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METOA AEKOMIIO3NIINN KOMMYHUNKAIINOHHBIX ITPOCTPAHCTB
B PEAJINSAIINN KOJIJIEKTUBHBIX OITEPAIINV MPI

C. 1. Canponos
(OOO "LenTp koMmereniwmii u obydenus", r. Capos)

PaccmarpuBaercs MeTo | MOBBIMIEHHS TPOU3BOJUTEILHOCTH KOJLIEKTUBHBIX KOMMYHHKA-
nuit B KoHKpeTHO# peanu3anuu MPI 3a cuer pa3buennss KOMMYHUKAIIMOHHBIX TPOCTPAHCTB,
Ha KOTOPBIX M3HAYAJIHBHO HHUIUHAPYIOTCH KOJJIEKTHBHBIE ONEPAIUN, HA OJHOPOHBIE HOIIIPO-
CTPAHCTBA M MOCJIEIYIOMEr0 BBIMOJHEHUS ITHX OMEPAIUAl MO JACTIAM HA, OTAETbHBIX MOI-
IpOCTPAHCTBAX. 1Ipu 9TOM HCIOIB3YIOTCS yIKe CYIIECTBYIOIINE AJITOPUTMBI KOJLIEKTHBHBIX

omeparnmii.

[Toaxom ocobenno 3 deKTHBEH HA reTePOreHHBIX BBIYUCIHTEIbHBIX IIIaT(GOPMAaX, HCIOTb-
3yIONUX PAa3HOOOpa3HOE KOMMYHHKAIMOHHOE 000PYyIOBaHUE.

Karuesve caosa: MPI, napasseavrovie BBIIUCTEHNS, aJTOPUTMbBI KOJIJIEKTHBHBIX Olepa-

Ui,

Brenenue

CoBpeMenHbIE  BBICOKOINPOU3BOJUTEIbHBIE BbI-
YUCJINTEJIbHBIC HJIa,T(bOpMI)I YJamaie BCEro mMerT
HEOTHOPOAHY 0 nHMPACTPYKTYPY, KOr/ia TeTeporen-
HbIE€ BBITYUCJ/IUTE/JIbHBIC Y3JIbI C MHOFOHﬂepHOﬁ ap-
XUTEKTYPOl COEIUHEHBI MOCPEICTBOM Pa3zHO0Opas-
HOTO KOMMYHHUKAIHOHHOTO obopymoBanusa. Pas-
mmaable peanusanun Oubmumorekn MPI (Message
Passing Interface) [1] obecmeumBaror crammaprTu-
30BAHHBIA IPOTPAMMHEBIN CEPBUC IJIA NAPAALEAD-
HBLT HpHJIO}KGHHﬁ, BBIIIOJIHAEMBIX Ha 39TUX IIJIAT-
dopmax. KomnexkTupHble omeparuu, ABIAACH Ha-
paay C ABYXTOYECYIHBIMU OI€paludAMU OJHUM U3
Baxkuelmmx kommonernToB MPI, okassiBatoT ompe-
JeNdIolee BINAHAE HA IPOU3BOAUTEIBHOCTH IIa-
paJlIeSIbHBIX IPUJIOXKEHHUH, KOTOPbIe WX HCIOJIb3Y-
or. [lpm 5TOM HEOTHOPOZHOCTH BBIYUCIUTETHHBIX
wiaThOpM MOXKET ABIATHCA KPUTHIECKUM (PaKTO-
poM st 3 PEKTUBHOTO MUCIOJb30BAHASA ITHX OITe-
pamuit. Ot cmocobHOCTH TOW WIM WHOI peasu3a-
mur MPI yuwTbiBaTh HEOZHOPOIHBIE OCODEHHOCTH
BBIYUCJINTEIHLHON 1 KOMMyHHKaHHOHHOﬁ Cpeanl Ha-
IpPAMYIO 3aBUCAT KOHKYPEHTOCIIOCOOHOCTD 3TOi pe-
amu3anuu. Takmm 0Opa30M, BBICOKOE KAIECTBO U
YPOBEHb peaju3alui KOJVIEKTUBHBIX ONepaluil aB-
JIAIOTCA ONMHUME U3 OCHOBHBIX I€JIEBBIX YCTAHOBOK
upu paszpadorke dubauorex MPI.

