AECATUIHOM
dopmare;

PVMTASKDEBUG — YyCTaHaBJIMWBaeT MacKy OTJIaaku Oubanorexu libpvm, wuc-
MOMB3YyEMYI0 IO  YMOMYaHHIO  (AHATIOTMYHO  BBI3OBY  IMOANPOrPaMMEI
pvim_setopt (PvmDebugMask, x)). 3HaueHue 3amaeTcsl B mIreCTHaaIaTepuIHoOM,
BOCBMEPUYHOM WJIH JAECATUIHOM (POpMAaTe;

PVMBUFSIZE — pa3Mep OydepoB B pasfensieMoli TaMsITh, MCIOIb3yeMbIX O1ob-
Jmotekoit libpvm u meMoHoM pvmd. Tlo yMoa4aHWI0 MCMOB3yeTcsl 3HAYEHUE
1 Mobaiir;

PVMKEY — Hcnonb3yeTcst PVM mist ciiyXeOHBIX 1LIeJIeil.

Crenyolne NepeMeEHHbIE HE MOMIeXAaT MOAUGMUKALIMU (KPOME PVM ARCH):

a
a

a
a

PVM_ARCH — WMS apXUTEKTYPHI, 1T KOTOPoil ycTaHoBIeHa PVM;

PVMSOCK — TIepemaercsa OT AEMOHA pvmd K 3anymeHHoﬁ 3agadye M COIEPXKUT
aapec JJOKAJIBbHOTO COKeTa pvmd,

PVMEPID — OXMAAeMbIN MaAeHTHdUKATOP TIpoliecca I 3amyIIeHHON 3a1a4du;

PVMTMASK — MacKa TpaccHpoBKHU libpvm, KoTopas mepemaercss OT pvmd K 3a-
MyLIEHHBIM 3a1a4aM.

Heobxogumo Takke co3marh (aitn .rhosts TakuMm ke obpa3oM, Kak W TIpU Ha-
ctpoiike MPICH. MoxHo Takxke N00aBUTh KATaIOr $PVM ROOT/man K MEPEMEH-
HOI TIOMCKA CITPABOYHBIX CTPAHUI] MANPATH.

Tpancaanuss PVM-nporpaMM BBITIONTHSAETCS CISAYIOLINM 00pa3oM:

# £77 —o dot dot.f -L/usr/local/pvm3/1lib —-1fpvm3 —lpvm3

s iporpamMm Ha s13bike FORTRAN u

# gcc —o dot dot.f -L/usr/local/pvm3/lib -lpvm3

JUIsL TIporpamm Ha si3bike C.
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Bo BTOpoMm ciydae He Tpebyercsl noakmwodeHue Omomnoreku libfpvm3, koTto-
pas ucmoibdyercss Tonbko B Iporpammax FORTRAN. Kiou -o mosBoisier
3a0aTh SBHBIM 00pa3oM WM HCHOJHsAeMOro ¢aiiia TmporpaMMbl, KIIOY
~1L<nympb K Oubauomexe> YyKa3bIBaeT paCIoOOXeHWe OMOMMOTEUHBIX ¢aiioB, a
Kmou  -1<uma Oubauomexy> ONpeIeasdeT UMS TOAKIOYaeMOil OUOIMOTEKMN.
MoOXHO UCTIONIB30BATh U APYrUe KIIOUM, UX OMKMCAHKE MOXHO HaliTH B CIIPaBOY-
HBIX PYKOBOJICTBAX MO COOTBETCTBYIOLIMM TPAHCIATOPAM, HO BBILIEYITOMSIHYTHIE
KJIIOYM HAA0 MCIOJb30BaTh 00513aTE/IbHO.

CtpykTypa Katanora PVM

®@aitmel PVM MoryT OBITh MMOMEIEHBI, HallpuMep, B KaTajor /usr/local/pvm3 win
B JOMAIIHUI KaTaJol KaKoro-HuOyab mojb3oBareisd. B katamore pvm3 OObIYHO
UMEIOTCS CIeIyIoIIe MOIKATATOTH:

3 pvm3/bin/$PVM_ARCH — wucnonnsemble ¢aiiibl (OOBIMHO 3TO IPUMEPH U3
JUCTPUOYTUBA, YCTAHOBJIEHHBIE CUCTEMHBIM aAMUHUCTPATOPOM);

a

pvm3/conf — KoHbUTYpaMoHHBIe (aliiTbl I apXUTEKTYpP, TTOMIePKNBAEMBIX
PVM;

pvm3/console — ucxomaHbie daitter PVM-koHconn;
pvm3/doc — goKyMeHTalus;

pvm3/examples — UCXOAHBbIE TEKCTHI NpuMepoB PVM-nporpamm;

Qaaoaan

pvm3/gexamples — WCXOAHBIE TEKCTHI MPUMEPOB MPOTpaMM, HCTOMB3YIOIINX
[PYIIOBBIE ONEpALiH;

a

pvm3/include — 3aromoBouHbIe (aitnel st PVM-tiporpaMu;

a

pvm3/lib — mcmonrHsIeMBle ¢aiiIsl (B OCHOBHOM KOMAaHIHBIE (haliiThr);

O pvm3/lib/SPVM_ARCH — ucnonusgembie ¢aitisl cucteMbl (pvind, KOHCOIb
v Ip.);

O pvm3/libfpvm — wWcxomHble TekcThl Ouonuoreku libfpvm i sg3biKa
FORTRAN;

O pvm3/man/man — clpaBOYHbI€ CTPAHULIbI;

O pvm3/pvmgs — UCXOAHbIe TEeKCThl Oubnuoreku libgpvm 1 cepBepa MMeH
[PYILIIbL;

O pvm3/src — ucxoaHble TeKCThl bubnuoreku libpvm u aemoHa pvmd.

ITpumepsl, Bxomsiiue B coctaB aucTpudbyrusa PVM, mpeacrapiasiioT coboit uc-
XOIHBIE TEKCTHl IIPOTpaMM, KOTOPBIE MOXKXHO WCITONB30BATh KakK JIsI M3YYeHUS
MIPUEMOB IIporpaMMupoBaHusi B PVM, Tak u B xayecTBe "11a0JIOHOB" Ipu paspa-
0oTKe cOOCTBEHHBIX IIporpaMm. B j1000M cilyyae peKOMEHIYeTCs CKOIMPOBATH
¢aiiyibl ¢ IpUMEPaMU B CBOU JOMAIIHUNA KaTaJor:
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# cp -r $PVM ROOT/examples S$SHOME/pvm3/examples
# cd SHOME/pvm3/examples

st TpaHCaImu U cOOPKU MCTOTHSIEMBIX (paitIoB UCTIONB3YyeTCs CTielMaIbHbIIN
KOMaH/HbII (aiin aimk, BbIIOJHSIOLIWNA HEOOXOoUMbIE ACHCTBUS, CLIEHAPUIl KO-
TOpbiX onucaH B aitne Makefile.aimk. [Ipumep UCIOAb30BAHUSL 3TOM YTWJIMTbI
(oHa sABNETCS AHAIOIOM YTWIMTHI make, XOpouio 3HAKOMOW TeM MporpaMMu-
craM, kTo padoraer B cpeae OC UNIX):

# aimk fmaster fslave

31eck TpaHCAMpyeTcs TapauieiabHas TiporpaMma  (Ha g3pike FORTRAN)
fmaster/fslave, moctpoeHHas Io cxeMe "IMaBHas/MoAYMHEHHas 3amaun”. B ka-
YeCcTBE apryMEHTOB YTHAMTBI aimK MCIIONb3YIOTCS MMEHA MPOrpaMM-IpUMEPOB.

KoHconb PVM

PVM-korcoab — 3T0 TIporpamMma, KOTopas TO3BOISET paboTaTh ¢ BUPTYATHHOU
napauieJbHO MAalIMHOW B MHTEPAKTMBHOM pexkume. KOHCOMb MOXHO MHOIo-
KPAaTHO 3allyckKaTb M IIpepbiBaThb PabOTy ¢ HEH C MOMOILUbIO KOMAaHIbl quit Ha
JIOOOM M3 XOCTOB BUPTYaNbHOI MalluHbl. HM KoHUrypamus BUpPTyaJIbHOI Ma-
LIMHbI, HY COCTOSIHME BBIIOIHAIOIIMXCS PYM-IIporpaMM npu 3TOM HE M3MEHSITCA.

KoHconpb npu mepBoM 3amycke 3arpyxaeT AeMOH pvmd W B JAIbHEUIIeM B3auMoO-
neiicTByeT ¢ HUM. TIpH BKIIIOUeHWN B KOH(PUTYpaIIMi0 HOBOTO XOCTA, JEMOH pvmd
3arpyxaetcst Ha Hem. KoMmaHmgHas cTpoka 3amycka PVM-koHcoau nuMeeT BUI:

# pvm [-n<mma xocra>] [hostfile]

Kirou -n rctionb3yercst i yKazaHUST albTEPHATUBHOTO NMEHHU TJIABHOTO AeMOHA
pvmd, €CJTM WMS XOCTa He COOTBETCTBYeT Tpebyemomy IP-ampecy.

@aitnbl $PVM ROOT/1lib/pvm M $PVM ROOT/lib/pvmd SIBISIIOTCS KOMaHAHBIMU (aii-
JIaMH1, KOTOPbIE MCIIOIB3YIOTCS IS 3amycka KoHconu PVM u pmemoHa pvmd. OHM
ONPEILIISIIOT APXUTEKTYPY KOMIIBIOTEPA M 3aMTYCKAIOT YK€ HACTOSIINE MPOTPAMMBI
M3 Karajora $pvM ROOT/1lib/$PVM ARCH.

HpI/I 3dIlyCKE€ KOHCOJM CHa4dajga BbIBOIUTCA BCIIOMOraTcJbHasa I/IHCI)OpMaHI/ISI
NPpUMEPHO TAKOTO BHUAA:

#

# example PVM console startup script
# copy this file to $HOME/.pvmrc

#

#
# command aliases

#



BBegeHue B napannenbHoe MporpaMMUpoBaHiue ¢ UcrnosbaoBaHnem PVM 249

alias ? help

alias print environment spawn -> /bin/env
alias h help

alias j jobs

alias t ps

alias tm trace

alias v version

#
# important for debugging

#
setenv PVM EXPORT DISPLAY

#

# want to see these trace events by default

#

tm addhosts delhosts halt

tm pvm mytid pvm exit pvm parent

tm send recv nrecv probe mcast trecv sendsig recvi

version # print PVM release version
3.4.3

id # print console TID

£40004

3aTeM, B CcJIyyae YCITeITHOro 3arycka KOHCOJIN, MOABIICTCA TPpUTITallICHUE!
pVII’l>

ITocie aToro MOXHO BBOJINTH KOMAHIBI, CITUCOK KOTOPbBIX MPUBEACH B Tabi. 6.3.

Tabnuya 6.3. KoMaHbl UHTepakTuBHoro pexuma PVM-koHconmn

KomaHpa OnucaHne

add xocrl ... [obasnsaeT ykasaHHbIll XOCT (UM XOCTbI, €CNn yKa-
3aHO HECKOJIbKO UMEH) B BUPTYasibHYO MaLUmHy

alias [ncesnoxomaHnal 3agaet unu BbIBOAUT (ECAN apryMeHToB HeT) cnu-
cok nceegokomaHg PVM (aHanor ncesgokomaHg
OC UNIX)

conf BbIBOAUT CNMCOK XOCTOB, BXOAALLUX B BUPTYasbHYIO

MaLumHy. Cnmcok conepXuT UMs XocTa, ugeHTudpu-
katop 3sagaun (TID) gemoHa pvmd, apxXuTekTypy
N oTHocuTeslbHoe ObbicTpofeiicTBUe B "YCIOBHbIX
eanHuuax"
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Ta6nuya 6.3 (npogomxerue)

KomaHpa

OnucaHne

delete xocrl

echo aprymeHT

halt

help [xomaHZa]

id

jobs
kill

mstat xocrl...

ps —a

pstat

quit

reset

setenv [nepemeHHas=3HaUeHME]

Ypanset ykazaHHblii XoCT (MM XOCThI, €CNn yKasa-
HO HECKONbKO WMEH) W3 BUPTYanbHON MaLLUHBI.
Ecnu Ha 3Tux XocTax Bce elle BbIMOJIHAITCSA Mpo-
ueccbl PVM-nporpammbl, oHu 6yayT 3aBepLUEHb
(Nopo6HBIX "HAacWNbCTBEHHBIX! METOJ0B 3aBeplue-
HUs paboTbl NapannenbHoii NporpamMmel criegyet
nsberartb)

Oxo0-oTobpaXeHue apryMeHToB koMaHapl (aHanor
komaHgbl echo B OC UNIX)

3aBepluaet paboty Bcex npoueccos PVM, B Tom
yucne KOHconu n Bcex AeMoHoB. [Nocne 3aeepLue-
HUs paboTbl napannesibHbIX NMporpamMm BUPTyasib-
Has MaluuHa JomkHa 6biTb yaaneHa ¢ MOMOLLbiO
WUMEHHO 3TOl KOMaHgbl

BobiBoguT Kpatkyio (oueHb Kpatkyio!) cripaeky no yka-
3aHHOI KOMaHae WU BbIBOAUT CMUCOK BCeX KOMaH,
(ecnu koMaHga help BBOAUTCA 6€3 APryMEHTOB)

Beigogut upgeHtudukatop 3agaum gna PVM-koh-
conu

BbiBOAUT cnucok 3apay
3aBepluaet paboty npouecca PVM

BblBOp,VIT COCTOAHME XOCTOB, MMEHa KOTOpPbIX YKa-
3aHbl B KayecTBe aprymMmeHToB

BblBOOUT CMMUCOK MPOLIECCOR, BLIMOSHAOLMUXCA B
JaHHbIA MOMEHT Ha BUPTyasbHOl MalluMHe, BKIO-
uasl UMeHa XOCTOB, HAa KOTOPbIX OHU BbIMOJIHSIOTCS,
ugeHTUdUKaTophl 3afia4 U UAEHTUUKATOPbl poau-
TENbCKUX 3aaau

BbiBOAUT MHCbopMaLMIO O COCTOAHUM OLHOrO MPO-
Lecca

3aBepliaet paboty ¢ PVM-koHconblo 6e3 ypane-
HUS BUPTyasibHOM MalluHbl U 6e3 3aBepLUeHUs pa-
60Tbl NapannenbHbIX NPorpaMm

3aBepluaet paboty Bcex npoueccos PVM 3a wuc-
KJlOYEHNEM KOHCOMU C nocrnegyloweii nHuLmani-
3aumeli BHyTpeHHUX Tabnuy PVM u ouepepeii co-
obueHuiA. [leMoHbl HaxoaaTca B cOcToAHUM "cHa"

3afaeT 3HaueHUs MepeMeHHbIX OKPYXEHUs Wiu
BLIBOAMT WX 3HAUEHUA (ecrin apryMeHThl OTCYTCT-
BYIOT)
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Ta6nuya 6.3 (okoHuaHue)

KomaHpa

OnuncaHne

sig [HOMep cmrraasa] [TID]

spawn [ kuour]

trace [mackal

unalias [HnceBroKOMaHA ]

Version

MepepaeT curHan npoueccy ¢ 3aAaHHbIM UOEHTU-
cdukaTtopom

3anyckaeT npuknagHylo PVM-nporpammy. [donyc-
KaeTcs UCMOJIb30BaHMNE CReAyoLWUX KoYeil:

—uynciio —  KOJIMYECTBO  3amyCKaeMblX  KOMuiA
ofiHOI 3ajaun, no ymonuyaHuio 1;

—-xocT — UMSl XOCTa, Ha KOTOpPOM crefyeT 3a-
nycTutb npouecc. Mo ymonyaHuio ucnonbayet-
ca nioboil xocT, BXxogALMiA B BUPTYyasbHYlO Ma-
LLVHY;

—apxmreKTypa — 3anycTUTb 3afjayy Ha XocTe
C YKa3aHHOI apX1TEKTYpPOI;

—2? — BKJIOYUTb PEXUM OTNAJKN,

->— MepeHanpaBuTb CTaHOAPTHbI/ BbIBOA 3a-
nay Ha PVM-koHconb;

-> parr— MepeHanpaBuTb CTaHAAPTHbIA Bbl-
BOA, 3a4ay B chaiin, nepesanucas ero, €cu oH
yXXe CyLLleCcTByeT;

->> ¢arpr— NepeHanpaBUTb CTaHOAPTHbIA Bbl-
Bo4, 3afjay B (pain, go6aBuMB HOBble 3anuUcu
B KOHeL, dpaiina, ecriv OH yXe CyLLEeCTBYeT;

—-@ — TpaccupoBKa MporpamMmbl ¢ oTobpaxeHu-
eM BblBoga Ha PVM-koHconu;

-@ ¢arur — TpacCcUpOBKa NPorpaMmbl ¢ 3arnmncbio
pesynbTarta B chaiin

YcTaHaBnmBaeT wim BhLIBOAUT (€CAM apryMeHThl He
3afjaHbl) MacKy TPacCcUpoBKU cobbITuii

OtmMmeHseT ncesaoKoMaHgy

Beigogut Bepcuio PVM

OOBIYHO cpasy Xe, TOcle TIEPBOTO B TEKYIIEM ceaHce paboTHI ¢ BUPTYATbHOM
MaIIMHON 3arycka KOHCOJIW, co3faeTcs BUPTyaidbHas KoHdurypamusa. Croerarb
5TO MOXHO C TIOMOIIBI0O KOMAaHABl add, B KaUeCTBE apryMeHTa KOTOPOil yKa3bIBa-
IOTCS1 CETEeBbIE UMEHA KOMIIbIOTEPOB, HAIIPUMED:

pvi> add d01 402
2 successful
HOST DTID
dol 140000
do2 180000
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B otBer cuctema momKHA BBIBECTH COOOLIEHHME 00 YCIEIIHOM J00aBICHUU XOC-
ToB. MHOrma mpy BHITTOJIHEHUW 3THX KOMAHA MOXHO IOJIYYUTh AUATHOCTUUYECKOE
coobuieHue "Can't Start pvmd". 3To cooOlieHUe TOBOPUT O TOM, YTO BOZHMKIIU
npobJieMbl ¢ 3allyCKOM JeMOHa. YUyTbh MO3Xe Mbl IPUBEIEM BO3MOXHBIE IPUYMHbI
9TUX IpobJIeM.

YnaneHue xocrta u3 Bl/IpTyaﬂbHOﬁ MAILIMHbBL BbIIIOJHSIETCS KOMAHIAOM delete
C YKa3aHUEM €Iro MMCHMN:

pvi> delete dO1

C ToMOIIBI0 KOMAaHIBl conf MOXHO TIOIYYNTH WHMOPMAINIO o0 KOHGUTYpaIInn
BUPTY&JIbHOM MAlIMHBbI:

pvi> conf
4 hosts, 1 data format
HOST DTID ARCH SPEED DSIG

£08 40000 LINUX 1000 0x00408841
f0l 80000 LINUX 1000 0x00408841
£02 c0000 LINUX 1000 0x00408841
£03 100000 LINUX 1000 0x00408841

3mech B TIepBOM CTOJIOIE BBIBOTUTCS WMS XOCTAa, BO BTOPOM — WAEHTHGHUKATOP
gemoHa DTID, B TpeTbéM — HAaMMEHOBAHME APXUTEKTYPhI XOCTA, 3aTEM OTHOCHU-
TeNbHAS CKOPOCTh (B YCJOBHBIX €NMHUIIAX) U B YETBEPTOM CTONOLE — CHUTHATYpa
gaHHbix (DSIG).

3aHy0K Hapa)meanoﬁ IporpaMMbl MOXHO BBIITOJIHUTb M3 KOHCOJU WJIU U3 KO-
MaHAHOU CTPOKHU. B HocCJaeaHEM Cllydac HE00XOAMMO BBbIATU M3 KOHCOIU C IIO-
MOMLIbIO KOMAHABI quit.

Ipu 3amycke TporpaMMbl M3 KOHCOMM CHCTEMa MINET MCITONTHSIEMBIN (aiin B Ka-
Tajore $HOME/pvm3/bin/$PVM ARCH. Tyma W cieayeT momeniars OTKOMITUINPOBaH-
Hble mporpammel. s 3amycka mporpaMMbl MCIIOAB3YETCSl KOMaHIA spawn. Bciau
B KakuxX-anbo mom3agadax MapajieIbHON TporpaMMbl MPeaycMOTPEeH BBIBOI Ha
TEPMUHAN, HEOOXOAUMO MCIIOJb30BaTh KIIOUM —> WIN ->> JUIS "TiepexBara” BbIBO-
Ja. IlpuMep MCIoONb30BaHUS KOMAHAbL spawn JJIS 3alycka TporpaMMbl U3 JIKC-
TUHTOB 6.5 1 6.6 MPUBOINTCA HUXKE:

pvm> spawn —-> a.out
[7:£80008] Master's tid 524296

[7:t80008] Recieved from slave with tid 524297: Hi, PVM Programmer!
[7:£80009] EOF
[7:t80008] EOF

IMpn oTragke MOXHO BKIIOUNTH PEXXVM TPACCHPOBKU C 3aMUCHI0 pe3yabTata B
aiin, NOCKONbKY Ha DKpaH B DTOM C/1y4yae BbIBOAMUTCS OObIYHO OOJBILIOH 0ObeM
nHdbopMalMY, HallpUMep:

pv> spawn —-@ file.trace a.out
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B pesynbrate BBITIOTHEHUS 3TOW KOMaHIBI OymeT cosmaH daitn file.trace, ¢par-
MEHT KOTOPOTrO MPUBOIUTCS B JTUCTUHTE 6.2.

NMuctuhr 6.2. ®parmeHT dhaina TpaccCUPOBKM NPOrpaMmbl U3 NIMCTUHIOB 6.5 n 6.6

/*
* "Creation Date" "Fri Jun 28 10:53:23 2002"
* "Machine" "Console 3.4.3 (PVM 3.4.3)"

[/

#1802: "host _add(0)"
{
// "TS"™ "Time Seconds"
int "TS";
// "TU"™ "Time Microseconds"
int "TU";
// "TID" "Task ID"
int "TID";
// "HN" "Host Name"
char "HN"[];
// "HNA" "Host Name Alias"
char "HNA"[];
// "HA" "Host Architecture"
char "HA"[];
// "HSP" "Host Speed"
int "HSP";
big
"host add(0)" { 1025261603, 481722, 262144, [4] { "£f08" }, [4] { "f08" },
[6] { "LINUX"™ }, 1000 };;

"host add(0)" { 1025261603, 481722, 524288, [4] { "f01" }, [4] { "f£O01" },
[6] { "LINUX" }, 1000 };;

#1806: "host sync(0)"

#1150: "newtask(0)"
{

// "TS"™ "Time Seconds"

int "TS";

// "TU"™ "Time Microseconds"
int "TU";

// "TID" "Task ID"

int "TID";

// "PT" "Parent Task ID"
int "PT";



254 lnaea 6

// "TF" "Task Flags"

int "TF";
// "IN" "Task Name"
char "IN"[];

}is
"newtask (0)" { 1025261603, 484505, 262159, -35, 64, [6] { "a.out" } };;
#1808: "output (0)"

"spntask(0)" { 1025261603, 485322, 262159, -35 };;
"output (0)" { 1025261603, 485322, 262159, [9] { "GOTSPAWN" } };;
#1052: "mytid(0.0)"

"mytid (0.0)" { 1025261603, 499219, 262159 };;

"endtask (0)" { 1025261603, 523065, 262159, 0, 0, 0, O, O };;
"endtask (0)" { 1025257916, 71554, 524298, 0, 0, O, 0, 0 };;

IMpn BBEIXOIME M3 KOHCOMW TIO KOMAaHIE quit BUPTyaJbHAS MalliHA OcTaeTcs, TIpu
3TOM Ha JI000M XOCTe, BXOASIIEM B €€ COCTaB, MOXKHO BHOBB 3aITyCTUTh KOHCOJIb
(cucreMa BhIBemeT coobuieHue "pvm already running”) U OpomgoKUTH paboTy
B MHTEPAKTHUBHOM pexume. Ecam e misg BbIXOma MCIOIb3yeTCsd KOMaHAA halt,
BUPTyabHAas MalliTHa MpeKpallaeT cBoe CYIIecTBOBAaHNE, a TIPOLECCHl, eclI OHUI
OBLIN, 3aBepIIAT CBOIO PAOOTY.

Bo3mMoXxHble npo6nemsbl npu pabote c PVM

Ecim TP TOIMBITKE Jo0aBIeHNS B BUPTYAJIbHYIO MAIIMHY HOBOTO XOCTa BBIBO-
IIATCS COOOIIEHNE BUIA:

[t80020000] Can't start pvmd

OHO IOBOPUT O HEBO3MOXKHOCTU 3aITyCKa JEMOHA. B stoMm ciydyac CICOyeT IMpOBE-
pUTb, UMEETCS JIU B ITOMalrHeM KaTajore ¢aiis .rhosts m paBMWIBHO M OH TIOM-
TOTOBJIEH, B TOM 4UMCJe, MPaBWIbHO JM 3alaHbl MpaBa AOCTyna K sToMmy daiiny
(MX CHMBOJBHOE IIpeNCTABICHUE MOKHO HMMETh BHA r———————- , UTO O3HayvaeT
TIpaBO HA YTECHUE IJI Biaadcjablia cbaima N OTCYTCTBHUE BCEX OCTAJIBHBLIX TIPAaB JOC-
tyna). [Ipr3Hak KoHIa ¢aiina oIKeH HAXOMUThC B CTPOKE, CIENylolieil 3a Imo-
CJ'[GI[H@fI CTpOKOfI ¢ nMmeHeM xocra. Daitn CO3IaH IMPaBUJIBHO, €CJIM IIPU BBIIOJI-
HEHNUU KOMAHAbI:

# rsh d01 1s

roe dol — UM YyAaJICHHOIO KOMIIBIOTEpPA, HA SKpaH 6yz[eT BBIBEACHO COACPXKHN-
MO€ JOMAITHEro Karajaora IMOJb30BaTeJIsl Ha 9TOM KOMIIBIOTEDPE. l'Ipmea MOXET
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OBITh W JAPYTOW — HEMpPaBWJIbHOE 3HAYEHWE TePeMeHHOl PVM ROOT. PexoMeHy-
€TCS BBIMOJTHUTD CIEMYIOIIYIO MTPOBEPKY:

# rsh d01 $PVM ROOT/lib/pvmd

DTO KOMaHa 3aIrycka JeMoHa pvmd Ha KoMIbloTepe d01. Yoemntech TakkKe, UTO
maxer PVM geiicTBUTEeNbHO ycTaHOBAeH. Ellle omHa IMpHUYMHA OTKas3a B 3allycke
JEMOHd — OCTABLIMKCS MPU HEKOPPEKTHOM 3aBeplleHuu pabotel ¢ PVM (pyd-
Hasl OCTaHOBKA CHMCTEMBbl UJIM CUCTEMHAasl aBapusi) OJoKupyloluit daiin B katano-
re /tmp JAHHOTO XOCTa.

IIpu nonkeitke 3anycka PVM MoXeT BEpHYTb OJ1b30BATENI0 COODIIEHME:

[t80020000] Login incorrect

B sToM ciyJae mob3oBaTenlb, cKopee BCETO, He 3apeTHCTPUPOBaH Ha yOaleHHOM
KOMIIBIOTEPE IO YKA3aHHbIM MMEHeM. [laHHas mpobieMa MOXeT ObIThb pelleHa
BU3UTOM K CUCTEMHOMY aAMUHUCTPATOPY.

KoHdpurypaumoHHbiin dpaiin PVM-KoHconu

Ilpu 3amycke KOHCOMM TporpaMMa CUYMTHIBAET KOHGUTYPAIIMOHHBIN haiin
$HOME/ . pvmrc. DTOT ¢aitai MOXeT cofepKaTh ONpeneIeHUs ICeBIOKOMAHI, Tepe-
MEHHBIX OKPYXXEHHS, a TaKKe KOMAaHI, KOTOPbIe OYIyT BBHITTOJTHSITBCS TIPH 3aITyc-
ke KoHcouu. Ilpumep daiina .pvmrc npuBejieH B JUcTUHIE 6.3,

NucTunr 6.3. NMpumep koHdUrypaumoHHoro canna PVM-koHconu

# command aliases

#

alias ? help

alias print environment spawn -> /bin/env
alias h help

alias j jobs

alias t ps

alias tm trace

alias v version

#

# important for debugging

#

setenv PVM EXPORT DISPLAY

#

# want to see these trace events by default
#

tm addhosts delhosts halt
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tm pvm mytid pvm exit pvm parent

tm send recv nrecv probe mcast trecv sendsig recvf
version # print PVM release version

id # print console TID

®daiin onucaHus BVIpTyaHbHOVI MaLUWHbI

Kaxnplit monp3oBatenb PVM MoxeT co3IaTh COOCTBEHHbBIN (alia ¢ onmucaHuem
MepCcoHAIbHON BUPTYAIbHOW MalllMHbBI (Xocm-ghaiin, B NajlbHeMIIeM I KpaTKo-
CTU Mbl TaK U OyJeM €ro HasbiBaTbh). DTO CJEAyeT clienaTh, €ClAu 4acTo MPUXO-
JUTCS 3alyCKaTb MPOrpaMMy Hd BUPTYalbHON MAallMHE OJHON U TOM K€ KOH(pU-
rypauuu. XocT-aiin siBasieTcsl TEKCTOBBIM, KaK M JApYrue KOHGpUIYpaLMOHHbIE
aiinbl onepannonHoil cuctembl UNIX. B kaxoii crpoke Ha mepBOM MecTe Ha-
XOJUTCSL ceTeBoe MMsSI KoMmIblorepa. Ha xaxgoe uMsi OTBOAMTCS IO OJHOM CTPO-
ke. Ecim cTpoka HaumHaeTcsl ¢ CUMBOJIA #, OHA CYMTACTCS CTPOKON KOMMEHTA-
pus. IlycTeie cTpoku UrHOpUpYIOTcsa. KpoMe MMeHU XocTa, B CTPOKE MOIYT ObITh
JOIMOJHUTENBHO YKa3aHbl K1to4u. VX nepeyen gaH B tabi. 6.4.

Ta6bnuya 6.4. Knoyn, ncrosb3yemele B ¢haiisie onncaHus
BUPTYasnbHo MatiiyHel (xocT-cbasine)

Knio4 OnuncaHne

lo= permcrparpoHHoe mMs VlCI'IOJ'Ib3yeT npu pa60Te Ha JaHHOM XOCTe yKa3aH-
HO€ perucrpaymMoHHOE UMA. Mo YMOJTYaHUIO npumMe-
HAETCA TO Xe M4, YTO N Ha JIOKaJIbHOM XOCTe

so= pw 3anpaluvBath Naponb MpU BXOAE Ha YKa3aHHbINA
xocT. Mcnonb3ayetca, ecnu y nonb3oeatena Ha pas-
HbIX KOMMblOTEpPAX pasHble pPerucTpauuoHHble UMe-
Ha 1 naponu. Mo yMonuaHuio, AN 3anycka gemMo-
HOB pvmd Ha yaaneHHbIx MawunHax PVM ucnonbayet
rsh. C gaHHbIM KJllouoM BMecTo rsh bygeT npume-
HATbCA rexec

dx= rnoyioxeHre geMoHa pvind 3ap,aeT nonoXxexHne gemMoHa, OTJInYHOE OT UCMOJb-
3yeMOro rno ymosnvaHuto

ep= NyTb K KaTaJory MNMosBonser 3apgatb MyTM MOUCKA WCMONHAEMbIX
C MCHOJIHAEMbIMI (arinami daiinos PVM-nporpamm. Ecnn 3apgatotca Heckosb-
KO nyTeil, oHW paspgensioTcs pApoetoumsmMu. [lo
yMONYaHuio Ucnosibayetca katanor S$HOME/pvm3
/bin/PVM ARCH

Sp= wmcio OtHocutenbHoe 6bicTpofeiicTBMEe XOCTa B JaHHOI
KoHdpurypauum. 3agaeTca LeSIoYUCIIEHHbIM 3Have-
Huem ot 1 go 1000000. Mo ymonyaHuio 1000
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Ta6nuya 6.4 (oxkoHuaHue)

Knioy OnuncaHne

bx= noJsiokeHne oTJanumMKa 3afaeT nosnoxeHne kKoMaHaHoro chaina otnagumka,
KOTOpPbI BbI3bIBAETCA, €C/N B MoAanporpaMMe 3a-
nycka (pvm spawn) UCMONb3yeTcs KlloY OTNAfKU.
[MonoxeHne oTnaguymka MoXeT ObiTb 3aJaHo U C
MOMOLLbIO NePEeMEHHON OKPYXeHUA PVM DEBUGGER.
Mo ymonyaHuio pvm3/1ib/debugger

wd= paboumii karTajor Pabounit katanor ans PVM-nporpamm. o ymonua-
HUO SHOME

ip= mms xocra Mms xocTa, cootBeTcTBYyIOLLEe ero |IP agpecy

so= ms MoaunHeHHbIi [EMOH [OJDKEH 3anycKaTbCsl Ha AaH-

HOM XxocTe BpyuHylo (manual start). PyuHoir ctapt
npuMeHsieTcsi, ecnu He paboTaloT rsh U rexec

B moie mMeHn xocta MOXET HAXOIWTHCA 3Be3mouka. OHa WTpaeT poib IabioHa.
B sToM cryyae neficTBMe KJIIOUEH paclpocTpaHseTcsl Ha BCe XOCTbl, UMEHA KOTO-
PBIX YKa3aHBI B CAEMYIOIINX CTPOKAX.

Ecnu B Havane cTpOKM HAXOMUTCS CMMBOJ &, COOTBETCTBYIOIIUI XOCT HE BKIIO-
yaeTcss B HAYaJIbHYI0 KOH(UTYpalWio BUPTYATbHOW Mamimubl. Eciu oH Oyger
n00aBned B KOHOUIYpaluIO BIOCAEACTBUM, OyAyT MCIIOJb30BAHBL M 3aJaHHBIE
B CTpOKe i1 3Toro xocra Kirouu. [pumep xocr-daiina npuseieH B iucTuHre 6.4,

JIlnctunr 6.4. Npumep xoct-channa

f0l.ptc.spbu.ru

f02.ptc.spbu.ru

d0l.icape.nw.ru dx=/usr/share/pvm3/1ib/I1860/pvmd3
d02.icape.nw.ru lo=romano so=pw

d03.icape.nw.ru lo=andrei so=pw

d04.icape.nw.ru lo=mariya so=pw

d05.icape.nw.ru lo=yuri so=pw

d06.icape.nw.ru lo=valeri so=pw

&sund ep=quarks

Hawa nepsaa PVM-nporpamma

TexHosorust co3manus napauieabHoit PVM-iporpaMMbl aHaIoTHYHA TEXHOJIOTUT
IporpaMMHupoBaHusl ¢ Hcrnonb3oBaHueM MPI. IlporpaMMucT muileT OAHY WIK
HECKOJIbKO IOCIEI0BATEAbHbIX IIPOrpaMM ¢ OOpalEHMSIMU K MOANPOrpaMMaM
6ubaunorex PVM. Kaxpasi mporpaMma TpPaHCAMPYETCS HAa TE€X XOCTAX, KOTOPhIE
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OyIyT BKIIOUEHBI B COCTAaB BUPTYAIBLHON MaITWHBL. PasfgenbHas TpaHCIAIUS Tpe-
OyeTcs, eCIM pa3InyacTcs apXUTeKTypa XocToB. McmoaHsgemble daiiisl mporpam-
MBI pa3MeNIaloTcs B ONpeneTeHHBIX Karajxorax. 3areM OOBIYHO 3aITyCKaeTcsl OqHa
IJIaBHAasl 3amavya, KoTopas MPOW3BOAMT 3alyCK OCTANBHBIX, TTOAYMHEHHBIX 3amad.
Bo3MoXHBI W apyrue BapuUaHTHI, TakWe, HalpuMep, KaK 3aIlycK BPYYHYIO BCeX
MPOIIECCOB, OTHOCSIIMXCS K MapaieabHOU nporpamme. BzaumoaeiicTBue Mexmy
Ipolieccamu OCYLIECTBISETCS IOCPEICTBOM OOMeHA COOOIICHUSIMMU.

B nucrunrax 6.5 u 6.6 npusenen npumep npocroit PVM-nporpammbr. OHa pabo-
TaeT caeayrouuM obpasom. Ilocie 3amycka Ha 9KpaH BBIBOAUTCA UACHTUDUKATOP
3a0a4M, COOTBETCTBYIOIIMI 3aMyLIEHHOMY Ipolleccy, 3aTeM YK€ U3 [JIaBHOW 3a-
Jauyyd  TPOMU3BOOWTCSA  3alycK IPYyroro Tipolecca (BBI3OB  TTOMITPOTPaAMMBL
pvm_spawn). B cilydae yCHenHoro BBITIOMHEHUST MOAMPOTPAMMBI pvm spawn, TJIaB-
Hasg 3amaya MPUHUMAET COOOIIEHHE, KOTOPOoe TIPENCTABIsIET cOOOi CTPOKY CUM-
BosioB ¢ mnpusercTtBueM "Hi, PVM Programmer!". TloguuHeHHas mporpamMmma
JOJDKHA OBITh OTKOMITMJIMPOBAHA TaK, YTOOBI UMM €€ MCIOHsIeMoro (aiina 6bL1o

greeting.

' Nuctunr 6.5. Npumep PVM-nporpammsbi

#include "pvm3.h"

main ()

{

int ierr, tid, msgtag;

char buf[1007];

printf ("Master's tid %i\n", pvm mytid());

ierr = pvm spawn ("greeting"”, (char**)0, 0, "", 1, &tid);
if (ierr == 1) {
msgtag = 1;

pvm _recv (tid, msgtag);

pvm_upkstr (buf) ;

printf ("Recieved from slave with tid %i: %s\n", tid, buf);
}

else

printf ("Can't start helloﬁother\n");

pvm_exit();

NucTunr 6.6. NMpumep PVM-nporpamMmmel. lMogunHeHHasa 3agaya greeting

#include "pvm3.h"
main ()

{

int ptid, msgtag;
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char buf[100];

ptid = pvm parent();

strcpy (buf, "Hi, PVM Programmer!");
msgtag = 1;
pvm_initsend(PvmDataDefault);
pvm_pkstr (buf) ;

pvm send (ptid, msgtag);

pvm exit ();

}

B nauvane PVM-mnporpaMMbl TOJDKEH HaXOOWThCA OTepaTop include, KOTOPBIA
MOAKIIIOYAET 3arolOBOYHBIN (DailT ¢ HEOOXOAMMBIMM OIMCAHUSIMHM TaK Xe, KakK
a10 aenaercsa B MPI-nporpammax. B mporpammax Ha sisbike FORTRAN nonxen
ObITb yKa3aH MOJHbIA (2a0COMIOTHBIN) MYTh K 3arojJOBOYHOMY (daiiny:

$PVM ROOT/include/fpvm3.h

Kpartkast hopma moryckaeTcst, TOITBKO €ClTH BEITIOTHEHO YCIIOBHE:

SPVM _ROOT = SHOME /pvm3

HaHOMHI/IM, YTO HUCITOJHACMBIC QJafIJIbI nporpaMmbl JOJI2KHBI OBITH TTOMEIIEHBI
B Karajor:

$HOME,/pvm3/bin/PVM_ARCH

BTOT Karajor Mo YMOMYaHWIO WCNoJb3yeTcsl cucteMoir PVM s pasMelneHus
McnoyHsieMblx Iporpamm. Eciau pabdora npoucxomutr B OC Linux, MMSI caMoro
BHyTpeHHero katajora — LINUX (Bce OyKBbl MMEHU B BEPXHEM PETUCTPE).

st Toro 4TOOBl pazobpaThcsi ¢ paboTOl BTON TPOTPAMMBI, TTO3HAKOMUMCS
C OCHOBHBIMU MoanporpamMmaMu PVYM.

YnpaBneHue npoyeccamm

OmpeaennTh WIEHTUGUKATOP 3aa4d UII JAHHOTO TPOoIecca MOXHO ¢ TTOMOIIBIO
MTONMPOrPaMMBI pvm mytid:

int tid = pvm mytid(void)
PVMFMYTID (TID)

OOBIYHO BBI3OB JAHHON TOATIPOTPAMMEI SIBJISIETCS TIEPBBIM OOpallleHueM K ToJI-
nporpaMmaM PVM, B 3TOM ciyyae OH HE TOJNbKO OIpenenseT UACHTUdUKATOP
3aja4u, HO U noaxioyaeT nporpammy K PVM. Ilpu noakiouyeHuy reHepupyercs
sHaueHue TID. BooOlue roBopsi, 3T0 MPOUCXOAUT MPU BBI3OBE JIOOOU MOAIIPO-
rpaMmMmbl PVM, eciiu oH mepBbIid, OMHAKO Yallle BCero BbI3bIBAeTCS B Havyajie Ipo-
rpaMMbl IMEHHO pvm mytid, YTO TpeOyeTcs IUIsl ompeleneHus MpoIeccoM CBOei
poJI B KOJUIEKTMBE IPOIIECCOB MapajuleibHOU mporpaMmmMbl. OTpuliaTe/bHOE 3HA-
yeHue TID BosBpailaercsd NMpu BO3HUKHOBEHMU OIIMOKU. BMecTo uucieHHOro
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SHAUYEHWA Kola YI[O6H66 NCIMOJIB30BATh NMEHOBAHHBIC KOHCTAHTHI. l'[epequB HE-
KOTOPbIX omnbdoxK MNPpUBOAUTCA B KOHLIE OTOIO pasaeciia.

IMonmporpaMma pvm_exit COOOINAET JOKATBHOMY NEMOHY pvmd O TOM, 4TO TaH-
HBIIT TIpoliecc 3aBepiaeT padbory B PVM:

int ierr = pvm;exit(void)
PVMFEXIT (IERR)

TMpoliecc MoxXeT MTPOIOIIKATh PadboOTy M TTOCIe BTOTO BHI30BA, HO YK€ Kak rMocie-
JoBareNbHas nporpamma. OObIYHO BbI30B MOAMPOIPAMMBI pvm exit Pa3MELIACTCS
B KoHLe nporpaMMbl. IlapaMeTp ierr cOmepXUT KOJ 3aBepllieHUs TOIMporpaM-
Mbl. OTpuliarejpHOe 3HaYE€HUE COOTBEeTCTBYeT olubke. ITpu BbIMOJHEHUM TOI-
MNPOrpaMM pvm mytid U pvm exit MOLYT BO3BPALUATLCS COOOILIECHUSI 00 olIudKe
PvmSysErr.

[lonnmporpamma pvm spawn 3aMycKaeT ntask KONl WcmomHgeMoro daiina, nMs
KOTOPOIO COAEPXKHUTCS B IIEPBOM MapaMeTpe:

int numt = pvm spawn(char *task, char **argv, int flag, char *where, int
ntask, int *tids)
PVMFSPAWN (TASK, FLAG, WHERE, NTASK, TIDS, NUMT)

TMapameTp argv SIBASETCS yKasaTeleM Ha MAacCcHWB apTyMEHTOB 3alayl, KOTOPBIA
JOJDKEeH 3aBepllaThcsl 3HaUeHUEeM NULL. EciaW apryMeHTOB y 3agadyu HeT, NULL
JOJDKHO OBITh BTOPBIM 3IeMEHTOM MaccuBa. Ilapamerp flag MCIIONIB3yeTCS IS
3aJaHMs PEXMMOB BBIIOJHEHMS 3aIyCKAEMOIo IMpolecca, €ro 3HAYeHME PaBHO
CyMMe 3HAYeHUI, IPUBEAEHHBIX B Ta0L. 6.5.

Tabnuya 6.5. 3HaueHUa napameTpa f1lag NOAMPOrpaMMbl pvm spawn

3Ha-

YeHne KoHcTaHTa Onuncanne

0 PvmTaskDefault XocT, Ha koTopom bymeT 3anylieHa nporpamma, Bblbupa-
etca cuctemoit PVM. lMapametpy where B 3TOM cnyvae
JOmkHO ObiTb MpucBoeHo 3HauyeHue NULL B C wunm "*"
B FORTRAN. PVM wucnonbayeT UUKINYECKUIA anroputm
npocMoTpa XocT-Tabnuupl

1 PvmTaskHost XocT, Ha koTopom bygeT 3anylueHa nporpamma, Bblbupa-
eTcs rnosibaoBaresieM

2 PvmTaskArch BmecTo MMeHM xocTa B napameTtpe where ykasblBaeTcs
apxuTekTypa

4 PvmTaskDebug 3anyck 3agaum ¢ otnagumkoM. PakTuyeckasa cCTpoka 3a-

nycka PVM-nporpamMmbl uMeeT B 3TOM cllyyae BUA:
pvm3/1lib/debugger pvm3/bin/ARCH/task [aprymeHTEl]
Otnaguuk 3anyckaetcs U3 komaHgHoro daina debugger
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Ta6nuya 6.5 (okoHyaHue)

3Ha-
KoHcTaHTa OnucaHne
YeHne
8 PvmTaskTrace leHepupoBaTth paHHble TpaccupoBku. OBbYHO UCMONb3Y-

eTcAa nognporpamMmoli-moHutopom XPVM

16 PvmMppFront 3anyckaTb 3agaun Ha OPOHTaNbHOM KOMMbloTepe cucTe-
Mbl ¢ MaccoBbiM Napannenuamom (MPP)

32 PvmHostCompl JononHeHne Habopa XocToB B NapameTpe where

3aMeTnuM, UTO TIPUBEAEHHBIE B TIEPBOM CTOJIOIE TAOIWIIBI YMCNA SBISIOTCS TIPO-
CTO CTENEHSIMHU [BOHKYM, U CYMMHMPOBAHUE 3HAYCHUIN PABHOCUJIbHO YCTAHOBKE
JIBOMYHBIX paspsiioB. MMeHa, conocTaBisieMble YMCICHHBIM 3HAYEHUSIM, COAep-
Katcs B 3arojioBoyHoM (aitne pvm3/include/pvm3.h ni1s nporpamm Ha s3bike C
u B ¢aitne pvm3/include/fpvm3.h nis nporpamm Ha s3bike FORTRAN.

[MapameTp where yKasbiBaeT, TOe ciledyeT 3alycTUTh Mpolecc. B kauecTse numeHUn
XOCTa MOXHO HCITOJIb30BaTh TOUKY, KOTOpasi 0003HA4YaeT JoKaNbHBINM XOcT. Ilocie
3aBepIIEHUs] BBI30BA BO3BpALIAETCS 3HAUEHUE numt — KOJIUYECTBO (haKTHUECKU
3aIyIIEHHBIX IIpouleccoB. Ecim He ymajoch 3alycTUTb HU OMHOIO IIpoliecca,
9TOMY IIapaMeTpy IpUCBaMBaeTcs 3HaYeHne Koja ommnbku. B ciydae ycnemHoro
3aIlycKa 3amad BO3BpalllaeTcsl MACCHB MACHTU(MUKATOPOB YCIELIHO 3aIyIIEHHBIX
3aJa4 tids, a B MOCIEIHUE ntask — numt €T0 BJIEMEHTOB 3alMCHIBAIOTCS KOIBI
omnboK. OmUOKN BO3MOXKHBI CJIENYIOIINE: PvmBadParam, PvmNoHost, PvmNoFile,
PvmNoMem, PvmSysErr M PvmOutOfRes. HOZ[HpOI‘paMMa pvm_spawn MOXET 3aITyCKaTb
3aJa4d ¥ Ha MHOTOIpOoliecCOpHOM KombloTepe. Ilpn pabore Ha CUMMETPUYHOM
MHOIOMNPOLECCOPHOM KOMIIBIOTEPE CJIEAYEeT BBLICHUTb OCOOEHHOCTU pPadOThl
PVM Ha naHHOI apXMTEKTypeE.

B OC UNIX noamporpamma pvm spawn MPH 3aMycKe TOAYMHEHHBIX 33134 Tepe-
IaeT UM TIEPEeMEHHYIO OKPYXXEeHUSI PVM EXPORT, KOTOPasi, B CBOIO OUepe/ib, TAKXKE
CONEPKUT MMEHA TIePEMEHHBIX, MepeaaBaeMbIX TOTYMHEHHBIM 3a1a4aM.

O6meH coobLeHnamun

B PVM mnepenaua coobiieHusi BHITIONHSETCS 3a TpU 11ara. Ha mepBoM cosmaeTrcst
Oydep mepemaum (I 3TOTO UCHONB3YIOTCS MOANPOTPAMMBI pvm initsend WU
pvm mkbuf). 3aTeM AaHHble ULl cOOOLIEHUS YMakoBblBalOTCS B Oydep. HaHHbIE
MOTYT OBITh Pa3HOTHITHBIMU, B 3TOM CJIy4ae MCIIOJb3YeTCS] MHOTOKPATHBIN BHI30B
nonmnporpamMm pvm pk* (B C) win pvmfpack (B FORTRAN) — mo ogHOMY BBI3OBY
JUTS KaKIOW TOpUUKM HaHHBIX. [lociegHuii 1mar — oTmpaBKa COOOIIEHUS ¢ ITO-
MOIIBIO BBI30BA MOAMPOTPAMMBI pvm send WX APYTON (HAPUMED, pvm mcast).
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IMpreM coOOIIEHNST OCYIIECTBASETCS BHI30BOM TIONMPOTPAMMEl OIOKHUPYIOIIETO
WM HeONoKupylomero npruema. JdanHeie n3 Oydepa mpremMa paciiaKoOBHIBAIOTCS
U MOTYT OBITh WCIIONB30BaHBI B Mporpamme. [lommporpamMma IpreMa MOXeT
MTPUHSTH:

O moboe coollIeHNnE;
O cooblleHKuEe ¢ ONpeaeJeHHbIM TErOM OT J1000ro mpouecca;
O omnpedeneHHoOe COOOLIEHUE OT ONPEASIEHHOIO IIpolecca.

HNmerorcst pyHKUMU NPOBEPKU, C IIOMOLUBIO KOTOPbIX MOXHO OIPEAENUTh, I10-
CTYILUJIO JIM YX€e COOOIIeHuE.

CospaHue 6ydepa
Bydep nepeaaun cozmaercs ¢ MOMOLIBIO MOANPOrPAMMBI pvm_initsend:

int bufid = pvm initsend(int encoding)
PVMFINITSEND (ENCODING, BUFID)

Ecnmu mporpaMMucT MCTIONB3yeT TOJNBKO OAMH Oydep mepemadyn, a 3TO MPOUCXO-
IUT Yallle BCero, eMy JOCTATOUYHO MOMIPOTPaMMbI pvm initsend. OHA BBI3bIBAET-
cs Tepen YNakoBKOW MaHHBIX B Oydep. Bbi3oB mommporpammbl pvm initsend
ouninaer Oydep mepemadr, MOATOTABIWBAS €ro IS YITAKOBKU HOBOTO COOOIIE-
Hus. [lapameTp encoding TTO3BOJNSET yKa3aThb METON KOAMPOBAHMS TAHHBIX TPU
oOMeHe B TeTepOTeHHOI Mo ¢dopMaraM MaHHBIX ceTH. MmeHTHdUKaTop HOBOTO
Oydepa Bo3BpalaeTcs B mapaMeTpe bufid.

B PVM ucnonb3yiores clienyiolne METOAbl KOINPOBAHUSI:
O pvmbataDefault (Miau 0) — MeTom, UCIONB3YeMbIii Mo yMomuaHuo (XDR);

O pvmbataRaw (MW 1) — Tlepemavya JaHHBIX 6e3 KOTUPOBAHUS, KOTOPYIO CIemyeT
HCIIOB30BaTh MpU paboTe B OAHOPOTHOM KiacTepe. B 3ToM ciydyae MOXHO
COKOHOMHUTb Ha OMepalMsaX KOIMPOBAHMS IPHU YIIAKOBKE U pPacIlaKOBKe
JTAHHBIX;

O pvmbataInPlace (MMM 2) — JHaHHEBIE OCTAIOTCI HA CBOWX MECTaX B MTAMSITH, YTO
MTO3BOJISIET YMEHBIINTh 3aTpaThl Ha YITAKOBKY. bydep mepemaum comepXut
TOJIGKO pasMep TepeaaBacMbIX JAHHBIX W yKasaTelu Ha ux ampeca. [1pu BbI3o-
B pvm send JJAHHBIE KOMUPYIOTCS HETIOCPEACTBEHHO U3 TTAMATH, U3 TEX siUeeK,
KOTOpBIE OHHM 3aHMMalOT. [Ipy 3TOM KOJIMYECTBO OIlepalldii KOMUPOBAHUS
yYMEHbIIIaeTcsI, HO MporpaMMa He MOKHA MOAU(HUIMPOBATh JTAHHBIE B IPO-
MEXYTOK BPEMEHU MEXIY YIIaKOBKOW JAHHBIX U MOMEHTOM X nepemauu. Ta-
KYI0 BO3MOXHOCTb MOXHO UCIIOJIb30BATh AJIs1 TOTO, YTOObI IPUMEHUTDH OIepa-
LIMIO YIIAKOBKY OAMH pa3, HO IEepelaBaTh MOC/IE 3TOro JaHHbIe HEOMHOKPATHO.

[lpy BbIIOAHEHUM OAHHOW IOANPOrPaMMbl BO3MOXHBI OLIMOKU PvmBadParam
7 PvmNoMem. KOIBI OIIMOOK BO3BPAIIAIOTCS B TTapaMeTpe bufid.
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YnakoBKa gaHHbIX

IMoanmporpaMMbl YIAaKOBKHU "yKIAABIBAIOT', B OOIIEM Cly4ae, MACCUB JJAHHBIX OII-
penejeHHOro TUTA B aKTUBHBIN Oydep mepemauu. ITpu opMupoBaHUN OFAHOTO
COOOIIEHUS STU MOANPOrPaMMBbl MOKHO BBI3BIBATH MHOTOKPATHO, YTO IO3BOJISIET
rnepenaBaTb B OJHOM COOOIIEHWM PA3HOTUIIHbIE AaHHble. MOXHO IepenaBaTb U
CTPYKTYpHI s3bika C, YIaKoOBBIBAas WX WHAWBUAYAJbHBIE 3JIeMEHTHI. CIIOXHOCTD
coobueHnii B PVM mouctuHe GesrpanmyHa!l PacmakoBKa M0KHA BBIITOTHSITHCS
TOYHO B TOM K€ MOPAAKE, YTO U YIIaKOBKA.

AprymMeHTaMu KaxJ0U MOAMpOTrpaMMbl SIBISIIOTCS yKa3aTelu Ha TEPBbIN 2JeMeHT
JAaHHBIX (cp). [lapaMeTp nitem 3amaeT oOIee KONMUYECTBO BJIEMEHTOB MAaCCHUBA,
MOMIEXAlIUX YIAKOBKe (3TO KOJMYECTBO HE 00S3aTeNbHO COBMANACT C UMCIOM
3JIEMEHTOB MaccuBa); stride — TapaMeTp-"TpebeHKa". 3HaUeHNEe stride = 1 CO-
OTBETCTBYET YIIaKOBKe HETMPEPBIBHOTO BEKTOpa, €ClIN stride = 2, YITAKOBBIBAIOTCS
(v TepenaioTcs) 3MEMEHTHI TIepBBIA, TpeTwit W T. M. [Tommporpamma pvm pkstr
YIIaKOBBIBAET CUMBOJIBHYIO CTPOKY, KOTOpasi 3aKaHYUBaeTCsl NULL, B 3TOM cliyJae,
pasymeercs, ImapaMeTphl nitem M stride He HYXHBL. B C mMmeercs Habop moarpo-
rpaMM YIAKOBKU JJIST KaKAOTO THNA JAHHBIX:

int ierr = pvm pkbyte(char *cp, int nitem, int stride)

int ierr = pvm pkcplx(float *cp, int nitem, int stride)
int ierr= pvm pkdcplx(double *cp, int nitem, int stride)
int ierr = pvm pkdouble (double *cp, int nitem, int stride)
int ierr = pvm pkfloat (float *cp, int nitem, int stride)
int ierr = pvm pkint(int *cp, int nitem, int stride)

int ierr = pvm pklong(long *cp, int nitem, int stride)

int ierr = pvm pkshort (short *cp, int nitem, int stride)

int ierr = pvm pkstr(char *cp)

PVM conepxut Takke MOAMPOTPAMMY YMAKOBKU pvm packf, KOTOpas WCTONb-
3yeT IJIsI ONMMCAHMSI CXEeMBbI YIIAKOBKU AAHHBIX (popMaT B Iyxe onepaTopa printf
a3bika C.

B a3sike FORTRAN ymakoBKa TaHHBIX Pa3HBIX TUTIOB BBITIONHSIETCS C ITOMOIIBIO
OJIHOI TIOJMPOrPAMMbBI PVMEPACK:

PVMFPACK (WHAT, XP, NITEM, STRIDE, IERR)

TMapameTp xp 3amaeT TMepBHII BIEMEHT yIakKoBbIBaeMoro Maccuba. Eciu ymaxo-
BBIBAeTCS CTPOKA CUMBOJIOB, ee IJIWHA JOJDKHA OBITh 3aJaHa 3HAuYeHWeM Tiapa-
MeTpa nitem. ITapamerp (lLIeJTOYMCIEHHBIN) what 3amgaeT TUT AaHHBIX. Homycka-
I0TCS 3HAYEHWSI, TPUBEIEHHBIE B Ta0J. 6.6.

