
Ha AucceprarluoHHyro pa6ory Korranona ArercanApa Cepreenuua

<<Anroprarrr3arlrrfl pacrapaJrJreJrnBaHnr (DoprpaH-rlporpaMM AJrfl

rereporeHHbrx KJracTepoB),

lpeAcraBneHr{yro K 3arrllrr Ha cor{cKaHvrc yrenofi crerleHll KaHArrAara Qusurco-

MareMarr4qecKLrx HayK rro clequ€LrrbHocrLI 05.13.11 - (MareMarurlecKoe LI

lporpaMMnoe o6 e cnerreHlre Bbrqllcrr,treJrbHbrx MarrrlrH, KoMuJreKc oB LI

KoMrrbrorepHbrx cerefi >>

Arcrya.nrHocrb reMbl

ConpeueHHrre BhrcoKorrpokr3BoAr{TeJrbHbre cr4creMbl crpotrcs Ha 6age

MorrlHbrx BbrqucJrlrreJrbHblx y3JroB, o6teAuueHHbrx B KJracrepHyro crlcreMy, co

ceoefi oueparznnoft rlaMtrblo, HeAocryunofi ApyrI,IM y3JIaM. 3a4a.ra

paclapannerrvBaHvrs, nporpaMM Ha KJracrep, TpyAHas caMa Iro ce6e v3-3a

cloxnocrefi paclpeAerrenus. AaHHbrx Aax{e Arrfl oAHopoAHbrx' KJlacrepoB,

onvparolllvrxcs. Ha yHr,rBepc€rJrbHbre MHoforAepHble npoqeccopbl, AOTIOJIHLITeJIbHo

ycnoxH.rrercr Arrfl 6oree [poH3BoAI4TeJIbHbIX rn6pz4urtx KJracTepoB rrpu

Ao6asreHr4r4 B y3Jrbr Knacrepa rpafu.recKllx ycKopurenefi.

,{o Hacrorrlero BpeMeHkr rroJrHocrbro aBToMarr{qecKoe paclapalJleJlklBaHl{e

Ha KJracrep ArrA rroAaBnrroqero 6onrruzHcrsa [porpaMM rpaKTuqecKLl

H e B o3Mo lKno . flp o rp aMMLr c raM A Jr.fl p ac rr ap anne ruBaHlrfl , H a KJIac repbl rlp zxo g'ur c fl
Bp)rurHyro 4opa6aruBarb nporpaMMbl, ncrronrcy.f, AJI.f, gToro raKve cpeAcrBa KaK

MPI, CUDA, OpenCL, Koropbre .rrBJrrrorcr Hr.r3KoypoBHeBbrMLI c rorIKI4 3peHul,

rrpr.rKnaAHofo rrporpaMMlrcTa u rpe6yroT oT Hefo 3HaTILITeJIbHbIX y}uttuit.

A-urrepnarlrBHbre cl4creMbl paclap{rJlIrelrvlBalrturfl, 6a:upyroquecfl Ha

BcraBJreHLrLr B nporpaMMy cneqLIiuIbHbIX AupeKrkIB, - DVM, DVMH, OpenACC -
flBJrtrroTcr MeHee TpyAoeMKZMrr cpeAcrBaMu pacllapaJlJrelrvrBalIus Ha KJracrepbl.

Ylpoqeuue tlx r{crroJrb3oBaHLrr Aocrrrraerct 3a cqer npkIMeHeHI4[

AOTIOJIHI{TeJrbHbIX CI4CTeM aBTOMaT[3pIpOBaHHOrO paClapaJIJIeJII{BAHVtfl, TaKI4X KaK

crrcreMbr SAPFOR

aBTOMarLr 3I{p OBaHHOTO

rrpeAcraBJreHHa.f, B Ar{cceprarluouuoft pa6ore cLIcreMa SAPFOR 2. [ocrouHcrBoM

flBIrfleTCfl BO3MO)KHOCTb IIHTepaKTLIBHOTO

I{HOr,Ua Vt TIOJIHOCTIIO aBTOMaTI,I.reCrOrO)

r{HKpeMeHTaJrbHoro (n npeAenax orpaHurIeHHbIX perLIoHoB) upeo6pa3oBanur

2

(a

6olrurofi [porpaMMbr, npeAcraBJreHHoit sa r3blKe Fortran 95, n [apaJlnenbHoe



rrpeAcraBJreHr,re Anf cr{creMbr DVMH,

rereporeHHbre KJracrepbl. 3ro

AncceprarluoHnofi pa6orrr.