Peanmuzanusa xosmekTwBHON omepanuu OOBITHO
COZIEPZKUT HEKOTOPOE KOJIMIECTBO aJIrOPUTMOB, (-
dEeKTUBHOCTh TPUMEHEHHA KOTOPBIX 3aBUCHUT OT
MHOTHX IIapaMeTPOB: pa3MepOB IepeaBaeMbIX
JTAaHHBIX, BBIYUCIUTENHHBIX U KOMMYHUKAITMOHHBIX
XapaKTEPUCTUK, PACIPEIESEHUS MPOIECCOB B BbI-
YUCIUTENbHON cpene u ap. Vcmomagromaa cpena
B xopomreii peammsanuu MPI Beibupaer mambosee
npueMiIeMblii (ONTHMAJIbHBIN) AJIrOPUTM JIs KasK-
JIOIl KOJIIIEKTUBHOM ollepanuy B KOHKPETHBIX YCJIO-
BUAX NTPUMEHECHU A WJIX IPEJOCTABJILET II0JIb30BaTE-
JII0 THOKWE CPEeICTBA yHPABJIEHUA BBHIOOPOM OIITH-
MaJbHOTO ajropur™a. Pa3paboTka NpuHIUNNATL-
HO HOBOT'O aJI'OPUTMQ, YYUTBHIBAIOMIETO HU3MEHAIO-
myecd yCJIOBUA IPUMEHEHUd TON WIW WHOU omepa-
IU#, — JOCTATOTHO TPYIOEMKUil ImpOIeCC.

B crarbe paccmaTpuBaeTca aJabTepHATUBHBIN Me-
TOJI, TO3BOJIAIOIINI 3HAUUTEILHO YBENIUINTH KOJIU-
9IECTBO UCIIOJIb3YyEMbBIX AJITOPUTMOB 3a CYET IIpUME-
HEHUd YK€ CYIIeCTBYIOIIUX B peajn3anuu. B srom
caydae ucrnonHsgomasa cpega MPI momxuaa obecre-
IUBATH JIUIIb IIOAAECP2KKY MEXaHU3Ma IIPUMEHECHUA
9TOr0 MeTOonA!

1) pa3bueHns WMCXOZHOrO KOMMYHHUKAIMOHHOTO
MIPOCTPAHCTBA HA HEKOTOPOE KOJIMIeCTBO HEIle-
PeCceKaImMuXC PEryIIpPHBIX TOAIPOCTPAHCTB
¥ OJTHOTO CBA3YIOIIETO MOAIPOCTPAHCTBA;

2) pasyoxKeHHs CaMoOil Oomeparum Ha COCTABJISIO-
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e YTacTh, NpeJHa3HAdYeHHbIE IJId WCIOJTHEe-
HUs HA KaXKJOM MOIIPOCTPAHCTBE;

3) BBINOJIHEHWS OMEpAIUy Ha OTIEIbHBIX IOJIIPO-
CTPAHCTBAX IO JaCTAM.

DToT moaxos 0cobeHHO 3(PPEKTUBHO MPUMEHIM
HA TeTEPOTeHHBIX BBIUUCIUTEIBHBIX ILTAT(OPMAX,
HCIOJB3YIONNX PA3HOOOPA3HOE KOMMYHHUKAIINOH-
HOe 0DOpyIOBaHMe.

MeToy xapakTepu3yeTcsa CJIEIYIONUMHA MO0 U-
TE€JIbHBIMUI MOMEHTAMMNU:

— HCHOOJb30BaHUEM JOCTOWHCTB B OIpeeJIeHHON
cpejie UCHOJHEHUSA yzKe UMEIOIIUXCA aJIrOPUT-
MOB KOJUIEKTUBHBIX OIlepaliuii;

— OJJHOBPEMEHHBIM HE3aBUCHUMBIM BBIIIOJHEHUEM
OTJIeJIbHBIX dYacCTell KOJUIEKTUBHOHM olepamnuu
Ha HeNepeceKalIuxcd KOMMYHUKAIIMOHHBIX
HOAIPOCTPAHCTBAX;

— BO3MOXKHBIM COKpAallleHHueM KOJIMYeCTBa Me]I-
JICHHBIX KOMMYHUKAIU#A IpU Oepegade JaH-
HBIX.