Kounpl omunbok, KOTOpble MOIYT BO3BPALLATHCH IPU BbIIOJHEHUM IOANPOrPaMM
YIIaKOBKU, — PvmNoMem U PvmNoBuf.
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Tabnuya 6.6. [JonycTuMble 3HaueHUA napameTpa what
B rioAnporpamMme PVMFPACK

YncnoBoii YncnoBoii
Tun paHHbIX Twun paHHbIX
naeHTndnkaTtop naeHTndpnkaTtop
STRING 0 REAL4 4
BYTEL 1 COMPLEXS8 5
INTEGER2 2 REALS 6
INTEGER4 3 COMPLEX16 7

I'Iop,nporpaMMbl nepepaviv v npnema gaHHbIX

Ilepenaua cooOuieHMsT M3 aKTUBHOTO Oydepa BBINOIHIETCS IOAIPOrpaMMOi
pvm_send:

int ierr = pvm send(int tid, int msgtag)
PVMFSEND (TID, MSGTAG, IERR)

31ech tid — MAeHTUhUKATOP agpecara, msgtag — HeOTpUIIaTebHOE Liejioe 3Ha-
YyeHHe Tera COOOIICHMS, KOTOPOC Ha3Ha4yaeTCd IIPOIrpaMMICTOM, a4 ierr — KOI
3aBECPIICHUA. B ciay4dyae YCHCHIHOﬁ nepeaadyn BO3BpAINACTCSa HYJIEBOC 3HAYCHUC
KOJ4a 3aBCpLICHUA, a4 B Cl1ydyac OLLIUOKU — 3HAYeHUs PvmBadParam, PvmSysErr WIN
PvmNoBuf.

B PVM ucnonb3ylorcsl HECKOJIBKO METOIOB IpueMa coobiuneHuit. CooblieHue
MOXET OBITh MPUHATO 0O MOANpPOrpaMMOIl IpUeMa, HE3aBUCUMO OT TOTO,
KaK oHO Obu10 ormpasiaeHo. [loanporpamMma pvm recv BBHITIONTHSET OIOKWPYIOIIWIT
MpUeM COODIIEHHS OT Mpoliecca ¢ YKa3aHHBIM MAeHTUdUKATOpOM (tid):

int bufid = pvm recv(int tid, int msgtag)
PVMFRECV (TID, MSGTAG, BUFID)

Ecnu sHauenme mapamerpa msgtag paBHO —1, OHO MTpaeT pojib "mKokepa" st
Tera cooOlIeHus, a "IKOKepoM" sl UCTOYHMKA SBJsETCS 3HayeHue —1 mapa-
metpa tid. Ilepen mpuemom cooOieHus Oydep npuema ouninaercs. Kog ommo-
KU PvmBadParam BO3BpAIaeTcs, €CAM HENMpaBWIbHO YKa3zaH WACHTHHUKATOD
3a0a4M.

PacnakoBka gaHHbIX

PacmakoBka maHHBIX K3 IIPUHATOIO coo01IeHNS OCYHICCTBIIACTCA MOAIIPOrpam-
MaMHu:

int ierr pvm_upkbyte (char *cp, int nitem, int stride)

int ierr = pvm upkcplx(float *cp, int nitem, int stride)
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int ierr = pvm upkdcplx(double *cp, int nitem, int stride)
int ierr = pvm upkdouble (double *cp, int nitem, int stride)
int ierr = pvm upkfloat (float *cp, int nitem, int stride)
int ierr = pvm upkint (int *cp, int nitem, int stride)

int ierr = pvm upklong(long *cp, int nitem, int stride)

int ierr = pvm upkshort (short *cp, int nitem, int stride)
int ierr = pvm upkstr(char *cp)

Hasnauenne mapameTpoB 3THUX TOAMPOTPAMM COBITafaeT ¢ HasHAYeHWEM Tapa-
METPOB COOTBETCTBYIOIINX TTOAMPOrpaMM YIAKOBKU. B moamporpamMe pvm unpackf
WCIIOIB3YeTCsT omucanue ¢popMara AaHHBIX, MOMOOHOE OMeparopy printf S3bI-
ka C. B sa3pike FORTRAN pacnakoBka ocylIecTBAsIETCS MOANPOrpaMMOii:

PVMFUNPACK (WHAT, XP, NITEM, STRIDE, IERR)

ApI‘YMeHT xp SIBJISIETCS MAaCCUBOM, B KOTOpBIfI BBIMTOJHAETCA PacIlaKOBKA. HCJ’[O-
YUCIeHHBINA TmapaMeTp what 3aJa€T TUIN PACTTaAKOBBIBAEMBIX TAHHBIX. an/I BBITIOJI-
HEHUU oOlepallun pacimakoOBKM BO3MOXHBI OITNOKMN: PvmNoData, PvmBadMsg W
PvmNoBuf.

Kopabl olun6ok

Huke mpuBOINTCS CTIMCOK HEKOTOPBIX OIMMOOK, KOABI KOTOPHIX BO3BpaIllalOTCS
noanporpammaMmu PYM:

O pvmSysErr (—14) — He oTBevaeT NeMOH pvmd;
O pvmBadParam (—2) — HEKOpPPEKTHOE 3HAUEHUE MapaMeTpa;

O pvmNoHost (—6) — yKasaHHBIA XOCT HE BXOAWT B COCTaB BUPTYaIbHOM Ma-
LIKHBI;

PvmNoFile (—7) — He ymaeTcsl HAWTH MCITONHSIEMbIA (haiill IporpaMMel;
PvmNoMem (—10) — HemOCTaTOYHO MaMSITH IS 3aITycKa IIpoliecca;
pPvmOutOfRes (—27) — mIs 3aIycKa Mpolecca He XBaTaeT pecypcoB;

pPvmNoBuf (—15) — OTCYTCTBYeT aKTUBHBII Oydep mepesaun cooOLIeHUs;

0 [ I [ [y

PvmNoData (—5) — MONBITKA UTEHUS MOCIe JOCTIKEeHUs KOHIA (aiina. O6bu-
HO Takas ollInOKa BO3HUKAeT, ecli U3 Oydepa cUUTHIBAETCS OONbIIIe TaHHBIX,
YeM TaM HaXOoUTCH;

O pvmBadMsg (—12) — noidyuyeHHOe coolllIeHe He MOXET OBITh PacKOIUpPOBaHO.
OOBIYHO CBSI3aHO ¢ HEMPABUJIbHBIM YKa3aHHUEM IapaMeTpoB B IOANPOrpaMMax
YIIaKOBKM.
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CxopgctBo M pasnuune PVM n MPI

B cpene pazpaboTunkoB napajjlelbHBIX MPorpaMM HepeaKUu CIOphl O TOM, Kakas
cucrema Jyuiie, MPI unu PVM. OcobeHHO 4acTo BO3HUKAIOT IOA00HbBIE 00CYXK-
JIEHUsl cpey HauMHaIoIIKUX MporpaMMucToB. IIpy cpaBHEHUU 0Oeux cHUcTeM vac-
TO JIOMYyCKAlOT olUOKy, cpaBHMBas crneundukaunio MPI ¢ peanuzauuein PVM.
Hns crenudukalii 1 cTaHAAPTOB XapakTepHa MeHbIasi TMOKOCTb, YeM ISl UX
peanuzauuii. B cnenudukanusx MPI onuckiBaloTcsl BO3MOXHOCTH, KOTOPBIE pe-
KOMEH/IYyeTCsl BKJIIOYaTh B BO3MOXHbBIE peanusaunu. JleTaipbHoe cpaBHeHUEe o0erx
CHUCTEM BBIXOAMT 34 paMKW Halled KHUIM, €r0 MOXHO HAlTH B CHELUa]bHbIX
nyOonuKalusxX, MOCBIIIEHHbIX HApaUIeIbHOMY IPOrpaMMUPOBAHNIO, HO HEOONb-
1IOM CPaBHUTENbHBIN 0030p 37€Ch YMECTEH.

Tak uyto xe BbiOpaTh: MPI unu PYM? [Ins1 Toro yto6bl BbiOOpP ObL1 IIPAaBUIbHBIM
U TOYHBIM, CIEIYeT Y4YECTb, YTO aBTOPbl OOEMX CUCTEM CTaBWJM Mepen coboi
pasHbie uenu. B ornuume or PVM, KoTopas ¢ caMoro Hauajga pa3BuBajach B
paMKax uccienoBaTe/bckoro mnpoekrta, cnenudukainus MPI paspadarteiBaeTcs
KOMUTETOM, COCTOSIILIMM U3 CIEIUATUCTOB B 00JIACTU BBICOKOMPOU3BOAUTENbHBIX
BBIYUCIEHU I, KOTOpblE aKTUBHO PabOTAIOT KaK B UCCIEN0BaTEJIbCKUX OpraHM3a-
LUIX, TAK U B IPOMBILIIEHHOCTU. OTHOPAaBHON TOYKON AEATENbHOCTH KOMUTETa
MPI Forum 06bul0 TO, YTO KaXIblii IPOU3BOAUTE]b MYJIbTUIIPOLECCOPHBIX CUC-
TeM OOBIYHO co34aBaj COOCTBEHHYIO cucTeMy obOmeHa cooOlueHusiMu. B atom
clyyae He MOIJIO ObiThb U PeYd O COBMECTHMMOCTH IIPOrPAMMHOIO OOECIICUCHMUSI.
CoBMECTUMOCTb MOT Obl 00ECIIEYUTh TOJIBKO CTAHAAPT UISI CUCTeMbl 0OMeHa co-
obieHusiMu. Bo rnaBy yrna nestenbHoctTd MPI Forum Oblia nosoxeHa 6opboa
3a MPOU3BOJAUTEIBLHOCTb, KOTOPYIO MOJIEPKUBAIU TPOUIBOAUTENU CYIEPKOMIIb-
forepoB. C yyeToM 3Toro He yauBuTeNbHO, yTo MPI nmo3BosisieT nmoutu Beeraa (HO
He Bcerma) obecrmeyuTb 00Jee BbICOKYIO IPOM3BOAMTENBHOCTb HA MAaCCHBHO-
napajuieabHbix cuctremax (MPP), yvem PVM.

MPI Forum He OpMEHTMPOBAICS HA KOHKPETHbIE MPUIOXKEHUSI, 3aHUMAsICh CO3-
JaHWeM CTaHAapTa CHCTEMbl HapaiebHOro nporpammupoBaHus. Ilpu 3ToM B
KEPTBY CTAaHIAPTU3ALMM OTYACTU ObLIA MpUHEceHa PYHKIMOHAIbHOCTb CUCTEMbI
(moTepsi YHUBEPCATbHOCTU MOYTH HEM30eXHA MPU BbIPAOOTKE JII0OOro CTaHAApTa).

®opym MPI nexmapuposan n 3apuKcupoBai B crielndUKAIIAN Psi Heel, HeKo-
TOPbIE U3 HUX NPUBEIEHbl HUXE.

O MPI nomxHa ObITh OMOAMOTEKON, MPUTOAHON IS Pa3paboOTKKU MapajiebHbIX
MPUKIATHBIX TMPOrpaMM, a He pachpeaeeHHONW cpedoid BbITTOJHEHUS WU
pacnpeneneHHON OnepalMoOHHON CUCTEMOM.

O MPI He opueHTUpYeTCS Ha MHOTOIOTOYHBIE PeaTu3allii, XOTS W JOIyCKaeT
nx. besomacHocTh paboOTHl B MHOTOIIOTOYHON cpefe TMoApa3syMeBaeT OTCYTCT-
BM€ TaKuX CYLIHOCTe, KaK aKTHUBHBI Oydep Wi aKTUBHOE COOOILEeHHUE
U T. 1.
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O MacmTadbupyeMocTh U KOPPEKTHOCTh KOJIEKTHBHBIX OTEpaldii MOTYT OBITh
3¢ (HEeKTUBHO pean30BaHbI, TOJbKO €CIH TPYIIIB MPOIECCOB SIBIAIOTCS CTa-
TUYECKUMU.

O MPI nomxHa O6bITh MOAYJIBHOM CUCTEMOI, YTO MO3BOJSIET YCKOPUTh pa3paboT-
Ky MEPeHOCHUMbIX MapajlienbHbiXx 0ubnuorek. CiaeacTBUeM 3TOTO SBJSETC TO,
YTO CChUIKM JOJKHBI OTHOCHTbCI K MOMYJIO, a He KO Bcell mporpamme. [lpo-
LIECChI-UCTOYHUKU U aapecarbl NOJKHbI 3aAaBATbCS PAHIOM B IpYIe, a He
a0CONIIOTHBIM uAeHTUbUKaTOpoM. KOoHTEKCT oOMeHa AOKEH OBbITh CKPBIT OT
MporpamMMucTa.

O MPI nomxHa ObITH pacliMpsIeMOl CUCTEMOHN, UTO JaeT BO3MOXHOCTH Pa3BU-
BaThb ee JUIsl OyayllUX NMPUMEHEHUH. DTO MPUBOAUT K OOBEKTHO-OPUEHTUPO-
BaHHOMY CTWJIIO MPOrpaMMUPOBAHHUS B DTOH cuCTeME, XOTSI U 0e3 MCIO0Jb30-
BaHUS 00BEKTHO-OPUEHTUPOBAHHBIX S13bIKOB. /151 3TOro TpedyloTCs onepaluu
¢ 00beKTaMM, YTO SBJSIETCS OJHON M3 MPUUYMH OTHOCUTEIBHO OOJIBIIOTO YKC-
Ja pynkuuit 8 MPL.

O MPI nonxHa B Kakoii-To CTElEHU IOAJEPXKUBATh BbIYUCAECHUSI B FETEPOreH-
HOW cpene (ISl 5TOrO0 BBENEH TaKOW OOBEKT, KaK MPI Datatype), XOTSI U HE
TpedyeTcsl, YTOOBI Bce peanu3aldd CUCTeMBbI OBLTUA IeTepOreHHBIMU.

O MPI gomkHo obecrnieunBaTh onpeaeaeHHOe MoBeAeHUE MTPOrpaMM.

Pazpaboruuku PVM u3HauanbHO cTapaiuch clieiaThb MPOrpaMMHBIN U TTOJIb30Ba-
TeNbCKUI MHTepdelic CUCTeMbl MIPOCTbIM U MOHATHBIM. IlepeHocuMocTu oTnaBa-
JIOCh MPEANOYTeHUE Mepen IPOU3BOAUTENbHOCTBIO, MCCASIOBAHUS YYACTHUKOB
MPOEKTA COCPEIOTOUMIMCh HA IMpodiaemMax yaydleHHUS MacluTabUpyeMOCTH, Ha-
JEXHOCTU W IOJEPAKKMU TETEPOreHHbIX BblYUMCAUTENbHbIX cucteM. B PVM npu-
HsSTa JOBOJIBHO TIpocTasi cxema obMeHa cooliueHussMu. B mpoliecce pasBuUTUS
MpoeKTa coxpaHsiack obpaTHast coBMecTUMocTb PVM-miporpaMm, Tak 4ToObl yxke
paboTraniue MpUIOKEeHUsI OCTaBAIUCh PAabOTOCITOCOOHBLIMU U B HOBBIX BEPCUSIX
cucTeMbl (110 KpaiiHel Mepe, B paMKax BTopoil Bepcuu PVM).

C apyroii CTOpOHbI, MOXHO BbLIEIUTH U XapakTepHbie ocobeHHocTu MPI:
O 6oJblloi HA0OP NOANPOrPAMM ABYXTOYEYHOIO OOMEHA;
O 6o0Jblloil HAOOP NOAIPOrPAMM KOJUIEKTUBHOIO OOMEHA;

O uKcno/ib30BAHME KOHTEKCTAa OOMEHA, KOTOPhIK MMO3BOJISIET CO3MaBaTh HAAEKHbIE
OubaMoTeKM Mapajlie]bHbIX IIOAIPOrPAMM;

Q

BO3MOXHOCTb CO3/IaHUS U UCIIOJIb30BAHUS TOIOJOTUN O6MCH3;

O BO3MOXHOCTb CO3JaHHUS IPOU3BOAHDbIX TUIIOB AdAHHBIX, ITO3BOJJAIOLIMUX obme-
HUBATbHCA COO6U_[€HI/I$IMI/I, KOTOPBIE COICPXKAT TAHHDBIC, PACITOJOXEHHDBIC B TId-
MATH HE HEITPEPDBIBHO.

B cneunuduxaiuu MPI-1 He Oblna cranmapTu3oBaHa Mpoilenypa 3amnycka MPI-
MporpaMM B KJiactepax pabouux CTaHLMU, YTO cO3AaBalo MPOOJeMbl ¢ MepeHo-
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cuMocThio. OmHol 13 1esei paspabotkn cnenndukammn MPI-2 610 permrenme
5TOI IPOoOAEMbI C MOMOLLBIO BKIIOUEHUSI HOBbIX (PYHKIIUKA, CPEar KOTOPbIX:

O moamporpaMMbI 3aIycKa IpoleccoB;
O oIHOCTOPOHHME OIepaliMi KOMMYHMKALMKU (put U get);

O HeOJOKUPYIOLIME ONepallii KOJJIEKTMBHOIO 00OMeHa.

B MPI-2 x 128 ¢yukuusgm MPI-1 6buio moGasneno euie 120 ¢yHkuMii, yro
B pe3yjabTaTe Jgajno ropasao Oosee Oorarblii Habop moamporpamm, yem B PVM.
Bwmecte ¢ Tem, moka B MPI HeT Tex mojie3HBIX BO3MOXHOCTEH, KOTOPEIE Mpemoc-
tapisier PVM. BDT1o cpeactsa co3aaHUsl YCTOUYUBBIX K armnaparHbIM cOOsSIM MpU-
JIOXXEHUH, TMHAMIYIEeCKOe OIpele/IeHNe TOCTYITHBIX PEeCypcoB M HEKOTOPLIE ApY-
rme. Crucrema PVM cTponTcs Ha OCHOBE KOHIETIINHA BUPTYATHHON MAIIMHBI,
KOTOpas COCTaB/sIeT 0a3zy MOAMEPKKU IeTepOreHHOCTH, YHUBEPCATbHOCTU U APY-
rux ocodeHHocreil cucteMbl. MPI dokycupyercss Ha 0OMeHe COOOLLEeHUSIMU.

HNurepdeiic MPI pomken ObL1 BOOpaTh MaKCMMAIbHOE KOJMYECTBO KOHCTPYK-
LI, CBA3aHHBIX ¢ OOMEHOM COOOIIEHWSIMA U y4ecTh OCOOEHHOCTH Pa3TUYHBIX
MHOIOIIPOLECCOPHbIX CUCTEM Tak, YTOObI [POrpaMMbl MOIJIM BbIIOJHATbCS Ha
Bcex oTux cucremax. Ilepenocumocts nporpamm B MPI takoBa, uyTo mporpamma,
HanucaHHAs AJ151 ONHOM apXUTEKTYPbl, MOXET ObITh CKOIMPOBAHA HA APYIYIO ap-
XUTEKTYpYy, OTKOMIWIUPOBAHA U 3amyllieHa Ha BbIMOJHEHUE 6e3 MoaubuKaiuu
HUCXOAHOTO Koja. Takyio MepeHOCUMOCTh Moaaepxkusaer 1 PVM, Ho nepeHocu-
MocTb B PVM mnonumaercst B 6osiee mupokoMm cmbicie. [Tporpammbl PVM taxcke
MOTYT KOMITWJIUPOBAThCS Ha PAa3HbIX apXUTEKTypax M 3aMycKaTbcsl Ha BBITIOJHE-
HUE, HO IIpU BTOM OHU MOIYT OOMEHMBATbCS MeEXAYy co0oil maHHBIMH. MPI-
MpOrpaMMa MOXKET BBIIOJHATbCS HA JIOOOH apXUTEKTYype, HO apXUTEKTYpbl XOC-
TOB JOJLKHbI coBnanars. PVM-nporpamma mMoxer paboTaTe Ha PasHOPOAHOM I10
apxutektype kinacrepe. Crneuuduxkanus MPI He 3anpeuiaeT noagepxkky rerepo-
T€HHOTO WCIOJHEHMSI, HO M HE BKJIIOYAET €ro B paspsii obsi3aTeSIbHbIX CBOMCTB.
DTO U TOHATHO — CJOXHO 3aCTaBUTh OJHOTO TMPOU3BOAUTENS TMOXEPTBOBATH
MPOU3BOAUTENIBHOCTbIO CBOEM COOCTBEHHOU CHUCTeMbl paad COBMECTUMOCTH C
CHUCTEMOU Jpyroro mpous3BOIUTEIS.

HCpCZ[ p213pa6OT‘{I/IKOM CHCTEMbI OOMeHa COOOIIEHUSIMU BCETAA CTOMT AWIEMMa:
YHUBEPCAIBbHOCTb MJIN HpOI/ISBOI[I/ITCI[I)HOCTB? I[OCTI/I‘{B MaKCUMaJIbHOU ITPOU3BO-
JUTCJIBbHOCT MOXHO, HCIIOJIb3YyS OCOOEHHOCTH KOHKpCTHOﬁ APXUTEKTYPbI, HO
9TO JIMIIACT CUCTEMY YHUBECPCATIBbHOCTH.

B PVM npousBoauTelbHOCTh OTYACTU IMPUHOCUTCS B KE€PTBY TMOKOCTH M YHU-
BepCaIbHOCTH CUCTEMBI, KOTOpas JOJKHA MOIAEPKNBATh TeTePOTeHHOCTh B MaK-
cumanbHoi crereHu. Tpu BHITIONIHEHUN OOMEHOB JIOKATHHO (Ha OTHOM KOMITBIO-
TEpe) WM MEeXIy KOMIBIOTepaMU C OAMHAKOBON apXuTeKTypoii, PVM ucnonb3sy-
€T COOCTBeHHbIE (PYHKIIMH KOMMYHUKALUMU ISl JAHHOM CUCTeMbl, KaK, BIPOYEM,
u MPI. O6MeHbl MeXIy cucTeMaMu ¢ pasHol apxutekTypoil B PVM peanusyior-
Csl Ha OCHOBE CTaHAAPTHBIX CETEeBBIX MPOTOKOJOB. JIJjisi BbIOOpa MexaHu3Ma Tepe-
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Jayu coobuieHns: PVM nmokHa BBITTOJTHUTL JOTONMHUTENBHYIO paboTy, YTO CHU-
JKaeT MPOU3BOJUTEIbHOCTb CUCTEMBI.

Nmeerca pasnuune mexkny PVM u MPI B opranuzaimy MexXbsI3bIKOBOTO B3au-
mogeiictBusi. B PVM Bo3aMOXHO B3amMOAEHCTBUE MEXAY MporpaMMmaMu, HaIlM-
canHbpiMu Ha g3blkax C 1 FORTRAN. B MPI sto B3aumopneiicTBue He TOmIep-
xuBaetcsl. [IprurHa — CJIOXHOCTb COIJIACOBAaHUSI MPOTPAaMMHBIX HHTepdeiicoB
000UX SI3BIKOB.

Ecnau roBoputh 00 yIpaBlieHUM pacnpeleseHUueM pPecypcoB, CleayeT OTMETUTb
JuHamuueckuit xapakrep PVM. KoHdurypaiusi BUpPTyabHON MalllMHbI MOXET
U3MEHSITbCSl TMHAMMYECKM, KaK BPYUYHYIO, TaK M W3 MPUKIAIHONW MpOrpamMMbl.
DTo JaeT BO3MOXHOCTb IPOrpaMMUCTY IIOJIHEE pealM30BaTh JMHAMMYECKHU cOa-
JIAHCUPOBAHHYIO 3arpy3Ky XOCTOB, YCTOMUYMBYIO pabOTy IPOrpaMMbl.

IMoTpe6HOCTY MPUKIATHONW MPOTPaMMBI MOTYT MEHATHCS B IpPOIIECCe €€ BBITON-
HeHus. Jng 3¢heKTHBHOTO UCTIONbh30BaHUS BBIUUCINTEIBHOTO KOMIIeKca Heob-
XOAMMO, YTOOBI cHcTeMa obOecreuyrBaga TMOKUI KOHTPOMb NMPUMEHEHUS U pac-
npeneneHus pecypcoB. IlporpaMma MoXeT 4yacTb BpeMeHU pabdoTaThb B PEKUME
[OC/IEI0BATEIbHOTO BBIMOJHEHMS, & B KAKHE-TO MOMEHTbl BPEMEHM €l MOLyT
noTpedboBaTbcsl JOMOJHUTENBHBIE MPOLECCOPBl 11 UCIIOJHEHUST MapaiebHOR
yacTu Koja. B 3ToMm cjyyae He CTOUT cpasy 3arpykarb MHOXECTBO MpPOLIECCOPOB
OIHOW 3amayveif, TOpas3mo BHITOTHEE M3MEHSTD 3arpy3Ky MapaliebHON CUCTeMBI B
XOJIe BBIMOJHEHUsT porpaMMbl. [1of100HbBIE CUTYallMM YacTO BCTPEYArOTCsl B MPO-
rpammupoBadHuu. B MPI HeT cpencrs, obecneuuBaiomiux Takyl AMHAMUKY, 3TO
cTaTMyeckas 1mo cBoeil mpupojae cucreMa. CTaTUYHOCTDb SBJSIETCSI B OTOM Ciaydyae
IUIATOM 3a MpOU3BOAUTEIbHOCTb. Bupryanbnas mamuHa B PVM spasiercss aber-
paklMei, CKpbIBalOLIEH B OOILEM Cllyyae PasHOPOAHYIO CUCTEMY U I[1O3BOJISIO-
LIYI0 YIPaBISIThb pecypcaMu BbIUMCIUTENbHON cucTeMbl. BMecre ¢ Tem, mpu He-
00XOJMMOCTH, MPOrPAMMUCT MOXET OTKa3aThCsl OT MCIOJIb30BaHUS abCcTpakuuu
CaMoTo BBICOKOTO YPOBHSI, MepexoJsl K 0ojiee TOHKOHW aeTaiu3aunu (Harpumep,
BBIOUpas AJsl 3amycka XOCT ¢ ompeaefeHHON apxutekrypoit). Crneuudukanus
MPI He noanepxuBaeT abCTparMpoOBaHMS TAKOIO POJa, OCTABIAS IPOrPAMMUCTA
HaeauHe ¢ MpobJeMoil yIIpaBiIeHUsl pecypcaMu.

MPI npeanaraer apyroil Bui aGCTpaklMd — TOIOJOIUI0O OOMEHOB, KOTOpas SIB-
JII€TCSl HAACTPOMKON Hal MHOXECTBOM MOCTYIHBIX BBIYMCIUTENbHBIX PECYypPCOB.
Tomnosorus gBasgercs JOrMYECKOi, T. €. OHA OOYC/IOBAeHA JOTMYECKOU CTPYKTY-
poil anropuT™Ma ¥ cXemoii oOMeHa NAaHHBIMM B KOHKPETHOIl 3amadye. B coorBercT-
BUU C TOIOJOTHEN BBIMOJHSIETCS TMepeynopsiiouMBaHue Moa3anady, OTHOCSIIIUXCS
K mapajijienbHoit pukianHoit mporpamme. B PVM Takoit BO3MOXHOCTH HET.

YcroilunBocTh paboThl SIBASETCS BAXXKHBIM TPeOOBAHUEM, MPEAbSBISIEMbIM K IIPO-
rpaMMaM ¢ OoNbIIMM BpeMeHeM BbeIToNMHeHUs. [lpemcraBpre cebe: mporpamma
paboTaeT HECKOJbKO JHEH M 3a TATh MUHYT IO ITOJYYEHHS] BaKHOTO pe3yjbTaTa
MTPOUCXOMUT cOOil B cucTeMe. Pecypchl moTpadeHsr 3psi, a padoTa Hal UCCIeI0Ba-
TEILCKUM IPOEKTOM oOTOpackiBaeTcsT Hazam. Yem Oombliie BpeMsT BBHITIOJTHEHUS
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MporpaMMBl U YeM OOJIbIIIe JJISI ee BBITIOJHEHUS UCTTOIB3YeTCsT MPolecCopoB, TeM
BaXKHEE YCTOMUYMBOCTb CUCTEMBI, MOCKOJBKY BO3PACTAET BEPOSITHOCTb BO3ZHUKHO-
BeHUs1 cOos. st obecrieyeHusT ycTOHUMBOM paboOThl cucTeMa AoJKHA 00NanaTh
cpeacTBaMu cOopa uHbOpMalUM O KOHGUTYpaluUUu, CPEeicTBaMU OmNpeaeaeHust
armapaTHBIX U TIPOrpaMMHBIX cOOeB U T. II.

B PVM umeercs MexaHU3M YBEIOMJIEHUSI 00 OCOOBIX CUTyallUsIX, KOrga cuctema
coo0laer 3ajaye o0 U3MEHEHMU COCTOSIHMSI BUPTYaIbHOW MAallMHBI UM OO aBa-
PUIHOM 3aBEepILEeHUM Ipoliecca. YBEJOMJIECHMEM SBJSIETCS CIeLMATIbHOE CO00-
LIEHME U MPOrpPaMMUCT MOXKET MPEAyCMOTPETb COOCTBEHHYIO PEaKIIUIO Iporpam-
Mbl Ha TO MJM MHOE coObiTe. MOXHO mpuBeCTH M Apyroi mpumep. OmuH u3
MPOLIECCOB MOXET UIpaTh OCOOYIO poNb, SIBISSICh, HallpuMep, cepBepoM. Ecnn
XOCT, Ha KOTOPOM BBINIOJHSIETCSl 3Ta 3ajlaya, Mo KakKoW-To MpUUYKMHE MepecTaer
paborarb, mporpaMmmMa, MojyuuB COOTBETCTBYIOIIEE YBEIOMIIEHWE, MOXET 3aryc-
TUTb cepBep Ha Apyrom xocte. Ilpu M3MeHeHUU KOHGUTypaluu BUPTYaIbHOM
MalllMHbI MOXET OBbITh MPEIyCMOTPEHO U TMPOrpaMMHOE TepepaclipenesieHue pe-
cypcoB. D10 obecneunBaeT 3¢G@EKTUBHOE BBIIOJHEHUE MapaienbHoii PVM-
MIPOTrPAMMBI.

B PVM umeeTcsi MexaHU3M yBEeIOMJISCHUI O IpOLUeIIINX COObITUSIX. 3a1aya Mo-
2KET C IIOMOUIbIO 3TOI0 MEXaHM3Ma OMPENEIUTb, HAIPUMEDP, 3ABEPILUMI JU KAKOKH-
TO Tipouecc padory. MoxeT ObITh MOAYYEHO YBeIOMJIeHHE U O Ao0aBleHUU
B BUPTYaIbHYIO MalinHy HoBoro xocra. B MPI-1 takux Bo3MoXxHocTeil Her, a
B MPI-2 BxiioueHa nmoaaep:kka MexaHu3ma yBeaomaeHuil. Ilpuuyuna orcyTcTBUs
B MPI cpenctB obecrieyeHusi ycTOHYMBON pabOThI U yBeJAOMJIEHUN 00 0OcOObIX
COOBITUSIX — CTAaTUUYECKUit Xxapaxkrep rpynn mnpoiieccoB MPI-1. B astom ciyuae
napajuiejbHasg IporpaMMa cpasy XKe 3alyCcKaeTcsl Ha BbIIOJHEHUE KaK KOJUIEKTUB
B3aUMO/EHCTBYIOIIMX MPOLECCOB, W €CIM OAMH M3 ITUX IIPOLECCOB aBAPUINHO
3aBEPIIUT CBOI0O PabOTy, 3aBeplIUTCS padboTa M Bcell mporpammbl. Crarnyeckast
peanu3auus IpyIIl CJelyeT €CTECTBEHHbIM 00pazoM U3 CUCTEMbl IIPUOPUTETOB
npu paspadorke MPI — Ha mepBoM MecTe NMpPOM3BOAMTENLHOCTh. B 3TOM ciydae
S5KOHOMMUSI JIOCTUTAETCSl 3a CUET OTKa3a OT CPeJCTB MOHMTOPUHIA (HaOMIOAEHUS)
3a cocTosgHUEM cHcTeMbl. KoH(UTypalius TpyImbl MpoLeccoB U3BECTHA C CaMOTO
Hayana.

Cuctema PVM cTpouTcd Ha OCHOBE KOHLEILIMU BUPTYATbHON MAIIMHBI, KOTOPAsT
COCTaBJIsIeT 0a3uC MOMACPXKKU TeTePOreHHOCTH, YHUBEPCAIbHOCTU U APYIUX OCO-
oeHHocreil cuctembl. MPI doxycupyercss Ha oomene coobuieHusiMmu. Ilpu 3amyc-
ke nporpammbel MPI co3naercss yHUBepcanbHblil KOMMYHUKATOP MPI COMM WORLD,
B COCTaB KOTOPOTO BXOAAT BCe 3amylleHHBIe mpoliecchl. [lpm dhopmupoBanumn
HOBOI TpyImIbl IMpoueccoB (00JacTU B3aUMOJEHCTBUSI) BBIMOMHSIETCS CUHXPOH-
HbIl BbI30B HEOOXOAMMBIX MOJAMPOrpaMM, Pe3yJbTaTOM KOTOPOTO SIBJSIETCS CO3-
JlaHWe HOBOTO KOHTeKcTa obMeHa. B Takoii cxeme cozmaHus TPYNIBl He Tpebyer-
cs ydyacTue clelMaJbHOro ceppepa (wiM AeMoHa). KoHTeKCT paspyluaercs Impu
3aBeplUeHUM paboOThl XOTSA Obl OJHOIO Mpoliecca U3 BHOBb CO3NAHHOTO KOMMYHM-
karopa. Ilpu paspabdorke cneumbuxanuuy MPI Obulo pelieHoO, 4TO reHepauus
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VHUKATBHBIX TEroB KOHTEKCTOB OOMeHa B pPasHBIX TPYMTaXx MOXeT HaHEeCTH
yiepd IMpOU3BOIUTENBHOCTH CUCTeMBI. BMecTe ¢ TeM, HalW4YMe OIMHAKOBBIX Te-
TOB JeqaeT oOMEHBI B PasHBIX TPYIIaxXx HeOe30MacHBIMHM M3-32 BO3MOXHOCTH WX
IepecedeHnsl, TO3TOMY M OBbIIM BBEICHBI MHTEPKOMMYHUKATOPBI, KOTOPBIE 0bec-
MTeYNBAIOT 0E30TMacHBI MEXTPYNIIOBOM OOMEH, IO3BOJIASA IpolleccaM "MOTOBO-
puthcs” O KOHTeKcTe oOMmeHa. HamomMHuM, 4YTO 3TOT OOMEH Bcerga IBYXTO-
YEeYHBIH.

Hcnonb3oBaHue aAByx TUIOB KoMMyHukaropos B MPI sBisiercs mnaroit 3a orcyr-
CTBUE CNELMANbHbIX JI€MOHOB, OOCIYXUBAIOIIUX 0OMeH coollieHusiMUu. Kommy-
HMKATOPbl SIBISIOTCSA CTaTUYECKMMHU OObeKTamM. Eciu Mo Kakoii-To HmpuuuHe
B paboTy mporpaMMbl MPUBHOCUTCI AMHAMMKA (HalpuMep, MpPOLECcC BbIObIBAET
13 IPYIIIbL), e paboTa MOXKET HOTEPITh JETEPMUHU3M.

I'pynnel B MPI1 u B PVM sBis1oTcs pasnuyHbiMUA OObEKTaMU, XOTI U MUMEIOILU-
MU OTIpe/ieJIeHHOe cXomcTBo (HampuMep, B MPI ampeca mpolreccoB ompenensoT-
csl OTHOCUTENIbHO TpyInbl, a B PVM oHu sBsItOTCA aOCOMIOTHBIMU W 3aJal0TCS
B TepMUHAX UJEHTUDUKATOPOB 341a4).

B PVM, Gnarogaps Haau4uioo AEMOHOB, HECJOXHO CO3AaThb YHMKAJIbHBIN KOH-
TEKCT oOMEeHa, 4TO MPUBOJAUT K Oojiee MPOCTOM U YHMBEpPCATbHOU MOJAENU KOH-
TekcTa. MMeloTcsl cpencTBa co3aaHusl KOHTEKCTa U padoThl ¢ HUM. OTU CPeacTBa
noxoxu Ha cpeacrsa MPI. Ilpu coszgaHuu rpyIiibl IPOLIECCOB OHA HAAEISIeTCs
YHUKAQIbHbIM KOHTEKCTOM, M HET HEeoOXOOMMOCTM CO3[aBaTb TaKue€ MOIOJHM-
TeJbHbIE OOBEKTHI, KaK KoMMyHukaropbl. HoBele mpoueccet B PVM moryr uc-
MOJIb30BaTh YXe CYIIECTBYIOIINE KOHTEKCThl 0OMEHA, UYTO TMO3BOJSIET UM Mepeaa-
BaThb COOOILIEHNS M MPUHUMATh MX OT WICHOB IpyImbl. besycimoBHO, 3T0 mones-
Hoe cBoiicTBo. B MPI (B ToM uucie u Bepcuu 2) U3MEHEHME cocTaBa TPYIIHI,
Mpexjae Bcero, ylajleHUe U3 Hee Mpoliecca, paspyliaeT KOMMyHUKAToOp U jAejaer
paboTy MporpaMMBbl HeTIpeacKasyeMoit.

s coxpaHeHus: oOpaTHOM COBMECTUMOCTM IPOrpaMM ¢ MPEeAbLAYLIMMU BEPCUs-
mMu PVM ter KoHTeKcTa He ObUl BKJIIOYEH B YMC/AO IIAPAMETPOB MOAIPOrPaMM
PVM. 3roT 00beKT "XuUBeT" B Cpelae CUCTeMbl, a [IporpaMma MMeeT K HeMy IocC-
TYIT ¥ MOXET €Tr0 yCTaHaBJINBATb.

B PVM Bepcuu 3.4 ObLia BBeAeHA KOHUENLMS 0a30BOro KoHTekcTa. Texkyuiui
KOHTEKCT Hac/JemyeTcsl JOYEepPHUMHU 3aadyaMu OT poAauTeabckoro mpouecca. Eciu
pOIMTENbCKOTO TIpoliecca HET, T. €. 3aJaya sBJseTcs TIJIaBHOW, oHa paboTtaer
¢ 0a30BbIM KOHTEKCTOM.

B PVM MOXHO HCTIOJIb30BATh cepgep umeH, Pojib KOTOPOTO UTPAaeT IEMOH cucTe-
Mbl. CepBepoM MMEH Ha3bIBAIOT MPOrpaMMy, KoTopasi Bo3Bpailaer nHhopMaluio
0 3a7aHHOM HMeHM. Ecin He3aBUCUMO 3amycKaloTcsl HECcKOJbKO IMporpamm,
MOXHO [1aTh BO3MOXHOCTb OJHOH MpOrpamme IMOJAYy4YUTb MH(OpMALIUIO O APYyroi
nporpamme. OcoOEHHO 3TO MOJE3HO B TAKOM AMHAMUYECKON cucrteme, kak PVM.
B MPI-1 cepBep umeH npocTo He HyxXeH, ooxomnutcs 0e3 Hero 1 MPI-2.
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3agaua PVM, B ToMm uucie u geMoH PVM, MoxeT chopMupoBaTh coodllleHne n
MOMECTUTh €r0 Ha cepBepe MMEH, CBSI3aB C COOOILEHUEM ONpPeNeJeHHbI KoY.
Kioyom sBisiercs cTpoka, 3ajaBaeMmasi MporpaMMUCTOM. 3amadam, BBITOJTHSIIO-
UM TIONCK MMEHHM, TepemaeTcsl coxpaHeHHoe coobieHre. CoolIeHne MOXeT
comepXarb MACHTU(MUKATOPHI 3amad TPYIIbI, KOHTEKCT, CBSI3aHHBIM ¢ HUMU,
JaHHblE U APYIYI0 HHGMOPMAIIHIO.

3agaya MOXET COXpaHUTb M CBeleHUsI 0 COOCTBEHHMKE MMEHOBAaHHOTO cooblie-
HuUs. DTO cOOOlLEHUE YAANSETCS MPU 3aBepllieHuM padoThl Ipouecca B PVM,
[pU [EePEeUHULMANU3AUUY BUPTYAJIbHON MallMHbl U T. . BkitoueHue aByx oau-
HAaKOBO [IOMMEHOBAHHbIX COOOLIEHUI HE nonyckaercs. Padora ¢ cepepom uMeH
peanusyercda noanporpaMmamMu pvm putinfo, pvm recvinfo, pvm getmboxinfo W
pvm_delinfo.

Kak B PVYM 3.4, tak u B MPI-2 ectb BO3MOXHOCTb 331aTh COOCTBEHHbIE OOpa-
botunku coobuieHuid. [lporpamMmma MOXeT 3aperucTpupoBaTb (PYHKIMIO-
00paboTuuK, KoTopasi OyJeT BbIIOJHATbCH, TOJAbKO €C/IM 3a/1aya IOJYyYUT COOT-
BeTcTByIOIIee coobleHue. [loamporpammbl Jyisi paboThl ¢ 0O6pabOTYMKAMKU COO0-
111 (304078 pvm addmh U pvm delmh.

B PVM Hert cpencTB napajjielbHOTO BBOAA/BEIBOJA. MHOTHE TIapaieJIbHbIe oTle-
panii BBOAA/BEIBOIA SIBISIOTCS KOMJIEKTHBHBIMU W JIYUIE BCETO OMPENeNsdioTCs
B TEPMHMHAX CTAaTUYECKUX TPYII, MEXaHU3M KOTOPBIX ucIoib3yeTcsi B MPL
B PVM 3arpyaHeHO IporpaMMUpPOBAaHNAE MHOTOIIOTOYHBIX IIPUIOXKEHMIA.

Tak yro xe BbiOparb: MPI unu PVM? IlonbiTaeMcsi 1aThb HECKOJIbKO PEKOMEH-
JAnU:

O ecnu npuKiIagHas OporpaMma MpeAHa3HauyeHa Ul BbUIOJHEHUS Ha OJHOM
MHOTOITPOIIECCOPHOM KOMIIBIOTEpE, TMpeAroYTeHne cienyer oraatb MPI, xo-
TOpasi B 3TOM C/1yyae MO3BOJUT J0OUTHCS HaubOoJblLIEH TPOU3BOIUTENBHOCTH;

O MPI-nporpamMmma mmepeHOCHMa Ha MHOTOIIPOIIECCOPHBIC MAIIWHBI IPYTHX MIPO-
U3BOAUTENEH, UMeeT ropasno OGosee Oorarblit Habop MOANpPOrpaMM oOOMeHa,
yeM PVM, nosromy MPI cneayer mpeanodecTb, eciy Mpearojaraetcs uc-
MOJIb30BaTh CIEUATbHBIE PEXUMbI OOMeEHA, HeloCcTyIIHbie B PVM;

O MPI He nmoagepXuBaeT B3aUMOJAEICTBUME MeXAy MpOrpaMMaMU, BBITIONHSIIO-
LUMUCS B pasiuuHbIX peanusanusx MPI;

O PVM paeTr npeuMylIecTBO IIpU padoTe B KiacTepax, OCOOEHHO, €CIM KJIAacTep
pasHopoaHbiii. B PVM uMeloTcs cpeacTBa ynpapieHHUS paclpeneieHueM pe-
CYpCOB U YIIpaBJIEHUSI MPOLECCAMU;

O uyewm Oosiblie pasMep Kiacrepa M YeM OOJblie BpeMs BbIIOJNHEHMS IPOrpam-
MBI, TEM BaXKHe€€ YCTOHUYMBOCTb IPOrpaMM, KOTOPYIO B MOJHOH Mepe MOXET
obecnieunts PVM. VYnpapieHue mpolieccaMy TO3BOJSIET MOBBICUTH dPdek-
TUBHOCTb BBIMTOJHEHUSI MPOrpaMM M B CUTYalUU TMOCTOSIHHOTO W JAWHAMUYe-
CKOro MU3MEHEHUs 3arpy;KeHHocTu XocToB Kiacrtepa. B MPI cioxHo (ckopee,
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HEBO3MOXHO) C€O3/aTh YCTOWYMBO PAOOTAIONIYI0 B YCJIOBUSIX arlapaTHBIX
c00eB ImporpaMmy.

B Hacrosiiee Bpemsa HaOmomaeTcs ofnpeleleHHoe cOMukKeHrue oGernX CHUCTeM.
OHO BKJTIOYACT ITOABIEHHE BO3MOXHOCTEH TMHAMUYECKOTO YIIPABICHUS IMpolec-
camu B MPI, crarnueckux rpynn u KoHTeKCcToB ooMeHa B PVM.

Bonpocbl U 3agaHus gns camocToATeNbHol pa6oThbl

1. 3anycture PVM-koHcoab. Onpenenure TeKyluyl0 KOH(MUIYpaLMIO BUPTyaJbHON Ma-
uiMHbl. JloGaBbTe HOBBIM XOCT M BHOBb OfpeaeanTe KOHGUTYpaLMI0 BUPTYalbHOW Ma-
IIMHBL. YJOanauTe XOCT. 3aBepluMTe padoTy C KOHCOJbIO KOMaHAOW quit. 3amycTuTre
KOHCOJIb 3aHOBO W pacrievaTaiite KoHdwurypauuio. Kak crienyer 3aBepuiaTh paboTy
KOHCOJIM, €CJIM 3aKOHUEHO BBITIOJIHEHUE Mapajlie/IbHbIX TTporpamm PVM?

2. 3anycrure PVM-koHconb. Omnpenenute TeKyllyld KOH(GUIYpaLUIO BUPTYaJIbHOW Ma-
wnHbL. JloO6aBbTe HOBBIM XOCT. 3aBepluuTe pabOTy ¢ KOHCOJIbIO KOMaHAOH quit. 3a-
MyCTUTE KOHCOJIb 3aHOBO, HO C JAPYroro XOCTa BUPTyaJbHON MalllMHbBI, U pacrievyaTaiite
koHurypaunto. Mamenmnacey mmu KoHuUrypaums?

3. Coaspaiite xocT-(aiijl, BKJIIOYUB B HEFO KOMIBIOTEPHI, BXOASILME B COCTAB BalllEro KJia-
cTepa. 3amycTUTe KOHCOJb M OIfpeneiauTe KOHGUTYpalMIo BUPTYaAIbHOU MAallWHbI.
TIpokoMMeHTUpYIATE MOJTYUYEHHBIN pe3yabTar.

4. Tlpusenwute MpuUMepHl 3adadu, AJIsT pellieHUs] KOTOPBIX cieayeT ucrnojb3oath MPI.
TTpuBenuTe MpUMepHl 3aaau, IJIsT pellieHUs] KOTOPHIX CAeayeT WCrojb3oBaTh PVM.

6. OTKOMIMIMpYITE MPOTrPAMMY, MCXOMHBII TEKCT KOTOPOIl CONEPXUTCS B JIMCTUHIAX 6.5
" 6.6. 3amycTUTe ee Ha BHIMOJTHEHWE U3 KOHCOJU, a 3aTeM U3 KOMaHIHOW CTPOKMU.

7. Hanuiuurte nporpamMmy, aHaJOTMYHYIO TMPUBEACHHOW B JIMCTUHTraX 6.5 um 6.6, HO Ha
a3pike FORTRAN.

8. Hammimre mporpamMmy, aHaJOIMYHYIO MPHMEpPY M3 OAHHOM IIaBbl (CM. JTUCTUHTH 6.5
1 6.6), HO COCTOMINYIO U3 OMHOM MporpaMMbl. OTKOMIIMJIMPYITE U 3aIyCTHUTE.
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NMporpammupoBaHune
c ucnonbsosaHuem PVM

B atoii T1aBe onuckiBatoTesa cpeactBa PVM mng ympaBieHus TipolieccaMyu M BUP-
TyaJbHOI NapajjiebHOW MallMHOW. Mbl MO3HAKOMUMCS € Pa3IMUHBIMU MeToAa-
MU Iepenaud cooOlleHuit, Oydepusaimeir naHHblX. OTAeNbHBIA pasaena MocBs-
LIeH padoTe ¢ rpymmaMu IpoueccoB. HecMorps Ha To, 4yTo gaHHAs I[1aBa 3aBep-
maet 3HakoMcTBo ¢ PVM, Mbl co3HaTenbHO ocTaBisieM "3a KaJpoM" HEeKOTOpble
Bo3MoxHocTd PVM, KoTopbie Bpsia M IOHAZO0SITCS HAYMHAIOLIEMY pa3padoT-
YUKy MapaieJbHbIX MPOrpaMM, HO MOTYT MPEACTABISITbL UHTEPEC IS co3aares
CJIOXHBIX MpujioXeHuii. Cpein HUX cpelcTBa paboThl ¢ cepBepOM UMEH U HEKO-
TOopble Apyrue. PazobpaThcsd ¢ COOTBETCTBYIOIIMMU IMOMIIPOrPAMMAMU MOXKHO IIO
CTIPAaBOYHBIM CTpaHUIIAM U MCXOMHBIM TekcTam PVM. B 3akmioueHue naiotcs
3a0aHUs 1J1s CAMOCTOSTENbHON pabOThL.

VnpaBneHue npoueccamm

Yapasnenue o060l cucTeMoil ckiagbiBaeTcss U3 "AByX M" — MOHUTOPUHIA U
Monubukauuu. MoxHumopure — 3TO HAOMIOAEHME 32 TEKYLIMM COCTOSIHUEM CUC-
TEMBI, B TAHHOM cJIyJae, COODIIeCTBA IPOIECCOB, OTHOCSIINXCSA K TPHKIATHOMN
nporpamMme, cbop uHbopManuum o cucreme. Modugukayus — 30ech TPUHYIN-
TeJbHOE, MHUIMHUPOBAHHOE MPOrpaMMOI, U3MEHEHUE COCTOSHMS CUCTeMbl. Pac-
cMaTpuBas YIpaBeHUe TIpolleccaMi W BUPTYATLHON TapayjieNbHON MalImHON
B PVM, Mkl OyaeMm c¢iegoBaTh 9TOM cxeMme.

Mopnporpammsbl gna c6opa nHcpopmaumm
o npoueccax

[Monmporpamma pvm parent Bo3BpalaeT uaeHTUGUKATOP Mpoliecca, KOTOPhIi 3a-
IyCTUJ JAHHBIA MpPOLECC, T. €. SABASIeTCs O OTHOLIEHUIO K HEMY POJUTENbCKUM:

int tid = pvm parent (void)
PVMFPARENT (TID)
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Ecin mpomecc He wmwmeer "pommTens”, BO3BpalllaeTcd cIielMajJbHOE 3HaUYeHWe
PvmNoParent, KOTOPOE SIBISIETCSI, B JeMICTBUTEIBHOCTH, KOAOM OIIMOKU.

HNudopmannio o 3agauax, KOTOpbIe BHEITTOTHIIOTCS B MOMEHT BbI30Ba Ha BUPTY-
anpHOIt MarmHe PVM, MOXXHO TIONTYYUTh ¢ TTOMOIIIBIO TTOATIPOTPAMMBI pvm_tasks:

int ierr = pvm tasks(int which, int *ntask, struct pvmtaskinfo **taskp)
PVMFTASKS (WHICH, NTASK, TID, PTID, DTID, FLAG, AOUT, IERR)

C TToMOIIBIO TTapaMeTpa which MOXHO yKa3aTh MOATIPOTpaMMe, O KaKWX 3amavax
ciIenyeT cOOOIIUTh NHGbOpMAIio. Bo3MOXHEL cIeayIoNIe BApUaHThL:

O mpu HyJeBOM 3HAYEHWM Tapamerpa WHopMaIns Bo3Bpalraerca o060 Bcex 3a-
Ja4yax, BbIIOJHSIOUIMXCS Ha BUPTYaJIbHON MAallMHE;

O ecnm ykazaH uaeHTHGUKATOP AeMOHA dtid, WH(OpMAaINg Bo3BpaimaeTcs obo
BCEX 3a/a4axX Ha COOTBETCTBYIOIIEM XOCTe (XOCTe, Ha KOTOPOM padoTaeT maH-
HbIi1 JEMOH);

O ecnmm yxkazaH waeHTHGWKATOP 3amaun, WHGOpMAIUsS BO3BpallaeTcss 00 3Toit
KOHKpETHOI 3amayve.

IMapamerp ntask COAEPKUT KOJMYECTBO 3aiad, a MapaMerp taskp SIBISIETCS yKa-
3arejeM Ha MAacCUB CTPYKTYP pvmtaskinfo, KOTOPBIA COMEPKUT ntask DIEMEHTOB.
B kaxmoii cTpyKType pvmtaskinfo COAEpXKATCS: MACHTU(GUKATOP 3agaud tid,
UAEHTUDHUKATOP 3amauynd AeMoHa pvmd (dtid), MASHTHU(GUKATOP POMUTENHCKOIO
mpoliecca ptid, (aar cocTosiHUs flag, UMsI UCIOAHsIEMOro ¢haiiia ¥ CUCTEMHBILIA
MIeHTUMUKATOp TIpollecca pid (ero 3HaYeHWe 3aBUCHT OT OTepallmoOHHOW CUC-
TEMBI).

CrpyKTypa pvmtaskinfo YCTpOEHA CIEAYIOIINM 00pPa30M:

struct pvmtaskinfo{
int ti tid;

int ti ptid;

int ti host;

int ti flag;

char *ti a out;

int ti pid;

}

Ecnu 3amavya ObuTa 3amylneHa Bpy4YHYIO, UMSI MCIIOMHsSIeMOro aira mia Hee He
MOXeT OBITh OIpele/IeHO chcTeMoil. B aToM ciyyae 3HaYeHUST COOTBETCTBYIOITUM
[OJISIM CTPYKTYPbI pvmtaskinfo He TTPUCBAUBAIOTCS.

B nporpammax Ha g3bike FORTRAN onuH BbI30B BO3BpallaeT MHMOpMALUIO
JULb 06 omHoM 3amave. Eciau mapamerp where = 0 W BBIMOMHEHO ntask BHI30BOB
MONMPOrpaMMbl  pvm tasks, WHGoOpMAIUs Oymer momydeHa 000 Bcex 3amayax.
Bo3MoxxHbIe OIIMOKN BBIMOJTHEHMS: PvmBadParam, PvmSysErr M PvmNoHost.
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g momyueHnsT MHGOPMAIINK O TIpollecce ¢ MAEHTU(GUKATOPOM tid MCTIONb3YeT-
¢S IOATPOTPAMMA pvm_pstat:

int status = pvm pstat (tid)
PVMFPSTAT (TID, STATUS)

Pesynwrat BEITIOMHEHN — 3HaUYeHWe TTapaMeTpa status:

O pvmOk — 3a7ayva BHITIOTHSIETCS,

O pvmNoTask — 3amavya He BBITIOJNHIETCS;

O pvmBadParam — HEMpPAaBWILHO 3aMaH MACHTHGUKATOP tid.

B muctraTe 7.1 IpUBOONTCS MTpOTpaMMa BBIMUCIEHUST CKAISIPHOTO MTPON3BeIeHUS
JIBYX BeKTOpoB. EcTb mBa ogHOMEpPHBIX MaccuBa (BEKTOPHI) X W Y 1Mo N 3iIeMeH-
TOB Kax/blil. HeoOXxonMMo BbIYMCIUTL 3HAYCHUE!

N
b= Z XiVi-
i=1

Bra 3agava uaeasbHO TMOAXOOUT IUTS paclapalieIMBaHUsI, TO3TOMY OHA BKIIIOYE-
Ha B 4YMCJIO IIpUMEpOB, mocTapisieMblx BMmecTe ¢ PVM. Ilporpamma paboraer
caenyouiuMm obpasom. Ilocne Toro, Kak Mmojib3oBaTesib MPOrpaMMbl 3a1aCT KOJU-
YECTBO IPOLIECCOB, KOTOPbIE OYAYT 3aHUMATbhCS BBHIYMCIEHUEM CKaISIPHOTO TPO-
M3BENEHMS, KXl MAacCUB pa30MBaeTCcs HA paBHbIe YacTU. 3aTeM 3allyCcKaeTcs
HEoOXOIMMOE KOJIMYECTBO TMPOLECCOB, U (pparMeHTbl MAacCHUBOB IEPEChLIAIOTCS
MOAYMHEHHBIM 3a7ayaM. BMecre ¢ moaMaccuBaMmu MepechblIaeTcsi U KOJUYeCTBO
a7eMeHTOoB B momMmaccuBe. Eciu pazouTh Ha paBHble 4acTU He ymaeTcsd, 4acTb
MacCcUBOB OCTaBJISIET cebe MIAaBHBIN Mpollecc. 3areM Kaxnaas 3agavya BbIYUCISIeT
yacTb oOOUIeil CYMMbl U TIOJIyYEHHOE B PE3YJIbTAaTe UYUCIO MEPEJAET TJIaBHOMY
npoieccy. [MaBHbIA mpouecc CyMMHUPYeT MOAYYeHHbIe 3HAYeHUSI U (DOpMUpYeT
OKOHYAaTeJIbHbIM pe3yabTar.