Crpyrrypa pa6oru

o6ecne.rusaroqeft pacnapaJrJreJrlrBaHl{e Ha

nodmeepucdaem aKmy&nbHocmb

neo6xo.uuurx

aH.urn3a.

Anfl upeoAoJreHr4fl olpaHl4qeHukl

rJraBe orrr4cbrBarcTct ocHoBHne o6reKTbI aHaJllrca npolpaMMbl -

pac[apanrenkrBaHnf IIIIKJIoB Lr

lpolpaMMl{cToM;

rporpaMMucra),

ABTOMATLT qCCKOfO

B rperuefi

rlr{Knbr ra Qynrquu. PaccuarplrBarorcr zurropl{TMbl 3arIoJIHeHr4A AepeBa IInKJIoB I4

rpaQa BbI3oBoB Qynrqufi. Paccrr,rarpllBalorct

alJutu3a, Koropble Bo3HuKarcT B [poqecce

npo6nenarr Me)KnpoqeAypHoro

.{ucceprarlr4oHHarr pa6ora KomaHosa A. C. cocror{T r43 BBeAeHI4r, urecrl4

fJraB, 3aKrroqeHus. vr AB1;r:r' [pnnoxenzfi. llonHrrfi o6teM Al4cceprarlkrkr cocraBJlf,er

135 crpanzq. CuzcoK Jlllreparypbl coAeplr{I{r 52 lr^auv'elaoBaHufl..

Bo sneAeHun o6ocHoBblBaerc.f, aKTyurJrbHocrb reMbl I{ccJreAoBaHvrs., rIeJIb I4

3a4a.rrvr, orrpeAen.f,erc.f, Haf{Ha{ HoBr{3Ha Lr Mecro pa6oru na 6ase KparKoro

aHarru3a cpeAcTB r4 crrcreM pacllapuullreIrvrBalI}]rs Ha KJlacrepbl.

B nepnofi rJraBe orrLTcblBalorc.f, [pooneMbr oToopaxeHr,rrr

nOCneAOBaTeJIbHOII [pOrpaMMbI Ha KnaCTep U npIrttILIHbI BO3HLIKHOB9HUS.

aBTOMaTI43rrpOBaHHbrX U aBTOMaTLTTTeCKLIX CIICTeM paClapaJIneIIUBaHUfi. Alrfl.

KJracrepoB. B nefi TarcKe olucbrBaercf, apxzreKTypa pannefi cucreMbl

aBroMarlrsa\uu pacrapanrerruBaHLrs, CAII(DOP, na 6ase roropoft 6rua co3AaHa

clrcreMa SAPFOR 2.

Bo nropofi uase nplrBoArrrctr cxeMa pa6oru kr crpyKTypa opraHvrsalJLrtr

pazpa6arrrsaeNaofi B paMK€x AkrcceprarluoHHoro vccneAoBalakrfl cncreMbl

SAPFOR 2. Hoear ckrcreMa rrprr3BaHa ycrpaHrrb ocHoBHbIe HeAocrarKl{

upegu4yrqefi cr{creMbr aBroMarr{sarrr4u pacrapanilelruBanufl, CAIIOOP vr

paclnvpurb KJracc [porpaMM, rrcloJrb3yroulkTx crpyKTypHble cerKu, K KoropblM

Mo)r(Ho 6uro 6rr ee rpuMeHrrrr. K AocrokTHcrBaM cl4creMbl SAPFOR 2 cneayer

oTHecTr4: MHOTOIpOXOAHyT CXeMy IrpUMeHeHU.f, €UIIOprITMOB AIIaJr'.I3a V

IIpeoopa3oBaHl{I4; noAAepxKy LrHrepaKTlIBHoro nral{MoAeitctsufl. c

BBeAeHue crerIKoMMeHTapI,IeB (uo4craaorc co cropoHbl

nporpaMMbr B rlenorra. flpe4craBJreHbr MeroAbr pelreHl4f, AaHHIIX upo6neu B BI4Ae



lpeo6pa3oBaHr{r (rroAcraHoBKa Qynrqun> u <<AydrupoBaHue uerloqeK BbI3oBoB

Qyurcqufi>.