Pa36uenne umcxogHOro KOMMYHUKAIMOHHOIO
IPOCTPAHCTBA

Kaxmag omeparmusa oomena B MPI Bermosnget-
Cd TOJ YIPABJEHUEM CIENUAJIBHOTO O0bEeKTa —
KOMMYHHUKATOPA, KOTOPBIH O0beINHIET OMpeIeIeH-
HYI0 COBOKyIHOCTH, MPI-mpomeccos u obecmeunBaer
HE3aBUCUMBIIA KOHTEKCT BBIIIOJHEHUS onepanuun. B
KOJIJIEKTHBHOMN OMEPAINH YIACTBYIOT BCE MPOTIECCHI,
BBIIOJIHAEMbBIE IO YIPABJICHUEM KOMMYHUKATODPA.
Bymem ucmonb3oBaTh i1 ux 0003HAYEHUT TEPMUH
KOMMYHUKGUUOHHOE NPOCMPAHCMEO.

Pa3buenne ncxomHOro KOMMYHUKAIIMOHHOTO IIPO-
CTPAHCTBA Ha HemepeceKamoluecs (peryisapHble)
MOIITPOCTPAHCTBA, OCYIIECTBIISIETCA TPU TEPBOM HC-
OJIb30BAHUU COOTBETCTBYIOIIErO KOMMYHHUKATOPA
B KaKOH-nb0 KOJIEKTUBHOMN onepanuu (puc. 1).

[ToMuMO perymsgpHBIX MTOAIPOCTPAHCTB, MOKPHI-
BaIOINUX MCXOJHOE€ KOMMYHUKAIUMOHHOE IIPDOCTPAaH-
CTBO, CO3J]A€TCA [ONOJHUTENBbHOE MOMIPOCTPAH-
CTBO, KOTOPO€ CJIYXKHUT JJIg CBA3W HE3aBUCUMBIX
MOAMPOCTPAHCTB MKy coboi. IDTo ceasyrouee
MOITPOCTPAHCTBO COMEPIKUT POBHO IO OJHOMY TIPO-
[IECCY M3 KAaXKJOTO PEryJIsipHOTO MOIIPOCTPAHCTBA.
[Tpomecchr 3 CBA3YIOMIErO TOAIPOCTPAHCTBA HA30-
BEM TJIABHBIMHU TPOMECCAMHU PETYIAPHBIX MOIIPO-
CTPAHCTB.

Kpurepuem njsa pa3bueHus MOXKeT OBITH JIFODOE
OTHOIIIEHNE YKBUBAJEHTHOCTU HA MHOXkKecTBe MPI-
MIPOIECCOB, COCTABJISMIONIUX I'PYIIY UCXOIHOTO KOM-
MyHHUKaTOpa. [IpuBemeM HECKOIBKO MPUMEPOB.

1. Kiaccuieckoe oTHOIIEHTE SKBUBATIEHTHOCTH —
9TO PACIOJIOKEHWE MPOLECCOB HA OJHOM BbI-
YUCIUTENBHOM y3JI€ KjlacTepa. B JaHHOM CJIy-
Jae KaxKJ0e IOAIPOCTPAHCTBO OymeT cozep-
2KaTh TOJIBKO PaCIOJIOZKEHHBIE Ha ITOM KOH-
KpeTHOM y3iie mporecchl. Ilpm srom mig
BHYTPEHHUX KOMMYHUKAIWI HA y3J€ MOTYT
6I)ITI) BaﬂeﬁCTBOBaHbI KOJIJICKTUBHBIE AJITOPUT-
MBI, HCIOJL3YIONUIAe OBLICTpBble OOMEHBI Yepe3
CEerMEHTBI 00IIeil maMsaTH.

2. Beigenerne B OTAEIbHBIE TOAITPOCTPAHCTBA
MPOIECCOB, COEIUHEHHBIX MOCPEICTBOM CIIe-
nmudugeckoro obopymaoBanud, Hanpumep FCA
(Fabric Collective Accelerator) [2]. Bayrpu Ta-
KOX IOANPOCTPAHCTB JOCTYIHBI BCE IIPEHMY-
mecrBa FCA-06MeHOB.

3. ¢lBHOe mepeuncieHne 3JIEMEHTOB KazKJIOTO MTOI-
MHOXKeCTBa. Takoil Kpurepuilt MOXKeT OBITH UC-
IOJTh30BaH, KOTMAa W3BeCTHA crernuduKa opra-
HHU3aIun O6MeHOB B IPDUJIOZKEHUU W IIOJIB30-
BaTesb MOXKET 3aJaTh HAWOOJIEe MTOMXOIAIIEe
pa3buenue.