" MucTuHr 7.1. MporpamMma BbIYUCTIEHUS CKaNsPHOro NPou3BeAeHUs! BEKTOPOB

PROGRAM PSDOT
INCLUDE "/HOME/PUB/PVM3/INCLUDE/FPVM3.H"

EXTERNAL PVMFMYTID, PVMFPARENT, PVMFSPAWN, PVMFEXIT, PVMFINITSEND
EXTERNAL PVMFPACK, PVMFSEND, PVMFRECV, PVMFUNPACK

REAL SDOT

EXTERNAL SDOT

INTRINSIC MOD

INTEGER MAXN

PARAMETER (MAXN = 800000)

INTEGER N, IN, MYTID, NPROCS, IBUF, IERR

INTEGER I, J, K

REAL LDOT, GDOT
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INTEGER TIDS (0:9)
REAL X (MAXN), Y (MAXN)

CALL PVMFMYTID (MYTID)
CALL PVMFPARENT (TIDS (0))

IF (TIDS(0).EQ.PVMNOPARENT) THEN
PRINT *, 'HOW MANY PROCESSES SHOULD PARTICIPATE (1-10)?'
READ (*, *) NPROCS
PRINT *, 'ENTER THE LENGTH OF VECTORS TO MULTIPLY'
READ (*, *) N
TIDS(0) = MYTID
IF (N.GT.MAXN) THEN
PRINT *, 'N TOO LARGE'
STOP
END IF
J = N / NPROCS
IN = J + MOD(N, NPROCS)

I =1IN+1
DO MN = 1, N
X(MN) = 1.
Y(MN) = 1.

ENDDO

C INKJI BAIYCKA IIONUMHEHHHX 3BAIAY ¥ PACIPEIEJIEHVI MEXIY HVMA PABOTH
DO K = 1, NPROCS — 1
CALL PVMFSPAWN ('DOT', 0, 'ANYWHERE', 1, TIDS(K), IERR)
IF (IERR.NE. 1) THEN
PRINT *, 'ERROR, COULD NOT SPAWN PROCESS #', K
CALL PVMFEXIT (IERR)
STOP
END IF
CALL PVMFINITSEND (PVMDEFAULT, IBUF)
CALL PVMFPACK (INTEGER4, J, 1, 1, IERR)
CALL PVMFPACK (REAL4, X(I), J, 1, IERR)
CALL PVMFPACK (REAL4, Y(I), J, 1, IERR)
CALL PVMFSEND (TIDS(K), 0, IERR)
I=I+1J
END DO
C KOHEI IMKJIA BAIYCKA [OIUMHEHHHX BAIAY ¥ PACIIPEIEJEHVS PABOTH
C TJIABHASI 3AJAUA BHUMCISIET CBOK UACTBH CKAJISIPHOT'O IIPOV3BEIEHNS
GDOT = SDOT (LN, X, 1, Y, 1)
C TIPYEM PE3YJIbTATOB BHUMCJIEHVI OT IIOTUMHEHHHX 3AIAU
DO K = 1, NPROCS — 1
CALL PVMFRECV (-1, 1, IBUF)
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CALL PVMFUNPACK (REAL4, LDOT, 1, 1, IERR)

GDOT = GDOT + LDOT

END DO

C KOHEIl IIPVEMA PE3YJIbTATOB BHUMCJIEHMA OT IONUMHEHHEX SAINAU
C BHBOIl KOHEUHOI'O PE3YJIETATA

PRINT *, '<X,Y> = ', GDOT
ELSE

C BTOT ®PAIMEHT KOIA OTHOCUTCS K IIOOUMHEHHOWM SBAIAUE

CALL PVMFRECV (TIDS (0), 0, IBUF)

CALL PVMFUNPACK (INTEGER4, IN, 1, 1, IERR)

CALL PVMFUNPACK (REAL4, X, LN, 1, IERR)

CALL PVMFUNPACK (REAL4, Y, LN, 1, IERR)
C BHUMCJIEHME UACTHOI'O INIPOMS3BEIEHMSA ¥ NEPEIAUA PE3YJIETATA
C IVIABHOW SAIAUE

LDOT = SDOT (LN, X, 1, Y, 1)

CALL PVMFINITSEND (PVMDEFAULT, IBUF)

CALL PVMFPACK (REAL4, LDOT, 1, 1, IERR)

CALL PVMFSEND (TIDS(0), 1, IERR)
END IF
C KOHEILl ®PATMEHTA KOIA OTHOCSIEI'OCS K IIOOUMHEHHONM 3BAIAUE
CALL PVMFEXIT (IERR)

STOP
END

C OYHKIVS BHUMCJIEHVST CKAJITPHOT'O ITPOVBBEIEHVA
FUNCTION SDOT (LN, X, N1, Y, M1)
REAL X (LN),Y (LN)
S = 0.
DO I =1, LN
S =5+ X(I) * Y(I)
END DO
SDOT = S
RETURN
END

BruniciieHe 4acTHOTO CKaXIpHOTO TIPOW3BENEHWS BBITTONHSIET (DYHKIINSA SDOT.
OO6paTnTe BHUMAHHUE Ha TO, YTO UCIIOTHSAEMBIN paiiyl mporpaMMbl JODKEH OBITh
COXpaHeH IoJ MMeHEeM dot. PazbepunTe caMOCTOATENHHO paboOTy 3TOW MPOTPAMMBI
U IOIPOOYITe €€ BBITOJHUTD, IPOBEPUB PE3YJAbTAT BHIYUCICHMIA.

lﬂ:Bhﬂ(!li(Blilﬂ(%1:()(7T()Sllil1$lI1[)()llEBCN:()E3

OCHOBHBIMU OTEPASIMH M3MEHEHUST COCTOSHMS IPOIIECCOB SIBISIOTCS MX 3a-
MmycKk ¥ 3aBepiieHune paboTsl. C MOAIpPOrpaMMOil 3aIrycka IPOIeCCOB pvm spawn
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MBI TIO3HAaKOMUWINCH B 21age 6. C TOMOIIIBIO TOAMPOTPAMMBI pvm kill MOXHO
3aBEPIINTH PAabOTy 3ama4 ¢ YKAa3aHHBIM UASHTUPUKATOPOM tid:

int ierr = pvm kill(int tid)
PVMFKILL (TID, IERR)

He cnenyer 3aBepimarh paboTy mpoliecca, U3 KOTOPOTO BHIMIONHSIETCS AAHHBIA
BBI30B. DTa MOAINporpaMMma He IperlHa3HauyeHa I "camoybuiicTBa” (g 3TOTO
€CTh TOANpPOTpaMMa pvm exit). [lpn paboTe B Kiacrepe OHA MOCHUIAET CUTHAT
SIGTERM 3aJaHHOMY MPOIIECCY, a B MYJIBTUIIPOLIECCOPHON CUCTEME HCIONb3YETCs
CBOI, MallIMHHO-3aBUCUMBII cIOCO0 3aBepiieHus. IIpy BbIMOJIHEHUM 3TOU IOA-
MporpaMMbl BO3MOXKHbBI OLIMOKHU: PvmBadParam, €CIW HEMPaBWIbHO 3aJaH WIEH-
THdUKATOP 3a0aYN, U PvmSysErr, €CJIM He OTBEYaeT TeMOH pvmd.

B OC UNIX ocHOBHbIM CpeACTBOM YIIPABIEHUS MPOLIECCAMU SIBISIIOTCH CUEHAbL.
CUrHajbpl IMOCHUTAIOTCS TIpOIleccaM KakK OIepallMOHHON CHCTeMOM, TaK M IpH-
KJIamHoU TporpamMMoli. Yaillle Bcero peakiyeil Tipoliecca Ha CUTHAI SIBISIETCS 3a-
BepllieHNe ero paboThl, XOTS BO3MOXHBI W Apyrue BapuaHThl. [lommporpamma
pvm_sendsig TMochkimaeT curHaa PVM-mpolieccy ¢ yKa3aHHBIM HASHTH(QUKATOPOM
tid:

int ierr = pvm sendsig(int tid, int signum)

PVMFSENDSIG (TID, SIGNUM, IERR)

CurHair 3agaeTcs ero HOMepoM signum. JJaHHYIO TTOATIPOTPAMMY cJIENyeT MCITOIb-
30BaTh OCTOPOXKHO, KakK, BIIPOUYEM, U JIOOYIO IPYIyio IOANPOrpaMMy, U3MEHSI0-
LIVIO cocTosiHue mpouecca. IlepeyeHb CUTHAJIOB MOXHO HaiTU B PYKOBOICTBAX
o omnepanuoHHoi cucreme UNIX.

IMpusenem mpumep nepegayn caMoro "CHIBHOTO" CUTHaja 0e3ycJIOBHOTO 3aBep-
IIeHUsI TIpollecca:

ierr = pvm sendsig(tid, SIGKILL);

OmmbOKN MPU BBITTOTHEHUH 3TOHN MOAIPOrPAMMBI: PvmSysErr U PvmBadParam.

IMone3Holi MOXET OKa3arbecsl MOAMNPOrpaMMa pvm notify, KOTOpask aKTUBUZUPYET
PEXUM OITOBEIEHUS] BBI3BIBAIOIIEIO MpOlecca O HACTYIUIEHHMU OINpeaeeHHbIX
COOBITHIA:

int ierr = pvm notify(int what, int msgtag, int cnt, int tids)
PVMFNOTIFY (WHAT, MSGTAG, CNT, TIDS, TIERR)

Y 5T0i1 MOAIpPOrpaMMBI CAENYIONINE KIIOYN what!

O pvmTaskExit — OMNOBELIATH O 3aBEpUICHNU paGOTbI 3agavn,

O pvmHostDelete — OMNOBELIATh, €CIM XOCT YAAIIETCS M3 BUPTYAIbHON MAalllHbI
(v TIpoucxoauT c6oif);
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O pvmHostAdd — omoBelllaTh O N0OaBICHWU B BUPTYAJIbHYIO MAIlWHY HOBOTO
XOCTa.

IMpu HacTymIeHUN oTpeneleHHBIX COOBITHI cHcTeMa TIOCHIIAeT BBI3BIBAIOIIEMY
Ipolleccy COOOLIEHM. DTU COODIIEHHSI MapKUPYIOTCA TeraMU msgtag, KOTOPBIE
3a0a10TCA TIPOTPAMMUCTOM. MaccuB tids Ompenenser mpolecc (XocT), K KOTOpo-
My OTHOCHUTCS AEHCTBUE KITIOUEl TaskExit WIM HostDelete. [IpM McCTONB30BaHUU
KJItouya HostAdd mMaccuB mycToil. CoobllieHre 06 aBapuu XocTa MPUIET B JIOOOM
cayyae. Ilone3HocTh 3TOM HporpaMMbl OYEBMIHA IPU Pa3paboTKe MPUKIATHBIX
MPOrpaMM, YCTOMUMBBIX K alapaTHbIM COOsIM, KOIIa IMPOrpaMMUCT FOTOB B3STb
Ha ce0s1 OTBETCTBEHHOCTH 32 00pabOTKYy OCOOBIX CUTYallMil B CUCTEME.

[lo yMonyaHUIO cTAaHAAPTHbIE IOTOKM BBIBOAA M MPOTOKOJ OLLIMOOK 3amylIeHHbIX
mporieccoB 3anuceIBaioTcesa B dair /tmp/pvml.UID. C moMoIibsio moamporpaMMbl
pvm_catchout BBIBOJ 3aMYIIEHHBIX 3a1a4 MOXET OBITh MEPEXBAYEH BBI3BIBAIOIINM
MTPOIIECCOM:

int ierr = pvm catchout (FILE *ff)
PVMFCATCHOUT (ONOFF, IERR)

B pesynbrare BeI30Ba BLIBOI OYIET HAMPaBISITLCS JaHHOMY TIpoIleccy W 3aluChl-
BaTbcsl B yKaszaHHbI aiin (B C daiin 3agaeTcst ero 1eckKpunTopoM) Uil B CTaH-
gaptHbiii BeiBoa (B sisbike FORTRAN). [lapamerp ONOFF BKIIOYAaeT WIW OT-
KJIIOYAET PeXHUM IepexBaTa BblBoAa. l[lepexBaTbiBaeTcsi M BbIBOI MPOLECCOB,
3aMyIIeHHBIX TOYepHUMHU 3amadyaMiu. Kaxmas moplust TaHHBIX MapKHPYyeTcs WH-
dopmanreir 06 X UCTOYHUKE, MPUUYEM TEKCTOBbI Mapkep Mo0aB/seTcss B Hadya-
JIO BbIBOJA U B €r0 KOHEII:

[t80008] BEGIN
[t80008] Earth mass is 3.14
[t80008] END

MapkupoBka TpuMeHsieTcsl JUIST TOTO, YTOOKI TMOJb30BaTellb MOT Pa3oOpaTbesl B
TOM, OTKyJa MPUILIO COOTBETCTBYIOlIee coobileHre. Onepaliusi 3axBara sIBIsSIET-
csl OJIOKMpYWOUIEr B TOM CMBbICJAE, YTO Jaxe TMocje BbI30oBa MOANPOrpaMMbl
pvm_exit MPOILECCOM, COOMPAIOIINM BBIBOI OT AOYEPHUX 337a4, OH He 3aBEPIIUT
cBoeii paborsl B PVM, mnoka He nojdydyuT cooOuieHust oT Bcex 3anad. Eciu
OJIOKUPOBKA HE HYXHA, Mepel BBbI30OBOM pvm exit CJeIyeT MOCTABUTHb BHI3OB
pvm_catchout (0), KOTOPBIA OTKJIIOYaeT pexum Tepexsara. [lommporpamma
pvm_catchout BCETa 3aBEPIIAETCS YCIENTHO (C KOTOM PvmOk).

Pa6ota c 6ychepom

IMoamporpaMMbl, KOTOpbIE MBI OITMCHIBAEM B JAHHOM pasiesie, TPeOyIoTCsl TONIBKO
B TOM cJly4yae, Koraa mporpaMMUCT cOOMpAaeTcsl UCIOJb30BaTh B OJHOM Iporpam-
Me HeckoJibko OydepoB. Cpady 3ameTuM, 4YTO 3TO TpedyeTcsi He TaK YacTo.
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B PVM «kaxnplit ipoliecc MMeeT OIUH akmueHsill 6ygep Tiepenaun u nipuema. Bee
ocTajibHble Oydepbl, €cld OHU €CTb, CUMUTAIOTCS haccueHvimu. IlporpamMmucr,
pY HEOOXOOMMOCTH, MOXET CAENaTh J1000M M3 HUX aKTUBHBIM. Onepanuu yra-
KOBKM, Iepejadd, NpueMa M paclakoBKU INPUMEHSIOTCSI TONbKO K aKTUBHOMY
Oydepy.

[onnporpamma pvm mkbuf cO3[aeT HOBBIM TycToil Oydep (0ObYHO 3TO Oydep
nepeaadyn) U ompeaesseT AT HEro MeToJ KOTUPOBAHMS JaHHBIX (encoding):

int bufid = pvm mkbuf (int encoding)
PVMFMKBUF (ENCODING, BUFID)

BosBpaiaercs naeHtHdukarop o6ydepa bufid. OTpuliateIbHOe 3HAYSHUE UACH-
TuuKaropa 6ydepa roBOpUT O TOM, UTO MPU BHITIOJIHEHUU MOAMPOTPAMMBI TTPO-
uzouuia ownbka. Mcnonab3oBaHHbI Oydep momkeH ObITh yaaneH, a HNaMsiTh —
0CBOOOX/EHA, MO3TOMY MOANPOrpaMMa pvm mkbuf WUCTIOAB3YETCSd B Mape c MOJ-
MporpaMMoil pvm freebuf, KOTOpas ocBoOoXmaeT Oydep ¢ naeHTUGUKATOPOM
bufid:

int ierr = pvm freebuf (int bufid)
PVMFFREEBUF (BUFID, IERR)

Vnansate Oydep ciaemyer mocie nepenayun coodineHus. Cosmaercs Oydep st HO-
BOTO COOOIIIEHUS BBI30BOM MOATIPOTPAMMBI pvm mkbuf. [TommporpamMmel co3naHust
U ynajneHust 6ydepa He HYXHBI, €clM Ipu Mepegavye COOOLIEHUS] UCIIONIb3YyeTCs
MOAMporpaMMa pvm initsend, BBITTONHSIONIAS Bce HEOOXOMWMEBIE NENCTBUS.

Bydep mpuema aBTOMaTMUecKW co3maercss B MOMEHT TIpHeMa COOOIIeHUs TOo-
MporpaMMaMy pvm recv W pvm nrecv. ET0 He HAmO CMENUAIBHO YIANSTh, €U
TOJIbKO OH He OBbUI COXPaHEH O0pallleHUueM K IMoanporpamme pvm setrbuf. Elie
pas HAIOMHUM, 4YTO paboTa ¢ HECKONbKUMH Oydepamu — SBIECHHME TOBOJIb-
HO pedkoe, a Ipu paboTe ¢ oAHMM OydepoM HTOCTaTOYHO MOAPOTrpaMMbI
pvm_initsend.

BGPOHTHbﬁi OIIUOKU BBITTOJIHEHUS pvmm_freebuf: PvmBadParam M PvmNoSuchBuf
(HempaBWIIbLHOE 3HAYeHWe bufid). [Ipu cozmaHum Oydepa BO3ZMOXHBI OIIMOKH:
PvmBadParam (HETTPaBMJIBHO yKa3aH MeTOA KOIWPOBAHUST) U PvmNoMem (IJIST co3la-
Hus Oydepa He XBaTaeT MaMsT).

IMoanporpaMMa pvm getsbuf BO3BPALLAET UACHTUMUKATOP aAKTUBHOro Oydepa
nepeaayn, a pvm getrbuf — uAeHTUUKATOP aKTUBHOTO Oydepa mpueMa (bufid):

int bufid = pvm getsbuf (void)
PVMFGETSBUF (BUFID)
int bufid = pvm getrbuf (void)
PVMFGETRBUF (BUFID)

HyneBoe 3HaueHue bufid Bo3Bpaiuaercs, ecnm Oydep orcyrcrByer. Ilpu BbeImoi-
HEHUN 00enX IMOANMPOrpaMM KOIbI OIIMOOK He (DOPpMUPYIOTC.



lporpammupoBaHue ¢ ucrionbaoBarHuem PVM 283

Ecnu B mporpamme MCIOIb3yIOTCS XOTsS Obl ABa Oydepa, OAMH M3 HUX HAOJIKEH
WUTpaTh BbUIEJEHHYIO Pojib. Omnepauuu ynmakoBKM, Mepeiadyd v npuemMa JOJKHbI
MPUMEHSIThCI K 3TOMY, aKTUBHOMY Oydepy. Heobxoaum Takke MeXaHU3M Iepe-
KI0uYeHus Mexay oOydpepamu. [loanporpamMmel:

int oldbuf = pvm setsbuf (int bufid)
PVMFSETRBUF (BUFID, OLDBUF)
int oldbuf = pvm setrbuf (int bufid)
PVMFSETRBUF (BUFID, OLDBUF)

MePeKII0YaI0T aKTUBHBIM Oydep Iepemauyd U OpueMa cOoTBeTCTBeHHO. Kaxmas
U3 HUX aKTUBH3UpPYeT Oydep ¢ WACHTHUKATOPOM bufid, COXpaHSIS TIPHU 3TOM
COCTOSIHME IIPEeabIIylIero akTUBHOro Oydepa, a Takke ero HACHTH(hUKATOP
(B mepeMeHHOIi oldbuf). [IpW ycrelHo BHITTOJIHEHHOM TIpHeMe aBTOMaTHYecKn
co3/iaeTcss HOBBIM akTUBHBIN Oydep mnpuema. Eciu comepxumMoe MpeablayLIEro
Oydepa mpuemMa He ObLIO PACHAaKOBAHO, OHO MOXET OBbITb COXPAHEHO LIS
JajbHel1el padoThl.

Ecnu B moamporpammax pvm setsbuf WM pvm setrbuf TMapaMeTpy bufid MPH-
cBoeHO 3HavyeHue 0, TeKymmii Oydep coxpaHseTcs, HO aKTUBHBINA Oydep He om-
pezneyieH. 9Ty ocobeHHOcTh PVM MOXHO MCOAb30BaTh ISl COXpAaHEHMS TeKyllle-
IO COCTOSIHMS COOOILIEHUI ¢ TeM, YTOObl, HAIIPUMED, MareMaTuyeckas oubauore-
Ka, ucnojb3dyiowias coobuweHuss PVM, He Bausuia Ha cocrosiHue Oydepos
nporpaMmbl. Tlocne 3aBepleHusi paboThl ¢ Takoi OuMOIUOTEKOU Oydepbl BHOBb
MOXHO CIeIaTh aKTHBHBIMMU.

Coo0l1eHMsI MOXHO IepeaapecoBbiBaTh 0€3 MepPeynakoBKU C IIOMOILLIbIO IOAIPO-
rpamMM co3maHus Oydepa, HalmpuMep:

bufid = pvm_recv (src, tag);
oldid = pvm setsbuf (bufid) ;
ierr = pvm_send (dst, tag);
ierr = pvm freebuf (oldid);

TTpy BBIMTONIHEHNN TOATIPOTPAMMBI pvm_setrbuf BO3MOXHBI OIMOKN: PvmBadParam
(HempaBWIbHBIN MAeHTUdUKaTOp Oydepa), PvmNoSuchBuf (MepeKIovYeHre B He-
CYIIECTBYIOIINIT Oydep).

IMonmporpamma pvm bufinfo BO3BpallaeT nHbopManno o oydepe cooOIEeHNS:
int ierr = pvm bufinfo(int bufid, int *bytes, int *msgtag, int *tid)
PVMFBUFINFO (BUFID, BYTES, MSGTAG, TID, IERR)

Ee mapamerpsr:

O bufid — uaeHTUdUKaTOp Oydepa;

O bytes — JIMHA cOOOLIEHMST B OaiiTax, BBIXOAHON IapaMeTp;

O msgtag — TeT COOOIIEHNS, BEIXOTHON TTapameTp;
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O tid — uaeHTUGUKATOP UCTOUYHUKA COODILeHNSsI, BEIXOAHON TapameTp;
O ierr — KOI 3aBeplICHUS.

OObIYHO TMOANIPOrpaMMa pvm bufinfo WCIONB3YETCS Ui TOMy4YeHUs] WHGDOpMa-
LIMA O pasMepe W MCTOYHMKE TOCJICTHETO MPUHITOTO COOOIIEHUS B clydyae, Ko-
rga 3agaya MOXET MPUHUMATh JIIoOble cooblieHus. IIpu BbUIOJHEHUU JAaHHOrO
BbI30Ba BO3MOXHBI OIIMOKU PvmNoSuchBuf W PvmBadParam.

Mepepava n npuem coobuyeHwmii

OCHOBHBIMU IOANPOrpaMMaMU Iepefayd U IpueMa COOOLIEHUIN SIBISIOTCS
pvm send M pvm recv, ¢ KOTOPBIMU Mbl MO3HAKOMUIUCH B TIPEJBIIYIIEM pasiene.
3mech MBI PacCMOTPUM IOTOJHHUTEIbHEIE BO3MOXHOCTH OOMEHa COOOIIEHUSIMU
B PVM. TloamporpamMMa pvm psend yITakoBBIBAET W MEPENAET MACCHB YKA3aHHOTO
TUIIA 3amade ¢ 3amaHHBIM HOCHTH(GUKATOPOM M IIeJlaeT 3TO 33 OJHO oOpaleHue
K HeH:

int ierr = pvm psend(int tid, int msgtag, void *buf, int len, int datatype)
PVMFPSEND(TID,_MSGTAG, BUF, LEN, DATATYPE, IERR)

IMapameTps! TTOATIPOTPAMMBI:

O tid — ugeHTUUKATOP aapecaTa COODIIEeHNS;

O msgtag — TEr COOOIEHNS, 3aIaeTCS IIPOrPAMMICTOM,;

O buf — yKasareib Ha Oydep nepemauu;
a

len — pasmep Oydepa (3HAYeHWE MOMKHO OBITH KPATHO pasMepy MCITONb3ye-
MOTIO THUIIA JAHHBIX);

O datatype — TUIT JAHHBIX;
O ierr — KOJ 3aBEepLICHUSI.

IIpuem cooluieHuUsI, OTIPABICHHOIO C MOMOUIBIO MOANPOrPaMMbl pvm psend, MO-
I'yT BBIIOJIHUTDH MOANPOTrpaAMMBI pvm precv, pvm recv, pvm trecv M pvm nrecv.
Ilepenaya ¢ MOMOLIBIO MOAMNPOTrPAMMBL pvm psend SIBISETCS HEOJIOKUPYIOILEH.
Tunsl B Bepcuu noarnporpammbl st g3bika FORTRAN Takue ke, Kak U B 1oj-
nmporpamme PvMFPACK. B C TN maHHBIX 3amaeTcs MACHTU(HUKATOPOM, CITMCOK
KOTOPBIX MpuUBeAeH B Tadn. 7.1.

Ta6nuya 7.1. CootsercTaue TunoB faHHeix B PYMu s C

UpeHntndpukarop tuna 8 PVM Tune C

PVM STR String

PVM BYTE Byte
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Ta6nuya 7.1 (okoHuaHue)

Upentndmnkarop tnna 8 PVM Tune C

PVM SHORT Short

PVM INT Int

PVM_FLOAT Real

PVM CPLX Complex

PVM DOUBLE Double

PVM DCPLX Double complex

PVM LONG Long integer

PVM USHORT Unsigned short int
PVM UINT Unsigned int

PVM ULONG Unsigned long int

OHJI/I6KI/I, KOTOpBIE MOTYT BO3HUKHYTH TIPU BBINMOJHEHUN TTOAITPOTPAMMBI
pvm;psendiPvaadParaHL(HeﬂpaBHHBPHJe 3HAYEHWY tid WIN msgtag) N PvmSysErr
(He OTBEYAET JEMOH pvmd).

IMonmporpaMmma pvm nrecv BBITONHSET HEOJIOKUPYIOUIUN TpPUEM COOOIIEHUS OT
Tpollecca ¢ NISHTUPUKATOPOM tid:

int bufid = pvm nrecv(int tid, int msgtag)
PVMFNRECV (TID, MSGTAG, BUFID)

3HaueHMe tid = -1 urpaeTt poiab "mKkokepa". Ecin cooblieHne ele He TIPUIIIO,
BO3BpalllaeTcd 3HAYEHWE bufid = 0, a eCIW TPUIIIO, OHO TIOMeIaeTcd B HOBOM
aKTUBHOM Oy(epe IpueMa, KOTOPHII 3aMelllaeT paHee CYIIecTBOBaBIIUK Oydep
(ecnu oH, KOHEYHO, cyuiecTBoBai). IlapameTp msgtag COMEPKUT TeT COOOIIEHUS,
a 3HayeHHe —1 coOTBeTCTBYeT MoboMy Tery (T. e. siBisgercs "mxokepom"). Ilox-
MPOrpaMmMy pvm nrecv MOKXHO BBI3BIBATH MHOTOKPATHO JUISI MPOBEPKU TPUOBITHS
coobuieHus. Ecnu coobuieHue npuObLIO, MOANPOrpaMMa pvm nrecv MOMECTUT
€r0 B HOBBIIl akKTWBHEII Oydep mpueMa U BepHeT MAeHTHdHUKATOp 3TOro Oydepa.
OrpuuarebHOe 3HaUeHUe bufid TOBOPUT 00 olndKe.

IMpumepwr wrs C:

tid = pvm parent();

msgtag = 1;

arrived = pvm nrecv(tid, msgtag);

if (arrived > 0)

ierr = pvm upkint (buf, nitems, stride);
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n w11 FORTRAN:

CALL PVMENRECV (-1, MSGTAG, ARRIVED)

IF (ARRIVED.GT.0) THEN

CALL PVMFUNPACK (INTEGER4, TIDS, NITEMS, STRIDE, IERR)
ENDIF

Bo3MmoxHBI  cremyionue  OMMOKKM — BBIMIONHEHUST NAHHOW  MOATIPOTPAMMBL:
PvmBadParam (HETPABWJIBHO yKa3aHbI UASHTU(GUKATOP MUCTOUYHUKA WU TET cO00-
IIEHNS) U PvmSysErr.

IIpu opraHuszaiuu HEOGJIOKUPYIOLIEro OOMEHAa HeoOXoauma IOAIpOrpaMma, Ko-
TOpasi MPOBEPSIET, MPUOBLUIO JIU YK€ COOOLIEHUEe, HO He NpuHuMaer €ro. B PVM
TAKOIi MOANIPOrPaMMOU -MIPOOHUKOM SIBIISIETCS pvm probe:

int bufid = pvm probe (int tid, int msgtag)
PVMFPROBE (TID, MSGTAG, BUFID)

Dra moanporpaMma Bo3BpalllaeT HyJeBoe 3HAaueHUe bufid, €CIM COODLIEHHE OT
3aJa4i ¢ UASHTUUKATOPOM tid ellle He Mpudbiio. [TprueM coobliieHnsT B T060M
cyJyae He BBINIOJHSIETCSI, BO3BpalllaeTcsl JUIIb UAeHTUhUKaTop Oydepa sl IpU-
ObIBIIETO coOOLIeHMs. JJaHHAs TOAMporpaMMa TakKe MOXKET BbI3BIBATHCSI HEOM-
HokpaTHo. Kpome TOro, BHOCAEACTBUKM MOXET ObITh BbI3BaHA IMOANPOrpaMma
pvm_bufinfo I TOAyYeHUS WHMOPMALIMM O COOOIIEHWH ellle IO ero Mpuema.
3HaveHuss —1 i uaeHTUUKATOPA MCTOYHUKA M Tera COOOIIEHUS SIBISIOTCS
"mKokepamu".

[Mpumeps! gis C:

arrived = pvm probe (tid, msgtag);
if (arrived > 0)
ierr = pvm bufinfo(arrived, &len, &tag, &tid);

n mig FORTRAN:

CALL PVMFPROBE (-1, MSTAG, ARRIVED)

IF (ARRIVED.GT. 0) THEN

CALL PVMFBUFINFO (ARRIVED, LEN, TAG, TID, IERR)
ELSE

ENDIF
BoaMoskHbie OIMMOKN BBITIOJTHEHUS JTaHHON TTOATTPOTPAMMBI. PvmBadParam W

PvmSysErr.

Cryyaercs Tak, 4To COOOIIEeHWe TO KaKOoW-TO TMPUYNHEe HUKOTIA He JOCTHTHET
anpecara. B aToM ciryyae ncnonb3oBaHNE OIOKUPYIOLIETO MprUeMa HexXeaaTeabHo,
T. K. OH MOXeT 3a0JIOKMpOoBaTh Ipoliece (@ ¢ HUM M BCIO MPOTrpamMMy) HaBEYHO.
g Toro 4yToObl U30eXaTh TAKUX CHTYallMil, MOXHO HCIIONB30BAaTh IOAIPOrpaM-
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MY pvm trecv, KOTOPAsl ITO3BOJISIET MMPOTPAMMUCTY YKa3aTh BPEMST OXUIAHUS CO-
00l1lleHH s, IO UCTEYeHWU KOTOPOIO BBbIMOJIHEHUE Ipoliecca OydeT MpoAoKeHO
HE3aBUCUMO OT TOrO, IIOJIYYEHO COOOUIEHUE WM HET. B TeyeHue 3agaHHOro Bpe-
MEHU BbIIIOJIHEHME BbI3bIBAIOUIErO Ipolecca Oaokupyercs. IlpenenpHblii ciayyai
0OJIBILIOrO BpPEMEHU OXWAaHUSI COOTBETCTBYET OJOKUPYIOLIEMY MpUEMy, a Hyje-
BOE BpeMsl OXuJaHusi — HebnokupylolieMmy npuemy. [loamporpamma pvm trecv
BBITIOJTHSIET MTPUEM COODILEeHNIT ¢ orpaHWYeHHBIM BpeMeHeM OXUIAHWS U 3aHW-
MaeT MPOMEXYTOUHOE IMOJIOXKEeHWe MeXIy MOoANporpaMMaMy OJOKUPYIOILEro u
HEOJIOKUPYIOLIETO [IpUEMa:

int bufid = pvm trecv(int tid, int msgtag, struct timeval *tmout)
PVMFTRECV (TID, MSGTAG, SEC, USEC, BUFID)

Ee mapamerpsr:
O tid — uaeHTHUKATOP UCTOYHNUKA COOOLISHMS;

O msgtag — Ter COOOIIECHUS;

O tmout — BpeMd OXUIAHUS coobmienus. Ecau coobmienne wHe 6YZ[6T TTOJIYYEHO
B TCUCHHUEC 3TOT'O BPEMECHH, pa60Ta IIOAIIPOIrpaMMBbI 3aBEPIIACTC,

a sec, usec — ULEJIOYNCICHHBIC 3HAUYCHUS, OTPEACIASIIOINNE BpEMSI OXHWIAHUS,
CECKYHIbI 1 MUJUTUCCKYHIDBI,

O pufid — waeHTHOUKATOP Oydepa coodIeHnd (oTpulaTeNbHOe 3HaYeHNe BO3-
Bpalaercs Mpu OLINOKe).

3HayeHue —1 mapaMeTpoB msgtag W tid UTpaeT pojib "mKkokepa”.

B C Bpems oxuaaHusi COAEPXKUTCS B CTPYKTYPE tmout C TIONSAMU tv sec W
tv_usec. B Bepcum st g3eika FORTRAN wucrnone3ytoTesl aBa mapamMerpa: sec W
usec. Ectu 06a paBHBI HYIIO, pvm trecv BeAET ce0sl aHAJOTHYHO MOANpOTpaMMe
pvm_nrecv, BBITIONHSIONIEN TIPOBEPKY MPUOBITHS COOOIIEHWI W 3aBepliaioniei
CBOIO paboTy cpasy xke, Aaxe ecaud coobuieHuit Het. B C nepenaya HynaeBoro yka-
3arefisi B tmout MPUBOIUT K TIOBEAEHWIO, aHAJOTMYHOMY pvm recv, T. €. OJIOKH-
pytouiemy. Takoii ke a¢pdekT gaeT B 13bike FORTRAN 3HaueHUe sec = -1.

ITpumMmepsl UCIOAB30BAHUS 3TON MOAIPOrpaMMEI B s3bike C:
struct timeval tmout;

if ((bufid = pvm trecv(tid, msgtag, &tmout)) >0) {
pvm_upkint (arrayl, nitemsl, stridel);

pvm_upkint (param, nitems2, stride2);
pvm_upkfloat (array2, nitems3, stride3); }

n B g36lke FORTRAN:

CALL PVMFRECV (-1, 4, 60, 0, BUFID)
IF (BUFID.GT.0) THEN
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CALL PVMFUNPACK (INTEGER4, TIDS, NITEMS1, STRIDEl, IERR)
CALL PVMFUNPACK (REALS, ARR, NITEMS2, STRIDE2, IERR)
ENDIF

ITpu BbIMIOTHEHUM JAHHOW TOANMPOrpaMMbl BO3MOXHbBI OIIMOKU: PvmBadParam
(HpI/I HENMpaBUJIbHOM 3HAYEHUU tid WU msgtag < 71) "N PvmSysErr.

Monmporpamma pvm precv o0benuHsIeT GyHKIMYN OIOKUPYIONIETO TTpUeMa U pac-
ITaKOBKM:

int ierr = pvm precv(int tid, int msgtag, void *buf, int len,

int datatype, int *rtid, int *rtag, int *rlen)

PVMFPRECV (TID, MSGTAG, BUF, LEN, DATATYPE, RTID, RTAG, RLEN, IERR)
OHna mpuHUMaeT coobiieHme mpsaMo B 0ydep. [Tapamerpsr:

O tid — ugeHTN(UKATOP 3aTAUN-NCTOTHNKA COODIIEHNS,

O msgtag — Ter COOOIIECHNS;

O puf — ykazaredb Ha Oydep, B KOTOPBIM OymeT BBHIMOMHATHCS IIPUEM COO0D-
HIeHUST;

a

len — pasMmep Oydepa (TOIKeH 3amaBaThed YMCIOM, KPaTHBIM pasMepy Wc-
MOJIB3YEMOI0 TUIIA TAHHBIX);

datatype — TUII JAHHBIX;
rtid — ¢dakTUIeCKuii UAeHTU(GUKATOP UCTOUYHKKA;
rtag — aKTUYECKUM TEr COOOIEHMS;

rlen — (paKTUIECKUI pa3Mep COOOIIEHNS;

[ [ R Ry

ierr — CTATYC 3aBEPLICHUS.

IMoanporpaMMa pvm precv MOXET BBIIOAHSTh NPUEM COODILIEHUH, OTIPABICHHbIX
noanporpaMMaM pvm psend, pvm send, pvm mcast M pvm bcast. BosmoxxHBIE
OLIMOKN BBITTOHEHMS: PviiBadParam U PvmSysErr.

IMMonmporpamMma pvm perror BBIBOOUT HA 3KPaH CTATyC MOCIENHEro oOpaileHus
K mogmnporpamMme PVM:

int ierr = pvm perror (char *msg)
PVMFPERROR (MSG, IERR)

Y sT0i1 MoAmporpaMMEBI JBA ITapaMeTpa:

O msg — CHUMBOJbHAs CTPOKa, KOTOpas TMPUCOSAUHSIETCS K COOOIIEHWIO 00
olmMbOKe M 3amaeTcsl MporpaMMucToM. B aToM cooOIIeHUN MOXKET comepKaTb-
csl, HampuMep, UAeHTUDUKATOP 3aJadu, U3 KOTOPOW MOCHeN0Bal BbI3OB WU
apyrasi uH¢gpopMaIus;

O ierr — cTaTyc 3aBepIIeHUS BHI30BA.
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Bce coobmieHns M3 CTaHIAPTHBIX TTOTOKOB BBIBOAA W OIIMOOK 3aITUCHIBAIOTCS
B ¢daitn /tmp/pvml.UID Ha XocTe ¢ TIaBHBIM I€MOHOM pvmd. JlaHHAsS TOOITPO-
rpaMma He BO3BpalllaeT KojJbl olIMOOK (OIIMOOK 3/1eCh MPOCTO HE MOXKET ObITh).

YnpaBneHue BuptyanbHoi MmawluHoOm

VYrpapneHne BUPTYaNTbHON MAIIWHONM, KaK OOBIYHO, CKJIAmbIBAeTCs W3 ABYX Yac-
Teit: coopa MHGOPMAIIMUM O COCTOSIHUM MALIMHbI B LIEJOM M OTACHbHbIX XOCTOB,
BXOMSIIMX B €€ COCTaB, a TAKXKE UBMEHEHUsI KOH(PUIypauuu Wid pekuma paboThbl
BUPTYAJIbHOM MAIINHBEL.

C60p nHcpopmavn
O COCTOSAHUM BUPTYasbHOI NapannesibHON MaLlUHbI

MHdbopmalinio o BUPTyalbHONH MallliHEe MOXHO TOJIYYWTh C TIOMOIIBIO TTOATIPO-
rpaMMBbI pvm_config:

int ierr = pvm config(int *nhost, int *narch, struct pvmhostinfo **hostp)
PVMFCONFIG (NHOST, NARCH, DTID, NAME, ARCH, SPEED, IERR)

BosBparmamoTed: KOIUYecTBO XOCTOB B BUPTYATBHOM MAaIlTMHE nhost, KOTMYECTBO
pasTMIHEBIX (opMaTOB XpaHeHWS JAHHBIX narch. [lapaMeTp hostp SBISETCS yKa-
3arejeM Ha 3aJaHHBIA TTOJTh30BaTelleM MAacCUB CTPYKTYP pvmhostinfo. Pasmep
3TOTO MaccHWBa He MeHee nhost. Kaxkmas cTpyKTypa pvmhostinfo CONEPKHUT MIEH-
THGURATOP 3aTa4W TS JeMOHaA pvmd (dtid), WM X0CTa, HanMeHOBaHNEe apXUTeK-
TYPbl U OTHOCUTEJIbHOE OBICTPOACICTBHME LIEHTPAIbHOIO Mpoleccopa (IO yMOJ-
yanuo 1000). CtpyKrypa pvmhostinfo YCTPOEHA CIEAYIOIIMM 00Pa30M:

struct pvmhostinfo {
int hi tid;

char *hi name;

char *hi arch;

int hi speed;

}

B sa3pike FORTRAN oauH BBI30B 3TOI NOAMNPOrpaMMEl Bo3BpalliaeT MHGbOpMa-
nuio o6 omHoM Xxocte. Jna momydeHus HHGpopManuud o000 Bceil BUPTyaabHOI
MallyMHe TpeOyeTcss MHOTOKPATHBIA BbI30B MOANPOrPaAMMBl — I10 OJHOMY BbI3OBY
Ha Kaxablid xocT. Ilpu atoM dopMupyeTcs 3HaueHUue OJHOTO BJIEMEHTa MAaccuBa
HOST:

DO I=1, NHOST
CALL PVMFCONFIG (NHOST, NARCH, DTID(I), HOST(I), ARCH(I), SPEED(I), IERR)
ENDDO
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HBYI[O6CTBO TAKOTO TOAXOoIoa 3aKIIYacTCcd B TOM, YTO B MMpolecce oImpoca CO-
CTOSAHHUEC YXKE€ OIIPOHICHHBIX XOCTOB MOXKET M3MEHUTLCA, HO IMporpaMmma 00 3TOM
HE€ Y3HAE€T OO0 HOBOI'O IIMKJIA OIIpoca. HpI/I BBITIOJIHEHUU 3TOU HOAIPOoTrpaMMbI
BO3MOXHA TOJIBKO OLINOKa PvmSysErr, €CJIM HE OTBEYACT JIOKAJABHBINA JEMOH.

I/IH(i)OpMaLU/I}O O COCTOSHHUN OTIPEIOCIICHHOTO XOCTa, BXOIMIIETO B COCTaB BUPTY-
ATBHOW MaluHbl, MOKHO TTOJYYUTH € MTOMOIIBIO TTOATIPOTPAMMEBI pvm mstat:

int mstat = pvm mstat (char *host)
PVMFMSTAT (HOST, MSTAT)

XocT 3amaercd ero UMEHeM host — 3TO CTpOKa CHUMBOJIOB, a4 PE3YJILTATOM ABJIA-
€TCA LECJIOC 3BHAYCHUE mstat!:

O PvmOk — XOCT paboTaeT HOPMAIILHO;
O PvmNoHost — XOCT HE BXOIWT B COCTAB BUPTYAIIBHOW MAIITAHH,

O pvmHostFail — XOCT HEJOCTMIKMM, CKOpEee BCEro, o MPUYMHE allapaTHOro
cbosl.

Bce »tn 3HavenHmst ABIAIOTCS, B AEUCTBUTEIBHOCTU, KomaMM ommnbok PVM.
C NOMOIIIBI0 TOAMNPOTPAMMBI pvm mstat MOXHO OPraHU30BaTh MOHUTOPUHT CO-
CTOSIHUSI BUPTYaJbHON MAIIMHBI C TEM, YTOOBI IIPU BO3HUKHOBEHUU aBAPUIHBIX
CUTYyallMii MOXHO OBIJIO M3 MPUKIATHON IMMpOrpaMMbl M3MEHUTh KOH(MUIYpAIIUIO
BUPTYaJIbHOI MallHBI.

MNoanporpamma pvm tidtohost BO3BpalllaeT dtid — WIEHTH(WKATOP 3amadn nie-
MOHA pvmd, pabOTAOIIETO Ha TOM K€ XOCTe, YTO W TIpoIlece ¢ YKa3aHHBIM MIeH-
TU(UKATOPOM tid:

int dtid = pvm tidtohost (int tid)
PVMFTIDTOHOST (TID, DTID)

D1a noarmnporpaMmMa HCIIOJIB3YETCA HJIA OIPEACICHUA, HA KAKOM KOMITIBIOTEPE BbI-
MOJHAETCA IMPOUECC C 3aJaHHBIM I/Il[eHTI/I(l)I/IKaTOpOM. Ecnnu HEIIPaBUJIbHO 3adaH
napameTp tid, BO3BpallaeTcs KOI OLIMOKM PvmBadParam.

IMpumep nctronb3oBaHNS TTOANpOTpamMM cbopa MHbOpMAITNN TTPUBeIeH B TNCTHH-
rax 7.2 u 7.3. [Iporpamma-mpumep MOCTpoeHa Mo cxeMe "TiIaBHasl/momynHeHHas"
3amava. [locme 3amycka oHa ompenenseT KOJMYECTBO XOCTOB, BXOMAIINX B COCTaB
BUPTYAJIbHOM MAIIMHBI, 4 3aTeéM Ha KaXIOM M3 HUX 3aITycKaeT 10 TpH Tpoliecca.
HcnomHsieMbrit (aitm momymHeHHOW 3amadyn JOJKeH OBITh COXpaHEeH ¢ MMEHEM
slave. Ortor mpuMep B3SIT M3 KOJUIEKIIMHM IIPUMEPOB, ITOCTABISIEMBIX BMECTE C
PVM, u yutatenio mnojie3Ho pazodparbcs, Kak paboTaeT 3Ta mporpaMmma.

NMuctuhr 7.2. TMaBHas nporpaMmma npumepa nporpammel master-slave

#include <stdio.h>

#include "...pvm3/include/pvm3.h"
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main ()

{

int mytid;

int tids[32];

int n, nproc, numt, i, who, msgtype, nhost
float data[l100], result[32];

struct pvmhostinfo *hostp;

mytid = pvm mytid();

pvm_config(&nhost, &narch, &hostp);

nproc = nhost * 3;

if (nproc > 32) nproc = 32;

printf ("Spawning %d worker tasks ", nproc)

numt=pvm_spawn ("slave", (char**)0, 0, "",

if (numt < nproc) {

printf ("\n Trouble spawning slaves. Aborting. Error codes are:\n");

for (i=numt; i<nproc; i++) {
printf ("TID %d %d\n", i, tids[i]):;
}

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

pvm kill(tids[i]);

}

pvm_exit();

exit (1) ;

}

printf ("SUCCESSFUL\n") ;

n = 100;

for(i = 0; i < n; i++){
datal[i] = 1.0;

}

pvm_initsend (PvmDataDefault) ;
pvm _pkint (&nproc, 1, 1);

pvm pkint (tids, nproc, 1);
pvm pkint (&n, 1, 1);
pvm_pkfloat (data, n, 1);

pvm mcast (tids, nproc, 0);

msgtype = 5;

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

pvm recv (-1, msgtype);

pvm upkint (&who, 1, 1);
pvm_upkfloat (&result[who], 1, 1);

, narch;

’

nproc,

tids);
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printf ("I got %f from %d; ", result[who], who);
if (who == 0)
printf (" (expecting %f)\n", (nproc — 1) * 100.0);
else

printf (" (expecting %f)\n", (2 * who — 1) * 100.0);

#include <stdio.h>

#include "...pvm3/include/pvm3.h"
main ()

{

int mytid;

int tids[32];

int n, me, i, nproc, master, msgtype;
float data[100], result, sum;

float work();

mytid = pvm mytid();
msgtype = 0;

pvm recv (-1, msgtype);
pvm_upkint (&nproc, 1, 1);
pvm_upkint (tids, nproc, 1);
pvm_upkint (&n, 1, 1);

pvm upkfloat (data, n, 1);

for(i = 0; i < nproc; i++)
if (mytid == tids[i]){ me = i; break; }

sum = 0.0;
for(i = 0; 1 < n; i++){
sum += me * datalil;

}

pvm _initsend (PvmDataDefault);
pvm pkint (&me, 1, 1);

pvm pkfloat (&result, 1, 1);
msgtype = 5;

master = pvm parent () ;
pvm_send (master, msgtype);
pvm_exit ();

}
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Moaudukauma BupTyanbHON MaLLUWHbI

OCHOBHBIE TIOATIPOTPAMMBI IWHAMWYECKOTO M3MeHEeHWS KOHMUTYpalnn IoOaB-
JIIOT B BUPTYalbHYIO MAIIMHY HOBBII XOCT U YAAJISIOT U3 HEE CTapblii:

int ierr = pvm addhosts(char **hosts, int nhost, int *ierrs)
PVMFADDHOST (HOST, IERR)
int ierr = pvm delhosts(char **hosts, int nhost, int *ierrs)
PVMFDELHOST (HOST, IERR)

Hx mapameTpsr:

O hosts — MaccHWB yKasaTeJleil Ha CTPOKW CHUMBOJIOB, cojepsKalllie WMeHa JIO-
OapnsieMblX,/ynaasi€MbIX MAllIMH;

O nhost — KOJIMYECTBO Z[OG&B.HHCMBIX/YILEUIHCM]:IX XOCTOB,

O ierrs — IEIOYMCICHHBI MAcCCHUB M3 nhost DJEMEHTOB, COACPXKAIIUN KOIbI
3aBepILIEHUST Oepaluy IsI Kaxkmaoro xocta. OTpuliaTe/lbHbIe 3HAYEHUSI COOT-
BETCTBYIOT OLIKOKAaM;

[ nost — CTpOKa CUMBOJIOB, cofepKalias WM HobaBiseMoii/ymamsgeMoii Ma-
wrHbl (B FORTRAN).

O ierr — craTyc. 3HAUEHNS, MEHBIINE nhost, YKA3hIBAIOT HA YaCTUYHYIO Heyaa-
4y ofepalni, a ierr, MeHbIee 1, O3HAUaET MONHYIO HEyIady omeparni.

®Oyukuun C Mo3BONSIOT cpasy A00aBUTh UM Cpa3y YIAIUTh HECKOIbKO XOCTOB, a
B nporpamme Ha s3bike FORTRAN 3a onHo obOpalieHrne BO3MOXHO Ho0aBiIeHMe
WIN yhaJleHue TOJIBKO OTHOTO XocTa. IIpu 3ToM TapaMeTpy ierr TIPUCBAWBAETCS
sHaueHne 1 win Koj owmmbku. B C cMBIca mapameTpa ierr WHOW — 3TO KOJH-
YECTBO XOCTOB, KOTOpPbIE JEHCTBUTEIbHO YAAJOCh BKIIOYUTb B COCTAB BUPTYallb-
HOM MalllMHBbI.

C MOMOIIIbI0 MOANPOrpaMM pvm addhosts U pvm delhosts MOXHO TIOBBICUTH YC-
TOMYMBOCTH MAPAIENBHON MPOrpaMMBbl, a TaKKe YBEIHMUNUTh 3(PGEKTUBHOCTD NC-
MTOJTB30BAHUS BBIYMCIMTEIbHBIX pecypcoB. Ecnu B mpoiecce paGoTHl mporpamme
MOTPeOYIOTCS NOMOTHUTENbHBIE PECYpPChl, OHA MOXET CAMOCTOSTENbHO U3MEHMTD
KOHO®UIYpaluio BUPTYaIbHOH MAIUMHBI B COOTBETCTBUU CO CBOMMHU IOTPEOHO-
CTAMU, 100aBUB B Hee HOBbIe XOCThl. Hy a eciiu morpeGHOCTh B pecypcax CHU3M-
Jlach, HEHYXXHbIE XOCTbl MOIYT ObITh MCKJIIOYEHBbI M3 KoHburypauuu. Ecau oxa-
3bIBAETCS, YTO KAKOKM-TO U3 XOCTOB HE YIAETCS BKIIOYUTH B BUPTYAJIbHYIO MAlllM-
Hy, IIpOrpaMMma MOXeT MOAKIIOYUTh APYTrOi XOCT U3 YMC/a TOCTYITHBIX.

Ecnu npu pabore xocta npoucxoaut cooit, PVM npogonxaer padborars, HO 3TOT
XOCT aBTOMATUYECKU YAAISETCSH U3 BUPTYAJIbHOW MalliMHbl. BO3MOXHbIE OLIMOKU:
PvmBadParam, PvmSysErr U PvmOutOfRes (HeXBaTKa pecprOB).

[onnporpamma pvm halt JefCTBYeT aHATOTUYHO KoMaHAe halt PVM-koH-
COJIM — OHA 3aBepluaer paboTy BUPTYaJbHON MalllMHbI BMECTE CO BCEMU 3amaya-
MU, KOTOPbI€, BO3MOXHO, BBIIIOJHSIOTCS B MOMEHT BbI30OBA!
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int ierr = pvm halt (void)
PVMFHALT (TERR)

EIMHCTBEHHBIM TIApAMETPOM BTOM TOLMPOTPAMMEI SIBISETCS KOI 3aBEPLICHUS
ierr. OUEBNIHO, pvm halt CIeyeT WCIIOIh30BaTh OCTOPOKHO (la W CTOUT JIN
ucIonb3oBaTh?). Ilpn BHIIOTHEHHHM MOXKET BO3HUKHYTH CTAaHOApTHAs OIIMOKa
PvmSysErr — HE OTBEYAeT JOKATBHBIN JEMOH pvmd.

MNoanporpammbl pvm setopt W pvm_getopt TMO3BOJSIOT MPOTPAMMUCTY 3a1aTh pe-
KUMBI padoTel PVM mwin onpenenTs napaMeTphl TeKYIIEero pexuma:

int oldval = pvm setopt (int what, int val)
PVMFSETOPT (WHAT, VAL, OLDVAL)

int val = pvm getopt (int what)

PVMFGETOPT (WHAT, VAL)

st ykazaHus pexXuma HCIONb3yeTcsl MmapameTrp what (Tabm. 7.2), ero 3Have-
HHUe — TapameTp val.

Tabnuya 7.2. [lonyctumMbie 3HadyeHus1 napameTpa what
nogrnporpaMm pvm setopt U pvm getopt

CumBonbHOe YncneHHoe
OnuncaHne

3Ha4veHue 3Ha4YeHune

PvmRoute 1 Monutuka mMapLupyTU3aLmm

PvmDebugMask 2 Macka otnagku

PvmAutoErr 3 ABTOMaTUUYECKOE U3BeLLIEHe 06 oLlnbKax

PvmOutputTid 4 MNepeHasHaueHue cTaHgapTHoro Beigoga (stdout)
JOYEPHIUX NPOLIECCOB

PvmOutputCode 5 Ter coobLeHuli ¢ nepeHasHa4YeHHbIM cTaHgapT-
HbIM BbIBOZOM

PvmTraceTid 6 MNepeHa3HayeHne BbiBOJA pe3ysibTaToB Tpaccu-
POBKM [0YEPHUX NPOLIECCOB

PvmTraceCode 7 Ter coobLUeHWin ¢ AaHHbIMU TPACCUPOBKU

PvmFragSize 8 Pazmep cdparmeHTauum coobiueHuin

PvmResvTids 9 PesepsupoBatb Tern u ugeHTucgpurkatopbl 3agay
Ans coobLueHuin

PvmSel fOutputTid 10 MepeHasHaueHue cTaHgapTHoro Bbisoga (stdout)
A5 Bbi3bIBAIOLLLErO npoLuecca

PvmSelfOutputCode 11 Ter coobLieHNn ¢ NepeHa3Ha4YeHHbIM CTaHAapT-

HbIM BbIBOOOM AJ1A Bbi3blBAlOLEro rnpouecca
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Ta6nuya 7.2 (okoHuaHue)

CumMmBonbHoe YncneHHoe
Onncanne

3Ha4eHune 3Ha4YeHne

PvmSelfTraceTid 12 MepeHasHaueHWe BbiBOgA peaynbTaToB Tpaccu-
POBKU ANS1 BbI3bIBAIOLLErO NpoLecca

PvmSelfTraceCode 13 Ter coobLieHMNA ¢ AaHHBIMU TPACCUPOBKU BbI3bl-
BaloLLero npotiecca

PvmShowTids 14 BknioyaTb B nepexBayveHHblli MOZMNPOrpaMmol
pvm_catchout BblBOA UAEHTUUKATOPLI 3aaa4

PvmPollType 15 Monutuka oxuaaHua coobLeHuin

PvmPol1Time 16 MpoaomKuTeNbHOCTb OXUAAHUA coobLLEeHUl

[MonmporpaMmy pvm setopt YacTO WCIONB3YIOT ISl BKIOUEHUS PEeXUMA TIPSIMOi
Mapmpytuzanuu (direct route communication). ITpu BeI3oBe:

pvmm_setopt (PvmRoute, PvmRouteDirect)

MPOTIycKHasA CITOCOOHOCTh CeTH yaBamBaeTcsl, ogHako mpu atomM B OC UNIX Te-
psieTcsl MaclUTabMpyeMOCTb IIPOrpaMMbl, KOTOpas MOXET OKa3aTbCs HepadoTo-
CIIOCOOHOM IIpu yuciae mpoleccoB 6osee 60. B atom ciyyae cucrema aBromMariu-
YECKU caMa MEepPEXONUT B PEXUM IO YMOTUAHUIO.

IMapameTp PvmRoute OTpeAeNseT, KaKoi peXuM MapUIpyTU3aluy cjlenyeT Wc-
MOJIB30BaTh A IMOCeAyIoIUX 0OMeHOB MeXny 3agadamu. B PVM uMmeetcst Ha-
0op mpenonpeaeeHHbIX 3HaYeHU 3Toro napaMerpa (taon. 7.3).

