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1. IIEJrr4 O CB OEHVTfl IUCUprrrJrr4Hbr
llorpe6.uocrf perlsssfl cJIo)I(HbIX [pI,IKJraAHbrx 3aAaq c 6or.rruuira o6reuou brrqucrenrafi

I4 rIpIlHIII4nnaJrbHafl ofpaHr,rqeHHocrb MaKcr..rMiurbHoro ObrclpoAeficrBr,rr "xlacculectKr,rx" - rro
cxeue lpoH - 3BM lp]rBenr,r K rro.rrBJreHrrro MHorolpou;eccopHbrx Bbrrr4oJrrlTeJrbHbx

cl{creM (MBCf). oJrBoBaHue raKr4x cpelcrB BbrqlrcJrr,rrelrgofi TexHrrKr4 rro3BoJrfler

cyrlecrBeHuo ynel{ulrBurb rlpol,I3BoAlrreJrbHocrb 3BM npu nro6ioM cyrqecrByrogleM ypoBHe

pa3BLrTlrfl r(oMrr pHoro o6opy4onauut. flpu groM, oAHaKo, ueo6xoAul,ro ":uapallerbHoe"
o6o6qenue rpa4ullpouHoft - rocJleAoBaremuofi - rexHoJrofrru perreHr{s. sa1La't u4 3BM, Tar,
qIrcJIeHHbIe Me:roAbI B crryqae MBC AoJrxubr npoexTr,rpoBarbcr KaK crrcreMbr rrapanJreJrbHbrx r4

sgalrl4o.[eficre x MexAy co6ofi npoqeccoB, AorrycKaroilIltx r.rororHeHr,re Hia rle3aBrrcuMbrx

rpoueccopax. lI ble anropr,rTMr{qecKr,re r3brKpr v crrcTeMrroe npofpaMMHoe
o6ecne.{eHue TlonNirbr o6ecne.rllBarb co3AaHr{e [apannenr,Hbrx [porpaMM, opraHr43oBbrBarb

cr4HxpoHrr3aIIurc rr

llpe4rrrerov
MOTZCKITOqeHTIe aCr.rHxpoHHbrx npoqeccoB r,I T.rr.

MOTpeHr4r HacTorrqefo Kypca v sB.'JfleTcfl r,r3yqeHrze llepqr{LrcreHHofo
Kpyfa BorrpocoB. b Kypca cocror4T B r,r3JIoxeHr{I,I MareMarr{qecKl,Ix tvloAelefi I{ MeroAoB

IIADAJIJIENbHOTO MlIpoBaHI{r Anf, MHOIOtIpOqeCCOpfIbIX BbrqncJrr4TeJlblIbx crzcTeM, a

TaKlKe [paKTrd ocB o eHlre nplreMoB r4 TexHr.rK pa3pao oTKr..r napaJrJreJrbHbrx []p orpaMM.

MECTO AI,tCqmJII,rHhI B CTpyKTypl0 OIIOII BOI

[ucqunnnu <flapalnelbHoe rrporpaMMrzpoBaHr{e> HaxoAvrrcs. B napraar{nH oit qacru
ocuosHoft n anlrrofi o6pasonarenrnoft [porpaMMbr ]r orHoc]rrcr K ArrcqhrrJrr{HaM no

,{ucquurnua JIorI4qecKI,I v co,qepxareJrbHo-MeroAr,rqecKr,r cBfl3aHa c pqAoM

reoperl,Iqecrux 4nc{urIJII4H I,I npaKrI,IK npeArrecrByrorqero nepr{oAa o6yuenur (Apxrarer<rypa

rexuoloruii). fllr ycneurHoro ocBoeHl,Ifl Kypca cryAeHTbr AoJrxHbr: 3Frarb ycppoficrno z
rpI{HIIVnbI SynrU{ouupoBaHufl 3BM, I4Merb rrpeAcraBJreHr{e o 6agonrrx alfopurvax u
crpyKTypax AaHHbrxf yMerb npl4MeHrrb s3brKr,r npofpaMMr,rpoBaHr{s BbrcoKoro ypoBHrr.

[uu1un,nu $opuupyer 3HaHr4.r{ Lr HaBbrKr{, neo6xo4rzuue n nparruqecrofi
AetrTenbHocTH KBan4QLIqUpOBaHHOfO CneqrlanvcTa, u3yqaeTc.rr B KOHTIe TeopeTr.rqeor{ofo Kypca.

B pavrxax yu flpoqecca oHr{ Moryr 6trrt zcnoJrb3oBaHbr rrpr4 noAloro[]Ke nr,nycxHofi
rnanzQuraqzouHofi pa6ortr.