Ucnonuurensraa cpexa MPI mpemocTaBiger
TOJTh30BATEINI0 CPEJCTBA yIIPABJIEHNA BBIOOPOM TO-
'O WJIN WHOT'O KpUuTrepud pa,36I/IeHI/IH HNCXOOHBIX KOM-
MYHUKAIIHOHHBIX IPOCTPAHCTB IIOCPEJACTBOM CIIEIH-
QJIBHBIX IE€PEMEHHBIX Cpeabl U / WJIN ONIUNA KOMaHJI-
HOU CTpPOKHU 3amycka. llpm d>TOM aBTOMAaTHIECKH
OIIPeNIeSIAeTCd COCTAB U TOMOJIOTHSA BBIYUCIUTED-
HOI 1maaTdhOPMBI U OCYIIECTBJIAETCH CEJIEKIUs OIl-
THUMAJIbHBIX AJTOPUTMOB KOJIJIEKTUBHBIX OIEpAaImit
[T KOHKPETHBIX YCJIOBU MpUMEHEHNs.

Pa3znoxkeHue KOJIJIEKTUBHBIX OII€paIiuii

Beibop Toro mim wmHOro crocoba pas3iioKeHUs
Ka2K10# KOJIJIEKTUBHOH ollepanuy Ha COCTaBHBIE da-
ctu Ga3upyercda Ha opraHu3anuu 0OPabOTKU MMOTO-
KOB JaHHBIX B dTO# omepammu. [lo sTomy KpuTe-
PHIO BBIAETAIOTCA CJIEAYIONAe MATh TPYII Olepa-
nuit:  0dun — 6cem, 6ce — OO0HOMY, 6Ce — BCEM,
bapvepras CUHTPOHUIAUUS, YACTNUYHAA PEOYKUUS.
B kaxjoit rpymnme aeiicTBYIOT CBOM IpaBMJia pas-
JIOZKEHHU Y OIllepalu Ha HE3aBUCHUMBbIC YaCTH, KOTO-
pble MpeaHa3HAYEHbl JIJIA BBITOJHEHUS HA OTIENThb-
HBIX MOJAINPOCTPAHCTBAX.

Oauua — BceMm. Onepanuu 3T0i IPyNIBI XapaK-
TEPU3YIOTCAd HAJUIUEM OITHOTO BbImeseHHOrO MPI-
IpOIIeCCa, KOTOPBIi OIpe/iesIeHHBIM CIIocoO0M pac-
OPOCTPaHdAeT NAHHBIE CPEeAd BCEX MIPOYUX MIPOIEC-
coB. Beimenennslii mporecc Ha3bIBAETCA KOPHEBBIM.
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HcxoaHoe npocTpaHCcTBO

PerynsipHbie moanpocTpaHcTBa

@ - [aaBHbIe MpoUECCH MOANPOCTPAHCTB

QO - Peryaspubie npoueccsi

Cesayroliee noANpoCTPaHCTBO

Puc. 1. JlekoMmo3unus KOMMYHUKAITHOHHOTO IIPOCTPAHCTBA

B rpynmy Bxomar cimemyromime omeparnum: beast,
scatter, scatterv.

CxeMaTH4yecKu pa3/IOKEHHE ITHUX OIleparnii
npencTaBiaeHo Ha puc. 2. Omepanuu BBIIOJTHAIOTCS
3a gBa mara. Ha mepBoM Imare KOPHEBOM IPoO-
mecc pacchliaeT JaHHBIE IJIaBHBIM IIpoIeccaM B
KOHTEKCTe TMPOCTPAHCTBA CBa3u. Ha BTOpoM mrare
KaKJbIil TJIAaBHBIA IIPOILIECC PAaCChLIaeT [IaHHbIE B
KOHTEKCTe CBOEro PeryadpHOro MOAIPOCTPAHCTBA,
BBICTyIIad B POJIX KOPHEBOI'O IpoIecca yzxKe g
JIOKAJIbHOHM omepanmuu Ha 3TOM IOAIPOCTPAHCTBE.
Ha BTOpoM 1m1are omepanuu BBINOJHAOTCS O-

HOBPEMEHHO — Kakkjas Ha CBOEM HE3aBUCHMOM
TOITPOCTPAHCTBE.
Bce — omuomy. B omepammax 3Toit rpymmb

TaK>Ke BBIJEJIEH KOpHeBOH mporecc. OmHAKO B OT-
JITYWe OT TPYNIBI 00uH — 6CeM 3/IeCh OH He PACIIPO-
CTpaHseT, a COOMpaAeT JAHHBIE OT OCTAJIBHBIX ITPO-
IECCOB.