B .rerneprofi r.uane BBoArrrcr rroHrrue o6racrefi pacuapurnenuBaHvrfl., Tex

qacrefi [polpaMMbr, Ha 6a:e Koropbrx BbrrroJrHrrercr LtHKpeMeHT€LIIbHoe

(uacrrvHoe) pacnapanJreJrr{BaHr{e 6omruofi rporpaMMbl. O6racrz

pacrapanrervrBaHur orpeAeJrrrorc.f, rrporpaMMucroM vrlru cr4crevofi SAPFOR 2

rro pe3ynbraraM AuHaMlrqecKoro anurvsa (upoQurzponanur) KaK He BJIoII(eHHbIe

Apyf B Apyfa rIacrKLI rpolpaMMbl, Ha Koropble [pI4xoAI{Tct

LrHTeHczBHuur Bbrrlr4cJrlrrenbHtlf, Harpy3Ka. BsoAurc.fl tloHltrlre ronQnurra

ooJlacTelr pac[apanJreJrr{BaHI4fl., u orrvrgbrBaroTcr €uropLtTMbl pa3peruelIlrfl. AaHHbIX

ro H S n urro s u o 6 l e Avrlr'enkrt o 6 n acreft p ac rr ap a[ Jre IrvrBalnvrs'

Ilqraq rJraBa, KJrrorreBar B Ar{ccepralluouuofi pa6ore B IIJIAHE

€urfop14TMaMnpeAcTaBrrellufl. Hogbtx HayqHdx psynbmomos, rIocB.f,IIIeHa

nocrpoeHlrr pac[peAeJreHr4rr AaHHbrx r{ B qucnenuir., a raKxe nx oro6pax(eHl4lo Ha

rereporeHnrrfi rtacrep. B p€BAene 5.1 4aercr orlrcaHue croco6on oro6paxeHvrfl.

Ha KJracrep Lr ux xapaKTeprrcrlrKa. B pa:4erc 5.2 ouucblBaerct €urropLITM cB.l3LI

MaccLrBoB B rrporpaMMe MexAy co6ofi. B par4ene 5.3 olrllcblBaerc-r €LIIropLIrM

nocrpoeHr{f, paarrpe1erronus BbrrrLrcJreHuit u Aocryrla K yAaJIeHHhIM AaHHrtru. B

pa3Aene 5.4 onrEcuBaerc.f, anropr{TM paccraHoBKra BbrrrrdcJrraTeJlbHblx perl{oHoB -
Sparl,renroB rrporpaMMbr, Koropbre rlerecoo6pirHo BbIrIoJIHf,Tb Ha ycKopLITeJItx.

B p€BAene 5.5 orlrcbrBaerc.f, €rJrroprrrM nu6opa eQQercrznurtx cxeM

pacrapannenr{BaHr4r nporpaMMbr [ocpeAcrBoM rpy6oro noAcqera xapaKTepLIcrkIK

ee [ap€IJIJIeJIbHOf O BbrrIOrHeHI/I.S.