Tabnuya 7.3. [pegonpefeneHHble 3Ha4YeHNs napameTpa PvmRoute

YncneHHoe
3HaueHune OnucaHne
3HayYeHne
PvmDontRoute 1 He 3anpalumBath 1 He NpefoCTaBNAThL CBA3b
PvmAllowDirect 2 He 3anpawmBath, HO MpefocTaBnsATb MO 3anpocy
cBa3b. [1pUHATO Mo yMonuaHuio
PvmRouteDirect 3 3anpaluvBath U NpegoCcTaBnaTb Mo 3anpocy CBs3b

IMapaMeTp PvmRouteDirect (MCMOIB3yeTcs ceTeBoit potokon TCP/IP) Bkiouaer
MPSMYIO CBSI3b MEXIY 3adadyaMd JUIS BCeX ITOCHeAyIouX KoMMyHukanuii. ITocre
YCTAHOBKU JMHMK CBSI3M OHA COXPAHSETCI OO 3aBEpLUCHMS pabOThl MPOTrPAMMEIL.
Ecnu npsimast cBs3b HE MOXET ObITh YCTAHOBJIEHA U3-3a TOrO, YTO ONHA U3 3a1ady
3ampocuia PvmbDontRoute WJIM OKAa3aJIUCh HEAOCTYITHBIMU HEOOXOAUMBIE PECYPCHI,
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TO OVIEeT MCITONB30BAThCs MAPIIPYT Mepelayn COOOIIEHN, TPUHATBI CUCTEMO
10 YMOJYaHWI0. B MyJIBTUIIPOILIECCOPHBIX CHCTEMax 3TO 3HAYeHUe UTHOPHUPYETCH,
a KOMMYHHMKAIIUM MEXIy 3amadaMi ITIOCTPOEHBI Ha COOCTBEHHBIX ITPOTOKONAX
nepenaun gaHHbx. [MommporpaMmy pvm setopt MOXHO BBI3BIBATH HEOTHOKPATHO
JUTSI 30U paTeIbHON YCTAHOBKM TPSIMBIX CBSI3el MEXIY 3adadyaMM, OJHAKO OOBIU-
HO YCTAHOBKA HEOOXOAMMBIX PEKMMOB BbIIOJHSIETCS OAMH pa3 B Havyajue paboThl
KAXJOro Mmpolecca. YCTaHOBKON MO YMOJYAHUIO SIBISIETCSl PvmAllowDirect. Ecu
JAHHBI peXXMM YCTAaHOBJEH OAHON M3 3aJay, BCEM IIPOYMM 3amadaM paspelraeT-
Cs YCTAHABNUBATb ¢ HEM IPIMYIO CBS3b.

K04 pvmbebugMask BKIIOUAET PEXUM OTIAAKU, Korga MHdopMaiusg ob orepa-
IHSIX TPOTOKOMMPYETCS W HAMPAaBIsIeTCs B CTAHAAPTHBIA MOTOK stderr. YpoBeHb
OTJIaAKK 3adaeTcsl IapaMerpoMm val. [lo yMoiuaHWio oTiamovyHass WHQpOpMaINs
He BBIBOJIUTCS.

Ecnau npu BbI3oBe moanporpamMmbl U3 6ubanoreku libpym mpoucxoaut oluodkKa,
a 3HayeHue PvmAutoErr paBHO | (3TO 3HAUeHWE MPUHSTO TIO YMOJIYAHUIO), COO0-
1eHne o0 OlIMOKe BHIBOAMTCS B CTAHOAPTHBIA MOTOK olunbok stderr. HymeBoe
3HAYEHME OTK/IOYAET BblBOA. Ilpu 3HAueHuM 2 10C€ BblBOJA COOOLIEHUSI OO
oIOKe BBHIMOJTHEHNE 3alayll 3aBeplaeTcs CUCTEMHBIM BBI3OBOM exit. IIpum 3Ha-
YEeHUU TMapamerpa 3 1ociie BbiBoJa cOODLIEHUsT 00 OIIMOKe MpepbiBaeTCsl BHIMTON-
HEeHHE TOAIPOrPaMMEI.

BEI130B TTOATTpOTpaMMBI ¢ KITIOYOM PvmOutputTid OTIpelensieT, Kyna OymeT Harmpas-
JIATbCA CTAHAAPTHBEIN BBIBOA (Stdout) ISl MOYEpHUX IIPOIIECCOB, 3aITyIIEHHBIX
focje Bbl30BA MOANPOrPaMMbl pvm setopt. Bce, UTO Tepemaercss MOYEPHUMU
IpolleccaMyl B CTAHAAPTHEHIN BBIBOJ, YIIAKOBEIBACTCS B COOOIIEHMS, KOTOPHIE II0-
CBUTAIOTCS 110 YKa3aHHOMY anmpecy. B aToMm cityyae mapamerp val sSBIsIeTCS WACH-
THGURATOPOM Tipollecca-ampecara. HyneBoe 3HaueHWe PvmOutputTid HAMPaBISET
CTAHOAPTHBIA BBIBOI IJIABHOMY OEMOHY pvmd, KOTOPBIA 3alMCHIBAET ITPOTOKOJ
B ¢aiin /tmp/pvml.UID. 3HadyeHune Mo yMOJTYaHHIO HACHEOAYeTCS OT POAUTEIIb-
cKoM 3ana4u, uHaye 31o 0.

Kirou pvmoutputCode MCTIONB3yeTCsl TSI YCTAHOBKM TeTa COOOIIEHUN cTaHmapT-
HOTO BBIBOJA COBMECTHO € KITIOYOM PvmOutputTid.

C moMoIIpI0 KITI0Ya PvmTraceTid MOXHO OIpPENeInTh, Kyna OYIyT HAIPaBIsSIThCS
JaHHBIE TPACCUPOBKM [UIS AOUYEPHMX 3amad, 3alylIeHHBIX IIOCTe BBI30Ba ITOANPO-
TpaMMBbl pvm setopt. Pe3ymbTaTbl TpacCUPOBKU TepenaloTcsl ampecaTy B BUIE CO-
obmennii. B aToM ciyyae val sIBIsieTcs MIEHTU(MDUKATOPOM 3amadyM-azpecaTta.
HyneBoe 3HaueHMe OTKIIOYAET TPACCUPOBKY. 3HAYCHUE 10 YMOJYAHUIO HACHTEdy-
€TCS OT POMUTENBCKON 3amaun Wik paBHoO 0.

K04 pvmTraceCode TO3BOISIET YCTaAaHOBUTH TET COO6H_[6HI/H7I ¢ JaHHBIMU TpacCH-
POBKU, UCIIOJIB3YETCSA COBMECTHO C KIOYOM PvmIraceTid.

I1s Xmova PvmFragSize 3HAYEHME val ONpeAeNsieT pasmep dparMeHra cooodiie-
HUA B GaiiTax. 3HaYeHNUE TIO YMOJYAHUIO 3aBUCUT OT apXUTEKTYPHI.
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Jist KITova PvmResvTids 3HAUYEHWE val = 1 MO3BOJSIET 3ajaue MepenaBath cool-
IIEHNUST C 3ape3epBUPOBAHHBIMU TeTaMH U IO afipecaM, He OTHOCAILIMMCS K 3aja-
ye. HyneBoe 3HauyeHUe, MPUHATOE MO YMOMTYAHUIO, 3aCTABISET CUCTEMY BO3Bpa-
maTh coodlleHre 00 OIIUOKE PvmBadParam, €CJIU 33JaH 3ape3ePBUPOBAHHBIN
WIEHTUDUKATOP.

Kniou pvmSelfoutputTid oTipenensieT, Kyda cledyeT HampaBlsATb CTaHIApTHBIA
BBIBOJ 3aJaul, U3 KOTOPOI BHITTOJHSETCS BBI3OB MOATIpoTpaMMbl. Bee, 4To To-
CTyIaeT B MOTOK CTaHAAPTHOTO BbIBO/A, YIIAKOBBIBAETCSI B COOOILEHUS U Tepeaa-
€TCsl [0 YKa3aHHOMY ajpecy. Dra BO3MOXHOCTb padoTaeT TOJbKO C 3ajlayaMu,
3alyLUEHHbIMU U3 IIPOrpaMMbl. 3HAYEHUEM val SABISIeTCS UIEHTUdUKATOP 3adavuu
(TID). IIpu HyaeBOM 3HAYEHUM KIHOYA PvmSelfOutputTid CTAHAAPTHBINA BHIBOJ
TepeHarnpasisieTcsl TJIaBHOMY IEMOHY pvmd, KOTOPBIM 3amuchiBaeT ero B aiia
/tmp/pvml.UID. 3HaueHne Mo yMOI4aHWIO HacleayeTcs OT POAWTEIhCKON 3ama-
gy Wik paBHO (. YCTaHOBKA PvmSelfOutputTid WIN PvmSelfOutputCode MPUBOIUT
K TIPpUCBAMBAHUIO PvmOutputTid M PvmOutputCode 3HAYEHUM PvmSelfOutputTid
U PvmSel fOutputCode COOTBETCTBEHHO.

Kirou PvmSelfOutputCode IMO3BOJBIET 3a1aTbh TET IJISL COOGH.[@HI/IH, COJCPpKallero
JAHHBIC U3 CTAHAAPTHOI'O BbIBOJA.

C MoMOIIBIO PvmSel fTraceTid MOXHO 3a1aTh, Kyda OyAeT HAMpaBiIsIThbCsS COOO-
LEHWEe ¢ JaHHBIMM TPACCUPOBKU 3amauu. MaeHTudukarop zagauv-agpecara 3a-
JaeTcs mapameTrpoMm val. HysneBoe 3HaueHMe Kitouya PvmSelfTraceTid OTMEHSIET
TPacCHpOBKY. 3HAUEHHME I10 YMOJTYAHWIO HACJIeAyeTCsd OT POAMTEILCKOM 3amadu
JU0O0 PAaBHO HyMIO. 3afaHUEe PvmSelfTraceTid WM PvmSelfTraceCode MPUBOIUT
K TPUCBOCHUIO PvmTraceTid U PvmTraceCode 3HAYEHUN PvmSelfTraceTid U
PvmSel fTraceCode COOTBETCTBEHHO.

Ter pinj e’ | COO6LL[CHI/II71 C pe3yjabTaTaMU TPpACCUPOBKU 3aJaCTCA C ITOMOIIBIO KITIOYa
PvmSel fTraceCode.

[lpu HeHyneBoM 3HAaY€HUU PvmShowTids MOAMPOTPAMMA pvm catchout MTOMEYaeT
KaXIyIo CTPOKY BBIBOIA JOUYEpHEN 3amaun ee WIeHTH(UKATOPOM.

i 3agaHus DOJUMTUKM OXMIAHMS COOOILICHMI MpU KX Mepeaade yepes pasie-
JIIEMYI0 IMaMsITh MCIOJB3YETCSl KJIIOU PvmPollType. 3HAaUeHUE PvmPollConstant
BBIHY)XIaeT TIPUKIAIHYI0 MporpamMMmy "TIPOKPYUYUBaATh' odepelb B OXUIAHWU CO-
o01IeHNs. 3HAYeHHUEe PvmPollSleep BBIHYXKIAET MPOTpaMMy OTpallinBaTh odepelb
0 COODONIEHUSX PvmPollTime TIEpeN MCTIOIBb30BAaHNEM ceMadopa.

CueTunk OIIPpOCa YCTAHABJIIUBAETCY C MMOMOIIBIO KIIOYa PvmPollTime.

BxiounTb PEXKUM OIOBCHICHUSA O HACTYIIICHUU 0COOBIX COOBITHIT MOXHO C ITIO-
MOILUBIO ITOAIIPOrpaMMBbl pvm notify!

int ierr = pvm notify(int what, int msgtag, int cnt, int *tids)
PVMFNOTIFY (WHAT, MSGTAG, CNT, TIDS, IERR)
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IMapaMeTpB! v 3TOI TTOATIPOTPAMMEI TaKWe:
O what — TUT YBETOMIIEHUS (cm. ea. 6);
O msgtag — Ter cooOllleHUt, KOTopble OYayT UCIOIb30BaThCs /151 YBEJOMIEHUS;

O cnt — JUIMHA MaccUBa tids IS YBEOOMIEHUN O COOBITUSIX PvmTaskExit U
PvmHostDelete, a IJISI COOBITUSI PvmHostAdd 33aeT KOJIMYECTBO YBEIOMIICHUIA;

O tids — HETOYNCIEHHBII MACCUB JUIMHBI ntask, COAEPKAINI CITHUCOK 3a7au
WA JEMOHOB, O KOTOPBIX JOJKHA OBbITh M3BElLlleHA 3a7aya, COAEepPIKallasl BbI-
30B MOATIPOTPAMMBEI pvm notify. [ cOOBITUS PvmHostAdd 3TOT MACCUB IOM-
KeH OBITh MYCThIM;

O ierr — Kof 3aBEPLICHUA. OTpI/IHaTeJIBHOC 3HAYEHNE COOTBETCTBYET olunoke.

B ciayyae BO3HUKHOBEHUSI OCOOLIX COOBITUI BbI3BaBllias AAHHYIO MOANIPOrpamMMy
3aga4a mosydyaer cooOieHus:, popMaT KOTOPbIX 3aBUCUT OT TUIIA COOBITHSI:

O pPvmTaskExit — I KaKIOTO MAEHTU(UKATOPA tid TEPENAETCs OMHO COODLIE-
HHe, KOTOPOe COMEPKUT MACHTUMUKATOP 3adaull, 3aBepIIUBIICii padoTy;

O pvmHostDelete — ST KAXAOTO MACHTU(DUKATOPA tid MEpenaeTcss OIHO co00-
IeHne, colepkallee WASHTUHUKATOP IeMOHA, 3aBepITUBIIETo padboTy;

O pvmHostAdd — B TOM ClIydae MOTYT IepelaBaThCcsl HECKOIBKO COOOIIEHUI, HO
He Oosee cnt. Kaxkmoe cooOllieHUEe cOAEpKUT LIETOUUCIEHHBIN CUETYUK, I10-
cJie KOTOpOTo CJeAyeT CIUCOK HASHTU(PUKATOPOB HOBLIX AeMOHOB. Hymepoe
3HAYEeHHE cnt OTKIIOYAeT cOODIIeHNnsT, a — | — BKIIIOYAET.

HMpenTtudukatopbl 3agau B COOOIICHUSIX YITAKOBBIBAIOTCS B LEenblii ¢opmaT. Bbl-
3pIBaloLasl 3ajavya JoJKHA MPUHATH YBeJoMyleHHe U oOpaboTaTh €ro camocTos-
TeJbHO. Bo3MOXXHBIE OIITMOKN — PvmSysErr U PvmBadParam.

pynnbl npoyeccos

1t paboThl ¢ AMHAMHYECKUMHU TPYMIIAMU IPOIIECCOB UCIIONB3YETCS OTAETbHAs
6ubnuoreka libgpvm3, koTopyio cieayeT MOAKIIOUAaTh Ha 3Tane cOOpKU Mpo-
rpaMMBbl. JIeMOH pvmd HE yMeeT paboTaTh C TPYIIaMK, 3TO MOXKET JeNIaTh CepBep
TPYIIIBI, KOTOPBIA aBTOMATMUYECKHW 3aIycKaeTcs TpPH IEPBOM BBI30OBE TPYIITOBOIT
MoAnporpaMMbl (T. €. TIOAIIPOrpaMMbl, BBIMOJHSIOLIEH KaKyl0-Iubo TpyIIOBYIO
oIrepauuio).

Jo6as 3agaya PVM MoxeT BXOOUTH B JI00OYIO TPyIIly U MMOKUAATh €€ B 000t
MOMeHT BpemeHHU. I'pynmna B PVM gBnsieTcsa 1uHaAMUYeCKUM OOBEKTOM, €€ COCTaB
MOXET MEHSTBhCSl B MPOLECCe BBIIOJAHEHUS Iporpammel. Ilpouecchl MoryT mepe-
JaBaTb COOOLIEHMS IPYIIOBOH PACCHUIKON TeM IpyliaM, WieHAMU KOTOPbIX OHU
He sBnsoTcs. Jlobas 3agaua MOXET BbI3BaTh JIOOYIO IPYINOBYIO OIEpaLUIO,
a TIOAIIPpOrpaMMBbl pvm lvgroup, pvm barrier M pvm reduce MOIYT BBI3bIBATHCA
TOJILKO U3 Tpoliecca, SIBASIOUIErocsl YieHOM IPYIIbl.
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YnpasneHue rpynnoi

ITonnporpaMwnn pvmm_joingroup W pvm lvgroup MO3BOJSIOT 3agavye BOWTH B yKa-
3aHHYIO TPYIIY WX NOKUHYTh IPYIITY COOTBETCTBEHHO:

int inum = pvm joingroup (char *group)
PVMEFJOINGROUP (GROUP, INUM)

int ierr = pvm lvgroup (char *group)
PVMFLVGROUP (GROUP, IERR)

TTepBoe obpareHne K pvm joingroup CO3AAET TPYNMY ¢ WMEHEM group W TIOME-
nraet mpouecc B 3Ty rpynmy. IMommporpamMma pvm joingroup BO3BPALIAET 2PyHNO-
6ol udenmuguxamop inum (OT AHTIUNCKUX CIIOB instance number — HOMep K-
3eMIUIApa) Ipoliecca B MAHHOM rpynme. B erage 6 MBI yXe yIOMHUHAIA O TOM,
YTO TPYIIOBBIE UAEHTUGUKATOPHI U3MEHSIOTCS OT 0 10 MAKCUMAJIbHOIO 3Haue-
HUSI, PABHOTO KOJMYECTBY NPOLECCOB B Ipymiie MUHyC onuH. OTpuuarejsbHoe
3HaueHWEe TOBOPUT O BO3HUKHOBEHWM oOMMOKW. OpHa 3amaya MOXET ONHOBpe-
MEHHO OBbITh WIEHOM HECKOJIbKUX TPYIII.

Ecmm mporiecc BHavaje MOKWIAET TPYIITy, a 3aTeM BHOBbL BXOIWT B Hee, OH IIO-
JYIUT, cKOpee BCero, Ipyroil TpyHIoBoil MAeHTHGUKATOP, CO 3HAYCHUEM, Haul-
MEHBIINM U3 HOCTYIMHBIX. CoxpaHeHNe 3HAYEeHMS inum IMPU TTOBTOPHOM BKIIOUE-
HWW B TPYITITY He TapaHTUPYeTCs.

s Toro 4ToOBI 00ECIEeYUTh HEMPEePBIBHOCTb MPUCBOCHUS TPYIIOBLIX MICH-
TUPUKATOPOB HE3aBUCHMMO OT W3MEHEHUS COCTaBa TPYIIILI, ITOANporpaMMa
pvm_lvgroup 3aBEPINAET CBOIO PabOTY TOIBKO MOCIE TOTO, KaK OHA MOJYyYUT TTOI-
TBEPXIEHUE OT 3aJayd O BBIXOIAE€ M3 TPYIIBL. Eciau mocie 3TOro BBI3BIBAETCS
nojnporpamMma pvm_joingroup, Mpolleccy OyAeT Ha3HaueHo "cBoOomHoe" 3Hadve-
HMe TpyIIoBoro uaeHtudpukatopa. Ilpu padore ¢ rpynmnamMu MpoleccoB KaxKIbli
Mpoliecc OMHO3HAYHO ompeessercs napoi (group, inum).

[pu BbIMONHEHUU MOANPOrPaMM pvm joingroup W pvm lvgroup BO3MOXKHEI
OIIMOKN:

O pvmSysErr — He paboTaeT AeMOH pvmd;

O pvmBadParam — 3aJaHO MMS IIYCTOW TPYMIIBI;

O PvmNoGroup — YKa3aHHOW TPYMIHl HET (U pvm_1vgroup);
0

PvmDupGroup — TTONBITKA BOWTH B TPYIITY, YWIEHOM KOTOPOW JaHHBIN TIpollecc
yXe ABasgeTcs (U1 pvm_joingroup);

O pPvmNotInGroup — MHOMBITKA MOKWHYTH TPYIIY, YWIEHOM KOTOPOI HAHHBINA MpPoO-
eCC HE ABISICTCS (Z[JIH pvmilvgroup).

HpI/IMep MCIIOJIb30BAHUS MOAMNPOTPAMM pvm joingroup M pvm lvgroup HPUBEACH
B JucTUHTaX 7.4 u 7.5. UcnomHgemsblil daiil MOMTIMHEHHON MPOTrpaMMBbl TOJKEH
ObITh coxpaHeH ¢ uMeHeM joinleave. [J1aBHas 3ajaya 3amyckaeT 4 MOAYMHEHHBIX
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3agauyu, KaXgass M3 KOTOPBIX HECKOJBKO pa3 BXOIWT B COCTAB TPYIIIIbI JoinLeave

U BBIXOIWT U3 Hee. Pazbepute paboty 3TOro nmpumepa.

NucTunr 7.4. MnaBHasa nporpamma npumepa joinleave

#include <stdio.h>

#include "...pvm3/include/pvm3.h"
main ()

{

int mytid;

int tids[32];

int n, nproc = 2, numt, i;

mytid = pvm mytid();

{

for (1 = 0; 1 <= 3; i++)

numt=pvm spawn ("joinleave", (char**)0, 0, "", nproc, tids);
pvm_exit();

}

}

NucTunr 7.5. NogunHeHHaa nporpamma npumepa joinleave

#include <stdio.h>

#include "...pvm3/include/pvm3.h"

int

main ()

{

int mytid, mygid, i;

mytid = pvm mytid();

if (mytid < 0) {

pvm perror ("Error!!!");

return -1;

}

for(i = 1; i < 10; i++){

if ((mygid = pvm joingroup ("JoinLeave")) < 0) {
pvm;perror("JoinLeave");

}

if ((mygid = pvm lvgroup ("JoinLeave")) < 0) {
pvm_perror ("JoinLeave") ;

}

}

}
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NudopmalinoHHBIE TOAIPOrPaAMMBL:

int tid = pvm gettid(char *group, int inum)
PVMFGETTID (GROUP, INUM, TID)

int inum = pvm getinst (char *group, int tid)
PVMFGETINST (GROUP, TID, INUM)

int size = pvm gsize(char *group)

PVMFGSIZE (GROUP, SIZE)

IMonmporpamma pvm gettid Bo3BpallaeT UASHTU(MUKATOP tid Ipoiiecca, MpUHAalI-
JIekalero K yKazaHHoOI Tpyrie (group — CUMBOJIBHAST CTpOKa, colepKalias ums
TPYIIIBI) U ¢ YKa3aHHBIM TPYMIIOBBIM HAeHTU(DUKaTOpoM. OTpHIIaTeIbHOEe 3HAUYe-
HHe tid BO3BpalllaeTcs MpH OIMOKe BBIMOMHeHUs. [logmporpaMMa pvm gettid
TMO3BONISIET ABYM TIpolleccaM TOJXYYUTh WIAEHTH(UKATOPH APYr Apyra TpocTo
BXOXJEHHEM B oOunyro rpymmy. [loamporpamMma pvm getinst BO3BpallaeT TPyTI-
MoBoii uaeHTUdUKaTop mpouecca ¢ ykazaHHbeiM TID B rpymme. IMommporpamma
pvm_gsize BO3BpAIlAeT KOIWYECTBO MPOIECCOB B TPYIIITE.

Bo3MmoxHbI ciienyioniue oMok BbITOJHEHUS:
a PvmSysErr, PvmNoGroup — HET YKA3aHHOUW TPYIIIILI,
O pvmNoTInst — HET 3aJJaHHOTO TPYIITTOBOTO WIAESHTU(hWKATOPA;

O pvmNotInGroup — YKa3aHHBIHM MPOIECC HE BXOAMUT B 3aJaHHYIO TPYIIY U HEKO-
TOpBIE IpPYyTHE.

pynnoBbie paccbifiku coobLueHmit
N CUHXPOHM3aLus NPOLEeCCoB

7151 BHITIOMTHEHUST TPYTITIOBOI PACCHIIKNA COOOIIIEHUST UCTTONB3YeTCS TTOAPOTpam-
Md pvm mcast:

int ierr = pvm mcast(int *tids, int ntask, int msgtag)
PVMEMCAST (NTASK, TIDS, MSGTAG, IERR)
IMapameTtpsr:

O ntask — KOJWYECTBO 3aJay, KOTOPBIM IODKHO TiepelaBaThesl COIEPKIMOe
aKTUBHOro Oydepa;

O tids — IENOYMCIEHHBI MACCUB M3 ntask 3JEMEHTOB, KOTODPBIN COXECPXKHUT
UIeHTUDUKATOPHl 3a1a4-aapecaToB;

O msgtag — Ter COOOIIECHNS;
O ierr — KOJ 3aBEepLICHUSI.

Bui3bmBaronieit mommporpaMMe cooOllleHre He Tepechimaercd B TOO0OM ciydae,
JaXe eclv IO KaKOW-To MpUYMHE ee MASHTU(PUKATOpP YKa3aH B MAacCHBE tids.
Ipuem cooOleHNs, OTIPABIEHHOTO TPYIIIOBON PACCBHIIKOM, MOXET BBITIOJHSITh-
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cA noanporpamMmMaMM pvm recv M pvm nrecv. Onepam/ls{ nepeaadym pvm mcast
ACUHXPOHHA (H66JIOKI/IpyIOH_[a$I), T. €. TIoc/ie MnepeJayn cooblleHUs] B KOMMYHU-
KallMOHHYIO CETb 3a/la4ya MOXET IIPO0JLKaTh padoTy.

I'pynmoBy10 pacchiIKy He TOIIEPKUBAIOT MHOTHE TIPOW3BONWUTENN MYJIBTHIIPO-
[IECCOPHBIX CUCTEM, TTONIEPKMBas JWITh PACCBIIKY BCeM TMpolleccaM. B sTom
cayyae ciefyeT ITO3HAKOMHUTBCS ¢ OCOOCHHOCTSIMM pabdoTel PVM Ha naHHOMI
MYJIBTHIIPOIIECCOPHON crcTeME.

BoaMoskHBIE OITMOKM TIpU BHITIOTHEHWHW TPYIITOBOI pacChIIKN:
O pvmBadParam — OTPULIATEBHBIN TET COODLIEHUS;

O pvmSysErr — HE€ OTBeYaeT JIOKAJAbHbIN JeMOH;

O pvmNoBuf — OTCYTCTBYET YKa3aHHLII Oydep.

Kpome rpynmoBoii, B PVM peann3oBaHa M 1IMpoKoBeLIaTeIbHAs pacchiika, Ko-
Topast BBITTOMTHSETCS TOAMPOTPAMMON pvm_bcast:

int ierr = pvm bcast (char *group, int msgtag)
PVMFBCAST (GROUP, MSGTAG, IERR)

BTa nmoxanporpaMMa MprUcBanBaeT COOOIIEHUIO0 UISHTUMUKATOP msgtag U BHITION-
HACT €T0 INMPOKOBCIIATEIBHYIO PACCLUIKY 6cem 3amadyaM M3 TI'PYIIIIBI (B 9TOM €€
OTJIMYHE OT PACCBUIKUA IpyHHOBOﬁ), KoTOpas 3ajaercs uMeHeM (Iapamerp group —
CHUMBOJIbHAA CTpOKa). Eciu npoliecc BXoAUT B IpymIly yxXe Mocje TOro, Kak pac-
ChbUIKA Havajlach, OH MOXET U He MOoJy4uTh coodlieHue. Ecnu xe Bo Bpems pac-
CBUIKU TIpOLIECC MOKUJAET TPyIIly, coodlIeHre OH Bce paBHO mojydyuT. Ilporuecc,
BbIITOJHSIOIMUI IMPOKOBEIATE]bHYIO PACCBUIKY, HE 00s3aTelbHO JOJKEH ObITh
wieHoM rpynibl. IllupokoseliareibHasi paccblilka SBJISETCS HEOJIOKUpYIOLIeH
(aCI/lHXpOHHOﬁ) onepauueil. Ilepen BbIIOJIHEHUMEM PacCbUIKW IOANporpaMma
pvm_bcast CHa4dajJa ONPENCTAET WISHTU(hWKATOPB! WIEHOB TPYIIHI Mo 06asze AgaH-
HBIX TpYIII, a 3aT€éM IIEpeaacT COICPKHMMOEC AaKTHBHOIO 6y<bepa COOTBETCTBYIO-
wuM npoitieccaM. Ilpu BBINMOJIHEHMU JAAHHOTO BbI30BA BO3MOXHbBI OIIMOKU
PvmSysErr, PvmBadParam U PvmNoGroup (yKaSaHHaH rpyIiIa HE CyH_[eCTByeT).

[MoanporpamMma pvm reduce:

int ierr = pvm reduce (void (*func) (), void *data, int nitem,
int datatype, int msgtag, char *group, int root)
PVMFREDUCE (FUNC, DATA, COUNT, DATATYPE, MSGTAG, GROUP, ROOT, IERR)

BBHITIONTHSIET ONepalii IpUBENeHNS B TpymIie. Pe3ynbTar omnepainu mepechuiaeTcs
rmaBHoMY IIpolieccy. B PVM ecTh yeThipe mpenolipeaeieHHBIX Ollepallin:

PvmMax PvmMin PvmSum PvmProduct

Mx cMbIcT MOHATEH M3 HA3BAaHMII — BBYMCICHHE MakKCUMyMa W MUHHMYyMa,

CYMMBI M Tipou3BeneHus. Omnepauusi NPUBEACHMUS BBIIIOTHIETCS ITO3JIEMEHTHO
Haj BXOIHBIMHM JAaHHBIMH TaK Xe, KakK 3To nmejaetcs B MPI.
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IMapameTps! MOATPOTPAMMBI pvm_reduce:
O func — omepauus MPUBEICHNST;

O data — yKasaTelb Ha HAYadbHBINA ampec MaccuBa JOKATLHBIX 3HadeHMit. [Mo-
cJie BBHITIOTHEHWST TOAMPOTpaMMBI MacCHB 3HAUYeHWI B TIABHON 3amadye MOIM-
dumpyeTcd u 3aMeHseTCs Pe3yIbTaTOM BBITIOJHEHUS OIepayi IIPUBEIECHNS;

count — KOJMYECTBO 3J€MEHTOB B MACCUBE JAHHbIX;
datatype — TWI MaccWBa JAHHBIX;

msgtag — TeT COOOIIEHNS;

group — WM TPYIITHI (CHMBOJIbHASA CTPOKA);

root — TPYIIIOBON MACHTH(MUKATOP TIABHOTO IIPOIIEcca;

[ [ I I [ [y

ierr — KO 3aBEpLUCHUS NOAIPOTPAMMEI.

MoryT OBITH OTIpee/ieHBl TTOJMb30BaATENbCKIE omNepau npuBeneaus. Martepdeiic
MoJib30BaTeNbckoil onepaunu umeer suf B C:

void func(int *datatype, void *x, void *y, int *num, int *ierr)

u B FORTRAN:

CALL FUNC (DATATYPE, X, Y, NUM, IERR)

HapaMeTpH x W y SIBJLIKOTCA MacCMBaMU, UX TUII 3aJa€TCA IIapaMETpPOM datatype,

a KOJWYECTBO BJIEMEHTOB — TIapaMeTpoM num. [lapamMeTp x COOTBETCTBYeT Tapa-
METPY data MOAMPOTPAMMBI pvm_reduce, & y CONEPXKUAT MPUHIMAEMble TaHHBIE.

Onepauust pvm reduce sBJsieTcs: HeOnokupyrouieid. Ecnu mpouecc obpauiaercst
K pvm reduce, a TIOTOM TOKWIAET TPYIMy IO TOTO, Kak TJIaBHBIA Mpolecc
00paTuTCs K pvm_reduce, BOZHUKHET OMINOKA.

Onepam/m PviMax WU PvmMin BBIMTOJHAIOTCY A TUIOB byte, short, integer, long,
float, double, complex U double complex. B ClIydya€ KOMIUIEKCHBIX TTapaMETpoOB
MaKCUMAJIBbHOE WJINU MWUHUMAJIbHOEC 3HAYEHHWNE ONMPEACIACTC I MOIYIS. Onepa—
O PvmSum W PvmProduct OMNPEACIIEHBI IS ONEpaHOIOB, MMEIOIINUX TUIT short,
integer, long, float, double, complex W double complex.

CoorsercrBue TUnoB B s13bikax C u FORTRAN npuseneHo B Tada. 7.4.

Ta6nuya 7.4. CootsercTaue TunoB B A3bikax C u FORTRAN

Tune C Tun B FORTRAN
PVM BYTE BYTEL
PVM_SHORT INT2

PVM INT INT4
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Tabnuya 7.4 (okoHuaHue)

Tune C Tun B FORTRAN
PVM FLOAT REAL4

PVM CPLX COMPLEX8

PVM DOUBLE REALS
PVM_DCPLX COMPLEX16
PVM_TLONG

BeposiTHbIE OLIMOKM BBIMOTHEHUS MOANPOrPAMMBI pvm reduce: PvmBadParam (HE-
MpaBUJIbHOE 3HAYEHUE apryMeHTa), PvmNoInst (BBI3BIBAIOIIUI MPOIIECC HE BXOAMT
B IPYIINY) M PvmSysErr (HE OTBEYAET AEMOH pvmd).

MonmporpamMmma pvm barrier UCHONB3YETCS TSI CUHXPOHW3ALWU TPOIECCOB U
JIeiCTBYeT TaK Xe, KaK aHaJloTuyHas moamnporpamMmma B MPI:

int ierr = pvm barrier (char *group, int count)
PVMFBARRIER (GROUP, COUNT, IERR)

Ona GnoxupyeT paboTy Ipoliecca A0 TeX IOp, MoKa K Hell He o0pararcs count
yaeHoB Tpymnmbl. OOBYHO 3HAUeHWEe TapaMeTpa count COBITAHAET ¢ KOJUYECTBOM
npolieccoB B Tpymnrme. Hamuuue maHHoro mapameTpa OOBSICHSIETCS TeM, 4TO yXe
Tocie BBI30BA pvm barrier COCTAB TPYMIBI MOXET M3MEHUThCS, KaKWe-TO TMPo-
IIecChbl MOTYT BBIMTH W3 TPYIITHI, a KaKWe-To BOWTH B Hee. He momyckaeTcs o6-
palieHne K MOANpOrpaMMe pvm barrier W3 TMpollecca, He MPUHAMIEXKAIIETO
rpyme. KpoMe Toro, 3HaU€HMS count P BCeX OOPAIIEHHMSIX TODKHBI COBITAIATh.
I'pynma 3amaeTcs ee MMeHEM — CHMBOJBHOI CTPOKO#l group. Kom 3aBepineHust
CONEPXKUTCA B TEepeMEHHON ierr. OTpHUIATEIbHOS 3HAYEHUE BO3BpAIACTCS TPU
BO3HUKHOBEHUM oMOKU. Ecnm 3HaueHWe count = -1, IS ONpeNeNeHUsT KOJIH-
YyecTBa TMpolieccoB B rpynne PVM ncnons3yeT GyHKINIO pvm gsize. OTO 3HAUE-
HHUe peKoMeHIyeTcs MPUMEHSITh, €CIM COCTaB IPYNTIb He N3MeHseTcs..

ITpu BBIMTOJHEHWM BTOW TMOAMPOTPAMMBI BO3MOXHBI OIUOKH: PvmSysErr,
PvmBadParam (€CIM count < 1), PvmNoGroup (€CIW HeT yKa3aHHOW TpyMIb) 1
PvmNot InGroup (BBI3BIBAIOIINI TIPOIIECC HE SBISACTCS WICHOM YKA3aHHOM TPYIIIEI).

[Ipumepbl KCIIONB30BAHUSI TPYIIIOBBIX ONEpaluil MPUBEAEHBI B JUCTHHIAX 7.6
u 7.7. 3mech UMEIOTCS OMepal TUPOKOBEIIATEIbHON PACCHIIKY, BBITIOJHAETCS
CHHXPOHM3AIINS TIPOLIECCOB, a TakXKe cobmpaercs mHdopMmanus o rpymnme. IIpen-
JlaraeM YWTATeTI0 CAMOCTOSITETHHO pasobpaThesl B HETATAX PabOTHI ITUX TIPO-
TpaMM ¥ TIOTTPOOOBATE 3aTTYCTUTh WX Ha BBITTOJTHEHNE.
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' [MCTUHT 7.6. MpUMep UCMONB30BaHMS FPYNMOBLIX ONepaLMii

#include <stdio.h>

#include "...pvm3/include/pvm3.h"
main ()

{

int mytid, mygid, ctid[32];

int nproc = 2, i, indx;

int cc;

mytid = pvm mytid();

mygid = pvm joingroup("ge");

if (mygid == 0) {

pvm_spawn ("ge", (char**) 0, 0, "", nproc — 1, ctid);
pvm initsend (PvmDataDefault);

pvm _pkint (&nproc, 1, 1);

pvm mcast (ctid, nproc — 1, 15);

}

else {

pvm_recv (pvm_parent (), 15);

pvm_upkint (&nproc, 1, 1);

}

pvm barrier ("ge", nproc);

pvm _initsend (PvmDataDefault);
pvm pkint (&mygid, 1, 1);

pvm pkint (&émytid, 1, 1);

pvm _bcast ("ge", 63);

for (i = 0; 1 < nproc — 1; i++) {
pvm recv (-1, 63);

pvm upkint (&indx, 1, 1);
pvm_upkint (ctid + indx, 1, 1);

}

pvm_lvgroup ("ge") ;
pvm exit();
return O;

}

”l1v|ch|Hr 7.7. Mpumep onpepeneHuns pasmepa rpynnbl

#include <stdio.h>
#include "...pvm3/include/pvm3.h"
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#define GSGROUP "gsgroup"
main ()

{

int mytid, mygid, ctid[32];

int nproc = 2, i;

mytid = pvm mytid();

mygid = pvm joingroup (GSGROUP) ;

if (mygid == 0) {

pvm_spawn ("gs", PvmTaskDefault, 0, "", nproc — 1, ctid);
}

while (pvm gsize (GSGROUP) < nproc)

if (mygid == 0)

fputs ("waiting on children processes to join\n", stderr);

pvm _barrier (GSGROUP, nproc);
pvm_lvgroup (GSGROUP) ;

pvm exit();

return O;

Bonpocbl U 3agaHus gns camocToaTeNbHol pa6oThbl

1. IlpoBemuTte uccrenoBaHMe OBICTpomeiicTBHS IMoOATbHBIX omepanuii PVM mis pasHoro
YucIia MPOoIecCOB M Pa3HBIX Pa3MEPOB COODIIEHUIA.

2. TlpuBenute mpuMmep MPUIOXKEHUsI, B KOTOPOM HEOOXOIMMO HCITOJIb30BaTh, MO KpaiiHei
Mepe, nBa oydepa.

3. Buimonnute 3amanus 4—9 eoaaew 5, vicnonbdys PVM. CpaBHUTE MOJydYeHHBIN OTBIT
C OIIBITOM pellIeHUs TeX Xe caMbIX 3amau ¢ npuMeHeHrneM MPICH. Chenalite BEIBOIBI.
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Bbicokonpoun3BoaunTesbHbii
FORTRAN

High Performance FORTRAN (HPF) win BricokompousBomutensibii FORTRAN
npeAcTaBisieT coboil paciuupeHue sizbika nporpammupoBaHusi FORTRAN-90 u
JOCTATOYHO UIMPOKO MPUMEHsIeTCA ISl Pa3paboTKM HapauiebHbIX MPOrPaMM.
HaHHag raaBa coAaepXUT HEOOXONMMbIE CBEASHHUs O S3bIKE MPOrpaMMUPOBAHUS
FORTRAN-90 u o630p ocHoBHbix nupektuB HPF. TIpuBoasitcs mpumepsl uc-
rmorp3oBaHns KoHcTpykimit HPF, a B saxmioueHne mpeaiaraiorcs 3agaHus IS
CaMOCTOSITEIbHOI PaOOTHL.

O6uwue ceepgeHnsa o HPF

Komanger HPF cBopsiTcst K HEOOMBIIOMY YMCIY OUPEKTUB, pealu3yIOIIMX Iapa-
JUTMY TMapauiean3Ma aaHHbeix 1 SPMD-monens nporpammupoBaHusi. B moaenu
MporpaMMupoBanus, koTopyto noaaepxusaer HPF, Bce mpoueccopbl BbIONHs-
0T OOHY W Ty Xe Iporpammy. Kaxnmplit mpoiiecc orepupyer ¢ OTBEICHHOU eMy
YacThi0 OOINET0 MaccHBa MAHHBIX, JAHHBIE pacIpelessIioTcs Io IpolieccopaM
aupexktuBamu HPF, a nmapamnenusm onpeaensiercss uHCTpykuussmu FORTRAN-90
u HPF.

Cosparenu HPF nmocrapanuch u30aBUTh NPUKIAAHOIO IPOTPAMMUCTA OT SIBHOM
nepenayu cooOUIEHU, CPABHUB MOMENb Iepenauu COoDILIeHUH ¢ ImporpaMMupo-
BaHMeM Ha s3bikKe accemOsepa. elicTBUTENbHO, MporpaMmaM, HallMCaHHbIM Ha
HPF, Hukorna He JOCTUTHYTb 3Gh@PEKTUBHOCTU UX IKBUBAIEHTOB, PEATM30BaH-
HbIX CpenCTBAMU Mepeaaud coodiieHuil. OmHAKO B HEKOTOPBIX Cly4asx Bpems,
COKOHOMJIEHHOE Ha HamucaHuu U omianke nporpammbl Ha HPF, ¢ nuxsoii no-
KPbIBAET BBIUTPHIII B MPOU3BOAUTEIBHOCTH aHAJTOTMYHOW MPOTrpaMMbl, HAMKMCAH-
HOIl ¢ npumeHeHueM MPIL.

Kpome Toro, mporpamma, HanucanHag Ha g93bike FORTRAN-90, Ge3 BcIKux u3-
ME€HeHUU mponyiueHHas yepe3 komnuiasitop HPF, Oyner pacnapasneneHa ToabKo
C UCIIONIb30BAHUMEM CHCTEMHBIX CPEICTB, M JAXe TAKOH NPUMUTUBHBINA CIIOCOO



308 lnaBa 8

pacnapa/iCIiBaHusAg MOXKET HPUBECTH K 3HAYUTCIBHOMY IIPHUPOCTY B CKOPOCTU
HUCITOJTHCHUA.

HPF 6611 paspabotan rpynmoii HPF Forum, mmaBHyio pojib B KOTOpo# HUTpanun
MIPENCTABUTENM KPYITHBIX KOMITAHUI, BBIITycKalomUX KommnbioTepsl: Convex, Cray
Research, DEC, Fujitsu, Hewlett Packard, IBM, Intel, Meiko, Sun Microsystems,
Thinking Machines. I'pynna Brnepbsie coOpanach Ha KOH(epeHLMU Supercompu-
ting’91 ¢ HamepeHUsSIMU OBICTPO MOJYYUTb pe3yabTaT. [lpeaBaputenbHble corya-
LIeHUs1 MOSBWJIKUCH YXe K chleaylouleir koHdepeHuu (Supercomputing’92), a
nepas Bepcusi cranaapra (HPF v1.0) 6bL1a pacnpoctpaHena B mae 1993 r. Bro-
pas Bepcust HPF v2.0 Boimita 8 1996 r.

Eciu MPICH u PVM sgBistiorcsl ¢cBOOOAHO pacnpoCTpaHIEMbIMU MIPOrpaMMHbI-
MM mpoayKramu, Oosbuiasg yacte KomnundaropoB HPF — kommepueckue. B UH-
TepHETe MOXHO HaiTH OecIIaTHBIe JeMOHCTPAIIMOHHBIE BEPCUN KOMITMISITOPOB
C OrpaHMYEHHBIMU BO3MOXHOCTSIMU, HO HaumOoJjiee MOMYISIPHBIM SIBASETCSA IaKeT
PGI Server ¢pupmbl Portland Group Compiler Technology. Ilaker pacnpoctpaHsi-
eTcd ¢ TTpoOHO# 15-THEBHOM JUIIEH3NEH, KOTOpass MOXeT PeKOHCTPYNPOBAThCA B
TedeHNe Toma. B cocraB makera BXOOAT KOMIWJIATOPHI ¢ fA3bIKOB C/C++,
FORTRAN-77, FORTRAN-90 u HPF ¢ yrunuramu omnaaku u npoduadpo-
BaHMSI.

HoBoe B FORTRAN-90

FORTRAN-90 mponomkaeT ocTaBarbes CTPOro JTUIEH3MOHHBIM MTPOIYKTOM, YTO
MPEsTCTBYET €ro IIMPOKOMY paclpocTpaHeHuto. WM3MeHeHMs], BHECEHHbIe
uMeHHo B Ty pegakuuio sg3bika FORTRAN, nogHsiin ero Ha Ka4yecTBEHHO HO-
BBl ypOBEHb W CYIIECTBEHHO PACIIMPWIN BO3MOXHOCTH IPOTPAMMUPOBAHHUS,
COXPaHUB OCHOBHBIE JOCTOMHCTBA $SI3bIKA — MPOCTOTY M €CTECTBEHHOCTh. 3HAHUI
tosbko npeapiayiiux Bepcuit: FORTRAN-4, 66 u 77 HenocratouHo ais addek-
TUBHOTO Hcnonb3oBaHusl KoHCcTpykiuit FORTRAN-90 u, cnenoBarensHo, HPF.
MBI He cTaBMM 3amady TIPUBECTU 3IeCh CKOJLKO-HHOYIbh MOJHOE OINMUCcaHne
FORTRAN-90. Ckopee, 510 0030p 43bIKa C 1LI€JbI0 OOPATUTH BHUMAHUE YUTATE-
JIT Ha Te WHCTPYKIINM, KOTOPBIe CYIEeCTBEHHBI s mporpammupoBannst Ha HPF.
B mepByto odepenb 3TO YepTHI, OTCYTCTBYIOIIME B MPEABIAYIIINX CTAHIAPTAX SI3bIKa
FORTRAN u umewliue NpUHUUIMAIBHOE 3HAYeHUE 1151 3(PEPeKTUBHOrO uc-
nonb3oBaHuss FORTRAN-90 B kauectBe 6azoBoro s3bika HPF.

MporpammHblie eguHKLbI U CTPYKTYpa NporpamMmbl

Crpykrypa nporpammbl, npuHsatass B FORTRAN-90, oGnamaer ruGKocTbio, JIO-
[UYECKOM CTPOrocThlo u rosiHoroi. CieaoBaHue IIpaBUiaM CTPYKTYPUPOBaHMUS
B CWJIBHOW CTEIeHU CIIOCOOCTBYET HAIMCAHWIO XOpOINMX TiporpaMm. IlomMmmo
OCHOBHOM IPOrpaMMbI U MOAIPOrpaMM, MPUHATHIX B pAHHUX BEPCUSIX CTaHIApTa,
BBE/ICHbI [IPUHLIMIIKMAILHO HOBbIC JUISL JAHHOIO $13bIKA [IPOrPAMMHBIC SIUHMUIIbL —
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Moaynu. BHeceHO pasmeiieHue MOAIPOrpaMM Ha BHYTPEHHUE U BHELIHHUE, 100aB-
JIeHbl mHTepdeichl. Mcnonb3oBaHue 3TUX HOBOBBEAEHUI ITO3BOJISIET OTCIEXKU-
BaTh HA 3Tare KoMnuwisauuu Takue tpaauimonHbie 1151 FORTRAN owiunbku, Kkak
HECOOTBETCTBUE TUIIOB (POPMANbHBIX U (PaKTUYECKUX MAPAMETPOB MPOLIELYP.

Jlekcnueckne eauHuLbl N 3annucb NCXOQHOIO TEKCTa

McxomHbrit TeKCT TIporpaMMBI (hOpMUpPYETCS M3 OCHOBHOTO Habopa CHMBOJOB,
KOTOPbIi cOAepPKUT OYKBbI A—Z, KaK IMPOMMCHbIE, TAK U CTPOYHbIC (PErucTp He
MMeeT 3HAaueHus), 3HaK momuyepkuBaHus , uudpbl 0—9 U crnenuanbHbie CUM-
BOJIbL:

, 1 <>2?28%8"gS. =4+ —*/ () [ 1 CR TAB IIpoben

OCHOBHEIE 3HAUNMEBIE TTOCJIENOBATEIIBHOCTN U3 EU'[(l)aBI/ITHO—LU/I(prBBTX NJINn CIie-
HHaJbHbIX CHMMBOJIOB HA3bIBAIOTCA J€KCeEMAMU. K HuM otHOCsITCS MCTKH, KJAKOYEC-
BbIC CJ10BA, MMC€HA, KOHCTAHTbI, 3HAKH onepaumﬁ n pasgcauTeIn:

/0 )y == i 8

PaznenurensmMu nexceM sBstioTcs mpoOensl. [Tpobenbl, He MCKaXkKaIIIue CMbICIa
JIeKCeM, JTOIYCKAIOTC B JTI000OM KOJUYECTBE, a IMOCAeNOBaTeIbHOCTh U3 HECKONb-
KHUX IPOOEIOB paBHOCUIbHA ONHOMY Ipobeny. Omeparopel pasiaeisiorcs aubo
TOYKOW ¢ 3amsiToil (;), TMOO CUMBOJIOM HOBOW cTpokW. Kaxkmbplii 3aKOHUYEHHBIN
omeparop MOXKeT ObITh ITOMeueH. MeTKa B BHIE IIEJOT0 YMCIa, COAepKAallero oT
ONHOW 10 MATU LUMGP, U3 KOTOPbIX XOTs Obl OJHA OTIMYHA OT HyJis, IOMEILAeTCs
repen ITOMeYaeMbIM OIIEPATOPOM.

KpoMe TpamnmmmoHHOTO @ukcuposannozo @opmama 3aTNCH WCXOTHOTO TEKCTa,
BBOJUTCSI TaK HAa3bIBAEMbIA c80000Hbill opmam. B sTtom dopmare gomyckaworcs
CTPOKH JUITMHOM 10 132 CHUMBOJIOB, a TIO3ULIMS CUMBOJIA B CTPOKE HE MMEEeT 3Ha-
yeHns. Havajo KoMMeHTapus OoTMedaeTcsl CUMBOJIOM ! M MOXKET PacIioaraTbcs
B M000 MO3UILIMK, KOHIIOM KOMMEHTapusl sIBJsieTcs KoHel cTpoku. CHUMBOI &,
ITOMEIIEHHBIN B KOHIIE CTPOKH, OTMeUYaeT HE3aKOHUYEHHYIO CTPOKY: CIEyIoIias
CTpoKa OyleT paccMaTprBaTLCA KOMITIIISTOPOM Kak IPOAODKEHHE HAYaTOTO TeK-
cra. Eciu B cTpoke Npoao/KeHusl IPUCYTCTBYET 3HAK &, TO TPOMOJDKEHWEM CUH-
TaeTcsl Ta YacTh CTPOKM, KoTopas cienyeT 3a HuM. Kommwigrop (o KpaiiHeit
mepe, PGl) no ymosuaHuio roroB K NpUHITUIO TPAAMLUMOHHO GopMaTUPOBaAHHO-
ro Tekcra (IepBble MTb MO3ULMHA B CTPOKE /Ul METKM U liecTas Ajs Ipu3HaKa
HPOAOJLKEHUs1 cTpoKu). st Bocmpusitusi ¢BOOOAHO (HOPMATUPOBAHHOIO MCXOJI-
HOTO TeKCTa KOMIMISATOPY TpeOyeTcs KoY — Mfreeform.

naBHas nporpamMmmMma n BHelWWHne nognporpaMmbl

O0s13aTeTbHBIM KOMITOHEHTOM IPOTPAMM SIBJIIeTCS TJIaBHAsA MporpaMMa — TOYKa
BXO/a, KOTOPOH CHCTEMHOE OKpYXEHME IepenaeT YIpaBAeHME IIPU BbI30BE MC-
ToTHsIeMoro (aitra mporpaMmbl. JItobas mporpamma obsi3aHa colepkaTb OIHY U
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TOJIEKO OHY TJIABHYIO TIpoTpaMMy. ['JTaBHas TTporpaMMa TIpeICTaBIseT coboil Mo-
CeI0BATEIbHOCTb OIEPATOPOB, 3ABEPIUAIOLIYIOCS €AMHCTBEHHBIM 00s3aTeIbHbIM
KJTFOUEBBIM CITOBOM END. HeoOs3aTeabHoe KITI0YeBOe CTOBO PROGRAM MOXET HAUM-
HaTh TEKCT IJIABHOM MpOrpaMmbl, KpOME TOro, [JaBHAas IporpaMMa MOXET HUMETb
Heo0s3aTeNbHOE MMS, IOMELIAeMOe I10C/Ie CI0Ba PROGRAM B Havaje W KOHIIE TeK-
crta mporpamMmel. O0IIast CTPYKTypa TJIaBHOM IMPOrpaMMbl TaKOBa:

[PROGRAM program name ]
[onepaToprl onmMcaHy]
[MCrnoNTHSEeMEE OINepaTOpPH!]
[CONTAINS

OTNMCAHMSA BHYTPEHHUX MNOMNPOTPaMM]
END [PROGRAM [program name]]

KBampaTHble ckoOKM 37ech U B JaXbHENIIIEM OTMEUaloT HeoOsI3aTeTbHBIE STeMeH-
THL. Pervcrtp cuMBOJIOB He MMeeT 3HAYeHHS (€CIW HEeT CIEeINANBHOTO yKa3aHUs
KOMIIWISITOPY), HO [UISl ONPEeAESeHHOCTUM Mbl OyAeM KIIOYEBbIe CJIIOBA BOCIPOMU3-
BOIMTDb IPOINMCHBIMU OYKBAMU, & MUMEHA 2JIEMEHTOB — CTPOYHBIMU.

Oneparop CONTAINS OTMeYaeT HauajJo OMMMCAaHWd BHYTPEHHWX TIommporpamm. [Tpu
BBITIOTHEHWN TIPOTPpaMMBI OH OCYIIECTBJISIET TIepenady YIIpaBIeHUsS OIepaTropy
END, NP HAMWYWKA BHYTPEHHUX TOMIIPOTPAMM €ro IPUCYTCTBUE O0SI3aTeNbHO.
KiroueBoe ¢OBO END B TJIABHOI TIporpaMMe O3HA4YaeT Oe3yCTOBHEBIN OCTaHOB
MMPOTPaMMBI M BO3BpAT YITPaBICHUS OIepallioHHON crucTeMe. XOpOIIo OpraHu30-
BaHHAsl MporpaMma UMeeT €IMHCTBEHHYIO TOUKY BbIXOJa — OINepaTop END TJIaB-
HOI MPOTpaMMBbl, XOTS 3TO BOBce He 00s3arenbHO. OmepaTop STOP, OCTAHABIU-
BaIOIINI paboTy MpOrpaMMbl, MOXeT OBITh TTOMEIIEH B JTI00OI TTOAITpOTrpaMmMe.

BHelurHgsT moamporpaMMa comepKuT IOCIeN0BaTeIbHOCTb ONEPaTOpOB, BHI3bIBAC-
MYI0 U3 APYroi MporpaMMHON eauHMIEL. CTpyKTypa BHEIIHEH MOAMPOTPaMMBI
[10X0Xa HA CTPYKTYPY [JABHOH MOAIPOrpaMMbI, HO €CTb U OTJAMYUE — €€ HAyauio
OTMeYaeTcsl 00A3aTeTbHBIM 3aroIOBKOM ITOAINPOTPAMMEBI, COCTOSIINM W3 KITHOUe-
BOTO CJIOBA, 00S13aTeIbHOTO WMEHU IOATIPOTPpaMMEI M CITHCKA (POpMaNbHBIX TTa-
paMeTpoB, €cJUd OHHM ecThb. KiloueBoe cI0BO 3aBUCUT OT BUAA IOANPOrpPAMMbI;
9TO SUBROUTINE JUIS MOANPOrpaMM-TIPOLEAYpP W FUNCTION JUISI TIOAMPOTPaMM-
dyukumnii. B 3aromoBke QyHKIIMIT MOXET YKa3BIBaThCSA THUI BO3BpAIlaeMOTO 3HA-
yeHust. OnucaHue BHEIHEeH MoAnporpaMMbl 3aKaHYMBAETCsl 00s13aTe/IbHbIM KITI0-
YEBBIM CJIOBOM END, 33 KOTOPBIM MOXET CJICIOBATH CIOBO SUBROUTINE (MU COOT-
BETCTBEHHO FUNCTION) U UMSI TIOATIPOTPaMMBI:

[TMH_BosBpamaeMoro_SHaquMH] FUNCTION &
functioniname[(chCOK7®opManbHuxinapaMeTpOB)]
[onepaTopsl OnMcaHms ]

[McnonHseMele OnepaToOpH ]

[CONTAINS

OMMCAaHMSA BHYTPEHHUX MNOANPOTpPamMM]

END [FUNCTION [function name]]
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SUBROUTINE subroutine name [ (ciucox GopMasibHEIX IapaMeTpoB) ]
[onnepaTopel onmMcaHmA]

[McCnonHsgeMEle ONepaTOopE!]

[CONTAINS

OMMCaHMs BHYTPEHHMX IIOINPOIrpaMM]

END [SUBROUTINE [subroutine name]]

KirroueBoe crmoBo END, 3aBeplramolliee BHENTHIOW MOATIPOTpaMMY, O3HAavYaeT BO3-
Bpar YIpaBIeHUS B MECTO BBI30Ba IOANporpaMMbl. OnepaTop RETURN MCIONbB3Y-
eTcsd ISl BO3BpaTa YIPABIEHMS B BBI3BIBAIOLINI OJIOK M3 APYIMX MECT ITOAIIPO-
rpaMMBbl.