K 2Toii rpymme oTHOCATCS CIEIYIONINEe OMEPATIH:
reduce, gather, gatherv.

Cxema BBINOJSHEHUS STHUX OIEpAIUil OTIHIaeT-
cd OT CxXeMbl 00uH — 6Cem HAMPABJIEHHEM Iepe-
JadW JAHHBIX U OYepesHOCThI0 maros. Omuepa-
IIUU BBHITIOJTHAIOTCA 32 N1Ba Imara. llepBsrii mar 3a-
KJII0O9a€TCd B OJHOBPEMEHHOM BBIIIOJIHEHUN OIl€pa-
muii reduce/gather Ha BCeX DPEryJSApPHBIX MOANPO-
CTPAHCTBAX, I'7le KOPHEBBLIMU MPOIECCAMU ABJIAIOT-
Cd TJIABHBIE MPOIECCHI KAXKIOTO PEryasipHOTO MOI-

npoctpaHcTBa. Ha BTOpOM mrare pesyipTaT akKy-
MYJIEIPYeTCd I€JIEBBIM KOPHEBBIM IIPOIIECCOM B UTO-
re BBIIOJHEHHs omnepanuu reduce/gather Ha CBA3Y-
IOIlleM MOAIPOCTPAHCTBE.

Bce — Bcem. D70 camas Oojiblias Ipymma KoJ-
JIEKTUBHBIX Ollepamuii. 31ech BCe IPOIECCHl yIacT-
BYIOT KakK B cOOpe, Tak W PaCIpPOCTPAHEHWH JaH-
HBIX.

Brigengiorca aBe MOATPYIIIEL:

1) allreduce, reduce_ scatter, allgather, allgatherv;

2) alltoall, alltoallv, alltoallw.

Kazxayio onepanuto mepBoil MOArPYHIIbl MOXKHO
MpeJICTABATD B BUJIE KOMITO3UITUHU JIBYX KOJIIEKTHUB-
HBIX omepamnuii — 0a30BOi KOPHEBOW W Omepamuu
PaCIpOCTPAHEHN:

allreduce = reduce + bcast;

reduce _scatter = reduce + scatterv;

allgather = gather + bcast;

allgatherv = gatherv + bcast.

B kagecTBe KOpHEBOTO TPOIECCA, [IJIsi OIIPEIEIIEH-
HOCTH BBIOMpaeTcda HyJseBoii mpomecc. /lanee kax-
Jasi W3 KOMIO3UIMOHHBIX ONEPAIlnii Pas3jiaraercs
COTJIACHO CXEMaM 6Ce — 00HOMY U 00UH — 6CeM,
ONMCAHHBIM BBIE. B wmrTore g omeparuii mep-
BOI MOATPYNIBI MOJIyYaeM YeTBIPEXIIArOBYH CXe-
My, IpeICcTaBIeHHyI0 Ha puc. 3. Ha mepBbIX ABYX
IraraxX BBIMOJIHAETCA COOTBETCTBYIOIIASA OIEpPAUs
6ce — odrnomy (reduce, gather, gatherv) ¢ HyneBbIM
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Kopnesoii mpouecc
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2-ii war - bcast/scatter Ha NOANPOCTPAHCTBE
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2-ii mar - bcast/scatter Ha MOANIPOCTPAHCTBE
N/

Puc. 2. Boimonuenue onepanun 0dur — 6cem MO IACTAM

)\

2-ii miar - reduce/gather Ha NPOCTPaHCTBE CBSI3U

\

3-ii wmar - hcast/Scatter na npocTpaHCTBE CBS3H

4-ii war - bcast/scatter Ha NOANPOCTPAHCTBE

)

1-it mar - reduce/gather Ha MOANPOCTPAHCTBE

4-ii war - bcast/scatter Ha NoANPOCTPAHCTBE

1-ii war - reduce/gather na noaNpPoCTPaHCTB

e

4-ii WAar - pcast/scatter na NOANPOCTPAHCTBE

1-ii war - reduce/gather na noanpocTpancTee

U [IOATPYIIIBI II0 9aCTAM

.