B urecrofi r.nane, rpafine eaxHofi c roqKkr 3peHr{.rr orIeHKI,I Bo3Mo}(Hocrefi

rrpeAcraBlenHofi B pa6ore ckrcreMbr SAPFOR 2, npuBoAtrct ocHoeHwe

npaKmuuecKue puyrbmambt ee upriMeHeHlrf,. Ha recroBblx v [pLIKJIaAHbIx

rrporpaMMax y6e4urelrno rroATBepxAarorcr rtpelrMylrlecrBa zcrloJlb3oBalrLTA

cLrcreMbr SAPFOR 2, KaK B -tacrLr coKparrleHlr.f, TpyAo3arpar (aHavurelbHoe

coKparrleHue 4o6aureHHoro KoAa rro cpaBHeHkTro c .f,BHbIM I4crIoJIb3oBaHLIeM MPI u

CUDA) Ha pacnapaJrJreJrr{BaHhe, raK r{ B qacrra eQQexrkrBHocrll I4cnoJIb3oBaHuA

r4HKpeMeHTanbHoro pacnapanrrenrtrBartvfl* flocreAnee oco6eHno rpKo

rpoAeMoHcrpr{poBaHo B pa3AeJre 6.3.1 Ha rlpl4Mepe pacrapzilrervrBaHns.

rrporpaMMbr BT us rraKera NAS. 3Aecr HaruJrr4 rrpLrMeHeHLIe Bce MeroAbI

HALIOOJIEE

aBTOMaTn3LTpOBaHHOTO paCuaparrJreJrLrBaHLrfl,, rrpeAcTaBJreHHbre B paooTe, a locJle



He6onbruofi py+rofi 4opa6orKrr [ocJreAoBarenrnofi nporpaM bI B tIHrepaKTI{BHoM

ycKopeHlle Ha KJlacrepe c qerblpbMs |ITV n 220 paz.

B 3aKJrroqeHrrr Qopvrylupyrorcr ocHoBHbIe rloryreHHble pe3ynbrarbl

r{c cJr eAoB aHbrfl, I4 HarlpaB [re]Fl::/lfl Aalrnefi ruefi p a6oru.

Oqenrca HayuHofi HoBIr3HbI I{ AocroBepHocrr{

B pa6ore noJlfreHbl cJIeAyIoqLIe HoBbIe HayqHble pe3ynbrarbl:

. Paspa6oraHbr HoBbre aJrropr.rrMbr nocrpoeHl{ll paclpeAeIreHus, AaHHbrx I/t

nocTpoeHLrs. pacnpe4eneH'ufl, BbrrltrcJreHlru c Bo3Mox(HocTbIo [ap€rnJlenbHoro

HCrroJrHeHLr[ [porpaMM Ha rerepof eHHbIX KJlacrepax.

o CupoeKTLrpoBaH, paspa6oraH u pe€uln3oBaH MexaHu3M o6nacrefi

p acII ap anJI e JILI B aH I,Is.

. Pagpa6oraHa, crpoeKrr{poBaHa vr peurusoBaHa HoBa.f, cl,tcreMa (SAPFOR 2)

aBroMarr4 sar\uu oro6paxeHlr.f, rrocJreAoBareJlbHblx [porpaMM F ortran 9 5 sa

rereporennrrfi KJIacTep c uo44epxroft I,IHKpeMeHTEuIbHoro

p ac Ir ap aJI Ie JIvBaHkTfl ..

flpone.4eHnrre uccneAoBalvrs. rpLIMeHI4MocrI,I cl4creMbl SAPFOR 2 Arrfl

TecroB u peurnbHbrx upzroxeHr,rft noKa3aJILI BbIcoKyIo eQQerrnBHocrb

[peAJro)KeHHofo rroAxoAa, rlo3Bofl.f,rorrlefo 3HalII{TeJIbHO ynpocTllTb Lt ycKopl4Tb

pa:pa6orry eQQerrunurrx rapaJrneJrbHblx rpofpaMM AIrfl rereporeHHblx

KJracrepoe. OHz raKxe rroKa3arrr4, lrro AJrt olpeAeneHHoro KJIacca 3a4aq Mo)KHo

rrrrcarb rrocJreAoBareJrbHbre [porpaMMbl Ha t3blKe Fortran 95, roroprre 6y4yr

aBToMarkr3lrpoBaHo (nu6o aBToMarvuecxu) paclapirJIJIeJIeHbI Lr

BbrrroJrHeHbl Ha TaKI{x KJIaCTepaX.