BHyTpeHHMe nognporpamMmbl

Brympenuss noonpoepamma ABISIETCS 4aCcTbIO TOTO IIPOTPAMMHOIO KOMITOHEHTa,
B KOTOPOM OHa pasMellieHa. Ecii BHELTHSIST OANTpOorpaMMa BBIIEISAET HEKOTOPYIO
rmoa3amayy B paMKax BCeM IporpaMMbl, BHYTPEHHSST TOANPOrpaMMa BBIACISIET
YyacTb 33Ja4u B I10J1€ 3PEHUS BKIIOYAIOIIEIO €€ KOMIIOHEHTA-HOCUTENS U IOCTYIl-
Ha TOJbKO U3 Hero. BHyTpeHHssl moamporpaMma aBTOMAaTMYECKU HMMeeT AOCTYIl
KO BCEM MEepPeMEHHbIM U IOANporpaMMaM djleMeHTa HocuTensd. B ciaydae coBna-
JeHUsT MMEH JIOKAIbHBIX MEPEMEHHbIX BHYTPEHHEU MOANIPOrpaMMbl ¢ UMEHAMMU
MTepEeMEHHBIX KOMITOHEHTA-HOCUTES UCIIONB3YIOTCS JIOKATbHBIE TepeMeHHbIe
BHYTpeHHe# momamporpaMMbl. BHYTpeHHSs ToanmporpaMMa He JTOJKHA ComepKaTh
MTOATIPOTPaMM — IONYCTUMBIN YpOBEHb BIOXEHHOCTH orpaHwyeH. OOIIWT BuI
BHYTPEHHUX TTOAITPOTPaMM:

SUBROUTINE ummsa nomnporpamve [ (CriMCOK QOPMAIIbHBIX NapaMeTpos) ]
[onepaTopsl OnNMCcaHms ]

[McnosHaeMsle OnnepaTopH ]

END SUBROUTINE [uMf MNOONPOTPaMME ]

nian:

[Tun_BozBpamaemoro 3HaueHuda] FUNCTION uva QyHxumm &
[ (cmucoxk_dopMaJibHEX MapaMeTpos) ]

[onnepaTopel onmMcaHy]

[McnonHsaeMele OIepaTOpPEH!]

END FUNCTION [yMA OpoTpamve]

UHTepdoeicol

Tpagunmonnoe mig g3sika FORTRAN pasgenpHoe TpaHcaInpoBaHWe KOMITOHEH-
TOB (OJIOKOB IIpOTrpaMMBl) TIPUBOIUT K TEPEHOCY OIMMOOK, CBI3AHHBIX C HECOOT-
BeTCTBUEM (bOPMaJIBHBIX M (haKTUYECKUX ITapaMeTPOB, B KaTEropuio OIIMOOK
BpeMEHHN WCIIOTHEHMS, KOTOPhIE UPE3BBIYAHO TPYIHO OMPEACIUTbh U JTOKAIU30-
Barb. KoMIMIsSITOp Crioco0eH MpOBEPUTh COOTBETCTBUE (POPMATbHBIX U (haKTUIE-
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CKWX TIapaMeTPOB TOJBKO IS BHYTPEeHHUX TIOMMporpaMM. B 3ToM cMbIciIe BHYT-
peHHUE TOAMPOTPAMMBI OONIANAIOT A6HbIM UHMepghelicom, a BHEIHUE TMOATIPO-
rpaMMbl UMEIOT JULIb HeseHbvill unmepgetic. B sispike FORTRAN-90 BBeneHbl
HOBBIE€ MPOTPAMMHBIE €NUHUIIBI — UHmMep@elics!, TTO3BONSIONINE OOBABISATH 3ar0-
JIOBKU W OTMUCAHUS TAPAMETPOB BHEITHUX MOANPOTPaAMM B BBI3BIBAIOIINX WX TIPO-
[PAMMHBIX KOMIOHEeHTaX. MHTepdecHblil 610K UMEET BU:

INTERFACE
Teso uHTepbelica
END INTERFACE

Teno wHTepdelica conepkKUT TOUHYIO KOO 3arojJIoBKa TOAMPOTpaMMBI, OTica-
HUe GOPMATBHBIX MapaMeTpoB M ollepaTop END moamporpamMbl. B mHTepdeiic-
HOM OJIOKe MOXHO HM3MEHSITb MMEHa IapaMeTpoB U NOOABIITh OIMMCAHUSA JIO-
KalbHbIX IepeMeHHbIX. MHTepdeiicHbie OJOKU OOMKHBI pa3MellaThCsl cpeau
oneparopoB onucanuss. CaMbIM HOAXOMSILIUM MECTOM AJis1 MHTepdeicHbIX 0J10-
KOB SIBJISItOTCS Moayiau. [losiBieHre MMEHU TMOANPOrpaMMbl BHYTPU UHTepdeiic-
Horo 6jioka (Kak MU BHYTPU ONEpaTopa EXTERNAL) JenaeT JIOKAJIbHYIO (YHKIIUIO
¢ TaKUM XK€ UMEHEeM HEeIOCTYITHOM.

C momonrblo WHTEpdEicoB MOKXHO OPTAaHW30BATEL HepezpysKy Hpouedyp, OObeln-
HUB TI0 OMHMM OOIIMM WMEHeM WHTepdeiichl HECKOIBKUX Mporenyp. B stom
ciaydae MHTepdeiic AOIKEH MMETh UM, KOTOPOE HA3BIBACTCI POJOGbIM UMEHEM.
[lpu BbI30BE mpoLEaypbl IO POAOBOMY MMEHM BbI3BIBAETCS Ta Ipouenypa, dhop-
MaJbHBIE TTAapaMeTpbl KOTOPOH COBHANAIOT ¢ (GAaKTUUSCKUMU TTapaMeTpaMU BBI30-
Ba. HeobxomuMas Tiporiemypa HaxomUTCA TIO TUIY W YHMCHY ITapaMeTpoB, a He To
uMeHu. Ilpouenypsl, Bxoasdiiiue B poAOBOH MHTEPGEC, TOMKHbl UMETb Pa3IMdusl
B (hopMaNBHBIX TTapaMeTpax.

Mopaynu n MmoaynbHble NpoLeaypbl

Modyau ucnonb3yloTcs ISl ONMUCAHUS TNOOANBHBIX IEPEMEHHBIX M (DYHKIIMiT
mporpaMmbl. Moayid MOIYT COAEpXKaTh OIMCAHUSI IIepeMeHHbIX, namelist-
[PYILIbl, OIMCAHMS IIPOU3BOAHBIX TUIIOB, UHTEPDEUChl BHELIHUX OANPOIPaMM U
ONMCcaHus cCOOCTBEHHBIX MOAYJIBHBIX TIpoleayp. Momyau MOTYT BKIIOUYATh IpyTHe
MO/YJIM, HO HE MOLYT O0pallarbCcs caMu K ce0e HU IPSIMO, HU KOCBEHHO 4Yepe3
LIeNOYKY BKIOYeHUI. OOLIUA BUJ MOIYJIS:

MODULE mMsa MOmyJis
[onnepaTopel onmMcaHy]
[CONTAINS

MOIYJIBHEIE [TOANPOIPaMMEL]
END [MODULE [ymmMa momyid] ]

HocTymm K MOAYTIO OCYIIECTBIISIETCS TIOCPENCTBOM Olleparopa USE:

USE mms_MOmysis
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MoaynpHbIe TOAIPOrPAMMBI B CBOMX OMNEPATOpax END OOS3aHBI COAEpKATh CI0Ba
FUNCTION WJIM, COOTBETCTBEHHO, SUBROUTINE M, KaK CJIEACTBUE, CBOM HMEHA.
B ocraibHOM OHM IpeACTaBISIOT COOOH OObIYHBIE BHELIHME IOAIPOrPAMMBL.
OOBeKTb MOAYASI, OOBSIBICHHBIE ¢ MOAU(PUKATOPOM AOCTYIIA PRIVATE, HEAOCTYII-
HBl U3 JPYIMX MOPOTPaMMHBIX KOMIIOHEHTOB. Momyiau SBISIOTCS pPa3BUTHEM
BKJIIOYEHMI YacTell MpOrpaMMHOIO TEKCTa oIlepaTopaMu INCLUDE U 00OOIIeHNeM
[I00ANbHBIX ObJacTeil MmaMsTH, CYIIECTBOBABIIMX B BHUAE COMMON-ONIOKOB. Mc-
MOJB30BaHUE MOAYNIeil U UHTepdelicoB A1 KOHTPOJS MIOOANbHBIX IepeMEeHHBIX
U (PYHKLUUA OUEHb MOJAE3HO IPU CO3AAHUM OOJbIIUX IPOrPAMMHbBIX KOMILIEKCOB.

PekypcuBHble npoueaypbl 1 oyHKLUN

O6brunble npouenypsl U ¢pyHkimu B sa3bike FORTRAN He momyckaroT obpaiie-
Hus K camuMm cebe. B FORTRAN-90 BBeneHbl pexypcugnbie npolieaypbl U GpyHK-
LKMK. 3aroJOBKM PEKYPCHUBHBIX MOAIPOrpaMM AOJKHbBL COAEPKaTh KJIIOUYEBOE CJI0-
BO RECURSIVE. Tak Kak peKypcuBHasA (pyHKIIUS HE MOXKET caMa colep:KaTh BO3-
BpalllaeMoe 3HaueHWe, OHa JOJKHA yKa3blBaTb MMS IEepeMEHHOH, B KOTOpOi
OyneT XpaHUTbCs pe3yibrar. [Ijisi 9TOro B ee 3arojoOBOK BHOCUTCS IPeIIOXEeHUe
RESULT:

RECURSIVE REAL FUNCTION mmMa QyHKLyM &
RESULT (MMA_TNepeMeHHOV pesylibTaTa)

Ecnmu mipemnoxkeHne RESULT OTCYTCTBYET, MMsI (PYHKIIMHA MCTIONB3YETCs IS ampe-
calliM pe3yiIbTaTa M HEeJOCTYITHO IS PeKYPCHBHOTO BBI3OBA.

dopmanbHble NapamMeTpbl NogNporpamMm

OrpaHnueHnsd Ha THWT 3HAUEHWI, TepedaBaeMbIX dYepe3 TapaMmeTphl TTOMITPO-
rpaMM, OTCYTCTBYIOT. HapaBHe ¢ mepeMeHHBIMM M MAcCUBAMM TIePEMEHHBIX M-
CJIOBOTO M CUMBOJILBHOTO THUIIOB MOXKHO TTepeaaBaTh yKasaTead U UMeHa BHEITHUX
noamnporpamMm. i ynopaBieHMS UCIOJb30BAHMEM IAPAMETPOB IMOAMNPOrpaMM
BBeJeH arpuOyT HazHAYeHHUs MAPaMETPOB INTENT, KOTOPBII MOXeT MPUHUMATH
3HAYEHUST IN, OUT M INOUT. ATpHOYT INTENT MPUMEHHUM TOJNBKO K TeM Iapa-
MeTpaM, TSI KOTOPBIX OH MMeEeT CMBIC/, MapaMeTphl-yKasaTeld, Hampumep, He
MOTYT HMMeThb arpubyTra INTENT. [lapaMeTpsl, TTOMEYEHHBIE KaK BXOIHbIE —
INTENT (IN), He IOJDKHBI M3MEHSTHCS BHYTPHU ITOANpPOrpaMMbl. BwIxomHble mapa-
MeTpBl (INTENT (OUT)) TepslloT CBOW 3HAUeHWS TIPW BXOAE B TIOMIPOTPAMMY W,
eCIM B TIONMpOTpaMMe OHHM HE TMOJYyYaloT HOBBIX 3HAYEHU, MO BBIXOAE M3 Hee
OKAa3bIBAIOTCS B COCTOSHHM HeompeaeseHHocTr. [lapaMeTpbl, MMeIolne cTaryc
INOUT, 00SI3aHEI OBITH TTepEMEHHBIM.

HonyckaroTcs Heolsa3amenvHble nApamempsl — OHM B OIMCAHMU IOATIPOrPAMMEL
TTOMEYAloTCS KITIOUEBBIM CJIOBOM OPTIONAL. HeobGg3aTenbHbIe TTapaMeTpbl MOTYT
OIyCKaThesl TP BBI30BaX MmoamporpaMM. Torma B crircke (akTHISCKUX ITapameT-
pPOB cHavayja B MOPSAKE CIAETOBAHMS TePEINCISIIOTCS TO3UIIMOHHbBIE IMapaMeTpHI,
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a Korma coOToieHNe TopsAaKa CTAHOBUTCS HEBO3MOXHBIM, OCTaBIIMeECS Iapa-
METPBl BBOJATCS C KIIOYaMU, COOTBETCTBYIOIIMMU MMeHaM (hopMaJIbHBIX Tapa-
METPOB IoiiporpaMmbl. Tak, €ciu B MOANPOrpaMMe GetBounds W3 Tpex op-
MaJTbHBIX ITapaMeTPOB 1Ba SBIAIOTCA HEOOSI3aTeNIbHBIMKM, TO IIPU €€ BLI30BE
¢ 00s13aTeNIbHBIM ITAPAMETPOM size M HEOOS3aTENbHBIM form MOCIETHUN HEOOXO-
MO BBOIUTH C MMEHEM (OPMATBHOIO MapaMeTpa:

SUBROUTINE GetBounds (size, length, form)
INTEGER size
INTEGER, OPTIONAL :: length, form

END SUBROUTINE GetBounds

CALL GetBounds (my size, form = myform)

Ecnu sToro He chaenaTh, 3HAYEHUWE my form MONYYUT TapaMeTp length. CripaBou-
Has yHKUNS PRESENT (yMa HeoOA3aTesbHOI'O GopMalibHOIO napamerpa) IMO3BOJIAET
MMPOBEPUTH TTOICTAHOBKY (PAKTHUECKOTO TTapaMeTpa Ha MecTO YKa3aHHOTO HeoO0s-
3aTeIBHOTO (hOPMATBHOTO.

Tunbl daHHbIX U ornepaTopbl onncaHna

OnepaTtopbl onucaHus

[NpuHAT HOBBIN CUHTAKCUC OIIEPaTOPOB ONMUCAHUA, PA3NCIAIONINIA YKa3aHUA TH-
Ia ¥ IepeyeHb aTpuOyTOB OT CIIMCKA MEePEeMEHHBIX NBOMHBIM TBOSTOYMEM, Ha-
puMep:

INTEGER, DIMENSTON (10, 10) :: A,B,C

HesiBHoe ompenenenne tuma, xapakrepHoe mis1 Bcex Bepcuit FORTRAN, pexo-
MEeHJIyeTcsl OTKJIIOYaTh, MOMEIIAsl TePBbIM OMEPATOPOM OMUCAHUS UHCTPYKIIUIO:

IMPLICIT NONE

basoBble TUNbI U NX Pa3HOBUAHOCTH

CrncoK OCHOBHBIX THMOB, pomnyckaeMbix B sizsbike FORTRAN, coxpaHeH. OTo
TUIBl TOGICAL, CHARACTER, INTEGER, REAL M COMPLEX. Ho B OTHOIIIEHWM pa3HO-
BUIHOCTEl THTIOB B CMBICIE WX TOYHOCTH BHECEHBI MU3MEHEHUSsI, CITOCOOCTBYIO-
e CHCTeMaTH3allui W YHU(MPUKAITNN HMCIOJb30BaHUS TEPEMEHHBIX pPa3InyHON
TOYHOCTU. B orneparopbl onucaHusi OCHOBHBIX TUIIOB JIAHHbIX BXOIUT HEOOs13a-
TEJbHbI MapaMeTp KIND, KOTOPBIH yKa3biBaeT 3HAYeHWe PasHOBUIHOCTU THUTIA,
BOOOIIIE TOBOPSI, 3aBUCSIIEe OT arnapaTHON MIaTMOPMBbI UCTIOIB3YEMOTO KOMIIb-
[oTepa, HO MHOTAA COBMNAaalollee ¢ YUCAOM OUTOB, OTBOAUMBIX IO, MEPEMEHHYIO.
Tak, m1s1 omnucaHusl BELIECTBEHHON NEPEMEHHON ABOMHON TOYHOCTM, HApsay
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C TpaauLMOHHbLIMU (I)OpMaMI/I REAL*8 M DOUBLE PRECISION, MOXHO YyKa3aTb €€
Pa3sSHOBUIHOCTDL, 3a44aB IMapaMeETP KIND:

REAL (KIND = 8) CHOMCOK INepeMeHHBIX

B 6yKBa.T[bHI>IX KOHCTAaHTaxX 3HAYCHUE IMapaMeTpa pasHOBUAHOCTH 3allMCbIBACTCHA
I10CJIE€ 3HAKa IMOAYECPKHUBAHUA 3a MocJeAHENR ].[H(prfI HIpEaACTAaBICHUA YUCia:

122.56 4

OnHako [1j1s Takoil 3amucK TpeOyeTcsl 3HaTh 3apaHee 3HAUYEHMs Mmapamerpa pas-
HOBUAHOCTY [UIst JaHHOro KoMiiblotepa. [lpu mepeHoce mporpaMmbl Ha KOMITBIO-
Tep OPYroii maargopMbl MOXET MOTPeGOBATHCS BHECEHUE B IIPOrPAMMy MHOXE-
CTBa MeJKUX W3MeHeHMii. BceTpoeHHble (YHKIMU SELECTED REAL KIND M
SELECTED_ TINT_ KTIND TIO3BOJISTIOT OTIPENeSIUTh 3HaYeHNe MmapameTpa pasHOBUIHOCTH
IUIST MAHHOH ILTaT¢hopMBbI, HEOOXOMUMOE VIS MOCTIDKEHMS 3adaHHO! TOYHOCTH.
[lepBast M3 HMX BO3BpallldeT HAMMEHbIlEe IOAXOJsllee 3HAYEHME [apamerpa
Pa3HOBUAHOCTMA [UIsl LEJOr0 4YMC/a BHYTPM 3aJAHHOIO JECSTUYHOIO [Malla3oHa.
Hanpumep, SELECTED INT KIND(6) BO3BpallaeT 3HaYeHHe PasHOBUIAHOCTH, HEOD-
XOAMMoOe UTS TIpeACTaBIeHNs IebIX Yrced B muamaszoHe oT —999999 mo 999999.
SELECTED REAL KIND(12, 300) BO3BpalllaeT 3HAYeHUs] MUHMMAIBHOU pa3HOBUI-
HOCTU [UIsl IIPEACTABIEHMSI BEIIECTBEHHBIX YMCEJl ¢ TOYHOCTbIO 12 3HAKOB B CTe-
MEeHHOM JAecsITUYHOM auanazoHe ot 10**(— 300) mo 10**(300). Homyckaercs
KCIIONIb30BAaHUE 3THX BCTPOEHHBIX (YHKIMI Cpeau ONepaTopoB OMUCAHUSI,
HaIpumep:

INTEGER, PARAMETER :: p = 12, r = 300
INTEGER, PARAMETER :: k = SELECTED REAL KIND (p, r)
REAL (KIND = k) :: f, g, h

Janeko He IS BCIKUX KOMOWHALIMI MTapaMeTpoOB TOYHOCTM M AMAIA30HA CYILe-
CTByeT 3HAYeHWe PA3sHOBUIHOCTH. B TakWx ciyyasx SELECTED TNT KIND BO3Bpa-
maer 3HauyeHne —l. Ecam HemocTymHa Tpebyemass B SELECTED REAL _KIND TOY-
HOCTB, BO3Bpalaercsa —1, a eclnu cTeleHHOM AWama3oH, To —2, U —3, ecliu He-
JOCTYITHO HU TO U HU APYTroe.

Ykasartenun

H1s pacimpeHuns: BO3MOXHOCTENH MTPOrpaMMUPOBAHUSI, B YaCTHOCTH JJIST COCTAaB-
JeHust cBsi3HbIX crnuckoB, B FORTRAN-90 BBegeHbl ykazatenu. YkaszaTelb
(cchlIKa) OMUCHIBACTCS KIJIOYEBBIM CJIOBOM POINTER, TPUMEHSIEMBbIM B OllepaTo-
pax olMcaHus Kak aTpuOyT UM Kak omepatop (UTo He peKoMeHmyeTcs). OOBeKT,
Ha KOTOPBIA IIAHUPYETCs CO3AABAaTh CCBhLIKM, MOJXKEH ObITb OMMCAH KaK TARGET
WU POTNTER.

REAL, TARGET :: A, Y(10)
REAL, POINTER :: P
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HasHaueHne cchUikM BBINOMHSIETCS ONEPATOPOM =>:

IIepeMeHHasa yKa3aTellb => IIepeMeHHada agpecaT

OcBoboxxieHre cChLIKU (pas3pblB CBSI3M yKa3aTelb-NepPeMEHHasl) MPOU3BOIUTCS
OIIEPATOPOM NULLIFY:

NULLIEY (nepemMeHHasA yKa3arTelb)

IMepeMenHag-yKasaTeab MOXET HAXOIUTHCA B OMHOM M3 TPeX COCTOSTHWIM: TIPWBSI-
3aHHOCTH, HENPUBSI3aHHOCTH W B COCTOSHUU HeompeneiaeHHocT. ClipaBoyHast
BCTpoeHHasA GYHKITAS:

ASSOCIATED (POINTER, [TARGET])
BO3BpalllacT 3HAYEHWE .TRUE., €CJIIN CCBhbIIKA POINTER HaAXOOUTCId B COCTOAHUUN

TIPUBA3aHHOCTHU, U .FALSE. — B TIPOTUBHOM cCJIy4yae. Ecam POINTER HaXOOUTCd B
COCTOSAHNU HEOIIPEACICHHOCTU, ITPUMCHEHUE (I)YHKL[I/II/I ASSOCIATED HEOOIYCTUMO.

MpousBogHble TUNDI

B FORTRAN-90 ecTb BO3MOXHOCTH CO3IaBaTh COOCTBEHHBEIE THIIBI JAHHBIX,
KOMOMHUPYST UX U3 6a30BbIX. DaKTUUECKU, 3TO CTPYKTYPHI, IIUPOKO IIPUMEHSIE-
Mble B g3biKe C. OmnucaHue TUIAa OTKPHIBAETCS OMEpPaTOPOM TYPE!

TYPE mMsa mpOM3BOIHOTO THNa
OIMCAaHVA KOMIIOHEHTOB
END TYPE 1mMa DpOM3BOOHOTO THMIIA

IMepeMeHHABIe CO3TAHHOTO TIPOM3BOIHOTO THTIA ONMUCHIBAIOTCS CIEAYIONINM 00-
pasoM:

TYPE(MMHinpOMSBOﬂHOPOATMHa) MMHinepeMeHHOﬁAnpOMBBOHHOPOiTMHa

O6paH_[CHI/I€ K KOMITIOHCHTaM HCpCMCHHOﬁ IIPOU3BOJIHOIO THUIIA BBIITOJIHACTCA
C IIOMOULIBIO OIl€paropa s:

TYPE COLORED CIRCLE
REAL CX, CY, RADIUS
CHARACTER (LEN = 5) COLOR
END TYPE COLORED CIRCLE

TYPE (COLORED CIRCLE) big red, little green, middle pink

big red3%COLOR = 'RED'; little green%RADIUS = 0.75

HepeMeHHbIe MPOU3BOOAHOI0 THUIIA HEBO3MOXHO HWHHUIUAIU3UPOBATH B paMKax
OIICPATOPOB ONUCAHNSI. 3anonHseTcs NEPEMEHHAA TIPpU ITOMOIIUW KOHCMPYKmopa
l’lpOLl36‘06H020 muna:

VM TUIA (CIUMCOK BEIPAXESHNN )
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W oTlepalliy TPUCBANBAHNS, HAIpUMep:
middle pink = COLORED CIRCLE(-2., -1., 3., 'pink')

Ormepalinst IpucBanBaHUS TIepeMEeHHOI MPOU3BOIHOTO THUTA CTPYKTYPHI, CO3AaH-
HOM KOHCTPYKTOPOM, 3ajaeTcs apromarudyecku. Hukakue japyrue onepauudu Uist
[POU3BOJAHBIX TUIIOB HE olpeiesneHbl. Eciu ectb norpedbHOCTb B IPUMEHEHUU
K IPOU3BOJHOMY THUILY Ollepaluii, HEOOXOJMMO ONucarb IPOUEAYPY, [POU3BO-
JALIYI0 ACHCTBUS, acCOUMMPYEMbIe C omepauueii, ¥ uHTepdeircHblil 010K, CBs-
3bIBAIOLIMI 3HAK omnepauuu ¢ mnpouenypoii. [locjae aToro 3HaK omepauuu, MpU-
MEHSIeMbIi K TepeMeHHbIM JaHHOTo IMPOU3BOJHOTO THUIMA, OYyAEeT TpaKToBaTh-
Ccsl Kak BbBI30OB COOTBETCTBYIOLIEH TMpolleaypbl. Tak sl MPOU3BOAHOTO THMA
COLORED CIRCLE MOXHO ONUCATh TIPOLIENYPY OOBENVHEHWS IBYX TPENCTABUTENEH
5TOTO THUMA UNITE U MEPETPY3UTH ONEPATOP +:

INTERFACE OPERATOR (+)
MODULE PROCEDURE UNITE
END INTERFACE

Torna mpnm "cloXeHWU" TepeMEeHHBIX THTA COLORED CIRCLE OyAeT BBI3BIBATHCS
Ipoleaypa UNITE. MoXHO TakKe TiepeornpeleiNTh ornepanio mpucBauBaHusT LIS
MMPOM3BOMHOTO THITA, KOTJAA TEPEeMEHHON IPOM3BOMHOTO THIIA MPHUCBANBACTCH
3HaYeHue Japyroro (IIpou3BOJHOrO WJIM 0a30BOTO) TUMA, MAM Haobopot. Ectect-
BEHHO, 324 IEPerpy3Koil omeparopa MpUCBAMBAHUS JOJKHO CTOSTH OINpeaeseHue
COOTBETCTBYIOILIEIO AEHCTBUS — OMMCAHMe YKa3aHHOU B MHTepdelice nmpolenyphbl:

INTERFACE ASSIGNMENT (=)
MODULE PROCEDURE COLORED TO REAL, REAL TO COLORED
END INTERFACE

OmnrcadunsT TIPOU3BOTHOTO THWMA W TIPOLEAYp, TIePerpyXkalolinX oOTepaTopHI,
JOJDKHBI TTOMEIAThCSl B MOIYIISIX, BKITIOUAEMBIX MHCTPYKIIMEH USE BO BCe KOMITO-
HEHTHI IpOorpaMMBbI, obpalnaioniiecs K JaHHOMY IIPOU3BOIHOMY TUILY.

Maccuebi B FORTRAN-90

OQHUM U3 OCHOBHBIX JOCTIKEHUI paspaborunkoB craHgzapta FORTRAN-90
SBJISIETCS BO3MOXHOCTb OOpallaThCsl ¢ MacCMBaMu TOYTH TaK Xe, KaK cO cKa-
JISIPHBIMU TIepeMeHHbIMM. Haja mMaccuBaMu MOXHO BBIMOJHATH apudMeTnyeckre
JIEUCTBUSI, UX MOXHO UCIIOJb30BaTh B KAYECTBE apTyMEHTOB BCTPOEHHBIX (PYHK-
LIMI, OTpeaeNeH Aaxe oleparop YMpaBieHMs], HAMOMUHAIOIIUK YCIOBHBIN oOIle-
patop TIF, MpUMEHsIeMBIH K MaccuBaMm. HdpyruM OOJBIINM HOCTHXKEHWeM, He-
COMHEHHO, SBJseTcsl BBeleHUe AUHAMWUYECKMX MACCUBOB, HE HYXAAIOLIMXCS B
OMpee/IeHUH TPAHULL HA CTAAMU KOMOUISUMU. 151 MHOTUX NEHCTBUN Haa dye-
MEHTaMM MAacCHBOB HEe Tpedyercs sSIBHOro mepedopa 371eMEHTOB B LKKie. Bbioop-
KU DJIEMEHTOB MAaCcCHBOB, HA3bIBAEMbIC CeYeHUsAMU, TAKXKE MOIYT HCIOIb30BAThCS
KAaK MAaCCHUBBI.
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CtpoeHune maccusoB

B ommcanugx melicTBMi Ham MacCUBAMU WCITONB3YIOTCS TEPMHWHBI, XapaKTepH-
3yIOIIMe YCTPOMCTBO MaccUBa: pasMep, paHT, SKCTEHT, (opma.

MaccuBe FORTRAN-90 Moryr uMmeTh g0 ceMu usMepeHWil — paHroB. Yuciao
3JIEMEHTOB B JAHHOM M3MEPEHNN HAa3bIBACTCSI IKCHEHMOoM MACCHUBA B 9TOM M3Me-
peHuu. LlenounciaeHHbI MacCUB DKCTEHTOB IO BCEM U3MEPEHUSIM MACCUBA €CTh
gopma maccupa. OOuIee YMUCIO BJEMEHTOB MACCHMBA HA3bIBAETCSl pA3MePOM Mac-
cuBa. [lpm ommcanum mMaccuBa (GPUKCHPOBAHHOIO paszMepa HEOOXOIMMO YKa3bl-
BaTh BEpXHUE TPAHUIIBI B UBMEPEHMSIX, HO MOXHO OMNPEEIsTh U HUXKHUE TPaHU-
Lbl: [10 YMOJYaHUIO HyMEpalus 3JIEMEHTOB HauMHaeTcsi ¢ 1, HO 3TO He obs3a-
tesbHo. [Tpumep:

REAL, DIMENSION (10) :: A(-5, 4), B(21:31)

Crnenyromne BCTpoeHHBIE (PYHKIIMN WUCIIONB3YIOTCA TS TONyIeHUsS MHGMOPMAIIUT
0 MaccuBe:

J LBOUND(A) WM UBOUND(A) — YKa3bIBAIOT 3HAYEHUs] HUXKHEH M BEPXHEN TIPaHMUI]
MAaCCHBa;

O sIzE(n) — cooOIIaeT pasMep MacCuBa;

J SHAPE (A) — BO3BpalllaeT MacCHUB IIENBIX YNCEN, ONMCHIBAIOIINX (hOpMy 3amaH-
HOTO MaccHBa.

CeyeHunsa MaccuBoOB

B g3wike FORTRAN-90 Bo3moxHO o6pallleHrne K TTOAMHOXECTBY 3JIEMEHTOB
MaccuBa. I1omMHOXECTBO, HA3bIBAEMOE ceyeHueM MAccuéd, OIWChIBAeTCs nuama-
30HOM MHIEKCOB (BMeCcTO Habopa MHAEKCOB), O KOTOPOMY OCYIIECTBIsIeTCs] 00-
palieHue K sjeMeHTy maccuBa. CeyeHHe MaccuBa CaMo SIBJISIETCS MAacCHMBOM, 3a
HUCKIIOYEHHEM TOrO, YTO 0003HAYEHMEM CEUEHMS HeJb3s I0Jb30BaThbCs ISl CChI-
JIOK Ha €To OTIebHbIC 3JIEMEHTHI.

MO)KHO, HalpuMep, Co34aTrb CCbLUIKY Ha IMOJAMHOXECTBO 3JIEMECHTOB MACCUBA Al

REAL, TARGET, DIMENSION (2, 100) :: A
REAL, POINTER :: P

p => A(2, 1:100:2)

n obpamarbesi B JaJbHEHIIeM ¢ TIepeMeHHON p KaK ¢ MAaCCMBOM paHra 1 m pas-
MepHoctH 50, HampuMep:

p(3)

Henwas o6pamem>cq K 9JIEMEHTAM CEUYECHU{, HETTIOCPECACTBEHHO YKa3bIBasd MHICKC
QJICMCHTA B CCUYCHUU !

A(2, 1:100:2) (3)
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Bri6opka WHIEKCOB IS ceUeHWS MOXKET OBITh 3aaHa IeJOYNCIeHHBIM MacCH-
BOM (8EKMOPHbIM UHOCKCOM):

INTEGER, DIMENSION(10) :: IPOINT(/1, 3, 6, 7, 11, 15, 18, 21, 24, 29/)
REAL, DIMENSION (100) :: A

I[EUIG@ MOXHO 06pau1aTbc51 K ITOAMHO2KECTBY MacCuBa A (IPOINT).

KoHcTpyKTOpbI MaccMBOB
Brerpaxkeniie
IPOINT(/1, 3, 6, 7, 11, 15, 18, 21, 24, 29/)

3amaeT OTHOMEPHBINI MAacCUB-KOHCTAHTY C TTOMOIIBI0 KOHCTPYKTOpa — CITHCKA
3JIEMEHTOB, 3aKJIIOUYEHHOTO B (/ /). BBIpakeHme, 3akimodyaeMoe B TaKHe OIpaHM-
YUTEM, MOXET colepxKaTb apupMeTUyecKue omepaludy ¥ HesIBHbIe LUKIbl, Ha-
puMep:

(/ (x> 0.1, I =11, 15) /)

3a0aeT BEIIECTBEHHBIM MAcCUB M3 IIITH JIEMEeHToB (/1.1, 1.2, 1.3, 1.4,
1.5/). KOHCTPYKRTOPHI JOTYCKAIOTCS TONBKO JUTST OMHOMEPHBIX MAacCHBOB, OTHAKO
OMHOMEPHBIII MacCHUB MOXHO IMepedopMUpPOBaTh ¢ IMOMOLIBIO (PYHKIIUKU RESHAPE
B MaccuB TpebyeMoii hopMEbI.

p,I/IHaMI/I‘-IeCKI/Ie MacCuBbl

IMaMaTh 119 MacCcUBOB, pa3Mephbl KOTOPBIX CTAHOBATCS W3BECTHBHI TOJIBKO B IMPO-
1Iecce BBITTOIHEHUSI TIPOrPaMMBI, MOXKET OBITh BBIAEJeHA TMHAMUYEeCKHA. Maccus,
MOJIYYaIONNi TUHAMUYECKYIO TaMATh, HE MOXET OBITh (hOpMAaTbHEIM ITapameT-
pOM WJIM pe3ylIbTaToM, BO3BpalllacMbiM GYHKIMEH. Bbimensiembrii MaccuB Ipu
ONMMCAaHWM JTOJKEH TMOJIYYNUTh aTprOyT ALLOCATABLE!

REAL, DIMENSION(:, :) :: A

I'paHWIBl BBIIEISIEMOTO MacCUBa JTODKHBI OBITH OTIpeleNleHhI K MOMEHTY BhI30Ba
omneparopa ALLOCATE, IIPH ONMMCAHUN YKAa3bIBaeTCSI TOJHKO paHT MaccuBa. ['paHm-
LIbl BbLAEASIEMOrO MAacCHBA JOKHBI ObITh LIEIOYMCIACHHBIM BbIPAXKEHMEM, Ha-
MpUuMep:

ALLOCATE (A(2 * N, -10:N + 1))

CHpaBO‘{HaH ®YHKHMH ALLOCATED (vma_BeensgemMoro oowexkTa) BO3BPAIIACT 3HAYEC-
HHUE .TRUE., €CIU 00BEKT HAXOMUTCS B COCTOSIHMU BBIOCJICHHOCTU, U .FALSE. —
B IIPOTUBHOM cCJiy4yac. BoamoxHo u TPETLE COCTOAHHNE — COCTOAHUEC HECOIIPECAC-
JICHHOCTHU, BO3HUKAIOUICC, B 4YACTHOCTHU, TOIJd, KOrjd IIPOMCXOJUT BO3BpAT H3
noanporpamMmbl, rae Obula BbLAEJEHA MAMSTh o[, JIOKAJAbHBIN IS noamnporpam-
Mbl MaccuB. Ilo 3dBCPLICHUM pa60TbI C BbIICIACMbIM MACCHUBOM HEO00X0AUMO
ABHO OCBO60£LI/ITb HaMATb, 3aHATYI0O MACCUBOM!

DEALLOCATE (A)
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Onepaln BBIIEJTEHUS W OCBOOOXAEHWST MAMSITH MOTYT 3aKOHUMTBLCS Heymadeit.
HeobGs13arenbHblif BBIXOAHON MapaMeTp STAT 3adaeT MepeMeHHYIO ILeJIoro THIIa,
B KOTOPYIO 3aMuchiBaeTcsl Koj 3aBeplueHust onepauuu (0 B ciyuae ycrexa M mo-
JIOXKUTENbHOE 3HAUeHWe B ciydyae Heynauu). [Ipu oTcyTcTBUM mapamerpa STAT
HeycIex olepalny ALLOCATE WM DEALLOCATE MPUBOIUT K OCTAHOBY IPOTPaMMBbIL.
Beimenenne mamsTH MOXeET TTPOM3BOIMTLECA M TS cChlIoK. OcBoboxneHue (deal-
location) agpecaTta MpUKPEIJIEHHON CCHUIKM IPUBOAMT CCHUIKY B COCTOSIHHE HE-
OIpeaeJeHHOCTHU.

UHcTtpykuna WHERE

I/IHCTPYKHI/ISI WHERE BBIITOJIHACT B OTHOIIEHUMW MACCHUBOB POJIb YCIIOBHOI'O OII€pa-
Topa. WHERE HE agpecyeTcCs K 3JIEMEHTaM MAacCUBa 1O WHIACKCAM, a MPUMEHSCTCA
K MAaCCHUBY B LICJIOM:

WHERE (ﬂOPquCKOGABHanGHMe—MaCCMB) IprYCBarBaHUEe MacCUBa

TaK, HarmpnuMep, BCEC OTPULATEIBHBIC SJIEMECHTBI MAaCCHBA A U3MCHSAT 3HAYCHUA Ha
IIPOTUBOIIOJIOXKHBIC:

WHERE (A < 0) A = -A

Jlormyeckoe BEIpakeHWe-MaccuB (GOPMUPYET M3 MCXOTHOTO MAaCCHUBA MACCUG-
macky (MaccuB JIOTUYECKOTO THUITA, KOH(MOPMHBI HMCXOTHOMY, C 3JeMEHTaMU,
VMEIOIINMHI 3HAYeHUs .TRUE. WA .FALSE.). MI3MeHeHWsI, MPOUCXOIAIINe C ca-
MHM MAacCHBOM, HEe U3MEHSIOT MAaCCUB-MAacKy.

INonnasg dopma KOHCTPYKIIUM WHERE TAKOBA:

WHERE (JIOTMUYECKOe BHPaXEHME—MACCUB)
NprCBaMBaHNA MaCCUBOB

ELSEWHERE
NpMCBaNBaHNA MaCCUBOB

END WHERE

BHYTpU KOHCTPYKIIMM WHERE OITepaTophl Mepexona He mormyckatorcsa. Ecim x mpu-
CBAaMBAHUIO MACCHBOB IIpUBJEKAETCA IEMEHTHasA (YHKIMS, OHA OyIeT IpHMe-
HeHa TOJBKO K TeM 3JIeMEHTaM, KOTOPBbIE YIOBJIETBOPSIOT 3aIaHHOMY YCJIOBUIO.
MackupoBaHue He PACMpPOCTPAHSETCS HAa MACCUBBI, SIBJSIONIUECS apryMEeHTAMU
HeaneMeHTHbIX dyHkuuit. Eciu koHcTpykuus:

WHERE (B > 0) B= 1.0 / LOG(B)

HE MPUBEJIET K OIIMOOYHOMY BBIUMCICHUIO JTOrapuGMOB OT OTPULIATEILHBIX 3JIe-
MEHTOB MaccHBa B, TO B OIlleparope:

WHERE (B > 0) B= B / SUM(LOG(B))

HEBJIEMEHTHAasd d)YHKLU/IH SUM TTOTBITAETCA TTPOCYMMUPOBATH )IOT‘apI/Id)MBI OT BCEX
QJICMCHTOB MaccCuBa.
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BcTpoeHHble hbyHKLMM ana paboTtbl ¢ MaccuBamu

MBI cocpedoTounMcsl Ha BCTPOCHHBIX (YHKIMSIX, CBSI3AHHBIX C MAacCUBaMH,
onyckasi apyrue (MOXeT ObITb, OUEHb I0Jie3Hble) (hyHKIMU. BeTpoeHHble PyHK-
LIMU, CBSI3aHHbIE C MAaCCUBaMU, MOXHO Pa3IeNUTh HA 5 KaTeropuii:

O sneMeHTHBIE DYHKIINNT;

O cnpaBoyHble (QYHKIIMU;

O dyHKUMU A5 CO3MaHUA U IPeoOpa3oBaHMs MACCUBOB;
O dyHKIMU OIS penyKIIMu MacCHBOB;

O dyHKIMK 11 olepalllii HaI BEKTOpAMH W MaTPUIIAMMA.

DnemeHmuble QYHKYUY ONpenejeHbl U3HAYATbHO IS CKAISIPHbIX apryMeHTOB, HO
HUX MOXHO MPUMEHSITh U K COBMECTMMbIM MaccuBaM. Kaxkablil 21eMeHT MaccuBa-
pe3ysibTara mojydaercsl TakuM, Kak eciu Obl (hyHKIUIO TPUMEHUIN K KaxXIoMy
5JIEMEHTY MaccuBa-aprymeHTa. Takum obpa3oMm padoTalOT Bce TpajullMOHHbIE
BCTPOEHHbBIE BieMEeHTapHble MareMarudyeckue ¢pyHKinu si3bika FORTRAN:

ACOS (x), ASIN(X), ATAN(X), ATAN2(Y,X), COS(X), COSH(X), EXP(X), LOG(X),
LOG10 (X), SIN(X), SINH(X), SQRT(X), TAN(X), TANH (X);

¢yHKUINU Tpeodpa3oBaHUs TUIIOB:

ABS (A), AIMAG(Z), AINT(A[, KIND]), ANINT (A[, KIND]), CEILING(A),
CMPLX (X[, Y] [, KIND]), FLOOR(A), INT(A[, KIND]), NINT(A[, KIND]),
REAL (A[, KIND]);

W 2JIeMeHTHBIe (GYHKIWU, He TIpeoOpasyrolIne THIT:

CONJG (z), DIM(X, Y), MAX(Al, A2[, A3,...]), MOD(A, P), MODULO(A, P),
SIGN (A, B)

Cnpaeounvie hynkyuu IS MACCUBOB TIPEIOCTABISIOT WHGOPMALNIO O TEKYIIeM
COCTOSIHUM MACCHUBA:

(0 LOGICAL ALLOCATED (ARRAY) — OIIPEACIACT COCTOSAHUE BbIACIAEMOIO MACCHUBA,

J INTEGER LBOUND (ARRAY[, DIM]) — BO3BpaIlaeT 3HAUYEeHWS HIDKHUX TPaHWIL
MaccHBa IO BCEM U3MEPCHHSIM, €CIM apryMeHT DIM He 3alaH, W HUKHIO
IpaHUILy B U3MEPEHNU DIM — B IMPOTUBHOM cJIydae;

(J INTEGER UBOUND (ARRAY[, DIM]) — (YHKIMS, aHAJIOTMYHAs Tpenbiayiieii. Or-
pernensieT BepxHue TpaHUIIbl MacCUBa;

0 INTEGER SHAPE (SOURCE) — BO3BpallaeT ONHOMEPHBII MAacCWB CTaHIAPTHBIX
LIETBIX YWCEN, comepXKamumii (hopMy MaccuBa SOURCE. MoKET TPHUMEHSIThCS
K CKaJIsIpaM, TOT/a B pe3yJbTaTe BO3BpallaeTcs HyJb;

J INTEGER SIZE(ARRAY[, DIM]) — BO3BpalllaeT CTAHAAPTHOE IIeNOe YNCIIO0, PaB-
HOe pa3Mepy MacCHBa ARRAY, €CJIM apTyMEHT DIM MPUCYTCTBYET, BO3BpallaeTcs
SKCTEHT 11O Pa3MEPHOCTH DIM.
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(DyHKL{LILl co30aHUA U npeoﬁpas’oeaﬂuﬂ Mmaccusos BKIIOYAIOT:

O ARRAY MERGE (TSOURCE, FSOURCE, MASK) — TIPOU3BOAUT CINAHUE OABYX MACCU-
BOB B OJIUH TTO MAaCCHBY-MaCKe MASK;,

O [VECTOR] PACK(ARRAY, MASK[, VECTOR]) — '"YITaKOBKa" 3JIEMEHTOB MaccHBa
ARRAY, COOTBETCTBYIOIINX MCTHHHBIM 3HAUYEHWSIM MacCUBa-MacKW MASK B BeK-
TOP VECTOR;

0 ARRAY UNPACK (VECTOR, MASK, FIELD) — "pacIlakoBKa" MaccHBa ARRAY U3 BEK-
TOpa VECTOR IO MacCHUBY-MackKe MASK. HemocTamoine 3eMeHThI 3amoIHSIIOTC
3JIEMEHTAMU FIELD, €CIIM 5TO MACCUB, WM YUCIOM FIELD, €CJIU 3TO CKAJsp;

0 ARRAY RESHAPE (SOURCE, SHAPE[, PAD] [, ORDER]) — THepechopMHpOBAHNE
MaccHUBa SOURCE IO (opMe, oIpenensieMoii OJHOMEPHBIM MAacCUBOM IIENBIX
YuceJl SHAPE. PAD IIPEICTABISIET CcOOOM MaccuB — JIOMONHEHWE MaccuBa
SOURCE 70 TpeOyeMoro pasmepa, a ORDER OMNpeAeTsIeT TMOPSIOK CeTOBAHMS
WHIEKCOB MacCHUBa-pe3yiabTara, €cld TMOpPSIIOK He JODKEH COBIAmaTh C IO-
PSIIKOM MHIEKCOB MAacCHBa SHAPE;

0 ARRAY SPREAD(SOURCE, DIM, NCOPIES) — KONUPYET MCXOMHBIA MACCHUB NCOPIES
pas, Bo3Bpallasi MACCUB Ha €IWHUILY OOJBIIETO paHTa M pasMelas MoTydyeH-
HBIE KOITUU B PE3yJABTUPYIOIIEM MaCCHBE IO U3MEPEHHIO DIM;

J ARRAY CSHIFT (ARRAY, SHIFT [, DIM]) — HEBBITECHSIOIINI CIBUT MaccuBa ¢
[IaroM SHIFT 1O WHAeKCY DIM. Ecam DIM He 3amaHo, MpWHUMAETCS DIM = 1.
Ecnmu SHIFT — MaccuB LENBIX YKCelNl, pasMep KOTOPOTo paBeH paHTy MaccHuBa
ARRAY — 1, OH paccMaTpMBaeTcs KaK MAcCHB IIATOB CIBHUTA IO Pa3HBIM M3Me-
pPEHUIM;

0 ARRAY EOSHIFT (ARRAY, SHIFT [, BOUNDARY] [, DIM]) — BBITECHSIOUIAN CIABUT
C 3allOTHCHUEM O6paSYIOH_[I/IXCH IIPOIIYCKOB I'PaHUYHBIMU 3HAYCHUSIMU, €CIU
OHHU 3a44aHbl, 1 HYJISIMU — B IIPOTUBHOM CJjy4ae.

Dyuxyuu pedykyuu MacCWBOB TIPHMHUMAIOT MAaccWB B KadecTBe BXOTHOTO Tapa-
MeTpa U BO3BPALIAIOT CKAISAPHBINA Pe3yIbTaT MIM OTHOMEPHBI MAacCUB Pe3yabTa-
TOB, pasMep KOTOPOTO PaBeH YKCITYy MU3MEepEeHNI MaccHBa.

Hammame B HMkelepedncIeHHBIX TTOAMPOTpaMMaxX HeoOg3aTeIbHOTO TapameTpa
DIM MPHUBOAUT K TOMY, UYTO MCXOMHBI MACCUB pa3OMBAETCS HAa CEUYEHMS, MPOXO-
JAIIAe M0 WHAEKCY DIM, M B pe3ybTaTe IMOJIyJaeTcsl MAacCUB 3HAYCHUM IS BCeX
MTOJIyYeHHBIX ceueHuii. Heobs3aTenbHBIN apryMeHT MASK pachpocTpaHsIeT HeicT-
BHe (GYHKIIUHA TOJBKO HA T€ BJIEMEHTBI MaccuBa, I KOTOPBIX COOTBETCTBYIOIINI
3JIEMEHT MacCHBa MASK UMEeT 3HAYeHUE .TRUE.

Bot nepeueHb GyHKIINHN peayKIIWn:

0 LOGICAL ALL(MASK[, DIM]) — BO3BpalllaeT JOTMYecKoe 3HadyeHHWe "HCTHHA",
eclI BCe DJIEMEHTHI JIOTHYECKOTO0 MaccHBa MASK MCTUHHBI WJIN €r0 pasMep pa-
BEeH HYIIO;



BricokonpouzsoautenbHbili FORTRAN 323

o

LOGICAL ANY (MASK[, DIM]) — "MCTWHA", ecJIM XOTS ObI OOWH 3JIeMeHT MaccuBa
MASK UMeeT 3HaueHUEe .TRUE.

INTEGER COUNT (MASK[, DIM]) — BO3BpallacT CTaHAAPTHYIO LECIAYIO BECIUYUHY,
PAaBHYIO UMCIIY 3JIEMEHTOB UCTUHHBIX 3JIEMEHTOB MACCHBA MASK,

MAXVAL (ARRAY[, DIM][, MASK]) — BO3BpallacT 3HAYECHUE MAKCUMaJIbHOIO
9JIEMEHTA 1LIEJI0T0 WM BELIeCTBEHHOIO MAacCuBa M MaKCHUMajlbHOE 110 abco-
JIIOTHOW BEJIMYWHE OTPULATEIBHOE YNCIIO IJISI MaCCUBa HYJIEBOTO pasMeEpa,

MINVAL (ARRAY [, DIM] [, MASK]) — BO3BpallacT 3HAYCHNE MUHWUMAJIBHOTIO 5J1€-
MEHTA LIEeJIOTO UJIN BEHICCTBEHHOTO MACCUBA U MAKCUMAJIBbHOE TTOJIOXKUTEIBHOE
YUCIO IJI1 MacCuBa HYJICBOI'O pasMepa,

PRODUCT (ARRAY[, DIM][, MASK]) — BO3BpalllaeT IIPOM3BEIEHUE 3JIEMEHTOB
LIEJIOTO, BEIIeCTBEHHOTO WM KOMIIEKCHOTO MacchMBa WM 1, eclu MaccuB
ARRAY MMEET HYJIeBOM pa3Mep;

SUM (ARRRAY[, DIM] [, MASK]) — BO3BpaIllACT CyMMY 3JIEMEHTOB LIENOTO, BEIIIE-
CTBEHHOTO WJIN KOMTIJIEKCHOTO MaccuBa win 0, eclim MaccUB ARRAY UMeeT Hy-
JIEBO paszmep;

INTEGER MAXLOC (ARRAY [, MASK]) — BO3BpalllacT B BUJEC MACCUBA ILIEJIBIX YNCEI
H3.60p MHIEKCOB HanOOJBIIEeTO 3JIEMEHTa B MAaccCHBE,

INTEGER MINLOC (ARRAY[, MASK]) — BO3BpallaeT B BUAEC MAacCUBa IIENBIX YHCEN
Habop MHAEKCOB HAaMMEHBILIETo 3JeMeHTa B MaccuBe. B ¢GyHKUIMIX MAXLOC U
MINLOC 3HAYeHUs MHACKCOB PACCUMTHIBAIOTCA TaK, KaK eClM Obl HIDKHHUE Tpa-
HUITBI TI0 BCeM M3MEpEeHUsIM paBHsUIUCH 1. Eciam sKceTpeManbHBIX 3HAYEHMI
HECKOJIbKO, BBIOMpaeTCs MEPBBI O MOPSIKY CIeI0BaHUS 3JIeMEeHTOB.

Dyukyuu, npouzeodsuue onepayul ¢ GeKmopamu u Mampuyami, BKIIOYAIOT oTepa-
[IMW BEKTOPHOTO, MaTPUUYHO-BEKTOPHOTO M MATPUYHOTO YMHOXeHWs. CloxXkeHNe
MaTpuil (COBMECTUMBIX) BBIMOTHSAETCA oIeparopoM +. MMerTcs Takke IMOIIpo-
rpaMMBI:

o

DOT PRODUCT (VECTOR A, VECTOR B) — BO3BpalllacT SUM(VECTOR A * VECTOR B),
€ClIn VECTOR A IICJAOro MJIM BELICCTBCHHOI'O TUIIA, SUM(CONJG (VECTOR A) *
VECTOR B), €CJIM VECTOR A KOMIUICKCHOTO THUIIA UM ANY (VECTOR A.AND.
VECTOR B), €CJIM VECTOR B JIOTUYECKOTO TUTIA,

MATRTX MATMUL (MATRTX A,MATRIX B) — BO3BpalllaeT pe3yJabTaT TMepeMHOXe-
HUS WCXOTHBIX MATPUIL, 3aBUCIIINN OT UX (hopMbl. Bo3aMOXHEI Tpn ciaydass —
MaTpHIla-MaTpHIla, BEKTOP-MaTpUIla U MaTpHIIa-BeKTOp, (PYHKIMSI cama BBI-
OUMpaeT aJrOPUTM, COOTBETCTBYIOIINI MCXOMHBIM TAHHBIM.
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Aupektusbl HPF

MBI yXe oTMeuajad, 4TO B OCHOBE MOIENIN Tapajjiellu3Ma, pPeajn30BaHHON B
HPF, nexut napanienusm JaHHbIX. B mpennonoXeHun BEKTOPHbIX U MACCUBHO-
MMapayieJIbHBIX KOMITBIOTEPOB pa3padaThIBAICh BCTPOEHHBIE (PYHKIIUKM 0a30BOTO
si3pika FORTRAN-90. OcHosa nupektuB HPF — pacnpenenenue nannbix. Cpen-
ctBa ynpasneHus: npoueccamu B HPF oTcyrerByioT, 1 mapanienusM 3agad OTCyT-
CTByeT BMeCTe ¢ HUMM.

MHCcTpyKunmn n BctpoeHHble pyHkuumn HPF

Cunrakcnc mHcTpykunii HPF gemaer nx HeszaMeTHBRIMEH It ©a30BOTO S3BIKA.
Oy BuINIAAAT Kak KommeHTapun FORTRAN-90:

'HPF$ <mupexTuBa HPEF>

HPF mnpaktiiyeckn He BMeITMBAETCS B IEWCTBUS TTPOTPAMMEI, OH TOJNBKO pacTipe-
nensier gaHHbie. Ilporpammy c¢ aupextuBamu HPF MoxHO oTKOMIMIMPOBAaThH
kommnuagTopom wig FORTRAN-90, u Hukakux M3MEHEHUI He mnorpelyeTcd,
YTOObl KOMIIMJISILIMS [Ipolilla HOpMayibHO. MoxHo BBoAuTb aupekTuBbl HPF u
B (popme kommeHTapueB FORTRAN-77:

CHPF$ <mupexTmea HPF>,

TIe C pacromaraetcs B TIepBOi TO3WIIMA CTPOKW, HO TepBas dopma, ¢ Hamrei
TOYKH 3peHUs, MPeAIOUTUTEIbHEE.

Crpoxa-nupeKTiBa MOXET pasMellarbcs Ha JAByX M 0ojiee CTpOKax, HEOKOHYEH-
Hasl CTPOKA JO/KHA 3aKaHUMBATLCSA 3HAKOM &, a CTPOKA-TIPOAOKEHUE TUPEKTH-
BHI IOJDKHA HAYMHATHCS TAKKe C |HPFS.

KonuentyansHoit B HPF saBnsietcss aupekrrBa PROCESSORS:

'HPF$ PROCESSORS, DIMENSION(:, :) :: P2
'HPF$ PROCESSORS, DIMENSION(:) :: Pl
!HPF$ PROCESSORS P (4)

Dra IUpeKTHBAa BBOMUT OIMCAHUS HCe8IOMACCUB06 NPOUeccopod — BUPTYATbHBIX
KOHCTPYKIINIA, BOOOIIEe TOBOPSI, HE MMEIOIINX HUKAKON CBA3M C peaJbHBIM Habo-
poMm dusnueckux mpoueccopoB. OgHa mporpaMMa MOXKET OINMCHIBATb HECKOJbKO
Ha0bopoB mpolieccopoB. [leso B TOM, UTO MACCUBBI, 4 JaHHbIE, KaK IPAaBUIO, pas-
MELIAIOTCS B MAcCHBAX, MOTYT PaclpeaessaTbCsl TOJAbKO MO HAOOpY MPOLECCOPOB
TOIO € PaHra, YTo W pacipenenseMbie MacCUBbl. sl pacnpeneneHus: OnHOMEp-
HBIX MAacCHUBOB HEOOXOMMMO OIMCcAaTh OMTHOMEPHBEIN Habop TpoLeccopoB, LIS
pactipenieIeHnsT MaTpull TTOHAMOONTCSI ABYMEPHBIM MaccuB. TakuM obpasoMm, au-
pPEKTHBA PROCESSORS BBOAMT HAbOp MPOIECCOPOB B BUAE MACCHBOB PA3IMYHOMN
dopmbl. Pacripenenernne maHHBIX MPOEKTUPYETCS HA CTaAUW KOMIMJISIIMHU TIPO-
rpaMMBbI TOTAA, KOTrAa MAaccHB (M3NYECKUX IIPOLECCOpOB HemocTyneH. OmHAKO
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HPF yctpoen Tak, 4To peaabHBIN HAGop TPOIECCOPOB BO BpeMs MCIIOTHEHUS
MTPOTPAMMBI TOCTYIIEH U OIIpeesIcH.

HBe BcTpoeHHbie dhyHKIMU HPF mo3BongioT moayuynTh cBeieHNUsT o Habope TIpo-
LIECCOPOB:

O NUMBER OF PROCESSORS () — BO3BPAIaeT ynuciao GU3NUECKNX MPOIIECCOPOB;
O PROCESSORS SHAPE () — oOMpenenser (opMmy (GU3NYECKOro MaccuBa MpOIec-
COpOB.