Puc. 3. Boinosnenue onepanuu 6ce — 6cem mepBO
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MpOIECCOM B KadecTBe KOpHeBOro. Ha mociremuamx
ABYX Iarax AJaHHBIE, MOJIYI€HHbIC HYJIEBBIM IIPDO-
IIECCOM, PACCHIIAIOTCI BCEM OCTAJbHBIM IIPOIECCAM
COTJIACHO CeMaHTHUKe oIeparnuii 3Toil rpyImbl.

Ounepanun cemeiicrsa alltoall BBIIOIHAIOTCA 110
crenyromeit cxeme (puc. 4):

1) cO6op rIIaBHBIME TPOLECCAMH KaXKJOTO Dery-
JIAPHOIO HOAIPOCTPAHCTBA JAaHHBIX, IIPEJHA-
3HAQYEHHBIX [JId PACIPOCTPAHEHUS BHE STHUX
MOANPOCTPAHCTB,  MOCPEJACTBOM  ONEPAIUU
gatheruv;

2) BBIIOJNHEHWE JIOKAJIbHBIX onepanuii alltoall Ha
PeryingapHBIX HOANPOCTPAHCTBAX AJId JaHHBIX,
KOTOpble IPEeJHA3HAYEHBI [JId PaCIpOCTpa-
HEHUA BHYTPU KazKJIOI'O ©U3 3TUX IIOAIIPO-
CTPAHCTB;

3) pacchLIKa TVIABHBIM IPOLECCAM DEryJISPHBIX
TOAIPOCTPAHCTB MOAHHBIX, NOPEAHA3HAYECHHBIX
I KaKJIOr0 W3 STUX IMOAIPOCTPAHCTB, IIO-
cpeacrBoMm omeparnuu alltoall Ha cBaA3yIOUIEM
MOJITPOCTPAHCTBE;

4) BBIIOJIHEHUE HA KAXKJOM DEryJISgpHOM MOIIPO-
CTPAHCTBe omlepaluu scatlerv, KOTopas pacChbl-
JaeT coOpaHHBIE TVIABHBIM IIPOIECCOM TAaHHBIE
BCEM IIPOIECCAM PErYJIPHOr0 IMOAIPOCTPAH-
CTBa.

Bapsepuasa cunxpouusamnus. B sToii rpymnme
OpenCcTaBJICeHA €IMHCTBEHHAA KOJJIEKTUBHAA OIepa-
uug barrier, KOTOpas BBIIOJIHAETCA 33 TPH IIara

(puc. 5):

1) omHOBpemeHHas omepanus barrier Ha BCEX pe-
I'YJI4PHBIX HOAIPOCTPAHCTBAX;

2) barrier Ha CBA3YIOIEM IIOJIIPOCTPAHCTBE;

3) bcast HA KaXKIOM DPEryIsPHOM MOAIPOCTPAH-
CTBe C IVIABHBIM IIPOIECCOM B KadeCTBE KOPHI.

YacruuHaa pegyknud. ['pynma Bkiodaer gse
OLEpAIMU: SCAn U exrscan. 3Iech KaXKbIi mporecc
¢ parrom (rank) R mosygaeT CBOM WHAMBUIYAJIb-
HbIE JJAHHBIE B PE3yJIbTaTe BBIIOJHEHUS OLNEePAIUN
PEIYKINH BXOAHBIX JAHHBIX JJIA IPOIECCOB C PaH-
ramu 0,...,R (scan) umu 0, ..., R — 1 (exscan).

Cxema BBINOJIHEHHS OIEpalyil  IpeaCcTaBJe-
Ha Ha puc. 6. CHayana BXOAHBIE JaHHBIE OT
BCEX IPOIECCOB COOMPAIOTCS HYJIEBBIM IPOIEC-
COM ¥ UX KOIHU IIE€PEeJAIOTCs BCEM TIVIABHBIM
IpoIeccaM, TJie BBINOJHSAETCH OMepanusd peryK-
UM WHIWBUIYAJbHO JIJIs KaxKJOrO MHPOIECCa.
Ha mocnemmem 1miare pesysbTaTbl PacChLIAOT-
cd ImpomeccaM-azpecaraM, Ha KaxKJOM Dery-
JISPHOM INPOCTPAHCTBE HE3ABUCUMO OT JAPYTHX.
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Puc. 4. Boimonunenue omepanuii cemeiicta alltoall mo gacTam
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3-i1 war - bcast Ha MOANPOCTPAHCTBE