eSSercrunno

3Haquprocrr AJrfl HayKr{ rr [paKTrrKrr pe3yJrbraroB ArlcceprallrroHHoro

IICCJIE.IIOBAHIIq

B paMKax Aasnofi Ar4cceprarluonnofi pa6oru 6ul npeAnolreH nosrrfi

uHKpeMeHralrnrrft rroAXoA K aBToMaru3ar\nu paclapaJIJIeJILIBaHLI.fl rlporpaMM Ha

rereporeHHbre KJracrepbr. Ha 6a"se pa:pa6orauHofi 14 crlpoeKrLIposaHHofi

apxrrTeKTypbr aBToMaT?r3rrpoBaHHofo pacnapanneIrI4BaIlI1Ifl, rlporpaMM obIJIa

co3AaHa HoBar cucreMa SAPFOR 2, nurouaroqa.r s ce6.fl MHoxecrBo anropl,IrMoB

aHalrur3a Lr upeo6pasoBaHllt ucxoA oro KoAa nporpaMMhl vr cpeAcrBa

r.rHTepaKTLrBHoro B3 NaoAeficrsI.,tl c rrporpaMMr{croM. PearusonanHas. cucreMa



pa3pa6oraHHofi cucreMbr SAPFOR 2 rro3BoJrrer pacxrvrprrb ee Qynrqzonan
HoBbrMr4 Bo3MoxHocr{Mr{ 6raro4apr LTcfroJrb3oBaHuro MoAyJIbHofi oprauu3arluu

€urropLtrMoB aHaIrH3a u upeo6paronauuft .

IfeAocrarKu rr 3aMeqaHnfl rro ArrcceprarluoHnofi pa6ore

1. flpra pacnapaJrJrerrkrBaHul{ rporpaMMbl B cklcreMe SAPFOR 2 rue

ucnonbsyrcmcfl vvreroquecr B r3brKe Fortran-DVMH cpedcmea

n ap eilr enbH o z o e e o d a- eut e o d a vr34a rtx ofpaHl,IqeHHocrkI.

CloNno rroHrrb Bce cyrqecrBeHHbre oco6euHocrLr r3brKa Fortran-DVMH

IIpLIMeHI{TeJIbHO K ?emepoeeHHbtM CUcmeMQM, T.K. efo KpaTKOe OIIZCaHLIe'

AaHHoe B fJIaBe 2, ueuomro, a caMbre BaxHbIe KoMIIoHeHTbI olLIcaHbI

ToJrbKo B rJraBe 5, r.e. TaM, rAe oHI4 npuMeHtr)Tcf, B cl,tcreMe SAPFOR 2.

,{nx 6onurv HcrBa arrroprirMoB He rrprrBoAl{T cs. ux anroprlTM vrrecKafl.

cnoxHo cr s, a u e Q opu ctmr3 o 6 ctHH o e onuc aHu e cu ? o p utTwl o 6 3arpyAHter

rroJrfreHue raKrrx orIeHoK rlpocro [pI4 qreHuz pa6orrr.

4. Ecrr pa3HorrreHlre Me)KAy Avrcaeprarluefi u anropeQeparoM B rlacrld

orrpeAeJleHl{t BaxHofo AJI.f, pe3ynbTaToB paooTbl noH-fl TLI'

<<uHKpeMeHmqrw-to e pacnaparJtenu6aHue>>: <<nonrrft MeroA p^nfl, aHaJrv3a Lr

pacrapaJrJreJrr{BaHr4.s 6 onrruux nporp aMM)> B ALIc c epra rluv v ( cp eAcrBo

BbrAeJreHrlr.rr o6racrefi p ac[ap aJIJIeJII4 BaHut) B aBTope Q epare.

5. Ha6op orpaHlrqe:rruirlna nxoAHofi r3brK Fortran 95, sneAennrrfi B czcreMy

SAPFOR 2, ycroxnllr TIpLIMeHeHLIe erofi cLIcreMbI K rlporpaMMaM,

HanLrcaHHbrM Ha 6oree coBpeMeHHbrx Bepczrrx {3bIKa Fortran (03, 08, 18).