O06e BcTpoeHHBIE (YHKIIMM TOCTYITHBI YK€ HA YPOBHE TUPEKTUB paclpemeaeHUst
HPF, Ho He MOryT BBI3BIBaThCSA B ONEpATOpaxX OMUCAHUS 0a30BOM IIPOTrPaMMBI:

IHPF$ PROCESSORS P1 (NUMBER OF PROCESSORS () )
IHPF$ PROCESSORS P2 (4,NUMBER OF PROCESSORS () )
JTOMYCTUMBIE TUPEKTUBBI, a WHCTPYKIINAS:

INTEGER, PARAMETER :: NumberOfPrs = NUMBER OF PROCESSORS ()

HEIO0IMyCTUMA.

PacnpepeneHune gaHHbIX
AOvpektusa DISTRIBUTE

CuHTaKCcHC OUPEKTUBBI pacpeacieHns B of01emM clIyJyae TakoB:

'HPF$ DISTRIBUTE [ (cnocob pacnpenenenns)] &
[ONTO mnceBOOMACCHMB IPOLIECCOPOB] :: CHOMCOK paclpedelseMeX MaCCUBOB

ITpumep:
'HPF$ DISTRIBUTE (CYCLIC) ONTO Pl :: B

MoXHO WMCITONB30BaTh M Gojiee GIM3KYI0 K TPamTWIIMOHHON ¢opMe oTepaTopoB
onucaHusl 3amuchb. Hampumep, crieaylomasg AMPEKTUBA pacipenesser Osokamu
JBYMEPHbII MAcCUB A TIO TICEBIOMACCHUBY TIPOIIECCOPOB P2:

!HPF$ DISTRIBUTE A (BLOCK, BLOCK) ONTO P2

Ecmu crmocob6 pacmpeneneHusT B TUPEKTHBE DISTRIBUTE OIYLIEH, IMPUHUMAETCS
6mouHoe pacmpeneneHne. Ecay omyleHa KOHCTPYKLIMSI ONTO, pacIipeieieHue
BEITIONTHAETCS TIO0 HAGOPY MPOITECCOPOB, MPUHATOMY O YMOJIYAHUIO, B KOTOPOM
YUCJIO MPOLIECCOPOB PABHO 4UCHy (PU3MUYECKUX IPOLIECCOPOB, a ¢dopMa MCeBIO-
MaccuBa COOTBETCTBYET ¢opMe pacmpeneinsemoro Maccusa. Haubosee comepxa-
TEJbHBIM ACIEKTOM pacllpeieieHus JaHHbIX SBIseTcs BbIOOp crocoba pacmpene-
JIEHMS.

HeynauyHo npousBeneHHOe pachnpeaeieHue MOXKET IPUBECTH K KaracTpoduye-
CKOMY pocTy oOMmeHa M aTalbHOMY IAACHUIO IPOU3BOAUTENbHOCTU. OOUIUM
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npaBwioM B HPF saBnsietcsi npasuiro cobcmeennuxa ewviuucieHuid: BHIYUCICHUS
MMPOU3BOMITCI TEM IPOILIECCOPOM, KOTOPOMY MPUHAMICKUT Pe3yIbTaT, ClIeIOBa-
TEJIbHO, BCE KOMITOHEHTHI BBIPAXKEHMS, IpUHAMIeXKAIIME APYTUM IIpolieccopam,
JI0 Hayaja BBIYMCJIEHUS TIePEeChUIAIOTCS TOMY IIPOLIECCOpPY, KOTOPOMY IpUHAIIE-
JKUT pe3y/IbTar.

B Tex ciydasx, Korma HepallMoOHATbHOCTh IMepeaadd OYeBHUIHA, MPABHIO COOCT-
BEHHHWKA BBIUMCIEHWI He MpUMEHsieTcs, HO B Oojiee CIOXHBIX CIydasx pelieHue
MPUHUMAETCS IO 3TOMy mpaBwiy. Takum obpazoM, 3h¢PEKTUBHOCTb UCIOJHSIE-
MOIO MOIyJsl ompenensercs crocoboMm pacapeneneHus AaHHbIX. EcTe nBa Buaa
pacopeneneHus: O61oyHoe M Lukianueckoe. [lpu OsouyHOM pacmpeneseHUM dJe-
MEHTbl MacCHBa PacIpeeNsIoTcd YacTiIMU, B KOTOPBIX DJIEMEHTHI CAenyloT TMOMI-
psia, B TOPSIAKE WX PACIOOXEHHMS B MaccuBe. MaccuB Kak ObI HapesaeTcs Ha
bobie Kycku. KonmdecTBo 37eMeHTOB B OJIOKE MOXET OIPENeIAThCA KOMITH-
JIATOPOM aBTOMATUYECKH, €CJIM B IUPEKTHBE paclipeleleHnsT HeT SIBHOTO yKasa-
HUA Ha pasMep Omoka. [Ipu aBToMaTuyecKoM ompeneieHnH pasMepa 0J0Ka KOM-
NUJIATOP pasaessieT Bce DJIEMEHThl IO IpolieccopaM IIOPOBHY; €C/AM IIOPOBHY
pasaequTh HEBO3MOXHO, TO MOCAEIHUN MPOLECCOp MOJyYaeT MEHbIIYIO MOPLHIO.
Hanpuwmep, B pesyibrare CileAylolnX ONUCAHUNA U JUPEKTUB:

REAL, DIMENSION (:) :: A(100), B(31)
'HPF$ PROCESSORS :: P1(10)
'HPF$ DISTRIBUTE (BLOCK) ONTO Pl :: A, B

BCe IpoLeccopbl moayyar mo 10 saeMeHTOB MaccuBa A U IepBble 7 MPOLIECCOPOB
TmodxydaT 1o 4 sIeMeHTa MaccwBa B, 8- TIporeccop TONYYUT TOCTeTHUE TP
aJIeMeHTa MaccuBa B, a 9-it m 10-if mpoleccopbl He TTOMyYaT HM OJHOTO 3JIEMEH-
Ta MaccuBa B. B momyuyeHHbIx GJ0Kax HOMepa 3JEMEHTOB OYIyT UATU ITOAPSI:
¢ 1-ro o 10-i1 Ha mepBOM IIpolieccope U T. .

Huknudyeckoe pacrpenesieHre 3JIeMEeHTOB HAIlOMUHAET pasfady KONOABl KapT B
WTpe, TIOe KapThl pa3maloTcss BceM WTpoKaM TTo odepenn. Korma WTpoKW 3aKaHUM-
BalOTCSA, a KAPTHI €Ille OCTATNCh, pasmadya MOBTOpseTCA, U TaK IO TeX Iop, IoKa
He 3aKoHYaTcs KapThl. Ecam B AMpeKTHMBe HMKIMYECKOTO pachpeieNeHus HeT
SIBHOT'O YKAa3aHMS LIara LUKJIa, 9JeMEHThl paclpeesoTcs o ogHoMy. Tak, mpu
LUKIMYECKOM pacipenejeHud MacCMBOB A U B W3 MPeabIaylIero mpuMepa:

'HPF$ DISTRIBUTE (CYCLIC) ONTO P1 :: A, B

Kaxmelid 13 10-Tu mpolieccopoB MCeBIOMAacCHBa TPOLIECCOPOB P1 MOAYYHT 1o 10
3JIEMEHTOB MAacCuBa A, HO CIEIOBaTh OHM B KAXIOoM Topnuu OymyT ¢ mraroMm 10:
1, 11, 21, 31, 41, ..., 91 y nepBoro npoiieccopa, 2, 12, ..., 92 y Broporo u T. 1.
MaccusB B Oymer pacopeaeneH Tak: amemeHTsl 1, 11, 21, 31 y mepBoro mpoiecco-
pa, 2, 12, 22 y Broporo. ToibKo nepBoMy Mpolieccopy IocTajoch 4 3jieMeHTa,
BCE OCTaJlbHblE MOaydyuiu o Tpu. Lluxiuyeckoe pacnpeneneHue odecreuyuBaeT
0ojiee pPABHOMEPHYIO 3arpy3ky IIpOLECCOpOB, MpuU OJOYHOM pacHpeneseHuu
obecreynBaeTcsl KOMIIAKTHOCTb B PACIONOXEHMHU DJIEMEHTOB C COCEIHMMHU MH-
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JIeKcaMu. BbroyHoe pactipemenene cBOIUT K MUTHUMYMY OOMeH TTPU TTPOTPaMMMU -
POBaHWUHU ONepanuii TUIIA:

a(I) =a(lI —2) * (a(I —1) + a(Il) +a(r + 1))

T. K. GOJTBITAg YacTh oTepaliii 6ymeT MpomelbIBaThCS ¢ BIEMEHTAMN, TIpUHAIIe-
KALIUMU OTHOMY OJIOKY.

OnpeneneHue napaMeTpoB pazMepa 0Jioka MM 1iara IUKJIa B 3aAaHuu ciiocoba
PACIIPENENCHUS] [IOYTU HUBEJIUPYET PA3HULY MEXIY CIIOCODAMU PaCIPENEICHUSI.
HeicTBUTENbHO, U BLOCK (m), M CYCLIC (m) TIPUBEAYT K TOMY, UTO DJIEMEHTHI OyIyT
pacTipeenIThes 6I0KaMU TI0 m 3JIEMEHTOB B KaskKAOM, ¢ TOUW Wb Pa3HUIIEH, UTO
npu OJOYHOM paclpeneleHUN BCe SIEMEHTHl JOKHBI OBITh paclpeAefeHbl IO
IpoIieccopaM 3a OIUH KPYT, WHAYe KOMITWJISTOP BHITACT cooOIeHHe 00 OIImoKe.
[py TMKIMYEeCKOM 3Ke pacrpelneIeHN! OIIMOKU He OymeT W pasmadya dJIeMEHTOB
ITOBTOPUTHCSI CTOJNIBKO pa3, CKOJNbKO HYXHO IUISI pasmgayd BCEeX 3JIEMEHTOB.
CYCLIC(m) TpeAcTaBIseTcs Hambojee ymadyHON BepcHell pachpenesieHHs: OHO
obecITeynBaeT U OTHOIIIEHHE COCENCTBA, U PABHOMEPHOCTD 3arpy3ku. OmHAKO IS
COXpaHeHuUs1 MH(POpMalIMK O PACIPEACIEHUM BIEMEHTOB MPU 3TOM criocobe Tpe-
OyeTcs B HECKOJbKO pa3 OoJiblle TPUILIETOB MHAECKCOB, YeM IIPU APYTUX BUAAX
pacnpeneneHus. OTO MOXET CBECTM HA HET BCE MPEUMYIIECTBA OT MCIOJb30Ba-
HMS CYCLIC (m).

Pacnipenenenne BLOCK (m) MOJNE3HO B TOM clydyae, KOTJa HYKHO 3aHATh JAHHBIMU
TOJIBKO YacTh MPOIECCOPOB, OCTABUB OCTAIBHBIC MPOIECCOPBl CBOOOTHBIMU. Jl1i-
PEKTHBA:

'HPF$ DISTRIBUTE (BLOCK(31)) :: A, B

pasMecTHUT TiepBble 93 seMeHTa MaccwBa A Ha TIEPBBEIX TpeX Tpolleccopax Pil,
7 OCTaBUIMXCSI BJMEMEHTOB Ha 4-M Mpolleccope, OCTATbHBIE 6 MPOLECCOPOB He
[10Jly4aT HU OAHOro 3jeMeHra. UYTo Kacaercss Maccupa B, TO BCe €T0 3JIeMEHTH
TTOTIAAYT Ha TePBHIN Tpolleccop TiceBaIoMaccBa Pl.

Pacnpep,enel-me MHOIroMepHbIX MaccuBoB

Kak 6BITO cKazaHo BEIIIE, pa3MepHOCThH MAaccCUBa IMPOIECCOPOB, TO KOTOPOMY
pacnpenensoTcs AaHHbIe, AOMKHA COBNAJATh C Pa3sMEPHOCTBIO pacIpenessieMOro
MaccuBa, a TOYHee, C YMCJIOM M3MEPEHUIi, B KOTOPBIX NaHHBIC PACIpPEeaessioTCs.
Croco0BI pactpeneieHnsT B Pa3HBIX U3MEPEHUAX MOTYT OBITh pa3TUIHBIMU. [BY-
MEpHBIII MacCuB BEIIECTBEHHBIX YMCEI R MOXKHO PacHpeneianTh IO ABYMEPHOMY
MAacCHBY IPOIIECCOPOB OJIOYHO B 000MX HAMPABICHUSIX:

REAL, DIMENSION (:, :) :: R(100, 100)
IHPF$ PROCESSORS, DIMENSION (:, :) :: P(2, 2)

!HPF$ DISTRIBUTE (BLOCK, BLOCK) ONTO P :: R
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TMpotieccop ¢ Homepom (1, 1) MOAYYUT OJIOK BIEMEHTOB MaccuBa R ¢ HOMepaMu
(1:50, 1:50), mpoueccop ¢ HoMmepoMm (2, 1) Homepa (51:100, 1:50) u 1. 1. MoxHO
pacTipeleIuTh IeMEeHTH B OMHOM M3MEPEeHNH OJIOYHO, B APYTOM IIUKIMYECKU:

!HPF$ DISTRIBUTE (BLOCK, CYCLIC) ONTO P :: R

PESYIH)TB.T HE TaK OYEBUIECH, KaK B TIPEABIOAYIIIEM ClIydyace, HO MOJOAcTCd WU TIpeld-
CTaBJCHUIO, U OIIMCAHUIO:

R(lr 1) -> P(lr 1)! R(ll 2) -> P(ll 2)! R(lr 3) -> P(ll 1)!
R(1, 4) -> P(1, 2)...
rR(51, 1) -> P(2,1),..., R(51, 100) -> P(2, 2)

MOoXHO OTKa3aTbCsl OT paclpeaeieHsT 3JIeMEHTOB B OJHOM M3MEpPEHHU, Ompere-
JIAS IPUHANJIEXXHOCTh 3JIEMEHTA MO ApyroMy uHaekcy. OTKa3 oT paclpeneacHus
B YKa3aHHOM M3MEpPEHMU HAa3bIBACTCS KOAAANCOM U3MepeHls, 0D03HAYAETCS 3BE3-
JOUKOi (*) Ha MecTe crielMduKaTopa crmocoda pacripenesieHust, U TpedyeT TiceB-
JOMACCHB IIPOIIECCOPOB PAHTOM HA €AWHUITY MEHBIIIE:

!|HPF$ PROCESSORS, DIMENSION(:) :: P1(4)
!HPF$ DISTRIBUTE (BLOCK, *) ONTO P1 :: R

IMTpu TaxoM pacrpeneeHUH Bce CTPOKW MaccuBa R ¢ HoMmepamu 1—25 momamgyT
Ha Mpoleccop Pl (1), HA BTOPOM OKAXYTCS CTPOKM ¢ HoMepaMu 26—50 u 1. .

Pacnpep,enel-me ANHamMn4yeCckKmnx maccmsoB

PaaMep MaccuBa JAaHHBIX HE BCErJla M3BECTeH Ha CTaguM KOMIWIAIUU. B 3TOoM
claydac IIaMsITb IIOI TaKOH MAacCCUB BBIACTSACTCS JIUHaAMHUYCCKU, I/IHCTPYKHI/ICFI
ALLOCATE. HHH&MI/I‘{ECKI/IE MacCCHUBBI MOTIYT OBITH pacripeeJeHbl, HO TIPpUBA3Ka NX
QJICMCHTOB K IIPOIeCCOpaM BLIIIOJHACTCI BO BPEMA HCIOJHCHUA KoOIa, IIOCIE
ornepauuu ALLOCATE:

REAL, ALLOCATABLE, DIMENSION(:, :) :: A
INTEGER :: ierr
'HPFS$ DISTRIBUTE A(*, BLOCK)

ALLOCATE (A (20, 100), STAT = ierr)

3mech A aBTOMaTHYECKU paCIIPENeIsieTCs] B COOTBETCTBUU C 3aJIaHHBIM pacIipene-
nennem. [locie omepalmy DEALLOCATE (A) paclpeaeaeHne aHHyIupyeTcs.

CKaﬂﬂprle nepemMeHHbie

CxansgpHble TiepeMeHHbBle KOTMPYIOTCS (PEeTITHIINPYIOTCS) TS KakIoTo TIpollec-
copa M KOMIIWJISITOp OTBEYAeT 3a KOTEPEHTHOCTH (COTIacOBAHHOCTb) WX 3HAye-
Huit. [loaToMy, ecii cKamsipy B XO/€ BBITOJHEHUS IIPOrpaMMBI OyIeT MpHUCBOeHA
repeMeHHasl, TPUBA3aHHAs K OTHOMY M3 IIPOIECCOPOB, 3TO BBI3OBET ITOCHUIKY
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U POKOBEIIATEIIBHBIX COODIIEHN C LEeNbI0 CUHXPOHN3aAlINN OOHOBJIEHHOTO 3Ha-
YEHHU Ha BCEX IMpoLECCcopax:

REAL, DIMENSION (100, 100) :: X
REAL :: Scal
'HPFS$ DISTRIBUTE (BLOCK, BLOCK) :: X

Scal = X(i, 3J)

Ecnm 6e3 Takux mpucBanBaHMT HEBO3ZMOXKHO OBONTHCH, peKOMEHIYeTcd 3aBECTH
MICEBAOMACCUB C 3TUM CKaJISIPOM M PaCIIpPEeAeuTh ero HUKIMYeCKU IO BCEM IPo-
LIECCOPAM.

BoipaBHuBaHue. iupektusa ALIGN

Pacnipenenenne saeMeHTOB MaccHMBOB TIO TIpOIleccopaM MOXeT OBITh He CTOJb
BaXXHBIM, KakK paclpereleHre 3JIeMEHTOB OJHUX MACCHBOB IO OTHOIICHUIO K
JpyruM MaccuBaM. BaxHo, yToObl BC€ KOMIIOHEHTbI OJHOIO BbIPAKEHMS ObLIU
MIPUBSI3aHbI K OJHOMY M TOMY Xe Tiporeccopy. [IpuBs3ka mo obpasily yxKe OIMu-
CAaHHOTrO paclpeieeHus] HA3bIBACTCS GbIPAGHUBAHUEM W BBOAMTCS AUPEKTUBOMI
ALIGN. Ee cuHTakcewmc:

'HPF$ ALIGN (opMa BHPaBHMBAEMOT'O MacCHBa) &

WITH ofpasel] BE[PABHMBAHMA :: CIMCOK BHPABHMBAEMEX MACCHUBOB

Ecte nBe ¢opMbI 3amucH AUPEKTUBBI BhIpAaBHWUBAHUA: oOOIIass W DJIeMeHTHas.
B oG1eii opMe nupexTrBa 3armMchIBaeTCs TaK:

IHPF$ ALIGN (:, :) WITH T(:, :) :: A, B, C

B pesynbraTte BBITOTHEHWS TUPEKTUBB 3JIEMEHTHI MACCHBOB A, B, C ¢ WHIEKCAMUI
(i, j) OymyT MPUBL3aHBI K TOMY Xe TIpoIleccopy, YTo W 3JeMeHT T (i, j). Au-
PEKTUBY DISTRIBUTE MOXHO TIPUMEHWUTH TOJIBKO K MACCHUBY T, OCTATbHEIE MacCu-
BBl pacTipefeNaTcs Tak ke, Kak T. O0mas dbopma 3armiuc IUPEKTUBBI ALIGN Tpe-
OGyeT cOTTacoBaHHOCTA (OPMBI BHIPABHWBAEMBEIX MacCUBOB, XOTS BBIpaBHWBaHWE
MOXET MPOU3BOAUTLCS M TOINA, KOTIA 3TO YCJIOBUE HE BBITTONHACTCA. DIeMEeHT-
Has ¢opMa TUPEKTUBBI ALIGN OOXOIUT 3TO OTpaHNYEHUE:

REAL, DIMENSION (10) :: A, B, C
'HPF$ ALIGN (j) WITH C(j) :: A, B

DeMeHTbl MaCCHUBOB A M B C MHIAECKCOM J JOJKHBI OBITH PpacIIojIoKE€HbI TaM XK€,
ra€ HAaXOAUTCA JJIEMCHT MAcCHUBa C M C TEM XK€ MHICKCOM. Tpe6y€TCH TOJIbKO,
YTOOBI B MACCHBAX A U B HE 0KA3aJI0Ch OOJIbIIE QJIEMECHTOB, YEM B MACCHUBE C.

Mpumepbl BbipaBHMBaHWUA. BoipaBHUBAaHKE MOXET ObITb OYEHb PA3HOOOPA3HLIM
U Jaxe BecbMa M30IUpeHHbIM. IlpuBeneM HECKOJbKO MPUMEPOB.
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Tpa;—tcnonupoeaﬂﬂoe 8blpaBsHUBAHUE:

REAL, DIMENSION (10, 10) :: A, B
'HPF$ ALIGN A(i, :) WITH B(:, i)

Bblp(l@HngllHl/le C ULAcOM:

REAL, DIMENSION(5) :: D
REAL, DIMENSION(10) :: E
'HPF$ ALIGN D(:) WITH E(1::2)
WIN:
'HPF$ ALIGN D(I) WITH E(I * 2 — 1)
ITepBbiil 2neMEHT MaccuBa D Oy/leT COBMELIEH C IEePBbIM 3JIEMEHTOM MacCHuBa E,
BTOPOI C TPETbUM, TPETUI C MATHIM U T. .
ObpamHoe nouiaeosoe évipasHUBAHUE:

'HPF$ ALIGN D(:) WITH E (UBOUND(E)::-2)

nin:

IHPFS$ ALIGN D(I) WITH E(2 + UBOUND(E) — I * 2)

BbIPaBHVIBaHI/Ie ANHaMN4YeCKux MaccuBoOB. HpI/I BbIPpAaBHMUBAHUMW JUHAMHWYECKNX
MAacCHUBOB HE00XOAUMMO IIOMHHUTb, YTO BbIPABHUBAHUEC BbIIIOJHACTCA IIpU OIICpa-
UK BbIACJACHUA NaMATU OJd MACCHUBA U HEJIb3s BbIpABHUBATb pefyﬂﬂpﬂblﬁ Mac-
CHUB 110 JMHAMNYECCKOMY.

Konnanc v pennukauus uamepeHuii npu BblpaBHMBaHMW. PaccMorpum cie-
OYIOIIMIA TPUMEP BbIPABHUBAHMSI:

REAL, DIMENSION (10) :: Y
REAL, DIMENSION (10, 10) :: X
'HPF$ ALIGN(*, :) WITH Y(:) :: X

Komranc nsmMepeHunst pu BEIpAaBHUBAHUU CJIEMyeT TMMOHMMATh TaK: BCE SMEMEHTHI
i-TO CTOJNOLIA MATPUIBI X JODKHBI OBITH MPUBSA3AHBI K TOMY IIPOLIECCOpPY, KOTO-
pHIil o0JamaeT i-M 3JIeMEHTOM BEeKTopa Y.

Temnepp 17151 TEX K€ MAaCCUBOB X M Y PACCMOTPUM CHIEAYIOLIYIO JUPEKTUBY:
'HPFS$ ALIGN Y (:) WITH X(*, =)

BDTo penanKa-KomupoBaHUe OTHOTO W TOTO Xe 3JeMeHTa HEeCcKONbKO pa3 IS
PasHBIX IpoleccopoB. B naHHOM ciydae i-ii IeMEHT BeKTOopa Y OYyIeT CKOIMPO-
BaH Ha BCE IIPOIECCOPBI, HA KOTOPBIX PACIIOJOXEHBI JIEMEHTBHI i-TO CTONOIA
Marpulbl X. Co3HaTeNbHas perInKalns — MOIIHBIK WHCTPYMEHT B pyKax Ipo-
TPAMMUCTA, CPENCTBO MPENOTBPAIIEHUS MHOTUX HEIPUITHBIX CUTYallUii ¢ HEKOH-
TPOJUPYEMON MEPeaayeil TaHHbIX.
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LLla6noHbl BbipaBHMBaHuA. OupektmBa TEMPLATE. Kpome mncesaoMaccuBa
npoueccopoB, HPF onpenensier euie oauH crneuucpudyeckuit odbeKT — ncegdo-
maccue-obpazey. OOpasel] HalOMWMHAET MaccuB, HO He SIBIsieTCSl TakKoBbIM. OH
WMeEeT pasMep, paHr, (popMmy, HO HE MMeeT 3INEMEHTOB U, COOTBETCTBEHHO, HeE
3aHUMAaeT MecTa B MaMSITH.

Ob6pazen He gpasercd sneMeHToM FORTRAN-90, Ho ero uMmsi He HOJDKHO COB-
magatb ¢ UMEHEeM KaKoro OBl TO HU OBUIO OOBEKTa, OIPENeIeHHOTO B SI3BIKE
FORTRAN. O6pazell 10/2k€H ObITb IPOACKJIAPUPOBAH U CTATUYECKU OMPEIEIEH.
K oGpasily Moryr ObITh IPUMEHEHbl AMPEKTUBbI PACIpEneaeHUs] W BbIpaBHUBA-
Husl. Pagu ucnonb3oBaHusl AMPEKTUBBI ALIGN B 0J0Ke WITH oOpaslbl M ObIIN 3a-
aymansl. ITpumep:

REAL, DIMENSION (10) :: A, B
'HPF$ TEMPLATE, DIMENSION (10)
'HPF$ DISTRIBUTE (BLOCK) :: T

A

'HPF$ ALIGN(:) WITH T(:) , B

TpynHo TpuayMaTh TIpUMep paclipeleNeHNUs] AaHHBIX, B KOTOPOM HEBO3MOXHO
ObL10 Obl 00OHTHUCH O€3 00pasLoB. ONHAKO MCHOJb30BAHUE OOPA3LIOB MO3BOJISIET
pasaenuts aupektuBbl HPF u onucanus FORTRAN, uro aemaer HPF 6onee
yao0HbIM. He pacmpeneneHHbli SIBHBIM 0Opa3oM MAacCUB IIOABEpraercsl pacipe-
JeneHuo o ymomuyanuto. Kak mpasuio (Ho He Bcermal), sto peruiumka. Toraa,
Koraa HYXXHO MPOBECTU MPUHYAUTENBHOE KOMUPOBAHKE, UCTIONb3YIOTCSI 00pa3Ibl.
Hampumep:

REAL, DIMENSION (100, 100) :: A
'HPF$ PROCESSORS, DIMENSION (NUMBER OF PROCESSORS()) :: P
'HPF$ TEMPLATE, DIMENSION (NUMBER OF PROCESSORS()) :: T
'HPF$ ALIGN A(*, *) WITH T(*)
'HPF$ DISTRIBUTE (BLOCK) :: T

Mpoueaypbl u pacnpepeneHne AaHHbIX

MHudbopmaiins o pacrnpelneleHMU JAHHBIX He MOXeT ObITh TepelaHa B TOMATIPO-
rpaMMy — JJis 3TOrO B 0a30BOM $3bIKE HET CPEACTB. JUMPEKTUBBI paclpeaeaeHus
JAHHBIX MOIYT pasMeLlaTbcs B JIOOOM HOANPOrpaMMe U OYayT BbIIIOJHEHblI KOM-
nunsaropoM. [lpu mepenade yrpaBieHus] MOANPOrpaMME AAHHbIE MOTLYT ObITh
pacripefeneHbl 3aHOBO, HAJIO JIU TOBOPUTH, K KakKoMy "dyymecHoMmy" 3h¢eKTy 3To
MOXET MPUBECTH?

MHudbopmaniuio o pacnpeaeseHun TIO0ANTbHBIX AAaHHBIX MOXHO Tiepenarb B MOJ-
MporpaMMmy, MOMECTUB AUPEKTUBLI paclpeleseHus] B MOAYIb W BKJIOYUB 3TOT
MOZYJIb BO BCE KOMITOHEHTbI MPOTpaMMbl, OMepUpylolre ¢ II100aTbHBIMU Mepe-
MEHHBIMU. A Kak TepeaaBaThb (opMalibHble MapaMeTpbl U UHMOpMaIMio 00 ux
pacnpeaeneHun?
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B HPF cymectByeT Tpu pa3lIWyHBIX TIOAXoda K pacTpeleieHno (GopMalbHBIX
mapaMeTpPOB:

O npednucamensnoiti — pactipeneseHe TOIPKHO OBITH BBITIOJTHEHO;
O onucamenvHbili — PaCIpeaeCHUE YKE BbIIOJHEHO;

O eocnpoussodswuti — pactipeneneHue GoOpMaTbHBIX apTyMEHTOB IOJDKHO OBITh
BOCIIPOM3BEICHO 10 pacrpeneIeHn o pakTHIeCcKoro.

Hanbonee ectecTBeHHBIM KaxXXeTcs MOCISTHNI, BOCIIPOM3BOMSAIINI (transcriptive)
WU HacleAayeMblil MOoaXol K pacnpeaeaeHuto GopMalbHbIX apryMeHToB. OaHaKo
B npoliecce pa3putusi komnuisiropoB HPF crano oueBumHo, yTo peann3oBath
BOCIIPOU3BOAAILINYN MeTON pacrpeaeneHust hopMaabHbIX apryMeHToB 3(h¢heKTUB-
Ho HeBo3MOXHO. B sisbsike FORTRAN-90 BMecTe ¢ MaccuBaMU UCTIONb3YIOTCS UX
ceyeHuss. KoMnuiaarop OoJKeH MpeaycMaTpuBaTh CAMILKOM MHOIO BapUMaHTOB
Ipy nepeiadye MHOIOMEPHBIX MACCUMBOB B IPOLEAYphbl B KauecTBe (OpMabHBIX
MapaMeTPoB, IMOITOMY PACCMOTPUM ABa APYTUX MOAXOA.

IpennmcaTtenbHoe paclpenejeHe BBIDISIANT TOYHO TaK Xe, KaK W paclipenese-
HIEe B OCHOBHOI TIporpaMme; TUPEKTUBBI MIPEANNCATeIEHOTO pacipeaeieHnst 0y-
JyT BBIIOJHATbCA IpU Mepeaade yrpapieHus B noamporpammy. Ilo Beixoae us
noamnporpamMmbl (pakTuyeckKue apryMeHTbl OyayT CHOBA pacIpeneieHbl TaK, Kak
OHU ObUIM paclpeaeseHbl A0 BXoAa B MOATPOrpaMMY. YMEHBITUTh KOTWYIECTBO
repepacnpeneaeHuii MOXHO, MCIIOB3YS aTprUOyT INTENT (OpMaTbHBIX ITapaMeT-
pPOB, IBOMHOMY IepepaclnpeacaeHuIo OyayT IMOABEPTHYTHI TOJBKO IAPaMETPHI,
VMeIOIINe aTpuOyT INTENT (INOUT). BbIHeceHMe mHdoOpMAMM o paclpeneineHun
JAHHBIX B IIpoOllenype B SIBHBII MHTepdeic ToXe KOCBEHHO CIIOCOOCTBYET ONTH-
MU3ALUU [epepacipeneaeHus Mpy BbI30Be MOAIPOrPaAMM.

IMpumep mpeanvcaTeILHOTO pacTpene/IeHNs:

SUBROUTINE subprog (A, B, RES)
IMPLICIT NONE

REAL, DIMENSION(:, :), INTENT(IN) :: A, B
REAL, DIMENSION(:, :), INTENT(OUT) :: RES
!|HPF$ PROCESSORS, DIMENSION (2, 2) :: P
'HPF$ TEMPLATE, DIMENSION (4, 6) :: T
'HPF$ ALIGN (:, :) WITH T(:, :) :: A, B, RES

'HPF$ DISTRIBUTE (BLOCK, BLOCK) ONTO P :: T

END SUBROUTINE subprog

CMBICTT OIMMcaTeIbHOTO pactpenenecHnsd nHou. [Ipm ommcarenbHOM paclpeneie-
HMM nepenaercd uHbopMaius o0 yxe cyllecTBylouleil mpuBsi3ke naHHbIX. Ilepe-
pacrpeneneHyue MpoM3BOAUTCS TOJBKO B TOM ciyyae, Koraa dakruyeckoe pac-
MpeneeHne He COBMAmaeT ¢ omucaHHBIM. [lpolenypa subprog M3 MPEIBIIYILIETO
MpUMepa B OIUCATEbHOM BapuaHTe OymeT BBIIISACTh TAK:
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SUBROUTINE subprog (A, B, RES)
IMPLICIT NONE

REAL, DIMENSION(:, :), INTENT(IN) :: A, B
REAL, DIMENSION(:, :), INTENT (OUT) :: RES
!HPF$ PROCESSORS, DIMENSION (2, 2) :: P
'HPF$S TEMPLATE, DIMENSION (4, 6) :: T
'HPF$ ALIGN (:, :) WITH *T(:, :) :: A, B, RES

'HPF$ DISTRIBUTE * (BLOCK,BLOCK) ONTO *P :: T

END SUBROUTINE subprog

3HaKOM * TIOMEYAIOTCsI YaCTH TWUPEKTHUB, YK€ WMeIoIue Mecto. To ecTh A, B U
RES YK€ BBIPOBHEHBI 110 T, a T YK€ paclpeleNeHo (BLOCK, BLOCK) IO Habopy
nporeccopoB p. Ecnmm * mepen P OMyCTUTh, CMBICT IMPEKTUBHI M3MEHHUTCS TaK:
T pacTipemeNieH (BLOCK, BLOCK), HO He TIO P.

Onucare/ibHblii CTUIb AUPEKTUB paclpeAeaeHUs SBASETCS MPEANOYTUTEIbHbBIM.
HacrositenbHO pekoMeHIyeTcsl BHOCUTb OIMCAHME MUPEKTUB paclpeneaeHust
B uHTepdeiichl. Mcnonb3ysl MOAyau I mepeaadd IUPEKTUB pacipeaeaeHus,
cieflyeT MOMHUTh, YTO OOBEKThl TEMPLATE U PROCESSORS He SIBJISIIOTCSI OOBEKTaMu
FORTRAN, xak MHCTPYKUWUU USE, BCAEACTBUE YEro OHM HE MOTYT ObITh Iepe-
WMEHOBaHBI MOCPEACTBOM KOHCTPYKIIUW USE ONLY.

Mapannenuam ncnonHexHnsa 8 HPF

Bce panee paccmatpuaBiimecs aupekTuBbl HPF kacanmncek TonbKo pacripenene-
HMS (IPUBSI3KM) JAHHBIX K MPOLECCOpPaM, HE BbIpaxasl mapanjienu3ma JeHCTBUI.
IMapannenusm nevicrBuit B HPF nposiasiercst, riaBHbIM 00pa3oM, B UCIOJHEHUU
BcTpoeHHbIX (pyHKIMH FORTRAN-90, Takux Kak Ha3HauyeHWs] MacCUBOB. Tawm,
rIe He BKIIIOYAeTcsl BCTPOCHHBIN TapajuieIM3M 0a30BOTO SI3bIKA, TPUMEHSIOTCS
JUPEKTUBBbI pacnapaienuBanus ucnonHeHuss HPF. OHu oTHoOcSITCSl K LIUKIaM U
K Ha3HAYeHWSIM MAcCUBOB, MCITOJB3YIONINX OOpallleHns] K WHAeKcaM. DTO WHCT-
PYKIIMU INDEPENDENT, NEW, PURE M FORALL.

UHctpykuuna FORALL

MHeTpyKIMST HACTONBKO "MPUKUIACh, UYTO ObLIa BKIIOYEHA B CIEAYIOIIYIO BEPCUIO
FORTRAN — FORTRAN-95. B peanuzauuio PortlandGroup FORTRAN-90 ata
MHCTPYKLMSI TOXE BK/IIOUEHA, IS €€ I[pUMEHEHUs He Tpelyercsi HpucraBka
'HPF$. MOIIHBIX CPelCTB PabOTHI ¢ MACCHBAMM OKA3aJIOCh HETOCTATOYHO, BCTPO-
€HHbIe MPOLEeAYPbl, IPUMHUMAIOIIME MACCUBBl B KAYECTBE ApIyMEHTOB, HE MOLYT
MTPON3BOAUTE NENUCTBUI ¢ MHAEKCAMU MAaccHMBOB. McITob30BaHNME ITUKIOB OCTAB-
JIEHO ISl MCKITIOYMTENBHO ITOCIEeIOBATEIbHBIX ASHCTBUI; MOXHO IPEICTaBUTH,
KaK OHO 3aMEJISieT MCIIOJHEHME HAa KOMIIbIOTePE BEKTOPHOIO TMIIA, KOLa MTe-
pannn MHUKIA TPOBOISTCST CTPOTO YIIOPSIIOYEHHO.
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CUHTaKcHC WHCTPYKITNN:

FORALL (CIMCOK Has3HaueHMM MHIEKCOB[, CKaldpHasd Mackal) &

OHepaTOpraBHaquMF[

Hampumep:

FORALL (I = 1:n, j = 1:m, A(i, j).NE.O) A(i, 3) =1 / A(i, J)

Ecnu HazHaueHWiT HeCKOJIBKO, OHU 3aKTOYAIOTCS B CKOOKM FORALL. . .END FORALL!

FORALL (I = 1:n:2, j = n:1 — 2, A(i, j).NE.O)

A(i, i) = B(i)
END FORALL

Breimonnenue MHCTPYKIIUN FORALL IMPOUCXOIUT B YETBIPE DTalla:

1. Brumcasiercs MHAEKCHOE BBIPAXKEHHE.
2. Bprauciagerca Macka I BceX UHAEKCOB.

3. Z[JIH BCEX BJIEMEHTOB C MACKOW .TRUE. BBIYUCISIOTCS TIpaBbI€ YaCTU BBIPpAKE-
HUA IIpHUCBauBaHUAA.

4. Ilpou3BOAUTCS HA3HAYEHUE.
Ilocne kaxaoro srama MpOBOAUTCA CUHXPOHMU3ALIMS.

CMBICT WHCTPYKIIMM FORALL OTJIWYAeTCA OT CMbICHA TeX Ke AEMCTBHI, BBITON-
HSIeMBIX BHYTpHU 1nKima. CpaBHUTE UKL

DOI =2, n—-1

a(i) =a(I —1) + a(I) + a(I + 1)
END DO
n
FORALL (I = 2:n — 1) a(i) = a(I — 1) + a(i) + a(I + 1)
PURE-npoueaypbl

BHyTpr KOHCTPYKIIMM FORALL MOTYT BBI3BIBAThCS MPOIEHYPHI, OINpeaeIeHHbIE
MMPOTPAMMMCTOM KaK PURE (YMCTBIE, MPABWIBHBIC). PURE-TIPOLCAYPH HE TOJKHBI
MTPON3BOAUTE CTOPOHHMX 3¢h(EKTOB, IS 3TOTO OHU IOJIKHBI YIOBIETBOPSITH ClIe-
JYIOLLMM YCJIOBUSIM:

O He MpoU3BONUTH BBOMA/BLIBOJA U OTEPALNil C TTAMSITHIO;
0 He MeHSTH [JTOOABHOE COCTOSIHUE MTPOTPAMMEI;

O He colepxKaTb ONepPaToOpoB PAUSE U STOP;
a

HE UMETb JOKATbHBIX MIEPEMEHHbIX C aTPUOYTOM SAVE;
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O He BbIpaBHMUBATb JIOKAJIbHbIC [IEPEMEHHbIE 110 [J00aJbHbIM JAaHHbIM;
O coaepxarbh 00palleHuUsl TOJIbKO K PURE-TTPOIIEAYpaM.
Bce Berpoennbie pyHkimu si3bika FORTRAN-90 gBistoTesl PURE-TIpOLIEIYpaMM.

IMporpamMmuicT caM pelaeT, SBISETCS JU HaMWCaHHAS WM TIpOIlenypa PURE-
MPOIEenypoi, KOMITHJIATOP TOJNBKO MpoBepsieT (HOPMANBHYIO CTOPOHY TOMYCTHMO-
CTU TOTO WJIW MHOTO BBI3OBA.

Ovpektusa INDEPENDENT

AnpexTrBa INDEPENDENT TIpUMeHsIeTCS K ollepaTopaM IIWKJIa W FORALL. B Texkcre
MTPOTPaMMBI MHCTPYKITNSA TTOMEIAETCS HEMOCPEACTBEHHO TIEpe] TeM OIepaTopoM,
K KOTOPOMY OHA OTHOCHUTCS, HaIlpUMEp:

!HPF$ INDEPENDENT
DOI =1, n
a(i) = b(i) + c(i) * g(i)
ENDDO

nian:

IHPFS$ INDEPENDENT
FORALL (I = 1:n, j = 1:m, A(I, j).GT.0) A(I, j) = REAL(I + j)

g omepaTopoB IIMKIIA AUPEKTHBA INDEPENDENT O3HAuaeT He3aBUCHMOCTh UTepa-
I mpyr oT mpyra. MTepallid MOTYT BBIMOJTHSATHCS B MPOM3BOJIBHOM ITOPSIKE,
TOTa KOMITHJISTOP MOKET MOPYYUTh MX NCIIOJHEHUE Pa3TUIHBIM IIPOIECCOpPaAM.
OTBETCTBEHHOCTh 34 TIPUHSITHE PELIEHWS BO3JaraeTcsl Ha MPOrpaMMIUCTa, aBTO-
MaTHYeCKU LMKIbl HE pacnapauienrBalorcs. YToObl MOHSTb, MOXKHO JIM LIMKJ
OTMETUTDb KaK INDEPENDENT, HYXKHO ITOMEHSTb MECTaMM BepXHUI U HIDKHHUH TIpe-
JeNbl TMKIA, a 3HAaK Ilara M3MEHUTb Ha MPOTUBOINONIOXHBIMA. Eciau oT Takoil me-
PECTAHOBKM PE3YJbTAT BbIUMCICHUI HE U3BMEHUTCS, MOXHO CMEJIO CTaBUTb Mepe
LUKIOM AMPEKTUBY INDEPENDENT.

B YK€ INDEPENDENT JOMYCKAIOTCS BBI3SOBBI TOJBKO PURE-TIPOLIEAYD. ,HI/IDCKTI/IBE[
INDEPENDENT JIJId1 FORALL O3HAYACT CHATUE CUHXPOHU3AIIMU MEXOY TPETbUM H
YETBECPTHIM OTAllaMM BBIITOJIHEHUS FORALL.

HMuorma moOUThCsT HE3AaBUCUMOCTH I/ITepaHHﬁ OUKJIa MMOMOract Co3gaHue€ OOITO0JI-
HUTECJIBHBIX 3K3EMIUIAPOB CKAIAPHBIX IMEPEMEHHBIX HJIS KaXI01 nurepanuun. Cos-
JAaHNE MEPEMEHHBIX MTHUITUUPYETCA KOHCTDYKHHGﬁ NEW B JUPEKTUBE INDEPENDENT:

'HPF$ INDEPENDENT, NEW(rl, r2)

DO j =1, n
rl = SIN(a(j))
r2 = COS(a(j))
a(j) =rl *rl —r2 * r2

END DO
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,HJ'[H KaXIOoTO j KOMIIUISITOPp CO34acCT COOCTBEHHEII SK3EMILIAP TIEPEMEHHBIX.
HepeMeHHbIe, OTMCYCHHDBIC NEW, HC MOTYT:

O ucnonb30BaThcs BHE LMKIA 0€3 mepeonpeaeaeHus;
O ObITb HEOO3aTeIbHBIM APIYMEHTOM MJIM YKA3aTeNeM;
O wMeTb aTpulOyT SAVE.

HGZ[OHYCTI/IMO HCIIOJIB30BAHUE TIEPEMEHHBIX NEW B FORALL, T. K. TaM OHH HE
NMECIOT CMbICJIA. KOHCTPYKHI/IH NEW HEIIpUMEHUMA K FORALL.

Bonpocbl u 3agaHusa gna camocTosATeNbHOi paboTbi

YnpaxHeHusi 1—6 mocssiieHsl porpammupoBaHnio Ha sisbike FORTRAN-90, octaib-
Hoie — Ha HPF.

1. Ha npumepe nporpammbl FACT (nuctunr 8.1), BhIUMCISOLIEC 3HAYeHUe (akTopHaia
3aJaHHOTO YMCJIa, PACCMOTPUTE CTPYKTYpY TJIaBHOI MpOrpaMMbl ¢ BHYTPEHHEH peKyp-
CHBHOI1 (byHKIINEIA.

Nuctndr 8.1. NMporpamma FACT

PROGRAM FACT
IMPLICIT NONE
INTEGER N, FAC
PRINT *, 'Bemmure umcio N:'
READ(*, *) N
IF(N>0) THEN
FAC=FACTORIAL (N)

ELSE
STOP 'HepomycTuMoe 3HadeHUEe apryMeHTa'
ENDIF
PRINT *,'N!=', FAC
CONTAINS

INTEGER RECURSIVE FUNCTION FACTORIAL(I) RESULT (FRES)
INTEGER I, IR

IF (I==1) THEN
FRES = 1
ELSE
FRES = I * FACTORIAL(I — 1)

ENDIF
END FUNCTION FACTORIAL
END PROGRAM FACT

YTo HYXHO M3MEHUTb B MPOrpaMMme, YTOObl BHYTPEHHSISI MOAINPOrpaMMa CTajla BHELL -
Heil? OmpenenuTe, KaKOB AMANa3oH MCXOAHBIX JaHHBIX i mporpammbl FACT? Yto
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MOXHO caeJiaTh AJid paCllMpeHUss auanasoHa MCXOJAHbIX 3HayeHui? Hanuiuure aHano-
TUYHYIO NIpOorpaMmy, BbIYUCIAIOLIYIO YUCIIO € C 3aIaHHON TOYHOCTBIO.

2. Ha npumepe nporpammbl CIRCLES (nmuctunr 8.2) paccMoTpuTe onucaHue MPOU3BOI-
HOro TMma COLORED CIRCLE (LIBETHOW KpYyXOK), MOMELIEHHOE B MOIyJIb COLORED.
OO6patuTe BHUMaHWE Ha OMpelaejieHUWe orepaluy + (CoeauHeHue) NJIsT MPOU3BOIHOTO
THTIA U WCTIOIb30BaHNE KOHCTPYKTOPA CTPYKTYP.

' NucTunr 8.2. Mporpamma CIRCLES

MODULE COLORED
TYPE COLORED CIRCLE
REAL CX, CY, RADIUS
CHARACTER (LEN = 5) COLOR
END TYPE
NTERFACE OPERATOR (+)
MODULE PROCEDURE UNITE
END INTERFACE
CONTAINS
FUNCTION UNITE (A, B)
TYPE (COLORED CIRCLE) UNITE
TYPE (COLORED CIRCLE), INTENT (IN) :: A, B
IF (ASRADIUS >= B3%RADIUS) THEN
UNITE3COLOR = A%COLOR
ELSE
UNITE$COLOR
ENDIF
UNITESCX = A%CX + B%CX
UNITESCY = ASCY + BS%CY
UNITESRADIUS = A%RADIUS + B%RADIUS
END FUNCTION UNITE
END MODULE COLORED

B%COLOR

FUNCTION UNITE (A, B)

TYPE (COLORED CIRCLE) UNITE

TYPE (COLORED CIRCLE), INTENT (IN) :: A, B
IF (ASRADIUS >= BSRADIUS) THEN
UNITE$COLOR = A%COLOR

ELSE
UNITE%COLOR
ENDIF
UNITE$CX = A3CX + B3%CX

UNITESCY = A3CY + B3CY
UNITE$RADIUS = A%RADIUS + B%RADIUS
END FUNCTION UNITE

END MODULE COLORED

B%COLOR
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PROGRAM CIRCLES

USE COLORED

IMPLICIT NONE

TYPE (COLORED CIRCLE) :: big red, little green, result

big red = COLORED CIRCLE (0, 0, 10, 'red")

little green = COLORED CIRCLE (2, 2, 5, 'green')

result = big red + little green

PRINT *, "COLORED CIRCLE result:', ' COLOR ', result%COLOR

PRINT *,'CX=', result%CX,' CY=', result%CY, ' RADIUS=', result%RADIUS
END PROGRAM circles

MoXXHO 1M TOMECTUTh OMMCAHWE TPOU3BOAHOTO THIA W OTEpAllMU CIOXEHUS Tepe-
MEHHBIX 9TOr0 TuIla HemocpencrBeHHO B nporpammy CIRCLES?

3. Cogspaiite, He MOJIb3YSICh BCTPOSCHHBIM TUIIOM COMPLEX, ONUCAaHUE MPOM3BOMHOTO TH-
Ma, TMoBeleHWe KOTOPOTO COBMamaeT ¢ MOBEACHHEM KOMIUIEKCHBIX uucesl. Hamummre
HEeO0OJIbILYI0 TIPOTPaMMYy, MCIIOJb3YIOLIYIO TEPeMEHHbIE OMMCAHHOTO TUIIA.

4. He ucnonb3yst oOpailieHMe K BCTPOSHHON (YHKUMM IMEPEMHOXEHHUS MaTpull MATMUL,
HAMUIINTE CBOIO COOCTBEHHYIO Bepculo aToil pyHkuuu. Kakum obpazoM MOXHO 10-
OUTbCS COENMHEHMsI 10, OJHMM MMEHEeM OOpalleHus] K TpeM pa3jIMYHbIM IOAIPO-
rpammam?

5. Tlporpamma SHIFTS (nuctunr 8.3) 3anoyiHsSeT OMHOMEpHBII MAacCUB HATypaJbHBIMU
yycjaamMu, "pa3MHOXAaeT" ero 3aJaHHOE YMCJIO pPa3 W BHITIOJNHSET OMNEpaluio CIBUTA IO
KaX/10My U3 U3MEPEHUIA TOJyYEHHOTO JAByMEPHOTO MaccuBa.

' NucTuur 8.3. NMporpamma SHIFTS

PROGRAM SHIFTS
IMPLICIT NONE
INTEGER, ALLOCATABLE, DIMENSION(:) :: S
INTEGER :: N, NR, I, J, IERR
INTEGER, ALLOCATABLE, DIMENSION(:, :) :: R
PRINT *, 'BBemuTe pasMep MCXOIHOT'O Maccuea:'
READ(*, *) N
PRINT *, 'BBemuTe umMCJIO Komomi:'
READ (*, *) NR
ALLOCATE (S (N), STAT = IERR)
IF(IERR == 0) THEN

ALLOCATE (R (N, NR), STAT = IERR)

IF(IERR == 0) THEN

DO I =1, N

S(I)=I;

ENDDO

PRINT *, 'JMICXOOHBII MaCCUB: '

PRINT *, 'S= ', S(1:N)
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R = SPREAD(S, 2, NR)

PRINT *, 'CKONMPOBaHHBEII MaCCUB: '
DO I =1, NR

PRINT *, 'R(', I, ',:) ', R(I, :)
ENDDO
PRINT *, 'IlpeoOpa30BaHHBEII MacCUB: '
DO I =1, NR

R(:, I) =R(:, I) * I

PRINT *, 'R(', I, ',:) ', R(I, :)
ENDDO

R = CSHIFT (R, 1)

PRINT *, 'CoBur B usMepeHum 1:'
DO T =1, NR

PRINT *, 'R(', I, ',:) ', R(I, :)
ENDDO

R = CSHIFT(R, 1, 2)
PRINT *, 'CoBur B u3MepeHum 2:°'
DO I =1, NR
PRINT *, 'R(', I, ', :) ', R(I, =)
ENDDO
ELSE
PRINT *, 'ALLOCATE R, IERR=', IERR
ENDIF
ELSE
PRINT *, 'ALLOCATE R, IERR=', IERR
ENDIF
END PROGRAM SHIFTS

TTpeobpasyiiTe porpaMMy Tak, 4TOOHI B pe3yJIbTaTe MOJyYajcs TPEXMEpHBI MacCHB,
a CIOBUT TIPOM3BOAMJICS GBI HA 3aJaHHOE YMCJIO 111aroB I KaXkI0TO U3MEpeHMSI.

6. Kakum obpasom, He npuberast K SBHOMY Iepebopy, B MHOTOMEPHOM MacCUBE OIIpe/ie-
JIUTh 3HAYEHUS DJIEMEHTOB, OKPYXXAIOIIMX 3JIEMEHT ¢ 3aJaHHBIM MHIEKCOM?

7. Onmuure, Kak OyIeT paclpeneieH MacCuB A:

REAL A(100)
'HPF$ PROCESSORS P (10)
'HPF$ DISTRIBUTE A (BLOCK) ONTO P

Kak nsmMeHUTCS pacrpenesieHue, eciv OyIeT omnmylieHa KOHCTPYKIUs ONTO?
8. Omnuimte, KaK OymeT pacrpenesieH MacCUB A:

REAL A (91)
|HPF$ PROCESSORS P(11)
'HPF$ DISTRIBUTE A (CYCLIC) ONTO P

Yto mpousoiineT, eciv B AMPeKTUBe DISTRIBUTE OymeT omylleHo yKazaHue (CYCLIC)?
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9.

10.

11.

12.

13.

14.

. Yem

Onuiumre, Kak OyaeT pacnpeiac/ieH MacCusB A:

REAL A (100, 100)
'HPF$ PROCESSORS P (16, 16)
'HPF$ DISTRIBUTE A (BLOCK, CYCLIC) ONTO P

Kakum Oyaer pacnpenesieHue, eciv yKasaTb HapameTrpbl 0JOYHOIO M LIMKJIMYECKOTO
pacnpeneiaeHuii: BLOCK (4) u CYCLIC (4)?

OnummTe, Kak OymeT pacrpenefieH MacCUB A:

REAL A(100,100)
!HPF$ PROCESSORS P (16)
!HPF$ DISTRIBUTE A (BLOCK, *) ONTO P

OObBsICHUTE, TIOYeMy B TOCJeIHEM TIpUMEpe ABYMEPHBINE MAacCUB pacrpeiesseTcs Mo
OITHOMEPHOMY Habopy TMpoleccopoB?

Hanuimre mporpaMMy BBIYMCIIEHHUSI CYMM BCEX 3JIEMEHTOB B CTPOKE IBYMEPHOTO
MaccuBa. BbibepuTe M ONUILNTE MOAXOMsIIee IJIsT TTIOCTABIEHHOM 3adaun pacrpenesne-
HHe 3JIEMEHTOB MaccHBa Mo HAbopy M3 4-X TPOIIECCOPOB.

Hanuimmre nporpaMMmy AvaroHadM3aluyd MaTpullbl MetonoM laycca, odopmuB mpo-
llecC AMAaroHaIM3alluy B BHMIEe MOANpPOrpamMMbl. BBITONHUTE pacnipenenieHue TaHHBIX
B IJIaBHOM Tporpamme, 3aTeM Iepenaiite MHOOPMALIMIO O pacrpeneleHun hopMaiib-
HBIX [TapaMeTPoB B MOANPOTpaMMy.

Hcnonb3yst nupekTMBY ALIGN, U3MEHUTE MPOrpaMMy M3 yMpaxHeHUs 12 Tak, uyToObl
pacmpenesieHre BEKTOpa pe3yJbTaTOB OBUIO CBSI3aHO C paclpeie/ieHUeM MCXOTHOTO
MaccuBa. MOXHO JIU paclpeie/IuTh 3JIEMEHThI MCXOIHOTO MacCuBa LIUKJIMYECKN?

Hcnonb3yst iupeKTUBy ALIGN, HANMLIMTE MPOrpaMMy, BbIUMCIISIONIYIO TPOU3BEACHUE
MaTpulibl Ha BekTop. [IpuMeHUTe 1JIs1 pacnpene/ieHUs BBIpaBHUBAaHWE W 1A0JIOH.

Ha Baul B3IJis4, pas3/iIM4yarTCs LUKIIbI:

DOI =2, N—1

A(I) = A(I-1) + A(I) + A(I + 1)

END DO

u

FORALL (I = 2:N — 1) A(I) = A(I — 1) + A(I + 1)

WmMeeT u cMbIcT MHCTPYKLIMS FORALL 0€3 TMPEKTUBbl INDEPENDENT?
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CpepctBa oTnagku ¥ MOHUTOPUHra
napannenbHbiX MPl-nporpamm

MPE — MmHoronpoueccopHoe oOKpyXeHue

MHuorompoluieccopHoe oxpyxkeHue (Multi-Processing Environment, MPE) mpe-
JOCTaB/ISIeT IMPOrpaMMUCTY IOAHBIA HAOOp CpeAcTB aHAIM3a MPOU3BOAMTEIbHO-
ctu MPI-nporpamm. ITporpammbl MPE co3naioT npoTokofibl ucnojHeHus (log-
¢daitnel) MPI-niporpamM ISl MOCTIPOLIECCOPHON 0OpabOTKM ¢ MOMOIIIbIO rpadu-
YECKUX MHCTPYMEHTOB, nocTaBisieMblx BMecTe ¢ MPE. OcHOBHbIMU KOMITOHEH-
taMmu MPE gsnsoTcsi:

O Habop MpoUIUPYIOLINX OUOIUOTEK;

O oubmmoTeka mapauiebHON aHnMauu st X Windows;

O noporpammbl "Aenapanienn3auuu’” cerMeHTOB Mapalle]ibHOro Kojaa;
O nporpaMmbl YCTAHOBKU OTJIATYMKOB.

MPE Bxoaut B coctaB auctpubytuBa MPICH u, ecnu koHdurypupoBaHue
MPICH He 6bU10 BBIIOJHEHO ¢ (ParoM --without-mpe, OCHOBHBIE KOMITOHEHTHI
MPE uHCTaIIUPYIOTCS BMECTE ¢ HUM.