~_ 1-ii mar - barrier na mognpocTpancree

B

3-it mar - bcast Ha NOANPOCTPAHCTBE

_1-ii war - barrier na moaAMpoCTpaHCTBE

3-ii war - hcast Ha MOANPOCTPAHCTBE

< 2-ii mar - barrier HA MPOCTPAHCTBE CBSI3H >~

(‘ 1-i1 war - parrier Ha NOANPOCTPAHCTBE

Puc. 5. Boeinosmaenue 6apbepHOil CHHXPOHI3AIUH 110 IACTIM

bcast Ha npocTpaHCTBE CBSI3H

3-ii ar

\
2-ii mar - gather Ha NpPOCTPaHCTBE CBA3H

4-i1 Wwar - scatfer Ha MOANPOCTPAHCTBE

1-ii ar - gather na noanpocrpancTse

4-ii war - scatfer Ha NOANPOCTPAHCTBE

1-ii war - gather na NOANpPOCTPAHCTBE —

4-ii war - scatter Ha NOANPOCTPAHCTBE

1-ii war - gather Ha NOANPOCTPAHCTBE

Puc. 6. BeimonmHenne onepanun 9acTUIHON PEIYKIWUH IO IACTIM

- 83 —



C. U. Canponos

IlpumMmep ucnosab30BaHUsA
METOA AEeKOMIIO3UIUN

PaccMmorpuMm nmpumeneHme MeTOa TEKOMIIO3UIUN
HA KOHKPETHOM IIpUMepe:

— gimactep Ha 6aze Intel® Xeon™ X5560 (mBa
4-gnepHBIX y371a);

— komMmyHmKaruu: shared memory BHyTpu y3-
goB, 1Gig Ethernet mexmy y3mamu;

— 3arpyska npuiaoxkennd: round robin;

— mupusoxkeHue: TecT bcast 1 BOCBMHU HPOIEC-
cos u3 mabopa IMB (Intel MPI Benchmark) [4];

— OMHOMUHAJIBHBIN AJTOPUTM.

Ha pwmc. 7 mpencraBiena obirag cxema OwmHO-
MWHAJILHOTO AJIFOPUTMA JiJIs BOCHBMHU IPOIECCOB,
HYJIEBOH IPOIECC PACIPOCTPAHAET MAHHBIE CPenn
OCTAJIbHBIX. AJITOPUTM PEKYPCUBHBIN MO TPyIIaM
mporeccoB. HawganmbHag rpymnma — BCe MPOIECCHI.

[Tar pexypcun:

— Ipymnma IPONECCOB IENUTCS MOMOJIaM Ha JBe
HOArPYNIEL (JI€BYIO U IPABYIO Ha PHC. 7);

— IpOIEecC ¢ MUHAMAJBHBIM PAHTOM W3 JIEBOM
IPYIIBI HEePECHLIAET JaHHbIE MPOIECCy € MH-
HUMAJbHBIM PAHTOM U3 MPABO IPYIIIEL.

3a Tpu mara BCe IPOIECCH MOJIYYaT PaCIpOCTpPa-
HAEMBIC JaHHBIC.

Ha puc. 8 mpeacraBieHb! Be CXEMbI BBITIOJTHEHUS
omnepanuu bcast — ¢ UCHOIB30BAHUEM U O€3 UCIIOb-
30BaHUS METOJA JEKOMIIO3HUIIIH.

[Ipu mexommosunuu omepanus bcast BBHITOIHS-
ercd ciaexyomuM obpa3oM (mepemadn 06O3HATEHBI
CBETJIBIMNI CTpeJIKa,MI/I):

1) bcast ma cBasyiomeM npocrpaHcTBe. [JTaBHBIH
MIPOITECC IEPBOrO y3Jia, ABIAIOMIUIICA KOpHE-
BBIM, MEPECHLIAET JAHHBIE MJIABHOMY IIPOIECCY
BTOPOTO y3I1a;

2) beast ma kaxgom ysme. [nraBrbIi npomecc pac-
MIPOCTPAHAET JAHHBIE CPEIM IIPOIECCOB y3JIa
M0 OMHOMUHAJILHON CXeMe.