6. B prrAene 6.2.3 roBopLrrcr, rrro SAPFOR 2 BepcI4rI paccMorpeHHofi

rrpofpaMMbr MoAeJrlrpoBaHlrr pacrpocTpaHeHl{t yrpyrux BoJIH Ha oAHoM

fITy n 116 par 6ucrpee, qeM MPl-eepcr4s, Ha oAHoM .xApe K60, a sa 32

fITy - roJrbKo a 9 par 6rrcrpee, qervr MPl-Bepcuf, Ha Bcex 256 tgpax

K60. flpn srorvr He orreHb qerKo o6rscneHo, qro pa3Mep saplalkr pacrer

nponopqvoHarrbHo qlrcry fITy B KJlacrepe (n 32 pa3a AIrs.32 |ITV) u ne

o6r.acueHo, rloqeMy BpeMeHa I4cIroJIHeHLI.f, uacrura6upyevrofi 3a4aqv

cra6utrusrpyrorcr B coorHorrreHuu 9:1 lns MPI z fITy y3JIoB, laaquHas. c

32MPIz4|ITV.

MOX(eT BbrrroJrHrTb I,rHKpeMeHTaJrbHoe aBToMarur3upoBaHHoe pacnapaJrJreJrvBaHLTe

KJracca nporpaMM, LrcrroJrb3yroqt4x cTpyKTypHbre ceTKLr u lJafrvcaHHbrx Ha ,r3blKe

Fortran 95 c HeKoropbrMr4 orpaHlrqeHvrflvtu BXoAHoro .rr3brKa. Crpyrrypa

2.

a
J.



Orl{e.reHHrre He.uocrarKlr He

ypoBeHb pa6orrr u He BJrr4rror

npeAcraBrennoft Ar4cceprarlr{rr.

CHkIX(arcT BbICOKIILI Har{HO-TeXHLIaIeCKLII4

Ha o6qyro rroJro)Kr{TenbHyrc orIeHKy

npaBlrJrbHo oTpa)Kaer coAepxaHl4e

CoornercrBr{e coAep?r(a H r{fl aBTopeQepara rI Alrcceprall r r

AnropeQepar rroJIHo

AlrcceprarlzonHofi pa6orrr.

3aK.[ro.reuue

,{uccepraqlroHHoe rlccJreAoBaHvre Komanona A. C. flBnflerefl, 3aKoHqeHHofi

nayruofi pa6orofi, o6naAaer aKry€rJrbHocrbro, uayruofi nonugnofr I{ rlpaKTl4.recrofi

3HaqLIMOCTbIO, upOBeAeHO Ha BbICOKOM Hay{HO-TeXHI{IIeCKOM ypOBHe.

,{nccepraqur coorBercrByer BceM rpe6onauuiIMvq [peAbtBn.f,eMblM BAK

PO K KaHAr,rAarcKLrM ArlcceprallvIflv., a e€ aBTop, KolraHon AlercaH4p

Cepreenuq, 3acnyx?rBaer npncyxAeHvrr My 1^leHofi creueHu KaHALIAaTa Qusr,rro-

MareMarr4qecKr,rx HayK rro c[erlkr€LJrlHocrl{ 05.13.11 (MareMaTllqecKoe

rrpofpaMMHoe o6ecueqenue BbrrrlrcJrlrreJrbHblx MaIIrkIH, KoMIrJIeKcoB

KoMrrbrorepHbrx cereft >.

KanAzAar rexHl{qecKux HayK, H aq€LIIbHTIK orAeJleHzt

<< C u cr e ubr rrp o rp aMMI,Ip o B aH kI t>> f Iy 6 tturl H o ro

aKrlrr oHepHoro o6 Iqecrea (d4H crl4ryr gneKTp oHHbIX

yrrp aBnf, rorrlrrx Marx Lrlr. krM. Vl. C . Bpyxa>, Po c czfi cKas

u

LI

Se4epaqzx, 119334,Mocrna, yn. BanuJIoBa, A. 24

rer. *7 (499) 135-89-49,

lloAuucr KaHAuAara rexHLIqecKLIX HayK

BorxoncKoro B.IO. 3aBep.f,ro, 3aM. reHep€ul

B.IO. Bomoncrcufi
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