CospaHue log-chaiinos

MPE npenmocTtaBisieT HECKOJIBKO coco00B reHepauuu log-¢ailioB, OMKUCHIBAIO-
LIKUX XOJ UCIOJHEHMST BbluuciaeHui. Log-daiinbl MOXHO co3aaBaTh Kak BPYYHYIO,
MpU BKJIOYeHUM BbI3oBOB nporpaMmMm MPE B MPI-niporpammbl, Tak U aBTOMaTH-
YecKu, MpU CBA3bIBAHUU ¢ HeobxonumMbiMu MPE OGubnuorekamu, Uiau ke KOM-
OuHauueil oboux MeTonoB. KpoMme Toro, mporpaMMuUCT UMEET BO3ZMOXHOCTb CO3-
JAaBaTh AJANTUPOBAHHBIE ISl JAHHOrO MPWIOXKEHMs log-daiiael. s reHepauuu
MIPOTOKOJIOB JOCTATOYHO BKJIIOYMTb B HapaMeTpbl KOMIIMIATOPA, CO3AAIOLIEro
WCMOJHsAeMbIH (aill IporpaMMbl, K104 ¢ MMEHEM COOTBETCTByIOLeH Oubnauo-
TEKU.
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®opmartbl log-cpainnos

B nacrosimee Bpems MPE nmoanepxkuBaer Tpu pasnnuHbix opmMara log-daitios:
ALOG, CLOG u SLOG. ALOG coxpaHsieTcsl TOJIBKO UIsI 00paTHON COBMECTH-
MocTU U Oojiblie He paspadarbiBaeTcs. CLOG npeacrapisier co0oil MpocToil Ha-
0op coObITUII ¢ OAHUM IuTamrnoM BpemeHM. [Tporpamma Jumpshot-2 npegHasHa-
yeHa ais paszbopa daitnoB B opmare CLOG. SLOG-dopmar (Scalable LOG)
OCHOBAaH Ha JBaXAbl XPOHOMETPUPOBAHHBIX COCTOSHMAX. PacuiupsemMocTb
SLOG-dopmara obeclieudBaercsl pasaejeHueM Bcex cocTossHuil log-cdaiina Ha
dpeliMbl TAHHBIX, AOCTATOYHO MasbiX A 3(PdeKTuBHONR 00paboTKHU HMporpam-
Moii Busyanuzauuu Jumpshot-3. B To e Bpems, Ipu CpaBHEHUHU ABYX COCEIHUX
(bpeitMoB, COCTOSIHUSI M CTPEJIKH BBITJISIAAT Hepa3pbIBHBIMH. Jumpshot-3 croco-
O0eH obpabarbiBaTh (aitbl opmata SLOG, uzmepsiemblie ruradbaiiTaMu.

MapannenbHas rpaduka

MPE BxiouaeT Habop TMporpaMMm, KOTOpbIE CTPOSIT TIPOCTbIe W300PaKeHUS
B cucteMe X Windows. Ilpumep ucnonnzoBaHuss MPE rpaduku ais MPICH
HaXOJUTCA B KaTaJl0r€ mpich/mpe/contrib/mandel

Hcnonbsys daitn Makefile u3 sToro karajgora, MOXHO ITOJYYUTb MCIIOJHSEMbII
daiia pmandel. Komanga

mpirun -np 4 pmandel

MPU UCITOJTHEHWM BBIBENET HA KpaH U300pakeHHe KIACCHYECKOro MHOXEeCTBa
Mannens6pora (puc. I11.1).

Puc. N1.1. Mpumep napannensHon rpadmku MPE
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AOpyrve MPE-nporpamMmmbl

WNHorga Bo BpeMsl UCIOJNHEHMS TAPALIENBbHONM MPOTrpaMMbl BO3HMKAET HEOOXO-
IWMOCTb YOeIUThCsSl B TOM, YTO OAWH W3 MPOIIECCOPOB IENaeT UMEHHO TO, YTO
HyxHo. [IporpamMmsl MPE_Seq begin W MPE Seq end MO3BOJSIOT CO3[aBaTh "MO-
cleoBaTebHble yIacTKU" B MapaIeNbHOI MporpaMme.

Crangapt MPI paspeniaeT mojab3oBaTeNll0 JETKO ONMpeneasiTh MporpaMMy obdpa-
0otk ommbok, odoHapyxeHHsix MPI. YacTo B TakoM ciy4yae XO4ercsl 3aCTaBUTh
MPOTpPaMMy 3ayCTUTh OTIAMYMK, YTOOBI HEMEIJIEHHO TMArHOCTHPOBAThH IPOOIe-
My. Eciu MPE koHdurypupoBanoch ¢ onuueil —mpedbg, 00paboTunK olIKMO0K U3
MPE_Errors call dbx in xterm TIO3BOJUT BHITIOTHUTH UMEHHO 3T0. Kpome ToroO,
MPpU JaHHOU OTNIWK KOH(UTYpallMu MOXHO cKOMTHUIUpoBarh oudanoreku MPE
¢ BKJIIOYEHUEM KOJa OTIAIKU.

Bubnuoteku npocdounupoBaHusa

Hurepdeiic mpodbunuposanus B MPI obecrieuniBaeT BO3MOXHOCTH JIETKO T0OOAaB-
JISITh UHCTPYMEHTHI aHaJIU3a MPOU3BOIUTENbHOCTHU 17151 M000il pearusanun MPI.

B mnepByio ouepenb MCIONB3YIOTCS IIPOTPaMMbl IMPOPUINPYIOIINX ONOIMOTEK,
cospatoiue ¢aitnbl mporokonos ucnoaHeHus (log-daiinsl). MPE npemnaraer tpu
npoduaupyromye 6UGINOTeKHN.

O bubauomera xporomempupoearus MPI-npoyedyp — odeHb npoctas oubdIMOTE-
ka. Ilpodunupymoias Bepcusi KaxI0ro BbI30Ba MPI Xxx MOAMPOTPAMMEI BBI-
3BIBAET PMPT Wtime (KOTOPBIN MPOCTABASET IMTAMIT BPEMEHW) IO W TOce KaX-
JIOTO BBI30BA COOTBETCTBYIOIIEH PMPT Xxx MPOLEAYPH. Bpemst cymmupyercs B
KaXIIoM Tpoliecce M 3aluchbiBaeTcsl B OTAeIbHOM hailie Ha IMpouecc B Mpo-
dunupytomelt Bepcun MPI Finalize. aiifibl OCTAIOTCS IST TTOCHEAYIOUIETO
BKJIIOUEHMSI KaK B OOLIMiA, TaK U B IMOMpPOLECcCHbIE OTYeThl. BioXeHHble BbI-
30BBI HEe 00PabATHIBAIOTCS.

O bubauomerxa asmomamu4ecKkozo HpOMOKOAUPOBAHUs, KOTopas TeHepupyeT log-
daitmer. Bo BpeMs WCTIOTHEHUS TIPOTPaMMBI OOpAIleHNs] K MPE_Log event CO-
XPAHSIIOT 3alACU O COOBITHSIX B CITEIIMAJBHBIX OOJACTIX TAMSITH, KOTOpbhIe
OOBEAVHSIIOTCSI B MPT Finalize. MPT Pcontrol MOXHO MCIIONB30BATh IS MPU-
OCTAaHOBKHM U pecTapTa olepaluii MPOTOKONMPOBAHUS. BBI3OBHI MPE Log event
JIeaoTcd aBToMatnyecku i Kaxiaoro MPI-Bei3oBa.

O bubauomerka napasieavroll anumayuu. I'pacdnueckas 6udanoreka MPE cogep-
KWUT TIpOTPpaMMBbI, KOTOpbIe JaI0T BO3MOXHOCTh HECKOJIBKUM TIpolieccaM pas-
JeNSTh X-IUCTUIei, He CBSI3aHHbBIN HU ¢ KaKUM OTpelesIeHHBIM TTPOIIECCOM.
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ApanTupoBaHHOE NPOTOKONMPOBaHMe

Kpome ncnonp3oBaHus TpeaompeeeHHbIX OUOITNOTeK MPOTOKOMUPOBAHUS, 3a-
MUCHIBAIOIINX Kaxawlii Bei3oB MPI, mpotokonupytoniue BboizoBel MPE moryr
ObITh BcTaBaeHBl B MPI-iporpaMMy mosp30Batens Tam, Ie OH XOUET OMpPeAesaTh
M 3anucbiBaTh cocTosiHus. CoCTOsIHUS MOTYT OBITh BIOXEHHBIMU; IO3BOJISIETCS
OMpPEIENITh COCTOSIHUE, CONEpXKallee HecKojibko MPI-BbI30BOB, U 0TOOpaxartb
KaK COCTOSIHWE, ONpeleieHHOe Mojb3oBarejneM, Tak u MPI-onepauuu, conmep-
xamuecss B HeM. BBI3OB MPE Log get event number HYXKHO WUCIOIB30BATh IS
MOJIYYEHUS] YHUKATbHBIX HOMEPOB COOBITUI, a MPOLIEAYPhl MPE Describe state U
MPE Log event — JJISI OMMMCAHUS OMpPEAETeHHBIX OJIb30BATENEM COCTOSTHUN.

JNuctunr M1.1. Mpumep apanTMpoBaHHOIO NPOTOKONMUPOBaHUA

int eventID begin, eventID end;

eventID begin = MPE TLog get event number () ;
eventID end = MPE Log get event number();

MPE Describe state( eventID begin, eventID end, "Amult", "bluegreen");

MyAmult ( Matrix m, Vector v)
{
/* BadukcupyeMm Hauaslo COCHTHMS BMeCTe C pasMepoM MaTpuLb */
MPE Log event ( eventID begin, m->n, (char *)0);
. Amult code, including MPI calls
MPE TLog event ( eventID end, 0, (char *)0);

Log-daiin, creHepupoBaHHBIN 3TUM KOAOM, HpW Budyaiusaumuu orMetut MPI-
BBI3OBEI, CAETAHHBIE M3 IMOANPOrpaMMBl MyAmult, CHHE-3€JIE€HBIM MPSIMOYTOIb-
HUKOM.

MoXHO KOMOMHUPOBATh aBTOMAaTMUECKOe MPOTOKOJUPOBAHUE C PYUHBIM. ABTO-
MaTHyecKoe MPOTOKOJMpOBaHUE 3amucbiBaeT Kaxabiit MPI-BbI30B, uTo gocTura-
ercsl CcBsI3bIBAHUEM ¢ OuONIMOTEKON MpoToKojupoBaHus. [Ipu pydHOM MPOTOKO-
JIUPOBAHUU I10J1b30BATE/Nb CaM BCTABJISET HEOOXOMMMBIE €MY BbI30OBbI IIPOIpaMm
MPE Boxpyr BbizoBoB MPI. Toraa nporokoaupyioTcs TOJIbKO BblOpaHHbIe o0pa-
weHust K MPI. Ho eciu ucnonbsyercd KomMOuHalUs 000UMX METOAOB, I10Jb30Ba-
TeJIb HE JOJXKEH BBI3BIBATH MPE Init log U MPE Finish log B CBOE€Hl IporpaMme.
CBsi3aHHbBIN ¢ OMOMMOTEKOI MPOTOKOMUPOBAHUS MPT Tnit BBI3OBET MPE Init log,
a MPI Finalize 06paTHTCHﬁK.MPEiFinishilog.
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Ytunutet MPE

Ha6op yrunur B MPE comepxut koHBepTephl ¢opmara log-daiinoB (Hampumep,
clog2slog), nporpammy nevaru log-cgaiinioB (slog print) u 000A0YKY A1 IPO-
cMorpa log-daitnoB — logviewer, KOTOPbIA IO PACIIMPEHUIO MMEHU ailia Bbi-
OupaeT COOTBETCTBYIOLIMI rpadpuuecKuii MHCTPYMEHT IS Iokasa log-daiina.

O KonBepTephl popMaTta NpOTOKOJUPOBAHUS:

e clog2slog — npeobpasyet log-daitn us dopmara CLOG B dopmar SLOG.
ABTomaTrudeckasl reHepanus daitnoB B ¢opmate SLOG nipu 3a1aHUM 3HA-
yeHust SLOG nepemMeHHON OKPYXKEHUs MPE LOG FORMAT MOXET He cpabo-
TaTh M3-32 HEKOPPEKTHOTo MoBeAeHMs HeKoTopblix MPI-mporpamm. Kon-
BepTep ¢dopMaTa B TAKUX CIYyYasiX JAeT BO3MOXHOCTb MTPOU3BECTU IKCTpa-
JMAarHOCTUKY cocTosiHuS log-aitia. KoHBepTep Takke paspelliaeT ycra-
HaB/IMBAaTb HEKOTOpbIe mapaMmeTpbl log-daiinoB, Takue Kak pasmep ¢peii-
Ma — yactu log-¢aiina, oroOpaxaemoli B okHe "Time Line" mporpaMmbl
Jumpshot-3. [Ins HekoppekTHbiX MPI-nporpaMmM MOXHO yBEIUYUTb pa3-
Mep opeiima or 64 KO6aiiT, HazHayaeMmbix IO YMOJYAHUIO, A0 OOJBLIMX
3HayeHui. s noayyeHUs moaHOU uHGOPMaLuu UCIIONb3YATe:

clog2slog -h

¢ clog2alog — kouseprep log-daiinos u3 ¢popmata CLOG B ¢popmar ALOG,
MMOAeP>KUBAEMBIN TOJIBKO paan 0OpaTHON COBMECTUMOCTH.

3 TIporpaMMBbI meyaTn GhOpMaATHPOBAHHBIX TTPOTOKOIIOB:

e slog_print — mporpamMmMa mevaT Ha CTAHIAPTHBIN BBIBOJ (DailioB B (op-
mare SLOG. OHa cayXuT IS TIpoBepKu coiepxumoro log-daiina. Ecnn
log-aiin cnukoMm Benuk, slog print MoxeT okaszaTbes Oecrose3Hoit. Ec-
au log-daiin He mosaoH, To slog print Takxke He Oyaer padorarb. Takum
obpa3zoM, 3Ta IMporpaMma CIYKUT IMPOCTbIM TECTOM JJISl IPOBEPKM IOJTHO-
Thbl reHepauuu log-daiina;

e clog print — nporpamMa Iedyaru Ha CTaHAAPTHBIA BbIBOA (aitnoB B dop-
mare CLOG.

O CemekTop IIporpamMmm IIpocMoTpa:

o logviewer — cKpuUNT, KOTOPBI HAXOAUT COOTBETCTBYIOLIYI) PACUIMPEHUIO
uMeHM daitia mporpammy sl mpocMoTpa ero coaepxxumoro. Hampumep,
s log-daitna foo.slog, logviewer BbizoseT Jumpshot-3, yToObl ero npo-
cMoTpeTh. Jumpshot-3 pacronaraercst B Karaiore share/.

NepemMeHHble OKpYXeHuUs

CyllecTBYIOT /1B TEPEeMEHHBIE OKPYXXAIOIIe Cpenbl, TMPDIR U MPE LOG FORMAT,
KOTOPbIE HYKHO YCTAHOBUTb A0 Hayajna reHepauuu log-gaiinos:

O MPE 1L.OG FORMAT — ompenensieT dopmar log-daiina, reHepupyeMoro mpu Hc-
MMOJTHEHUM TIPUIIOXEHMSI, CBA3aHHOTO € OMOIMOTeKaMU IPOTOKOIUPOBAHUS
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MPE. PazperieHsl 3HaUeHUST CL.OG, STL.OG M ALOG. Korma 3HaueHue mepeMeHHO
He YCTaHOBJIEHO, TopasyMeBaeTcs CLOG;

O TMPDIR — yKa3bIBaeT KaTajlor, UCIONb3YEeMbIil KaK BpeMEHHOE XPaHWIUIIE IS
daitmoB or Kaxmoro mpoiecca. [1o yMOTYaHWIO MCIONB3YeTCsT KaTtajior /tmp.
Eciu HyxHO co3marh oueHb Ooiblioil log-daita mas MNpoaoKUTENbHOTO
MPI-3aganus, cienyer yoemuThesl, YTO KaTajaor, 3aJaHHBI TMPDIR, OCTATOY-
HO BMECTUTEJICH IJIs BpEeMEHHBIX log-aiijioB, YHMUTOXAEMBIX B clydyae yc-
MEeIIHOro co3aaHus obbeauHeHHoro log-daina. YTodbl MUHUMU3KUPOBATH
pUCK IepenonHeHus: ailioBblx cucteM nporokojamu MPI-nporpamm, mojb-
30BaTEASIM HACTOSITEIbHO PEKOMEHJYeTCs BbIOMpaTb B KA4yecTBE 3HAYCHUSI
TMPDIR JIOKAJBHBIE (hAiIOBBIE CHCTEMEL.

BaxkHo yb6enuThesi, uTo Bee mpoliecckl MPI monxygaoT mpaBuiabHOe 3HaUeHUE T1e-
peMeHHBIX okpyxeHuss. MPICH nmist camMbIX IIMPOKO MCHOIB3YEeMBIX YCTPOICTB,
ch _p4 u ch_shmem, obecreunBaeT aBTOMaTUUYECKYIO Mepeaady MepeMeHHBIX OK-
pYXXeHUs MOPOKISHHBIM TIpolieccaM, HO IS IPYTUX YCTPONCTB 3TO BBITOTHSETCS
jJajexo He Bcerma. B apyrux peanuszanusix MPI nonb3oBarenu camu AOJKHbBI
CIAeIUTh 3a IIPABUIBHOCTBIO Mepeaadu NePEMEHHbIX OKPYKEHUSI.

( NMpume4yaHmne )

OkoHyaTenbHbI 06beauHeHHbIN log-chan ByaeT 3anucaH B Toi (hainoBon cucte-
M€, B KOTOPOU BbINOMHANCS npouecc paHra 0.

MpucoeanHeHne 6ubnuorek

st mpucoennHenus nporpamm U3 6mubnnorek MPE, HeoOxoauMo B mapameTpax
KOMIIMISITOpA WM PeAakTopa CBs3ed ykaszaTb MMsl OMOJMOTEKM, K IporpaMmmam
KOTOpo# mpousBoasTcsl oopaiieHusi. EctectseHHo, uTto, kpome 6ubanorek MPE,
o0g3aTenbHO yKasbiBaeTcsl 6udauoreka MPI: -1mpich uamM —1mpi (B 3aBUCUMOCTHU
oT umiieMenranuu MPI).

dnary KOMIIWIATOPA, IPUCOSTUHSIONEe OMOTMOTEKHU:
NpopuIMpoBaHUs: -1mpe —Impich;
[IPOTOKOJUPOBAHUSA: —11lmpe —lmpe —lmpich,
TPACCHUPOBKU: -1tmpe —-lmpe —lmpich;

AHUMAlMU: -lampe —-lmpe —lmpich -1X11;

FORTRAN-to-C_MPI-o60n0uKka: -1mpe f2cmpi.

g aoaagad

®nar -lmpich TPH WCTONL30BaHWM OTINYHBIX oT MPICH peammsammit MPI
NOTXEH OBITh 3aMEHEH Ha COOTBETCTBYIOIIMII HazBaHMI0 Oubmuoreku MPI; Bme-
CTO -1X11 MOXeT UCTONB30BaThcs Apyras rpadpudeckass oubimoreka X Windows,
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a oubmuoreka-oborouka FORTRAN-to-C_ MPI B MPICH BBI3BIBacTCS Kak
—1fmpich.

B MPICH npucoenntenne oubdanorek MPE obecrieunBaeTcs onmmmsiMiA KOMITH-
mmpylomux ckpunroB mpice/mpiCC . mpif77/mpif90: -mpilog, -mpianim, ¥

-mpitrace.

Ecnu cBsasbiBaHue npousBoauTcs it MPI-nporpammbl, HanucaHHOH Ha
FORTRAN, ¢aar -1fmpich DOMXEH yKa3biBaThesl A0 (BaroB Mpopuanpyommnx
Oudnuorex:

—-lfmpich —-Ilmpe -lmpich

Bro paspelaeT MCHOJb30BaHUE IIPOrpaMM, IIPHUMEHSIEMBIX B OMOIMOTEKaxX IIpo-
¢unuposanusi, u B C, u B FORTRAN-nporpammax. B apyrux peanuzaiusx MPI
daar -1mpe f2cmpi TakXke MOMKEH MPEIIIeCTBOBATh haaraM MPOGUINPYIONINX
OubnKoTeK, HapuMep:

—lmpe f2cmpi -llmpe -lmpe -lpmpi —-lmpi

ABTOMaTnyeckas reHepauusa 6ubnumorek

Bce oubamorekn MPE mocTpoeHBl Mo OIHOI, BechMa HECIOXHOU, cxeme. Bce
BbI30Bbl MPI-nipouienyp mnepenuchbiBalOTCs TaK, 4YTOObl MPEACTaBIsATL COOOI
O0EPHYThI HECKOJbKMMU OII€pAaTOpaMu Bbl30B cooTBeTcTByWOLIEeH PMPI-npo-
uenypbl. CHauana HyXHO Hamucartb NpodWIMPOBAHHBLIE BEPCUM MPI Init W
MPI_Finalize. Jpyrne MPI-mpolueaypsl 3amMcBIBAIOTCS aHATOTHYHBIM 0Opa3oM,
NpUOIM3UTEIbHO TaK, KaK B auctunre I11.2.

NMuctuir M1.2. Cxema npocounupoBaHHou MPI-npouenypbl

int MPT Xxx( . . .)
{
KaKMe—-TO OeMCTBUSA IJIS npoduiaupyomer OubamnoTeku
retcode = PMPI Xxx( . . .);
........... Kakue—TO IeNCTBUS OIS Npodunupyomer GubnnoTexn
return retcode;

OTcioma BUIHO, UYTO CTeHEepHpOBaTh MPOGUINPYIONMIYI0 OMOIMOTEKY HETPYIHO
1 MOXHO CJIe/IaThb TO aBTOMATHYECKU.

T'eneparop mpodunupywileil 0b60JI0uKN (Wrappergen) co3gaBajics IS TOTOIHe-
Hus1 npodunupylowero uHrepdeiica MPL. OH no3Bojser moJib30BaTeN0 HaIlK-
carb J10boe yucio "meta” 000a04YeK, KOTOPblE MOIYT ObITb MPUMEHEHHB! K J11000-
My kosuuecTBy dhyHkuuidi MPI. O00104KrM MOIYT HaxOmAUTbCsl B OTAEIbHBIX (aii-
Jax M MOIYT KOPPEKTHO BKIaAbIBaTbcsl. Takum o00pazoM, Ha OTAEIbHBIX
(GYHKIIMAX MOXET CyIIecTBOBaTh 6ojiee OMHOTO TPOPUINPYIOIIETO CIIOS.
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I'eHepaTop HyXmaeTcs B TpeX NCTOUHWKAX BXOTHOM WHMOPMAITNT:
O cnucok GYHKIMIA, 111 KOTOPBIX I'eHepupyeTcst 0007104Ka;

O oObsBiaeHUs: npodunupyeMbix GhyHKUMiA. st CKOPOCTU U OPOCTOTHL pazbopa
WCMOJb3yeTcsl cheuuaabHblil  ¢opMar (cM. ailn proto B Karajore
mpich/mpe/profiling/wrappergen);

O onpeaeneHnst 000JOUKH.
Cnucok (yHKIUI ecTb pocTo (aiin ¢ uMeHaMu (QYHKIIMN, pa3aeneHHbIX Mpo-

OenbHbIMU cuMBoJamMu. Ecim Takoro daiina Her, JtoOble forallfn WU fnall

MaKpOCHl OYIyT paclIMpeHbl 10 BceX (PYyHKIUI B AeKIapaliMoHHOM aiine (uc-
tuHru I11.3—I11.5).

NMuctuhr MN1.3. Cnucok coyHKUMIA NS reHepaTopa 6ubnuoTek

MPI Abort

MPI Address

MPI Allgather
MPI Allgatherv
MPI Allreduce
MPI Alltoall

MPI Alltoallv
MPI Attr delete
MPI Attr get

MPI Attr put

MPI Barrier

MPI Bcast

MPI Bsend

MPI Bsend init
MPI Buffer attach
MPI Buffer detach
MPI Cancel

MPI Cart coords
MPI Cart create
MPI Cart get

MPI Cart map

MPI Cart rank
MPI Cart shift
MPI Cart sub

MPI Cartdim get
MPI Comm compare
MPI Comm create
MPTI Comm dup

MPI Comm free
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MPT Comm group

MPT Comm rank

MPI Comm remote group
MPI_Comm remote size
MPI_ Comm size

MPI_ Comm split

MPI Comm test inter
MPI Dims create

MPI Errhandler create
MPI Errhandler free
MPI Errhandler get
MPI Errhandler set
MPI Error class

MPI Error string

MPI Finalize

MPTI Gather

MPI Gatherv

MPI Get count

MPI Get elements

MPI Get processor name
MPI Graph create

MPI Graph get

MPI Graph map

MPI Graph neighbors
MPI Graph neighbors count
MPI Graphdims get

MPI Group compare

MPI Group difference
MPI Group excl

MPI Group free

MPI Group_incl

MPI Group intersection
MPI Group range excl
MPI Group range_incl
MPI Group_ rank

MPI Group size

MPI Group translate ranks
MPI Group union

MPI Ibsend

MPI Init

MPI Initialized

MPI Intercomm create
MPI Intercomm merge
MPI TIprobe
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MPI Irecv

MPI Irsend

MPI Isend

MPI Issend

MPI Keyval create
MPI Keyval free
MPI Op create
MPI Op free

MPI_ Pack

MPI Pack size

MPI Probe

MPI Recv

MPI Recv init

MPI Reduce

MPI Reduce scatter
MPI Request free
MPI Rsend

MPI Rsend init
MPI Scan

MPI Scatter

MPI Scatterv

MPI Send

MPI Send init

MPI Sendrecv

MPI Sendrecv_replace
MPI Ssend

MPI Ssend init
MPI Start

MPI Startall

MPI Test

MPI Test cancelled
MPI Testall

MPI Testany

MPI Testsome

MPI Topo test

MPI Type commit
MPI Type contiguous
MPI Type count
MPI Type extent
MPI Type free

MPI Type hindexed
MPI Type hvector
MPI Type indexed
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MPT Type 1b

MPI Type size
MPTI Type struct
MPI Type ub

MPI Type vector
MPI Unpack

MPI Wait

MPI Waitall

MPI Waitany
MPI Waitsome
MPI Wtick

MPI Wtime

' Muctunr M.4. ®parmeHT dpainna proto

128

int

MPI Allgather
7

void *
sendbuf

int
sendcount

MPI Datatype
sendtype

void *

recvbuf
int
recvcount

MPI Datatype
recvtype

MPI Comm
cormm

int

MPI Allgatherv
8

void *

sendbuf
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int
sendcount

MPI Datatype
sendtype

void *

recvbuf

int *

recvcounts

int *
displs

MPI Datatype
recvtype

MPI Comm
comm

int

MPI Allreduce
6

void *
sendbuf

void *

recvbuf

int

count

MPI Datatype

datatype

MPI Op

op

MPI Comm
comm

int

MPI Alltoall
7

void *

sendbuf
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int
sendcount

MPT Datatype
sendtype

void *
recvbuf
int
recvent

MPI Datatype
recvtype

MPI Comm
cormm

int

MPI Alltoallv
9

void *
sendbuf

int *
sendcnts
int *
sdispls
MPI Datatype
sendtype
void *
recvbuf
int *
recvents
int *
rdispls

MPI Datatype
recvtype

MPI Comm
comm
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int

MPI Barrier
1

MPI Comm

comm

int
MPI Bcast
5

void *

INMuctuhr M1.5. Onucaxnme o6onoyek ansa 6udnuortekm Tpaccuposkun MPE

#ifdef MPI BUILD PROFILING
#undef MPI BUILD PROFILING
#endif

#include <stdio.h>
#include "mpi.h"

{{fnall fn name}}

/%
{{fn name}} — prototyping replacement for {{fn name}}
Trace the beginning and ending of {{fn name}}.

*/

{{vardecl int llrank}}

PMPI Comm rank( MPI COMM WORLD, &llrank);

printf( "[%d] Starting {{fn name}}...\n", llrank); fflush( stdout);
{{callfn}}

printf( "[%d] Ending {{fnﬁname}}\n", llrank); fflush( stdout):;

{{endfnall}}

OnucaHune onpeaeneHnit 060104KMN

OmpeneneHNs 000MTOYKH COCTOAT M3 Koja Ha s13bke C co cTelMaTbHBIMI MaKpo-
camu. Kaxmoe MakpoolpeneieHue OKpy:KaeTcs escape-Iocea0BaTeIbHOCThIO U3
JBOMHBIX (PUTYPHBIX CKOOOK {{ }}. ['eHepaTop MoOXeT MPUHUMAThL CleAyIollne
MaKpOOTIpeeIeHNS:

O {{fileno}}

fileno — WHTErpaJbHBIN MHAEKC, MOKA3BIBAIOIINI, KAKOMY (daitiny-obomouke
MPUHAJIEKUT NaHHBIA Makpoc. DTO MOJEe3HO MPU AeKIapaluru TIoOaJTbHbIX
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TepeMeHHbIX haiiyia ISl peJoTBpallleHnsT KoIn3nii nMeH. [Mpenmosaraercs,
YTO Bce€ MICHTU(MUKATOPDbI, OObsIBAsieMble BHE (YHKIUUI, OKaHYMBAIOTCS
_{{fileno}}. Hanpumep:

static double overhead time {{fileno}};
MOJXHO pacIIupuTh I0:

static double overhead time 0;

O {{forallfn <function name escape> <function A> <function B>...}}

{{endforallfn}}

KOI[ MEXAy {{forallfn}} M {{endforallfn}} KOIIHUPYETCI OAWH pa3 51
Kaxnaoi mpoduiupyeMoil (QyHKUMU, UCKIOYAsd MepeuncieHHble (QYHKIWU,
C 3aMEHOM escape-CTPOKU, YKA3aHHOU B <function name escape>, UMEHEM
KaxXa0i PYyHKIIUN.

Hampumep:

{{forallfn fn name}}static int{{fn name}} ncalls {{fileno}};
{{endforallfn}}

MOXeT OBITh PACIIUPEHO JO:

static int MPI Send ncalls 1;
static int MPI Recv ncalls 1;
static int MPI Bcast ncalls 1;

O {{foreachfn <function name escape> <function A>...}}

{{endforeachfn}}

{{foreachfn}} — aHaJIOrI {{forallfn}}, 3a UCKIOYEHUEM TOTO, UTO 000TOUKHN
INUMUIIYTCA TOJIbKO JJISL (I)yHKLleI, IIOMMEHOBAHHBIX SAIBHO.

Hampuwmep:

{{forallfn fn name mpi send mpi recv}}
static int {{fn name}} ncalls {{fileno}};
{{endorallfn}}

MOXeT OBITh pacmInpeHo noo:

static int MPI_Send ncalls 2;
static int MPI Recv ncalls 2;

a {{fnall <function name escape> <function A> <function B>... }}
{{callfn}}

{{endfnall}}
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{{fnall}} — ompemessieT 00ONOUKY TSI MCIONB30BAHUSI BO BCeX (DYHKIMSIX,
WCKITIOUAsi Ha3BaHHbBIE. [‘eHepaTrop paciiupuT WHCTPYKIMHU OO TOJTHOTO OMpe-
ageneHust pyHkuuu B TpaguuuoHHoMm miasi C ¢dopmare. Makpoc {{callfn}}
yKaxeT reHeparopy o0oJoueK, IJie BCTABIATh BHI3OB NpoduinpyemMoil GpyHK-
uuu. JomkeH OBITh TONBKO OMUH IK3EMIUTIp Makpoca {{callfn}} B KaKIOM
omnpeneneHnu 00oouku. Makpoc, YKa3aHHBIN <function name escape>, OyAeT
3aMelieH MMeHeM Kaxjaol ¢yHKuuu. BHyTpu ompeneneHust oOONIOYKM TIpH-
HUMAIOTCS TOTIOTHUTETBHBIE MAKPOCHI.

a {{vardecl <type> <arg> <arg>... }}

vardecl — WCTIONB3yeTcs IJIsT OOBSBIESHUS TIepeMEeHHBIX BHYTPH OTpeaeaeHus
o6ojouku. Eciu BiloXeHHble MakKpoChl 3alpalluBalOT MEepeMeHHbIE yepes
vardecl C TeMH 3Xe caMbIMU WMEHaMWM, TeHepaTop o0O0JoYeK cOo3dacT YHU-
KaJbHble MMeHa J00aBIeHUEM IOCAeI0BATEIbHBIX LIEJIbIX B KOHIIE 3anpalliu-
BaeMoOro MMEHH (var, varl, var2,...). He pekoMeHOyeTcs oOBSBIATH Iepe-
MEHHBIC BPYYHYIO B OIpeleleHMH OOOMOYKH, T. K. OOBIABICHUS NepeMEeHHOI
MOIYT MOSIBUTBCS B KOJE MO3XE, YeM MHCTPYKLUHUM OT APYruX o0OJOYEK, YUTO
He coOTBETCTBYeT Kinaccuueckomy u ANSI C.

Ecnmm nepemeHHast oObsIBIIeHa Uepe3 vardecl, TpebyeMoe UMS JJIST 9TOWM Tepe-
MEHHOI (OTNYHOEe OT YHU(DUIMPOBAHHOIO WMEHU, KOTOpOE IIOABUTCS B
OKOHYATEJbHOM KOJI€) CTAHOBMUTCS BPEMEHHBIM MAaKpPOOMNPEeACJEHUEM, PACILI-
psieMbIM K YHUbULIMpoBaHHOI ¢opme. Hanpumep:

{{vardecl int i d}}
MO2KHO pacCIIUpHUTDb I10:
int i, d3;

O {{<argname>}}

IpennaraeMoe HeoOsI3aTeTbHOE MAaKPOOIIPEACTIeHNUEe, COCTOsIIee M3 WMEHH
OIHOTO W3 apryMeHTOB MpoduianpyeMoi GYyHKIINU, OyIeT pacliupeHo 0 CO-
OTBETCTBYIOLLEIO apryMEHTa. DTO ONLMOHAIbHOE MAKPOOMNPEASIECHUE CAYXKUT,
[JIAaBHBIM O0pa3oM, TOJBKO IJIST YTBEPXKIACHUSI, YTO IpodumupyeMast GyHKIINS
JEMCTBUTEIBHO MMEET apTYMEHT ¢ TaHHBIM UMEHEM.

O {{<argnum>}}

Ha aprymenTsl mpodumnmmnpyeMoil ¢GYHKIMM MOXHO CCHIJIAThCd Takke W TIO
HOMepaM, HauWHasl ¢ HyJisI M IBUTAsCh B CTOPOHY YBEIWUCHUS.

a {{returnval}}

Returnval pacHIMpseTcsd IO TIepeMeHHOM, KOTopas MCIONb3yeTcs U XpaHe-
HMS 3HAYEHUsI, BO3BpaIIaeMoro mpodminpyeMoit GpyHKITNEH.

O {{callfn}}

callfn pacimupsercsT K BBI3OBY TpodrmmpyeMoit ¢dyHkInn. C ompenereHneM
BJIOKEHHOI 00OJOYKM OHO TaKKe IPeACTaBIsIeT TOYKY, B KOTOPOil BCTABISIET-
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¢Sl Ko g moboit BIoXeHHoU dyHKUNK. BioxeHus omnpenaenstorest mopsia-
KOM, B KOTOPOM OOOJIOUKHM YUMThIBaIOTCSl TeHeparopoM. Hampumep, eciu asa
taitna, profl.w u prof2.w, comepxar aBe 00OJIOUYKHU HJISI MPT Send, TO MPOGU-
JIPYIOLINN KOJ, TIPOU3BENESHHBIN MPU UCITONb30BAaHUN obomx ¢aiijos, Oymer

UMETDb BUA:

int MPI Send(ar
arg declaration
{
/*pre-callfn
/*pre-callfn
/*pre-callfn
/*pre-callfn

gsS...)
S...

code from wrapper 1 from profl.
code from wrapper 2 from profl.
code from wrapper 1 from prof2.
code from wrapper 2 from prof2.

returnval = MPI Send(args...);

/*post—-callfn
/*post—-callfn
/*post—-callfn
/*post—-callfn

code from
code from
code from
code from

return returnval;

O {{fn <function name escape>

{{callfn}}

{{endfnall}}

wrapper
wrapper
wrapper
wrapper

2 from prof2.
1 from prof2.
2 from profl.
1 from profl.

*/
*/
*/
*/

*/
*/
*/
*/

<function A> <function B>...

fn WOEHTUYHO fnall, 3a MCKIIOYEHNWEM TOTO, UTO OHO TeHEepUpyeT 00OTOUKHI
TOJIbKO /15T PYHKIINI, UMEHOBAHHBIX sIBHO. Hampumep:

{{fn this fn MP
{{vardecl int i
{{callfn}}

I Send}}
H}

printf ("Call to {{thisgfn}}.\n");
printf ("{{i}} was not used.\n");

printf ("The first argument to {{this fn}} is {{0}I\n");

{{endfn}}
OymeT pacCIMpPeHO

int MPI_Send(buf, count, datatype, dest, tag, comm)

void * buf;

int count;

MPI Datatype da
int dest;

o

tatype;
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int tag;
MPI Comm comm;
{
int returnval;
int i;
returnval = PMPI Send (buf, count, datatype, dest, tag, comm);
printf ("Call to MPI Send.\n");
printf ("i was not used.\n");
printf ("The first argument to MPI Send is buf\n") ;
return returnval;

padhuueckne NHCTPYMEHTDI

B Hacrosiiee Bpemst rpadmueckune nHctpymMmeHTsl MPE BkiTiouaioT 3 mporpamMMel:
upshot (cMm. puc. I11.1 u II11.2) ama npocmorpa daitioB B dopmare ALOG,
Jumpshot-2 gns ¢aitio CLOG u Jumpshot-3 g SLOG-dopmara. Ilporpamma
nupshot, mpeacras/siioias coOoi yaydlleHHbI (0ojiee MOIIHBIA) BapuaHT Up-
shot nmocrapasiercs: B aucTpudbyruse MPE, HO He BcTpaMBaeTcsl aBTOMAaTUYECKU B
OOIIYI0 CTPYKTYPY, T. K. UCTONB3yeT cTapyto Bepcuio Tcl/Tk, HecoBMecTUMYyIO ¢
pacrpocTpaHsieMbIMU B HacTosiiiee Bpems. st cbopku mporpamm Jumpshot-2
HyxeH naker JDK 1.1 ¢ cooTBeTcTBylolleil Bepcueit Swing, ero Heab3si codparhb
¢ omompio JDK 1.2 wmn 1.3. @opmar log-caitma MoxeT ObITb U3MEHEH ¢ T0-
MOIIIbIO KOHBepTepoB (opMmata, a logviewer M30aBUT MOJAb30BaTENsI OT HEOOXOMM-
MOCTY IIOMHUTb OTHOLIEHHS Mexnay ¢dopMaroMm log-daiiaa M IporpaMMon ero
npocmortpa (puc. I11.2, I11.3).

K " 'Upsho

Select Logfile

Puc. M1.2. CtapTtoBoe OKHO nporpamMmsl upshot

Kak yxe oTmeuanoch BBIIE, IS TeHepalun log-¢aitioB JOCTAaTOUYHO CBS3aTh
KCIIOJNHSIEMbIA MOIYJb XOTs1 Obl ¢ OHON U3 npobuiupyoumx oubiuoTeK, a st
MPICH npocTto ykazarb ofHy U3 "mpo@uinupyroliux" onuuil KOMIUISITOPA:

mpif77 -mpilog -o fpilog fpilog.f

IMonyueHHBI Al fpilog MPU UCIIOTHEHUU OYIeT TeHepUpoBaTh log-Ghaiibl.
Komanna

mpirun -np 4 fpilog

co31acT (1)3171.]'[ C UMEHEM fpilog W paCIIUPEHUEM, 3aBUCIINNUM OT 3HAYCHUS TIC-
peMeHHOﬁ OKPYXEHUA LOG FILE FORMAT.
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[12 fpilog.alog

0.110

Puc. NM1.3. OcHoBHOE OKHO nporpammel upshot

Komanna
logviewer fpilog.slog

BBI3oBeT Jumpshot-3 maa nmpocMoTpa daiina fpilog.slog (puc. I11.4).

K~ View & Frame Selector [=]D][x]

|Fi|e Graph Data Sets Zoom Legend |

Event Count ws Time Time: |0.310006

0.0454 00880 0.1305 0.1731 0.2156 0.2581 0.3007 0.3432 0385
03989

time ( seconds )

onnectivity Options ~View Options

) Disconnected 5States @ Connected States 3 MPI-Process (% Thread . Processor

Frame Information —Frame Operations
Mumber of Frames = 1 ‘ \a ..
Current Frame = i} ) .
Previous Display Next

Puc. M1.4. OcHoBHOe OKHO NporpaMmel Jumpshot-3
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Bce rpadmueckre nHCTpyMeHTHI, TipuaaraeMble K MPE, mpeacTaBisiioT mpoToxo-
JIbl UCIOJHeHUsI MPOrpaMM Ha KaXJIOM Mpolieccope B BUJE IOCIEI0BaTENbHO-
CcTell Pa3HOIBETHBIX MPSIMOYTOJBHUKOB, BBITSHYTBIX BIOJb IMPSIMON, COOTBETCT-
Bylolel mnpolieccy. PaciindpoBka 1IBETOB M KHOMKU TEPEKIIOUEHUS PEXUMOB
paboThl HAXOISATCSI HA TIAHEIWM OCHOBHOTO OKHA IporpaMMbl. Bce mporpammbr
HMEIOT CPeACcTBa AJIs A€TANU3AlMKM MPOCMOTpPa M BbIOOpa OIpeneaeHHbIX omepa-
umii (puc. I11.5).

Start state length

End state length

Humber of bins

Puc. M1.5. JononHutensHOe OKHO nporpamMmbl upshot

®opwmar log-daitra MoXHO Mpeobpa3oBaTh ¢ TeM, YTOOBI MCITONh30BATh IPYTOM
rpadpuyeckuii MHCTPYMEHT Ui €ro MpoCcMOTpa.
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CpepgctBa oTN1afKu U MOHUTOPUHra
napannenbHbiXx PVM-nporpamm

OCHOBHBIM CPEICTBOM MOHUTOPWHTA W OTIAAKU MapaiedbHbIXx PVM-nporpamMm
apasgercss XPVM. XPVM — sto rubpuj rpadpuuyeckoro MOHUTOpA MPOrpaMm U
rpaguueckoro uHrepdeiica ajiss PVM-koHconu. Jjsi Toro yTodbl BOCIIOIb30BATh-
csl 9TUM TIOJIE3HBIM CPENCTBOM, ClieAyeT IPUCBOUTH MEPEeMEHHOU OKpYKeHUSs
XPVM_ROOT 3HAYeHWE — TyTh K UcMomHgIeMoMy daitny xpvm. XPVM mnpencrapmus-
€T coDOil OTHOCUTENbHO CAMOCTOSITENbHBINA TMPOrPAMMHBINA MPOAYKT, KOTOPBIH
MOXET M He BXOoAUTb B nucTpubytuB PVM. B srom ciydae mpuuercs ero ycra-
HaBJIUBATh JOMOJHUTE]bHO K OCHOBHOMY TakeTy. Kpome Toro, MoxXHO BKJIIOUUTH
KaTaJIoT ¢ UCMOJHAEMBIM (paitjloM MporpaMMbl B MyTh MOUCKA PATH.

IMpu BwimoaHenun PVM-nporpammel 13 XPVM reHepupyercs TpaccHpoBOU-
Hag wHOPMAINA, KoTopasd 3aluichiBaeTcs B CHEMWANbHEIN  ¢ailm  /tmp
/xpvm.trace. USERNAME (USERNAME 3aech — perucTpauidoHHOE UMMs IOJb-
3oBaresisd). DTOT Gaia MOXET ObITb COXPAaHEH /Ui MOC/AeAyIOLIero MpocMOTpa U
aHanuza. XPVM mnpenocrasisier B paclnopsLKeHME I10JIb30BATENSl BCE BO3MOXHO-
ctu rpaduyeckoro uHrepdeiica. 910, mMpexne Bcero, NTOCTYI K KOMaHIAM OObIu-
Hoil PVM-KoHcoI1 4epe3 MEHIO.

3anyckaercs XPVM koMaHaoii:

# xpvm

Ecnu crapt nporpaMmbl Mpolliea YCHEeUHo, 3arpyxaercs ieMoH PVM (eciu Bup-
TyaJbHas MallMHA €llle He CO3/IaHa, a €CM YK€ CO3/IaHa, OHA COXPAHSIETCS BME-

CT€ ¢ BbUIOJHSIIOLMMUCS HA Heil nporpaMMamu), a Ha 3KpaHe [OSIB/ISIETCS OKHO
nporpaMmmsl (puc. I12.1).

B xoundurypauyonnsiit ¢ailn $HOME/.xpvm hosts MOXeT OBITh 3amMcaHa KOHbM-
rypaiust BUpPTyaJbHON MalllMHBI, 3arpyxaemas npu 3anycke XPVM. Kiroun 3a-
MycKa MporpaMMbl MOXXHO TIOJIYYUTh, BBEAS KOMaHAY:

# xpvm —-HELP

(KJT109 ~HELP JOJDKEH BBOIMTHCS B BEPXHEM PETUCTPE).
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XKPVM 1.25 (PVM3.4.3) [TID-0x40001]

|Status:  Task Height Adjusted.
|Help:  Move Pointer to Select Guery, Double Click Button to Hold Info

File... Hosts... Tasks... Views... Options... Reset... Help...
Hetwork View
i 3AEA
LINUX LINUX
106 06
] LINUX LINUX
/ 07 105
N | =
Close pctive | System HNo Tasks Net Key
B K [m 1D b »| Time: 0,062718
Trace File: [iroot/3/xpvm.trace ge |# PlayBack [, Overtrite

Space-Time: Tasks vs. Time

Al
_|| fo6:ge [ _______D | — -]

/| 107:ge L il | I I LL L1
cose| 3 HET ] ™ =
|\.ﬁew Info: Message: from 0xB000d to Oxc000d, 0.039944 to 0.064908, code=15 cixt=0 nbytes=4

Computing [ User Defined Ml Overhead Waiting Message —

Puc. N2.1. OxHo XPVM

B BepxHeit yacTn okHa HaxomWUTCsT MeHI0. Himke ocHOBHOTO MEHIO pacIionaraercs
CTpOKa BBIBOAA KPATKWUX COOOIICHUI MPOTPAMMBI M OKHO IPOCMOTPA KOH(PUTY-
pauyyd BUPTYyaTbHOU MAallMHbL. 3aTeM MAYT CTPOKM C paclin@poBKOil 1BETOBOI
MHIMKALMK IPOLECCa BbIIOJHEHUS] MPOrpaMMbl U KHOIMKAMM M3MEHEHUS pa3Mme-
pa OKOH IIPOCMOTPA, a TaKXKe KHOMKM IPOUTPLIBATE/SI TPACCUPOBOUYHBIX (haiinoB.
3nech Xe COmepXKMUTCs IOJie BBOJA MMEHM TpaccupoBouHoro ¢aina. Eine Huke
HaxoAgTCs [Ba OKHA, B JIEBOE BBIBOJUTCSI CIIMCOK 3aAay BBINOJHSIOLIEICS Mpo-
rpaMMbl, a B [IPaBOe — IIPOCTPAHCTBEHHO-BPEMEHHAs IuUarpaMma HapajuiebHO’
mporpamMmbl. [lom 3THMM OKHAMHW pacHoONIOXEHBI KHOIMKW W3MEHEHUs pasMepa
OKOH W pacmu¢poBKa I[BETOBOM WHIWKAIIMM HA TPOCTPAHCTBEHHO-BpPEeMEHHOI
auarpamMme. B HIDKHEN YacTH HaxXOmWTCS CTPOKAa BBIBOAA OTIANOYHON WHOp-
Malnuu.

OCHOBHOE MEHIO TIPOTPAMMBI COIEPIKUT:

O nyukt MeHio File comepXuT KomaHABl 3aBepliieHNs pabOTH ¢ TIPOTpaMMON
quit W halt. OHW TTOJHOCTBIO AHAJOTUYHBI KOMaHOZaM oObrYHOIl PVM-KkoH-
COJIY;

O nyukr Hosts comepxXuT KoMaHnbl 100aBA€HMS HOBBIX XOCTOB B BUPTYAJIbHYIO
MalIMHY U UX YIAIEHUS;
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O B nynkre Tasks comepkaTcs KOMaHABI YIIPABICHUS MPOrpaMMoi. DTo, Tpex-
Je BCero, KOMaHIa 3amycKa MPHUKIATHONW mporpaMMbl (IyHKT spawn). [1pu
HaKaTUM KHOIIKM, COOTBETCTBYIOLIEH TOH KOMAHAE, OTKPbIBAETCSl AUAIOrO-
BO€ OKHO, B BepPXHEH 4acTU KOTOPOro COAEPXKMUTCS I10J€ BBOAA MMEHU UCIIOJ-
HgeMoro daiia mporpaMMmbel. MMeroTcsl Takke TONSI, MO3BOJISTIONINE 3a1aTh
KOJMYECTBO 3aIlyCKAeMbIX KOINMIl OAHON MpOrpamMbl, KJIIOYM MU MACKY OTJIal-
KU, XOCT WIM apXUTEKTYpy [UId 3aIlycKa IJIABHOMU 3amayd IMPUIOXKEHUs U He-
Koropsle apyrue. B mynkre Tasks nMmeroTcs Takke KOMaHIBI MTOCBUIKA CUTHA-
JIOB TIpOIIeccaM;

O nyHkT Views Mo3BoJIsieT BKJIOYATh U OTKIOUATh oOKHA MpocMoTpa XPVM. Yem
0oJibllle TAKMX OKOH BKJIIOYEHO, TeM OoJiblile WUHMDOPMAIIMKM MOXHO TOJYYUTH
0 1mpoluecce BblIoNHEHUs1 mporpammbl. C napyroit croponbl, XPVM, kak u
BCsIKasl ImporpaMma ¢ rpaduyeckuM MHTepdeicoM, NoTpedser 3HAaYUTEIbHbIE
pecypcbl — TMPOLECCOPHOE BpeEMSI U TMaMsTh, MO3TOMY HajlMuKMe OOJbIIOTO
Yyrcia OKOH MPOCMOTPa MOXET 3aMETHO "TOPMO3UTE" pabOTy CUCTEMBI;

O nyakr Options gaeT TOCTYIT K HEKOTOPBIM HACTPOMKAM CUCTEMBI,

O komanga Reset mnosposisier "cOpPOCUTH' COCTOSIHME BUPTYAJIbHONH MAlllMHbI
B MCXOIHOE;

O wnasHayeHue nyHkTa Help oyeBuaHO — 3TO AOCTYN K BCTPOEHHOM CIIpaBOYHOIL
cHUcTeEME MPOrPaMMBI.

OkHa npocmMmoTpa

Yetoipe okHa HA naHenn XPVM cayxar mjis BelIauu MHGOPMALINK:

O o KoHdUTypallUU BUPTYATHLHON MalllMHBI U UCIIONB30BAHUM OTAEJBHBIX XOCTOB;
O o 3arpyk€HHOCTU CUCTEMBI;

3 o xole BLITIOJIHEHUS 3alaHusl;

O o tpaccupoBke PVM-BbI30BOB U IIPOrpaMMHOIO BbIBOAA.

OKHO npocMmoTpa KoHdurypaumm
BUPTYyasibHOW MaLUWHbI

OKHO TpocMOTpa KOH(MUTYpAIIMi BUPTYATbHONW MalllWHBI (MM CeTeBOM KOHGMM-
rypauuu — Network View) comepXuT JuarpaMmy, Ha KOTOpPOW MPSIMOYTOJib-
HMKAMM IIPENCTaBICHBbl XOCTbl, BXOMASIIME B COCTAB BUPTYaIbHOU MalIMHbI
(puc. 112.2). B kaxaoM NpsIMOYrojibHMKE HAXOAUTCS Ha3BaHWE W TMUKTOrpaMmma
ornepalMoHHON cucTeMbl (MMHTBUH, HampuMmep, obozHayaer OC Linux), ceteBoe
UM KoMmmbiotepa. IIpsMbIMM JMHUSIMHU YCAOBHO H300paxkeHbl KOMMYHMKAIIUU
MeXIy KoMmIbloTepaMu. B Tmpoliecce BBIMOJHEHUS MapaulebHOM MporpaMMbl
MPSIMOYTOJBHUKY OKPAIIUBAIOTCS B Pa3MYHbBIE 11BETA, COOTBETCTBYIOIIUE pPas-
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HBIM COCTOSTHUWSIM TIpOIleCCOB. benblii 1BeT o6GoO3HAuUaeT OTCYTCTBHE TIpollecca
PVM Ha gaHHOM XOCTe WM IACCMBHOE COCTOSIHUE IIPOLECCa, KOTOPbI HE BbI-
MTOJTHSIET HUKAKOW paboThl. 2KeTHIit IIBET COOTBETCTBYET OOpAIIEHWIO K TTOAIIPO-
rpamme PVM, a 3ejeHblil — BBIIOJHEHUIO "MOJe3HOU" paboTbl, HAIIPUMED, Bbi-
yucnenuit. Ecau B mpoliecce BBIMOTHEHUS MPOTrpaMMbl BCe MJIM IMOYTH BCE Ipsi-
MOYTOJIBHUKHN OKpAIIleHBI B 3eJIeHBII 1IBET, 3TO O3HAYaeT paBHOMEPHYIO 3arpy3Ky
xocToB. IlporpamMmma B 3TOM cilyyae xopouo cOajiaHcupoBaHa, a 3(POeKTUBHOCTb
€€ BBIIOJTHEHM O1M3Ka K ONTUMaibHOR. Eciu Xe yacTh XOCTOB OCTaeTcs 3HAYM-
TeNIbHOE BpeMsT OeJioif, OHW TOYTH He YYAcTBYIOT B BEITIONIHEHUW TMPOTPAMMBI W
peasbHasg CTeNeHb Napauiean3Ma MporpaMMbl MEHbIIE, YeM, BO3MOXHO, 3aayMa-
HO mporpamMmucToM. OToOpaxaercsa U mepenada COOOIICHUN MO JMHUIM KOMMY-
HUKALN.

Hetwork View

bellatriz canopus

OOA

bighlud baloo0

Close Active | System Ho Tasks

Puc. N2.2. OxHo npocMoTpa KOHDUrypaumy BUPTYasbHOW MallVHbI

OkHO npocmoTpa
NPOCTPaHCTBEHHO-BPEMEHHON gnarpamMmbl

IMpocrpaHcTBeHHO-BpeMeHHad auarpamma {(cMm. puc. [12.4) mokasbIBaeT COCTOSI-
HUE KOHKPETHBIX 3aday. Kaxnas 3agaua n3odpaxkaercs TOpM30HTaIbHBIM MPSIMO-
YIONbHUKOM, OTAENbHBIE YACTU KOTOPOIO OKpallleHbl B pasHbie 1BeTa. Och Bpe-
MEHU HaIpaBJieHa M0 FOpU3OHTAIU, clieBa HanpaBo. B okHe MpocMoTpa, HaxoMs-
1eMcsl cjieBa OT OKHa MPOCTPAHCTBEHHO-BPEMEHHOW AuarpaMmbl, s Kakao-
IO IpPSIMOYIOJbHUMKA BBIBOJUTCS HMMS XOCTa M MM 3aaaud. 3ejJeHblid LBeT
(Computing) MoKa3bIBaET COCTOSIHWE BBITTOJHEHUS BLIYMCICHW WM Apyroi "mo-
Jne3Hoi" paborbl. XKenatelit 1BeT (Overhead) cooTBeTcTBYeT BbI30BaM TMOMAIPO-
rpamm PVM. benbiii uper (Waiting) 0o00o3HauyaeT MPOCTON IIpoLEecca, COCTOSHUE
oxuaaHus. [TpIMOYTOJbHUKU COSTUHSIIOTCS] TUHUSMM, KaKaas U3 KOTOPbIX 000-
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3HavaeT Tepemauy coobmeHnsa. Ecan TMenkHyTh Ha JUWHWW JIEBOW KHOIKOW MBI-
LM, JUHUS MpeBpallaeTcs B CTPEIKY, KOTOpas MOKAa3blBAET HAMpaBicHUE Iepe-
a9l CcOoOOILIeHMs, a B II0Je, HAXOMIIIeMcsd HUXe OKHA TPOCTPAaHCTBEHHO-
BPEMEHHON AMarpaMmbl, BbIBOAMUTCSA KpaTKash MHGOPMALMSA O XapaKTepUCTHKax
coobuieHus (aapecar, pasmep U T. A.). BepTukanbHas CUHSASA JUHUSL IOKA3bIBAET
MTOCJIETHUIT MOMEHT TPACCHUPOBKH.