0 |

AL

Puc. 8.
e — C JIEKOMITO3UIIAEH; mmmmmp — 0€3 JTEKOMIIO3H-

JlBe cxeMbl BBINOJIHEHWsI omepamuu bcast:

mun

[lepematu B KIaccHIeckoM cIydae Ha puc. 8 06o-
3HQYEHBbI TEMHBIMU CTPEJIKAMMA.

Bumno, 1T0 B ciyduae 1eKOMIO3UNINY BBIIOJIHAET-
Cd TOJIBKO OJHA, MEJJIEHHAs Mepegada — 3TO nepBas
mepegada ¢ y3jaa Ha ysein. OcrajbHbIE HEpegadn
OBICTPBIE, OHU BBIIOJIHAIOTCA d€pe3 ODIIYI0 MaMaTh
OJIHOBPEMEHHO Ha 0boux y3jax. Be3 mekommozunun
BBIMIOJTHAIOTCA IeThIpe MeJJIeHHbIE IIepeadn MeXK-
Iy y3iamu u Tpu ObicTpble. Bpemennsie pe3ymibra-
ThI JIJIA 9TUX BAPUAHTOB MPEACTABJIEHbI HA puc. 9 B
BHJIe JUATDAMMEBI, TJle BePTUKAJIbHAL OCh — IIKAJA
mmH coobienunit ot 16afira mo 4 Mbaiit; Ha ropu-
30HTAJILHON OCH — OTHOIIEHWE BPEMEHU BBIMOJIHE-
HU¢ ONEpAIWy C JIeKOMIIO3UIMel#l KO BpEMEHU BbI-
MOJIHEHUsT 0e3 JeKOMITO3UIIHH.

Jljas paccMOTPEHHOrO0 TpUMEPA METOX JIEKOM-
MO3UIUN TIO3BOJIZET YCKOPUTH Omepanuio beast or
2,5 pa3 (mys gymEAEBIX cOObmEHNit) mo 5 pa3 (mia
KOPOTKHUX COOOIIEHMIA).

@{@/@3»@ ~® G0

Puc. 7. Cxema 6uHOMHHAJIBHOTO ajaropurma beast
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Meron mekoMmo3unuu KOMMYHUKAIIHOHHBIX IIPOCTPAHCTB B peaH3aIHu KOJLIeKTUBHBIX omeparuii MPI

0,6 0,7 0,8 0,9 1

Puc. 9. CpaBHuTe/bHBIE PE3Y/IHTATHI BHIMOIHEHNUS ONepanuu bcast ¢ JeKOMIO3UNueld u 6€3 JeKOMITO3UINN

3akJroyeHue

UccnenoBanne MeToa TEKOMIIO3UIUU OBLIO BBI-
TOJTHEHO aBTOPOM Ha 6aze omxpwmozo koma Open
MPI [3], xoMmomeHTHast oOpraHm3amus KOTOPOTO
3HAYUTETbHO Oobsierdmia pabory.

[Inanupyerca mpOROKEHNE WUCCIEAOBAHUI B
pamkax Open MPI B mamnpasiieHuu paciiupeHus
U COBEPIIEHCTBOBAHUS BO3MOXKHOCTEH JIOCTYIa IMa-
paJLIeTbHBIX TpUIOXKeHUH, wucmoab3yomux MPI,
K nHPPACTPYKTYypPe MHOTOAAEPHBIX ILIATdHOPM C
IIeJIbI0 MAKCUMAJIBbHO (P (PEKTUBHOIO HCIIOIb30Ba-
HU¢ HOBBIX ANMAaPAaTHBIX U MPOTPAMMHBIX CPEJICTB.
[Ipeamomaraerca obpatuTh 0cobOe BHUMAHWE HA
FCA [2]. Dru cpezxcrBa, obecmedmBarorue MOA-
IEPXKKY KOJJIEKTUBHBIX OIMEepanuii Ha amIapaTHOM
YPOBHE, WMEIOT OOHAJEKUBAIOIINE IMIPEIOCHLIKA
[T YCIEITHOTO Pa3BUTHUS.

Pabora BbImOSIHEHA B paMKaX ~KOHTPAaKTa
(Ne 07.524.12.4020) ¢ Munucrepcrom 00pa3oBa-
Hug u Hayku PO.
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