JduarpamMmma MOXKET OKa3aTbCsl CJAMILIKOM MaJEHbKOW. YBEJIUMUYUTb €€ MOXHO, Ha-
JKaB CPEIHION KHOMKY MBbIIK (WU JIEBYIO U TIPaByl0 KHOMKU OJHOBPEMEHHO,
€CJIM MblIb IBYXKHOIIOYHAs), U MPOBeNs MO AMarpamMme. YMEHBIIUTh JUarpaMMmy
MOXHO, LIEJKHYB B OKHE MPOCMOTPA MPOCTPAHCTBEHHO-BPEMEHHONU NUArpAMMBbI
TMPABO KHOMKOUW MBIIIN.

OKHO npocmMoTpa
cTeneHn UCnosib3oBaHUA CUCTEMDI

OKHO TIIPOCMOTpa CTEMEeHU MCIOIb30BaHUs cucTeMmbl (puc. I12.3) comepxur cym-
MapHy1o UHQopmMalnio o paboTte MporpaMMbl, BCeX €€ MPOLECCOB B KaX/blii MO-
MEHT BpeMeHU. DTa uHGpopMaLus MpencTapieHa TpeMs IPSIMOYTroJbHUKAMU, OK-
palieHHbIMU B pasHble 11BeTa. HMKHUI NIPSIMOYTOJIBHUK OTOOpaXaeT 1010 pabdo-
Thl TPOrpaMMbl, TOCBSILIEHHYIO BBIUMCICHUSAM (3€JIeHbI 1IBET), CpeaHuil —
BbI3oBaM noamnporpaMm PVM (KenTbiii 1IBET) U BEPXHUIl — MPOCTOIO IPOrpaMMbl
(KpacHblil 11BeT). OTHOCUTENbHAS A0JST PA3INYHBIX BUIOB aKTUBHOCTU TPOTpaM-
MBI ONpefesieTcsl Mo OTHOCUTENBHON BBICOTE MPSIMOYTOJbHUKOB. s xoporei
NporpaMMbl B auarpaMMe [TOJKeH [peobjamaTh 3ejeHblid LBeT. YeM MeHblile
KpacHOro, TeM JIyulle.

Wtilization vs. Time

[ - B R -

~l ]
Clusel Computing |_ Overhead |_ Waiting I

Puc. N2.3. OkHO npocMoTpa CTEMNeHU UCMOJIb30BaHUS CUCTEMbI
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OkKHa NpocMoTpa AaHHbIX TPAaCCUPOBKM
U NpOorpaMMHOro BbiBoAa

OkHa mpocMoTpa JaHHBIX TpaccupoBku (Call Trace View) M BbIBoga MporpaMMBbl
(Call Task Output View) MOXHO UCMOJb30BaTh /ISl OTJIAAKU Mporpammbl. Kax-
Joe coObITHE TPACCUPOBKU TMpeACTaBIsieT coOoil BbI30B MoanporpaMMmsel PVM,
COODILIEHUE O HEM COJEPXKMUT 3HAUEHUS [apaMeTpoB MOAIPOrpaMM M KOjbl 3a-
BepIICHUS.

Ha puc. 112.4—I12.7 npuBeaeHbl IpOCTPAHCTBEHHO-BPEMEHHbIE AUMArpaMMbl MIPO-
rpaMM M3 Hallleil KHUTH.

105:dot
105:dot [ T T
106:dot 5
foG:dot [  — : T |I 1 .'/.-
f07:cdot '-\ -
f07:dot [  m— —= |
£08:- _ PZAN _
f08:- ) — .__.’ . ..

08:- I o - T -]ll‘l T
f0&:dot

Puc. N2.4. MNpocTpaHCTBEHHO-BPEMEHHAa AMarpaMma nporpaMmsl,
NPUBEAEHHON B NUCTUHre 7.1

Toa:slave [ I I 0
105:slave [ T T i
f05:slave I X
f06:slave [ T
ToG:slave [ I
fi6:slave [ T
f07:a.0ut L 11

f07:slave E=T

107:slave I T

107 :slave L T

fo:slave
fod:slave
fiG:slave

Puc. N2.5. MNpocTpaHCTBEHHO-BPEMEHHaa amMarpaMma nporpamMmbl,
npuBeAEeHHON B NUCTUHIax 7.2 n 7.3

fGige | LT 111
1u7:ge | . [ ]

Puc. N2.6. MNpocTpaHCTBEHHO-BPEMEHHAa AMarpaMma nporpaMmsl,
nPUBEAEHHON B NNCTUHIe 7.6




Cpepnctsa otiaaku u MOHUTOPUHIa napasnensHbix PVM-nporpamm

fha:slave
fh5:slave
f0o:slave
TG :slave
fOG:slave
fO6:slave
fO7:slave
07 :slave
07 :slave
T0& :a.out
TOd:slave
fog:slave
fO§:slave

Puc. N2.7. MNpocTpaHCTBEHHO-BPEMEHHAa AMarpaMma nNporpaMmsl,
nPUBEAEHHON B NNCTUHre 7.7
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HacTtpoika Linux-knacrepa
ANng napannenbHbIX NPUIOXEeHUN

BBepeHue

KiracrepHble BEIUMCINTENBHBIE CUCTEMBI PACTIPOCTPAHMUINCh TaK IMWPOKO BCIEH-
CTBUE UCKITIOYUTENBHOM MPOCTOTHI CBOETO ycTpoiicTBa. C pOCTOM CKOPOCTH TIe-
penaym JaHHBIX 10 ceTU 3(MGEeKTMBHOCTh KIIACTEPHBIX CHCTEM ITOBBIIIAETCS, W
9TO JeNaeT uX elle ImpupiaekarenbHee. HeGobliol BRIYMCAUTEAbHbIA KIacTEP U3
6—10 mepcoHaNIbHBIX KOMIIBIOTEPOB MOXET 3(P(EKTUBHO HCIOAb30BAThCS HeE-
0OJIBbIIUM MOApa3AeieHUeM: OTAeAOM Wiy naboparopueil. CoBeTbl U peKoOMeHIa-
LMY, MPUBEACHHbIE B 3TOM IPUIOKEHUHU, MOAPAZYMEBAIOT HACTPOUKY MMEHHO
Takoil crcreMbl. CobparTh W HACTPOWTH KiIACTep HECIOXHO, YUUTHIBAS OOJBIIOE
yucio myonukanuii Ha knacrepHbie TeMbl B MHTepHeTe. Kak mpaBuio, 3To omnu-
caHMe OEMCTBUI CUCTEMHBIX aAMMHUCTPATOPOB IO HACTPOMKE OMHOIO KOHKPET-
Horo Kmactepa. JleicTBUTETbHO, 0000IIeHNe HAKOIJICHHOTO OITBITA CO3IAHWS
BBIYMCIUTENBHbBIX KJIACTEPOB U padOTHl ¢ HUMU COCTABWJIO ObI He OOHY KHUTY, U
3a pyOeKOM HECKOJbKO TAKMX KHUI YK€ BbIIyLIEHO. BO3MOXHO, OHU MOMOIYT
HaiTH OTBEeTHI Ha BOMpOCH: "Kakue mMarepmHCKWEe TUIATHl HYXXHBI VTSI BBIYMCIH-
TeabHblX y310B?" unu "Kakue Ethernet-amanTtepnl MHe cieayer nokynarb?". Ho
MPOU3BOAUTEIM TEM BPEMEHEM BBIIYCTSAT HOBbIC MOIESIM MATEPUHCKUX ILIAT U
CETEeBBIX afaNnTepoB, KOTOPBIE BCETAA JIyYIe CTAPBIX, U BOMPOC BhIOOpA 060pyI0-
BaHMS MO-IpeXHeMy OymeT cBsI3aH ¢ pUCKOM. Mbl He OyneM, IO BO3MOXKHOCTH,
paccMaTpuBaTh BONPOCHl MPUOOPeTeHUSI O00OPYIOBAHMS W OrpaHUYMMCS PEKO-
MEHIAIMSIMHI OOIIIero XapakTepa Mo TipeBpaineHnio rpynmnsl PC B BBMUCINTETH-
HBI KJIacTep, ONMpPasCh Ha COOCTBEHHbI ombIT M 0000wasg marepuanbl WH-
TEpHETA.

O6Lwume nonoxeHuns

Bynem cumrtaTh, yTO KiIacTep yXe ecTh. B KayecTBe MUHMMAILHOTO KiacTepa
MOXHO IIPUHSATb ABYXIIPOLIECCOPHbI cepBep, HA KOTopoM ycTaHosieH MPICH,
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HACTpPOEHHEII Ha paboTy dYepe3 pasfenaseMylo MaMsTh. DTa KOH(UTYpaIlns yxke
MMO3BOJISIET 3KOHOMUTb BpeMsI 3a CUeT paclapajieMBaHUsI U, I[VIABHOE, JaeT
MPUHIUIHAAIBHYIO BO3MOXHOCTb ISl CO3MAHUSI U OTJAAAKW IapajlAebHBIX IIPH-
JoxeHuii. Ho Bce-Taku, 3TO ellle He TIpylma KOMIIBIOTEPOB, OOBEAMHEHHBIX
cerblo. bymem Takxxe cyuTarh, YTO HA KOMIBIOTEpaxX KjacTepa oOIepalroHHas
cucrema yxe ycraHosineHa. Kakas? 2KenatenbHo, ogHa u3 Bepcuit Linux RedHat,
crabunbHasg 6.1 wiu Hoseiiwas 7.3. Knacrepbl HauuHanuch ¢ Linux, 1 Korga mo-
TosIKOM cKopocteit mis Ethernet Opuiu 10 MOut/c, uMeHHO noa Linux mucanuch
JgpaiiBepbl 1isi Tpex mapaiienbHbix Ethernet-azantepoB, MOTOMY 4YTO HMMEHHO
TaK, MCIIOJIb3ys BMECTO OAHOI TpW KapThl Ethernet B omHOM KOMIIbIOTEpE, TIIa-
HUPOBAJIOCHh MOBBICUTH CKOPOCTh oOMeHa 1o cetn. OgHako Linux, XOTb U Tpamu-
LIMOHHAsI, HO HAJEKO He eIMHCTBEHHAs KJIacTepHasl OIlepallMOHHAsT CHUCTEMa.
Ectpb xnactepsl, padotatomue noa Windows NT, Free BSD, Solaris u 1. n. Eciu
Bbl IO KAKUM-TO IPUYMHAM BbIOpald OJHY M3 BTUX CUCTEM, HAIUM COBETHI I10
KOH(pUIYPUPOBAHUIO KjlacTepa OyayT BaM HE Tak I1OJIEe3HbI.

Hanee, OyaeM cuuTarb, 4TO ONbIT aaMuHucTpupoBaHus UNIX y Bac yxe ecTb.
Hacrpoutpb xnactep 06e3 yMeHMS agMUHUCTPUPOBATh HEBO3MOXHO. Ilomoub B
9TOM YMTATeJI0O MOXET KHMIA, KOTOpas TakxKe Bblllia B u3marenbcTBe "BXB-
[letepOypr”: "Unix. PykoBoacTBo cucremHoro agMuHucrparopa” OBu Hemera,
I'apra Craiinepa, Ckorra Cubacca u Tpenrta P. Heitna. Ectb 1 mpyrme KHuUTH,
HO 3Ta, YTO Ha3bIBaeTCs, "'TIOCTABUT HA HOTU" U CAMOIO HEOIMbITHOTO aAMUHUCT-
patopa.

W mocnenHee ycioBre: Bce KOMIIBIOTEPHI 3arpyXKal0TCs CO CBOETO COOCTBEHHOTO
KECTKOro nucka. s oTkasa oT 0e3muMckoBoli KOHGUTYpaIluu ¢ CeTeBON 3a-
TPYy3KOil HET YBaAXUTEIbHBIX MPUYMH: MPOCTO y HAac HET Takoro ombita. Ha arty
TEMy BBl MOXETe TOUCKATh MAaTepuaybl (A WX MHOTO) B CETU, Hampumep:
http://www.scripps.edu/emetwall/Cluster Howto.html.

Yem KnacTtep oT/indaeTca oT CeTn

Kiacrep Hy:XHO paccMaTpuUBaTh KaK OIMH MHOTOIIPOIIECCOPHBINA KOMITBIOTEp, He
WUCTIONB3YIONIUI CUCTEMY pa3fesieHus] BpeMeHM U paboTalollluii B MOHOIOIb30Ba-
TEJIbLCKOM pPeXHUMe — TOJbKO Torga ero pabora OyaeT sddekTuBHOR. B Kaxmom
KOHKPETHOM CJIyyae OIpeaessieTcss CBOM MOAXod K BoOIpocaM 0e30MacHOCTH,
MNPUKIAJHOIO IPOrpaMMHOro odecrneyeHus, aiMUHUCTPUPOBAHMS, 3arpy3ku U
KUCIIOAb30BaHUS (ailioBoil cUCTEMbL. BOJBLIMHCTBO AUCTpUOYTUMBOB Linux cmo-
COOHBI MOAAEPKMUBATh 0€30IIACHOCTh HA OY€Hb BBICOKOM YypoBHe. OmHAaKO B Kia-
crepe 5Ta 6e30MacHOCTb, UYTO Ha3bIBaeTCsl, "MAET B paspe3” ¢ BbIUUCIUTEIbHBIMU
1 aTIMUHUCTPATUBHBIMK YCTAHOBKAMMU.

[lpuknanHoe mporpaMMHoe OOecIeuyeHMe KCIONb3YeT CUCTeMbl Iepeaauyn coob-
weHuit, nogodHsie PVM unu MPI. Ectb u apyrue crnocobbl peaiuszaluu napai-
JileJn3Ma, HO Tepeaada cooOlIeHU — caMblil MMOMYJSIPHBIA U MpUeMIIeMblil cIo-
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cob BO MHOTUX cay4dyasx. OCHOBHBIM MEXaHU3MOM, 3aNyCKalIllIuM TapalJICIbHBIE
MIpOoLECCHI B y3jJdax KJIacTepa, OTIMYHBIX OT CTAPTOBOIrO, SBISCTCA 6€CHapOHbeIﬁ
rsh 1 Bcex ITojIb30oBare/eit Kiacrepa.

OcHoBHasI Macca MPOTrPaMMHOTO OOecIIeYeHMsI COo3[JaHa B pacyeTe Ha MCIIONHEe-
Hue egmHcTtBeHHBIM CPU, B TOM 4uclie U MHCTPYMEHTBI aIMUHUCTPUPOBAHUS.
PerynsipHast meperpy3ka Bpy4YHYI0 HECKOJBKHX Y3JIOB BPSIA JU ABJISETCS JIYIIIUM
crocoboM xopouro mpoBecTn BpeMs. K c4yacThio, €CTh MHCTPYMEHTHI, IIOMOTAl0-
LIKEe AAMUHUCTPUPOBATh Kiaacrep. s MoaaepKKu BO3MOXHOCTeH 3¢ ¢heKTUBHO-
ro aAMUHUCTPUPOBAHUS IIPUXOAUTCS AenaTb nocaabieHusl B obecrieueHuu 0e30-
MacHOCTU BHYTpU Kiacrepa. OueHb I0OJE3HO paspelliuTh rlogin 1monb3oBaresio
root jis y3/Ia KJIacTepa, HO YpPe3BBIYAHO OTMacHo I pabouel CTAHIIWMA, HAXO-
ISIIecd B OTKPBITOU CETH.

XoTq MBI el He paccMaTphBaTh OE3MMCKOBBLIM BapwaHT, HO HEOOXOIWMO
OTMETHTD, UTO JUTS 3aTPY3KM C cepBepa TakKe TpebyeTcs HeCKONBKO GONBITe pas-
pelIeHnii, YeM U 3aTpy3KU ¢ COOCTBEHHOTO XeCTKoro aucka. M stu pasperne-
HUS B OTKPHITON ceTH OOBIYHO He IPHBETCTBYIOTCA.

N, nakownell, ¢aioBble CUCTEMBI TOKHBI OBITh YCTAHOBIEHBI TaK, YTOOBI, 1O
KpaifHeit Mepe, Karaior /home 661 moctyrmed mo NFS Bo Bcex y3max Kimacrepa.
Paznenenue mpyrux ¢haioBBIX CUCTEM 3aBUCUT OT OOCTOSITENIBCTB.

O6uwan yctaHoBKa

M3 ckaszaHHOTrO BEIIIE CIeayeT BBEIBOM: KJacTep MODKEH CYIIeCTBOBATh B 3aKPHI-
TOll (He aHoHcHpyeMoil) ceTu. BoT Takasi cxema MpeagaraeTcs K peaiusaluu:

KJIaCTep COCTOMT M3 IBYX MM 0Oojee KOMIBIOTEPOB Ion Linux, coenMHEeHHbIX
yepe3 kommyrarop st Fast Ethernet (xab Toxe Oyaer pabdorarb, HO ropasio
MemjaeHHee). OQuH y3eJ Ha3HA4yaeTcs MaplpyTU3aTOpPOM M MMEET BBIXOI B JIO-
KalbHYI0 ceTb. OH Xe MOXET BBIMOJHSTh (DYHKIMUM "BXOAHOTO y3iaa", KOTOPbIH
WMEET KJIaBUaTypy, MOHUTOP U MbIlIb. OcTajbHbIM, TaK Ha3bIBAEMbIM BBIYMCIIN-
TEJIbHBIM Y3J1aM KJIaBUATypbl, MOHUTOPbl U MBbIIIKU HE HYXHBI, XOTSI, KOHEUYHO,
OHU Y HUX U MOTYT OBITh.

Puc. T13.1 nttoctpupyeT o6111y10 YCTaHOBKY.

ypOBeHb noaAroToBKu

YcraHOBKA W KOHDUTYpHUpOBaHWE KiIacTepa TpeOVIOT oOTpefeleHHOTO HaBBIKA.
B nepBoM npubiamxkeHMU HOTPeOYyIOTCS: 3HAKOMCTBO C KOHOMUIYPUPOBAHMEM
CeTH, YCTAHOBKM AaJpecoB, 3arpy3ku, KOHGUTYPUpPOBAHUS AApa, IpaiiBepoB
Ethernet, NFS, NIS, ycraHoBKuU nakeTroB U T. A. JlokymeHTaius K npoekrty LDP
(Linux Documentation Project) mpeBocxomHo manoxeHa Ha http://metalab.unc.edu
/LDP/.
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BbluncnutenbHble y3nbl KnacTtepa

Puc. N3.1. O6uaa ceTeBasa cxema BbIYMCNUTENBLHOIO Knactepa

Moxete Taxke B3IgHYTH B "Beowulf HOWTO" wa npyrme ccourkm (http://
metalab.unc.edu/LDP/HOWTO/Beowulf-HOWTO-5.html#ss5.6).

CeteBoe o6opypoBaHune

Peun nmer Tonbpko 00 060PYmOBAaHNM, KOTOPOE BaXKHO IS TIPUBENEHNS KiacTepa
B pabOTOCITOCOOHOE COCTOSTHHUE.

3apy0exKHbIe MCTOYHUKU PEKOMEHAYIOT Ul JIy4lledl HPOU3BOAMTENbHOCTH MC-
noibs3oBarb Intel uau DEC Ha 6aze tulip (2114X) cereBbie Ethernet-agantepbl
(http://cesdis.gsfc.nasa.gov/linux/drivers/tulip.html). Onu oGecrneuuBaior "HOMU-
HaJTbHYI0 cKOpocTh TpoBoaoB”. [IpaBna, ymacTcs M HAWTW 1T HUX OpaiBepsl —
ato Bompoc (http://maximus.bmen.tulane.edu/~siekas/tulip.html).

Ilo HameMy OIbITY, MHOTUE CETEBBLIC KAapPThl IMMO3BOJIAIOT ITOJIYYUTh HOMUHAJIBHYIO
CKOPOCTb CETH. EI[I/IHCTBCHHOG MIpaBUJIO, KOTOPOTO HYXHO IIPUACPXKUBATHCA HE-
YKOCHUTEIbHO, — 3TO n3beraTb HpI/IO6pCT6HI/IH HEU3BECTHDLIX agarTeépoB OT HEU3-
BCCTHBLIX HpOMSBOZ[HTCHGﬁ.
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Appeca

BuyTpu xiactepa ciieayeT WCIONIB30BaTh 3ape3epBUpoBaHHBIE [P-ampeca. DTtm
azpeca HMKOIIA He MOJKHBI ObITh "BuAHBI" U3 MHTepHeTa. Mcnoab3yiiTe aapeca
B auanaszore 192.168.X.X wiu 10.X.X.X

BxopgHow y3en

BxomgHoit y3en kiactepa JOJDKeH IelicTBOBaTh KaK gateway B JIOKAJBHYIO CETh.
DTOT y3en AoKeH UMEeTh JBa ceTeBbix coeauHeHus (1 aBa Ethernet-amantepa),
OIHO M3 KOTOPBIX IOJY4YaeT agpec U3 He aHOHCHPYEMOM CeTH KjiacTepa, a Apyroe
HMEeT afipec U3 JOKalbHOI noaceru. Yepes BXOAHON y3ea MOXHO OCYLIECTBISTh
MapUIPYTU3ALNIO, HAIPUMeED, IS IMOAKIIOUEHUS K (haili-cepBepy.

KoHdurypauua kommytatopa

BonbmmHCcTBO KOMMYTAaTOPOB MACHTHOUIINPYIOTCS HAa3HAYeHHBIM UM [P-amgpecom
u anmuHuctpupyiores yepe3 TELNET. Ecau B cetu kiacrepa UCHOIb3YIOTCS ajl-
peca Tuna 192.168.0.X, to ya1o0HO HazHAYMTh KoMMyTaropy azpec 192.168.0.254.
Ilpu HacTpoiike MepeKIIoYaTes CleayeT MOJTHOCTRI0 OTKITIOUNTh BCE BO3ZMOXHO-
CTH cmaHHmHTra B HacTpouTh Bce mopThl Ha 100BTx-Full Duplex. Heobxomnmo
TAKXKe MPOBEPUTh, YTO BCE KapThl MU IMOPThI MPABUIbHO BbIOUPAIOT CKOPOCTU Ile-
pemavn.

Mpamoir gocTyn

B HekoTOpBIX CiIyyasx MOXKET IMOHATOOUTHCS HEeMOCPEACTBEHHBIM BXOI B TOT WJIN
MHOM y3eJ KjacTepa yepe3 MOHUTOP M KJIABUATYpy, [JAaBHbIM 00pa3oM, B ciayyae
BO3HUMKHOBEHHUS MPOOJIEM C CeThbl0. DTO MOXHO CAEIaTb IMOCPEACTBOM IOIOIHM-
TEJIbHOTO MOHUTOpPA W KJIaBUATYphl, MOAKIIOYAEMBIX K HYXXHOMY y31y. Ipyroii
nyrb — ucnojn3oBarb KVM (keyboard-video-mouse), KOTOphlil o3BossieT pado-
TaThb C OAHUM MOHUTOPOM, KJIABUATYPOH M MBILIBIO HA BCEX KOMIIBIOTEPAX.

PeweHnsa sonpocoB 6e3onacHoCTuU

PGKOMEHHYGTCH, YTOOBI W3MEHEHWS B CHCTeMe 0e30ITacHOCTH OBUIN CIOCJIaHbI
TOJIbKO Ha BbIYUCIAUTCIbHDLIX Y3JdX, H HMU B KOE€M Cjay4dd€ HE OCJaTMCb HA BXO/-
HOM Yya3lJi€. Toma YPOBECHDb 0Oe30macHOCTH BXOJHOTO y3JIa HE MMOCTPAaaacT:

3 .rhosts npotuB hosts.equiv. EcTb aBa crocoba paspeluuTb OecrnapobHbiid 1sh
BHYTpU KiacTepa. MoxHO 100aBUTh 3anuch B daiia /etc/hosts.equiv, a MOXHO
3aBecTH (aiiyr .rhosts B momalrHeM Kartajore Kaxkmoro monb3oBareisd. Daitn
/etc/hosts.equiv colep:KUTCS B HENOCTYIIHOM LISl I1O/b30BaTeaell Karaiore u
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moagepskmuBaeTcs anMwHucTpatropoM. Dopwmar daiina .rhosts ecTb CMHCOK
KOMIIBIOTEPOB KJacTepa.

# OQann.rhost mns wiacrepa node:
# npaBa moctyna 600

nodel

node?2

node3

node4

®opwmar daiina /etc/hosts.equiv MpaKTUIECKN TaKOH Xe.

#®alur hosts.equiv misa kiacTepa node
#HasBaHue y3ia

nodel

node?2

node3

node4

Oba daiina MOTYT UMeTh TOTONHUTEILHBIE TIapaMeTphl, TTO3BOJISIIOLINE yCTa-
HaBJIMBATb pa3pelieHus A1 O0ecnaposbHOIO BXOAA OTACIbHbIM I0Jb30BATE-
naM. @aitnm .rhosts, TIpuBeneHHBIN 31ech, paspeliaer OGecapoNbHBIA BXOH C
xoctoB nodel, node2, node3 u node4 ToMy mosib30BaATENO, KOTOPOMY TIpU-
Hamrexknt. Daitm /etc/hosts.equiv paspenraer GecapolbHBIN BXOI BCeM aeli-
CTBUTEJIbHBIM TMOJIb30BaTeIsiM ¢ KoMmIbloTepoB nodel, node2, node3 u node4.
IIpu paszpeneHun gomainHero kartanora no NFS ¢aiin .rhosts cyliecTByer B
€IMHCTBEHHOM DK3eMILISIpe M Bo3jaraeT BClO 3a00Ty O (PYHKUIMOHHUPOBAHUU
GecrnaponpHoro rsh Ha cBoero BiaaeabUa (KOTOPbIH MOXET UCIIOIb30BaTh €ro
He [0 HAa3HAYEeHUI0 UIW HeKoppekTHO). Maiin /etc/hosts.equiv JomKeH MPH-
CYTCTBOBaTh Ha KaXJOM y3Jie KjlacTepa. Y3/J0B MOXeT ObITb O4YeHb MHOTO, HO
caM paitl HaXOAUTCS B BEIEHUM CUCTEMHOTO aJMUHUCTpaTOpa.

3 rlogin mia monb3osatens root. IIpocrto mobaseTe ¢aiin .rhosts B JoMalIHUIA
KaTaJIoT IOJI30BATeIsl oot ¢ MpaBaMM HA YTEHUE U 3alUCh TOJBKO IS MOJIb-
soBares ("chmod go-rwx.rhosts").

Haxonen, moxuo paspemuts TELNET n1s1 monb3osatens root u FTP, kotopbie
00bIyHO 3ampelieHbl. Elie pa3 HAOMHUM, YTO BCE MPUBEAEHHbIE B DTOM MpHU-
JIOKEHUM PEKOMEHAALUM OTHOCSTCS TOJbKO K BbIYUCIUTEIbHBIM Y3j1aM, OHM HE
JTOITYCTUMBI TSI BXOTHOTO y3JIa.

O6pasey caiina hosts

IMpuBenem mpumep daitna /etc/hosts mig Kimactepa M3 4-X y3I0B W agpecyeMBIM
koMMyTaropoM. [Ipennonaraercsi, 4YTo KaXKIblil y3ea MOJy4us COOTBETCTBYIOILIMM
azpec MpU UHCTALISALMUA UM HACTPOUKE CEeTH:
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#obpaszeu odaia /etc/hosts

127.0.0.1 localhost localhost.cluster
192.168.0.1 nodel nodel.cluster
192.168.0.2 node2 node2.cluster
192.168.0.3 node3 node3.cluster
192.168.0.4 node4 noded.cluster
192.168.0.254 switch

ApMuHNCTpUpoBaHue nonb3oBarenen

Kaxnprii moab3oBaTeNlb JOJKEH OBITh 3apeTUCTPUPOBAH HA KAKAOM y3le, KOTO-
pBIil OH XOYeT UCIIONb30BaTh. [Ipobiem Oydger MeHbIe, eciu Karamor /home c
OTHOTO M3 XOCTOB (OOBIYHO, ¢ BXOTHOTO y37a) OymeT MoOHTHpoBarbest o NFS.
OObIYHOM MPaKTUKOW MPU KOMIUIEKTAlIMKM KOMIIbIOTEPOB KjacTepa SBsercsl OT-
cyrerBue B HUX CD-ROM. Xopouwio, eciu ectb oguH CD-ROM, pasmelleHHbLI
Ha BXOIHOM Y3JI€.

O Moumuposanue 6 xaacmepe ¢haiinoswix cucmem 6xodroeo yzra. HyxkHo crenaTth
TakK, 4YToOBl Bce Y3IbI MOHTHpoBanu Karaior /home u CD-ROM ¢ BxomHoro
y3a. DTO 3HAYUT, YTO COOCTBEHHBIN Karajor /home Ha HHUX HE COMEPXKUT
HUYETro, U PeTUCTPUPOBATh MOIB30BaTeNel HA HUX HE HYXHO. YOeauTech, 4To
Ha KaxIoM yaJe ecTh Karajor /mnt/cdrom. 3areM Ha KaXIoM y3je, Kpome
BXOITHOTO, T00aBbTe B daiin /etc/fstab samucu:

hostnode: /home /home nfs bg, rw, intr 00

hostnode: /mnt/cdrom /mnt/cdrom nfs noauto, ro,soft 0 0

IJie hostnode: €CTh UMSI BXOMHOTO Y31a, pasiessiolero cBou Karaioru /home
u /mnt/cdrom mo NFS.

Crnenmyroliee, 4To HYXHO clenarbh, — 5TO U3MEHUTH Ha BXOTHOM y3ie aiir
/etc/exports Tak, YTOOBI OH COIepXKal TaKylo 3aIlCh:

#paspemaem koMmIbiOTEPAM MOHTMPOBATH /home m /mnt/cdrom
/home nodel (rw) node?2 (rw) node3 (rw)

/mnt/cdrom nodel (ro) node2 (ro) node3 (ro)

ITocne sroro Heobxomumo nepecraproBaTh nfsd u mountd. Ecnu Bce moiimer
XOpOoIIIo, TO 1O 3ampocy "mount /home" Ha JTI0OOM BBEIYMCIUTENBHOM y3Jie Ka-
tajjor /home OymeT cMOHTHpoBaH. Eciau BOZHMKHYT TpPOONEMEBI, MPOBEPHTE
/var/log/messages 1 00paTUTeCh K PYKOBOACTBY 10 mount u nfs.

O Job6asnenue noavzoeameneii. JJoGaBIANTE PeTUCTPAIMOHHBIE 3ATTHCH TTOTH30Ba-
TeJlleii Ha BXONHOM Yy3Jle TaK, KaK 3To JeiaeTcsd Ha OAWHOYHOW Linux-
CcTaHIUM. BBICTPBIA cIoco® pasMHOXHTD PErMCTPALMOHHBIC 3aMMUCU — 3TO
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cKOTMpoBath daiiner /etc/passwd u /etc/shadow ¢ BXxomHOTO y3/a Ha BHIUMC-
JIUTENbHBIC. YOemuTech, 4TO MACHTU(MHUKATOPH MOJIb30BaTeNell M TPYIINT Ha
Bcex y3jax coBIajaloT. Tenepb Bce MOJb30BaTe MOTYT BXOIUTh HA BCE Y3JIbl
kiactepa. Ho npu n1o0bix udMeHeHuUsx B aiinax — Hampumep, Mojb3oBaTesb
CMEHWJ Iapojib — IPUAETCS MOBTOPSATH BCIO Ipolieaypy 3aHoBo. bosee mpa-
BWIBHbIA IyTb — ycTaHoBUTh NIS. Ycranoska NIS spisercs craHaapTHONR
3aJadeil Aas1 CUCTEMHOIO aIMUHUCTPATOpa, U Mbl OTChLIAEM YUTATENS K PYKO-
BoACTBY 1o aaMuHuctpupoBaHuio UNIX u cTpaHuiaM CripaBOYHBIX TOCOOMIA.

ApmMmuHuctpuposaHune CMS

IMaxer CMS (Cluster Management System) MoxHo HaiiTm mo ampecy http://
smile.cpe.ku.ac.th/software/scms/index.html. OH BKTIOYaeT ymajgeHHBINH reboot u
shutdown.

Komnunatopbl

Hexoropwie nctounukn B MHTepHeTe peKOMEHIYIOT WCIIONB30BaTh IJIST KOMITU-
JIAIIAW TIPOTPAMMHOTO KOJIa Mepenadn coolIeHu eges (BKIovYas u g77) — cM.:
http://egcs.cygnus.com/. Bepcus: eges-1.1.1. CranmapTHbiii gec (He eges gec)
MpeUIaraloT UCIOoNb30BaTh ISl TEHEePaIbHbIX 33Ja4, TAKMX KaK KOMITUJISIUS Sii-
pa. [leno B ToMm, uro Komnuistop g77 sensgercssi FORTRAN-koMnuiasiTopoM Ha
0aze egcs.

bubnuoteku nepeaaym coobLeHnin

YTOoOBI MCTIOIB30BATh TPYIITY KOMIBIOTEPOB, COSAMHEHHBIX CETBHIO, KaK EIMHYIO
BBIYHUCIUTEIBHYIO CHCTEMY, HEOOXOIMMO YCTAaHOBUTH IIpOrpaMMHOe obecIieueHue
nepegauyun coodbuieHuii. Haubosnee pacnpocTtpaHeHHBIMU OUOIMOTEKAMU Tepeaayn
cooblueHuii spasitorcss MPI u PVYM.

O MPI. Ecrtb n1Be cBOOOAHO pacIpoOCTpaHsIeMbI€ BEpCUM pealu3alydu IIPOoToKoaa
MPI (Message Passing Interface):
e MPICH. Wcrounuk: http://www-unix.mcs.anl.gov/mpi/mpich/. Hassanwe
¢aitna: mpich.tar.gz.
e LAM-MPI. Ucrounwnk: http://www.mpi.nd.edu/lam/. Hassanwe daiina:
lamé61 .tar.gz.
O PVM. Bepcusa: pvm3/pvm3.4.beta7.tgz. Ucrounuk: http://www.epm.ornl.gov
/pvm/.
YcraHoBKa n1000ro M3 3TUX MNAKETOB HE Tpebyer Ooabliux ycuiuil. PVM u
LAM-MPI Bxomar B cocraB auctpuOytuBa mocuenHux Bepcuii RedHat Linux, a
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JUTS YCTAaHOBKW TIaKeTa W3 NOHUCTPUOYTHBA TpebyeTcs TONHKO 3HAKOMCTBO C
koMmaHmoi rpm. (Hampumep, mia RedHat 7.3: pvm-3.4.4-2.i386.rpm, lam-6.5.6-
4.i386.rpm.) MPICH ycranaBiuBaeTcss U3 apXWBa UCXOMHBIX (AMIOB U TpebyeT
KOHOUTYPUPOBAHMS, KOMIMIUPOBAHUS U MHCTAUISAIMKN. DTO 3HAYMT, YTO B IPO-
Iecce YCTAHOBKM, B Karajore, oOpa3oBaBIIeMCsS TIpU pPaclakoBKe apXHWBHOTO
¢aiina ¢ UCXOMHBIM KOJAOM, HEOOXOAMMO BBIIOAHUTH CKpMUOT ./configure ¢ yka-
3aHMeM TapameTpoB KoHburypauuu. s nmocaenHux Bepcuit MPICH npeiicTBu-
TEJIbHO JOCTATOYHO BBIMOJHUTb KOHUrypauuio 6e3 napaMmerpoB (pasBe uTo yka-
3aTb napamerp prefix=<umsa kKamanoea 0 uncmanriauyuu MPICH>) — apxutek-
Typa cUCTeMBl W TUT ycTpoiicTBa, ncrnonbsyemMoro MPICH mis kmacrepo PC
(ch_p4) GyayT ompeneseHbI B TIpoliecce KOHGUTYpAITWn.

KoMaHIBl Make, Make test W Make install BBITIONHSIIOT KOMIWJISILIMIO TTaKeTa,
TeCTUpOBaHNE W WHCTAUISALNIO. 19 HACTpOWKK MakeTa HY>KHO BIUCATh BCe Y3IIbI
KJIacTepa, ¢ KOTOPBIMH TUIaHUpyeTcs paboTarb, B ¢aitn machines. LINUX. ®aiin
pacrioyiaraeTcs B IoakaTajore share/ WHCTALIAMMOHHOTO KaTajora M CIYXKUT
KOMaH/Ie mpirun CITMCKOM TTOAYMHEHHBIX XOCTOB. BripodyeM, mpirun WMeeT OIIINIO

-machinesfile <wmmsa parima>

IO KOTOPOW CTTUCOK MCTTONB3YeMBbIX KOMITBIOTEPOB MOXET OBITh 3aMeHeH. UTOOH!
caenarb nporpaMmbl makera MPICH gocTynmHbIMU A1 MOJb30BaHUSI, HYXXHO
BHECTM Karajgor ¢ HCHOJHseMbIMU dpaiinamu, Hampumep, /usr/local/mpich
/lib/LINUX/ch_p4, B mIepeMeHHYIO OKPYKEHUS PATH.

Ycranoska PVM u LAM_MPI u3 ucxoaHbix TeKCTOB He cioxHee. PVM He Tpe-
OyeT HUKaKol crieluduueckoil HacTpOKKU TMocje MHCTA/UISILIMU, KPOME YCTaHOB-
KU HEKOTOPbIX I[EPEMEHHbIX OKPYXKAMOWIEH Cpeabl I KAXAOIO I0JIb30BATEIA.
PVM npu pabGore wucnonb3yeT "BUPTYAIbHYIO MalllMHY", KOH(MUTYPUPYEMYIO
[0J1b30BATEEM U3 PVIN-KOHCOAU (KOHCOJbHOIO MHTepdeica) Wi U3 MpUuKIai-
HbIX Tporpamm. Paboty "BupTyanbHoit MalmuuHbl" mnoanepxubaer PVM-neMoH,
3amycKaeMblif MHAMBUAYaIbHO IS KaXKAOro Imosib3oBareisd. O0s13aTeNbHbIM YCI0-
BMEM ycrellHol paboTel ¢ PVM sBnsieTcss KoppeKTHoe 3aBepliieHue paboThl BCex
PVM-neMoHOB.

LAM-MPI Takxe ucnofb3yeT WHIMBUAYAIBHOTO TMOJb30BATEbCKOTO IEMOHA,
obecneyuBaplIero crapT U OKOHYaHWe TapaulefIbHbIX 3aJaHui, U OTIAAKy BO
BpemsT ucnonHeHus. CiemyeT oOpaTMTh BHUMaHHE IONb30BaTeIeil Ha KOPPEKT-
HOe oOpalleHue C IPOrpaMMoi-AeMOHOM U 00s3aTeNbHblil OCTAHOB NE€MOHA
KOMAHJION "lamclean" ITO OKOHYAHUU PaOOTHI.

* Nuctunr M3.1. HaaHayeHUe nepeMeHHbIX okpyxeHust ana PMV u LAM-MPI

#BCTaBUTE B dali.bashrc misg xaxmoro Mnojb30BaTess
#npennonaraercsa, uro PVM u LAM-MPI yCTAHOBJIEHH:
export LAMHOME=/usr/local/lam61l
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export PVM ROOT=/usr/local/pvm3
export PVM ARCH=LINUX
export PATH=$LAMHOME:S$PVM ROOT/bin:$PATH

Tectbl N Ppon3BoAnNTESIbHOCTN

O Tect MpouU3BOAUTENHHOCTU ceTH: netperf.

Ucrounuk: http://www.netperf.org/netperf/NetperfPage.html.
O Tecrt npou3BOAUTEIbHOCTU CETU: netpipe.

Hcrounuxk: http://www.scl.ameslab.gov/Projects/Netpipe/.

3 Tectbl NPOU3BOAUTENBHOCTH [JIs1 MapaieabHbIX cucteM: NASA parallel
Benchmarks.

Hcrounuk: http://www.nas.nasa.gov/NAS/NPB/.
O Tect MpoU3BOAUTEIHLHOCTH MapaIeJbHbIX cucTeM: Linpack.

Hctounuxk: http://www.netlib.org /benchmark/hpl/.

CI/IHXpOHI/I3aLI,I/Iﬂ Yyacos

B mwobomM ciayyae Oyaer Jydille, ecIM CUCTEMHBIE Yachl BceX KOMITBIOTEPOB KJla-
cTepa OymyT CMHXPOHM30BAaHBL. sl CUHXpOHM3ALMKM MOXKHO MCIIONb30BaTh Ntp.
st oTOTO0 HYXHO:

1. YcTaHOBUTH BCE CHCTEMHBIE Yachl HA TEKYIIee BPeMS.
2. 3anwucatb Bpemst B CMOS RTC koMaHIoli clock -w.
3. Ha Bcex xoMmbioTepax yctaHoBUTh maker ntp (st RH7.3 ntp-4.1.1-1.i386.rpm).

4. OTpermakTMpoBaTh Ha KaXXaoM yaie daiin /etc/ntp.conf.
Ha Bcex y31ax 3aKkOMMEHTUPOBAaTh yKa3zaHHbIE CTPOKMU:
#multicastclient

# listen on default 224.0.1.1
#broadcastdelay 0.008

Ha sBpramciutenbHbIX y3nax (Ha BceX, KPOMe BXOIHOIO) OTPEIAKTHPOBATH
CTPOKMU:

server # local clock
#fudge 127.127.1.0 stratum O

5. Ha Bcex y3max 3amycTHThb Ntp-IeMOHA W BKIIOYUTH €TO CTApT B CTAPTOBHBIE
CKPUIITHL
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Takum obpazoM, MBI CHHXPOHU3WPOBAIN BCe BBIUYMCIUTEBHBIC Y3l IO JIOKATb-
HBIM 4YacaM BXOJHOTO y3ia. PazyMHO eXecyTouHO 3aluchiBaTb CUHXPOHU30-
BaHHoe BpeMsi B CMOS RTC, noctaBuB B CIMCOK cron [jisl MoJjib3oBaress root
KOMaHIy

/sbin/clock -w

BoT TOoT MWHUMAaJIBHBII Habop 3amaHuii, HEOOXOAWMBIX UIST OPTraHW3alluU BbI-
yucauTeapHoro kiacrepa. Kiacrep Takol KoHdpwurypauuu Oyaer yaoOeH s
Hebosnboil (15—20 4enoBeK) rpymIibl MOCTOSIHHBIX TMOJb30BaTeNell, UMEeIOIuX
MpaBo KOHCOJIbHOTO BXOAa Ha BXOAHOM y3ie. Tam, rme 4ucio mosib3oBareneit
MpeBbIIIAeT HECKOJIBKO JECATKOB UeJOBEK, WIU UX paboTa ¢ KjlacTepoM OpraHu-
3yercs 4yepe3 JOKAIbHYIO CeTh MJIM MOAEMHBIH IyJ, HEOOXOAMMO yCTAHABIMBATDH
MPOrpaMMbl MEHEXKMPOBAHMS MOJIb30BATENbCKUX 3aJaHUM — CUCTeMbl ouepeneit
1 OpPraHK30BbIBATH PAbOTY MOJb30BaTeNe ¢ KiacTepoM uepe3 Web-nHTepdeiic.






MPUNOXEHWUE 4

Pecypcbl UHTepHeTa,
nocBsiLLeHHble NapannenbHoOMy
nporpaMmMvupoBaHuio

Kak naiitu B UHTepHeTe MH(pOPMAIINIO O BBHICOKOMPOU3BOAUTEIHHBIX BBIYUCIIE-
Husx? UutepHet O6e3rpaHuyYeH U MPOTOPEHHBIX BbICOKOMPOU3BOAUTENbHbBIX MYyTEH
B HEM, Ha mepsblil B3sa, HeT. [louckoBeie cucrembl? Camasi nomy/sipHasi mo-
nckoBasi cuctema B Mupe http://www.google.org, Ha 3anpoc "Parallel Computing”
3a 0,25 cexyHabr Haxoaut okono 1 080 000 momxomsiumx ccermok. Hamr poccmii-
ckuii Aupmexc (http://www.yandex.ru) "orcraer”, BbImaBast "tonmbko" 3207 crpa-
HUII, CPEAU KOTOPBIX ONBITHBIN 143 Cpa3y JOBUT 3HAKOMBIE CChLUIKU. A KaK OBbITh
HEOIbITHOMY?

Ecmm wadopmanis, nmpuBeneHHas B Halllell KHUTE MOKAXETCS BaM HEIOCTaTOY-
HOW, MompoOyiTe HANTM HyXHble MCTOYHMKM Ha cepBepax, MpeAoCTaBISIOIIUX
nHboOpMALMIO B CTPYKTYpUpOBaHHOM (Hamoaobue aepesa) Buae. Haubonee ynau-
Hbiii BapuaHT http://dmoz.org. Ilyts Top:Computers:Parallel Computing:Pro-
gramming:Libraries oT INaBHOH CTpaHHUIIbL CaiiTa BbIBOAUT K HEOOXOMUMOMY
criucky: BSP, MPI, PVM. IlpaBna, B Ka&XAOM M3 3TUX pas3iejoB MO HECKOJbKO
JIECATKOB CCBUIOK M CCBUIKM HOOABISIOTCS HOOPOBOJBIAMH, CJIENOBATEIbHO,
HepaBHOIIeHHH. Ho Bce-Takm mraBHoro BB He mporryctute. [lo Takomy mpuH-
UMY YCTPOEHBI MHOTHWE pOCCHIicKMe WHOOPMAIMOHHBIE CalThl, HaIpUMep,
http://www.pingwin.ru, TojibKo MH(OpMALUKU O MAPALIENbHBIX M BbICOKOIPOU3-
BOIMTEAbHBIX BBIYMCICHUSAX HA HUX HET.

IMpaxtuuecku Bce KpynHble yHUBepcuTeTbl CIIIA MMET CBOM CyNepKOMITbIO-
TEPHbIE LEHTPbl M CBSI3AHHYIO C BbICOKOINPOU3BOAUTEIbHBIMU BBIUUCIEHUAMU
[EPCIEKTUBHYIO IporpamMmy pasButusi. Kaxiblii M3 3TUX LEHTPOB pacliojaraer
YHUKAQJbHbIM HA0OpPOM CYNEpKOMIIbIOTEPOB M OOLIMPHON MHGpOPMALMOHHO-
CIPABOYHOU CUCTEMOM, HAIIPABACHHON Ha MOMIEPXKKY CBOMUX I10JIb30BATEICH.

Bepuinxna muposoro cymepkommsiotiHTa: http://www.top500.0rg. LleHTpannHBbIil
2JIEMEHT caiiTa — TadjauLa [MPOU3BOAUTE]bHOCTU CYNEPKOMIIBIOTEPOB IO TECTY
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Linpack (cchlIKM Ha TECTHPYIOILYIO TIPOTpaMMy M peKOMEeHIALWU 1Mo ee TpuMe-
HeHHIo TpmiaraioTes). B Tabmmiy Bxomar 500 Hambosee MpON3BOIUTEIBHBIX CHC-
TeM B MUpe. Ecin XoTuTe ObITh B Kypce BCeX TEXHMUYECKMX HOBUHOK B 00jacTh
MPOLIECCOPOCTPOEHMSI, HOBOCTEN M3 >KM3HU MHUPOBBIX JUAECPOB pPa3paboOTKu U
MPOU3BOACTBA BbICOKOMPOU3BOAUTENbHBIX CUCTEM M 3HaTh, Kak WAYT jAeja B ca-
MOM HOBOM CYIIEPKOMIIBIOTEPHOM CYIIEPIIPOEKTE, Ja K TOMY X€ CBOOOAHO uMUTae-
T€ MO-AHMIMKACKM, TO HA3HAYLTE 3TOT CAUT JOMAILHE! CTPAHUYKOM CBOEro WH-
T€PHET-0003peBaTesl.

Ecnu xe y Bac ¢ aHIuiCKUM IpobjieMbl, TO MOUIIUTE "BepliuHy" nodauxe. DTo
http://parallel.ru, Beayiiuii MHGOPMAIIMOHHBIA CAHT POCCUHCKOIO CyMepKOMIIb-
loTuHra. Ha HeM coOpaHbl Marepuaabl IO BCEM AaceKTaM BbICOKOIPOM3BOIM-
TENTBHBIX BBIYMCINUTENBHBIX TEXHOJOTHI. MH(popManmsa XopoIIo cTpyKTypHpoBaHa
U PeryasspHO OOHOBIsIeTcs. TaM ke MOXHO BKIIIOYUTBH ce0sT B CIIMCOK PaCCHUIKU
par-news@parallel.ru 1 nojyyars MO 3JAEKTPOHHOW MOYTE MAUIKECT HOBOCTEN
POCCHIICKOTO ¥ MHPOBOTO CYITEPKOMITHIOTMHTA Ha PYCCKOM SI3BIKE C YKa3aHHEeM
HUCTOYHMKA MHGbOPMALIMH.

Caiitel tuaepoB CaHkT-IleTepOyprckoro cynepkoMITbIOTHHTA:

O http://www.csa.ru — HMHCTUTYT BBICOKOIIPOM3BOANTENBHBIX BBIUUCICHUIN U
0a3 JaHHBIX;

O http://www.ptc.spbu.ru — I[leTpoaBOpILIOBEI TETEKOMMYHHKAIIMOHHBIN IIEHTP
(Cankr-ITerepOyprckuii rocy1apcTBeHHbBINT YHUBEPCUTET) U €ro CyNepKOMIIb-
IOTEPHBINA LEHTP;

O http://www.hpc.nw.oru u  http://www.hi-hpc.nw.ru — caiiTel, TMOCBSIIeHHEIE
BBICOKOTIPOU3BOIUTEIbHBIM BblunciaeHusiM, CaHkT-IleTepOyprckuii rocynap-
CTBEHHBIN YHUBEPCUTET. 3IL€C]), B YAaCTHOCTU, MOXKHO ITOJYYUTH JOCTYII K JHUC-
TAHIOUOHHBIM KypcCaM IIO0 METOJAaM MW TEXHOJIOTHAM IIPpOrpaMMUPOBAHUA I
BbICOKOITPOU3BOAUTEC/IbHBIX BbIYMCIAUTEC/IbHBIX CUCTCM.

MHOroeTHUI OMBIT PabOTHI IO MpOMAraHae W pacrnpoCTPAHEHMIO TEXHOJOTHI
BBICOKOIPOM3BOANTETbHEIX BBIYMCICHUI HAIleT OTpakeHHe Ha MepcoOHATbHOMN
cTpaHule oaHoro u3 asropos: http://mph.phys.spbu.ru:8080/~nemnugin/.

UHdopmayusa o MPI

I'ne moxHo Haiitu uHpopManuio o MPI? Ecte cenndukamus Message Passing
Interface (MPI), u ectb ero peanusauust — nporpammHbiii maker MPICH. Coort-
BETCTBEHHO, €CTh N1BA pa3HbIX ampeca: http://www.mpi-forum.org (He myraTh
¢ http://www.mpi.org) u http://www-unix.mcs.anl.gov/mpi/mpich/. Ha nepsom
caiite pazMelieHa MHGpOPMALIUS U apXUBbl, CBS3AHHbIE C IIPOLIECCOM Pa3padOTKu
cTaHaapTa nepenauu coodiueHUil. Ha BropoMm caiite Bbl HaiineTe pexoMeHAalluu
no ycraHoBke nakera MPICH, a Takxke cmoxere 3arpy3uTb oTTyaa mo ftp mo-
CJIEMHIO BepcUlo MakeTa (Ha MOMEHT HallMCaHMUsl KHUTU 3To Bepcus 1.2.4).
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Hpyrne peammsanun nporokonaa MPI:

O http://www.lam-mpi.org — LAM (Local Area Microcomputer) peamu3aius
MPI g5 pasHOPOAHBIX KOMIBIOTEPHBIX KIACTEPOB;

O http://www-csag.ucsd.edu/projects/comm/mpi-fm.html — MPI-FM, "mepeno-
xenue" nmakera MPICH mist BBEICOKONMPOM3BOAUTENBHBIX KJIACTEPOB HA WH-
tepdeiic Fast Messages — HU3KOYPOBHEBHBIN TPOTOKOJ OBICTPOil Tepenaun
COOOLIEHUIA;

3 http://www.lfbs.rwth-aachen.de/users/joachim/MP-MPICH/ — MP-MPICH,
mHoromardopmenHblii MPICH. Orto pacmiupenue MPICH g1 Windows

NT/2000, mpucrnocobieHHOe K paboTe depe3 pasielaeMyio MaMsaTh, MHTEp-
deiic SCI u TCP/1P;

O http://www.scali.com/Products/scampi.shtml — HeGecruratHast (3aro camas
onicTpast) peanusauust MPI uepes nnrepeiic SCI;

O http://www.criticalsoftware.com/wmpi/ — peammsammmss MPI m1a Microsoft
Windows;

3 http://www.ens-lyon.fr/LIP/RESAM/ — MPI mns Myrinet.

Uudopmauymna o PVM

I'me moxno Halitm uHdopmaunio o PYM? OdunuanpHas cTpaHMIA KOMILIEKCa
Parallel Virtual Machine Haxomutcsa mo ampecy http://www.epm.ornl.gov/pvm/.
Tam Bbl HaiiaeTe CChUIKKM HAa y4eOHMKHU, coobuieHus o6 owmnbkax B PVM u apy-
rUe I10JIe3HbI€ CChUIKM. 3arpy3uTb AUCTPUOYTHMBBL M1 Linux u Windows MOXHO
¢ http://www.netlib.org/pvm3/. Kpome toro, PVM Bxoaur B Buae apxupa rpm
B auctpubytuB Linux RedHat, mpaBusibHO pazBopauuMBaeTcsl U He TpedyeT J0-
MTOTHUTEIBHBIX HACTPOEK.

Hpyrue Bepcun u pacuiiperus: makera PVM:
3 http://www.epm.ornl.gov/pvin/NTport.html — PVM mss MS Windows;
3 ftp://ftp.cs.umn.edu/users/du/pvm-atm/www.html — PVM uyepe3 ATM;

3 http://atc.ugr.es/javier-bin/pvmtb_eng — wHctpymenTapuit PVM mnra mareMma-
THYecKoro nakera Matlab;

3 http://citeseer.nj.nec.com/zhou97lpvm.html — sKceprwMeHTaTBEHAS peann3a-
uusi PVM g cucreM ¢ pazgensieMoli TaMsITblo, 4Yepe3 IMOAMPOLecCh
(threads);

3 http://theoryx5.uwinnipeg.ca/CPAN/data/Pvm/blib/Pvin.html — Perl-Bapmant
PVM.
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UHdopmaumna o knactepax

T'ne mMoxHo HaliT WHdopMalnio o Kinactepax? Camblii "cyTiepKiIacTepHbIii” caiT
B mupe — 510 http://www.beowulf.org. Wcropusi pasButusi npoexrta "Beowulf”,
JpaifBepBl, TEXHUUYECKUE COBETHl M PEKOMEHIAIINU, aapeca KIacTepHBIX CANTOB,
ctatbsl "How to build a Beowulf'. Ecan BbI xoTuTe caeimarb ¢cBoil cOOCTBEHHBIN
CYyNepKOMIbIOTEP KJacTepHOro Tuma, To MHdbopMmaius ot Beowulf Bam mpuro-
autes. Ecam xotuTe OBITH B Kypce KIACTEpPHON CYMepIpOU3BOAUTEILHOCTH, HE
nponyctute aapec http://www.topclusters.org/. Camblil MpakTUYHbIA, C TOYKHU
3pEHUSI CKPOMHOIo poccuiickoro "knacrepocrpoutenst”, cait — 310 COCOA,
http://cocoa.aero.psu.edu/. Eciu 25 AByXIpolecCOpHbIX Pabourx CTaHUUR ¢bup-
mbl DELL n1sg BalliuMx 3aMbICIOB HEAOCTAaTOYHO, OOpaTuTe BHMUMAHKE Ha
http://www.lIsc-group.phys.uwm.edu/beowulf/. DToT caiiT MmocBsAIeH KiIacTepy U3
300 yznoB DEC Alpha B yHuBepcutete mtata BuckoHcuH.

Pasymeercsd, npuBeneHHbIE 3A€Ch CCbLIKU JAJIEKO HE MCUEPIbIBAIOT JOCTYIIHbIE
yepe3 MHTepHeT pecypchl TIO BBICOKOITPOM3BOAUTEILHBIM BhIUMCAeHUSIM. [loib-
3yiiTech TTOMCKOBBIMU MalllMHAMU, 3aXOIUTEe HA CAWTHI aBTOPOB, TAE PEryASIpHO
OOHOBJISAIOTCS TTOJE3HBIE CCHUIKM.
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VYcnosubie onepauuu 86

YcTpolicTBo ynpasieHus mamsarbio 19, 31

>

DukcuposanHbiit popmar 309

®OnunHa kraccupukauus 18

®opma maccuna 318

DOyHkunn:

¢ peayKuuu MaccuBoB 322

0 CcO3maHMS M MPeoOPa3OBaHMUS MACCHBOB
322

DyHKIIMOHATbHAS TEKOMITO3UITUS 91

X

XocTt-Tabnuma 242
Xoct-daiin 256

L

LenrpanuzoBaHHoe ynpasieHue 58
LlentpanbHblii mpoleccop 24
Huxmuueckuit caur 201
Luknuyeckoe mianupoBaHue 99
LITT 24

y

Yepenyemast mamsts 50

L

Muna 27

IupokorseniatenbHast mepenava 110

IlupokoRBemiaTeabHasT pacchiika 165,
181, 302

3

DKCTEHT:

¢ MaccuBa 318

¢ rtuma 211

DnemeHTHbIEe GyHKIUKA 321

DpmaHrepckas cxema 60

DD beKTUBHOCTD UCTIONB30BAHUS
npoueccopoB 84

A

SIBHbBI nHTEpdEiic 312
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