IIE T E HIII,III OEyqAIO IUEI O C fl , O O pMI,Ipy E MIbIE
E3yJIbTATEOCBOEHVTfl AI,ICIII4rtrJrktHbI(MOAy"[fi )

B pe3ynb ocBoeHl,rr llrcqrrrrJruHbr obyvaroquficr AoJrxeH 4evro$crpupoBarb
cneAyloqr4e IIpoQecpt{oHaJrbHbre KoMrreTeHrlr{u :

cnoco6nocrb rlpl{MeHtrb B npo$eccraoHalruofi Ae.rrreJrbrrocrrz coBpeuerinue .s3brKr4

rIpofpaMMI{poBi}HI,Ig I,I f,3bIKIi 6as AauHrrx, MeroAoIroruu crcreunofi I{HxeHepr{tr, cr4creMbr

aBTOMaTI,I3aIIUr4 KTI,IpoBaHr4.f,, gJreKTpoHHbre 6u6tnatexu fi rounerqufi, cereBbre

TexHoJIOfI{I4, OI4OJI Ir fraKerbr nporpaMM, coBpeMeHHr,re npo(peccr4oHanbrrbrE graHAaprbr

nuQopl,raqr4oHn brx rpxuoloruft (OIIK-2);
cnoco6nocrb K p€l3pa6orxe anropr.rrMr,rqecKux r.r nporpaMMHbrx peurerruil e oSracrz

cacreMHoro Iz np{rla4noro nporpaMMnpoBannfl, MareMarr.rqecxrrx, un$opnrait[oHHbrx u
LIMI,ITaIIHoHHbIX uQAelefi, co3AaHr.rrc uuoopvraqrroHHbrx pecypcoB ruo6altnux cereir,



oopa3oBaTeirbHoro

cr.rcTeM r4 cpeAQTB H

KOHTEHTA, IPI{KJIAAHbIX OtB AAHHbIX, TECTOB I4 CPEACTB TECTUPOBAHI4'

co orB ercrBr4e craHAapraM rr r,rcxoAHbrM Tp e6 oBaHr.rsu (OlIlK- 3 ) ;

cnoco6Hocr I{cIIoJIBoBaTb coBpeMeHHbIe I,IHcTpyMeHTaJIbHbIe il Br,IqplcII4TeJI[,HbIe

Kpurr4qecKr,r lepeocMbrcJrvBarb nar<onleHrruft orrbrlf, us{aeurrr [pr4
r{ xapaKrep csoeft upo(f eccuonalruofi AerreJrbHocru (llK-li) ;

s$Qexrunno ilpuMeHsrb 6asonsre MareMarlrqecKr4e sHaHufl. v

cpeAcrBa (lIK-3);
ctr

HEOOXO,III{MOCTI4

I{HQOpMarlrrOHHbre JIO|WT [p]r perreHr.rr4 npoeKTHo-TexHr..rqecKr4x H npuKnaEHbrx 3aAaq,

cBf,3aHHbIX C pUt3B eM r4 r.rcrroJrb3oBaHrzeM un$opuaulroHHbrx rexHoJrof r4fi (IIK-6),
ocBoeHlrfl Ar4crlurrnrrHbr o6yuaroqzficr AonlKeH AeMo|crpr4poBarb

cJleAyroque p$yJrb o6pasoraHnr:

CT

1" 3uarr:
IIOBbIIIIEHIZ' II

rrapaJrJrenbHbrx aJr

2. Vuerr:
pa3Jrr4rlHbx

pacnpeAeJreHHbrx aJr

3. Bla4err: ua

3a.4arl Ans cI,IcTeM c

z$unaqurc pacnpeAeJreHHbrx

HI{KOB, npr,rMeHsTb

BbII{14 CJII,IT' gJIb HbIX

cI{cTeM, IIOAXO.4bI

IIOne3HyIO HayqHO-TexHr4rlecKyro

I,I3yqeHHbre MeToAr,r npu

cI40TeM, MeTOAbI

ATENbHOCTI4 BbIIII4CJIUTEJIbHbIX

I,I3BJIEKATb

bIKaMrI I{CrIOJIb3 OBaHI,I' COBpeMeHHbx cpeAcTr} perueHZ[t BEILII'ICJII,ITeJTbHbX

peAeJreHHo[ naugrrro.

K IrOCTpOeHr4ro

ra:u(popruaunro u3

IIlposKTr4poBaHuvr

4.
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Al,IcqplnJrlrHbr cocraBJrser 5 saqerubrx e,Ar4Hr.ru, 180 .{acos.
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C OAEP}ITAHI,IE AI,I C III4UI I,IH hI

1. Ileru u
nEKIII,ItI

rru BBeAeHraq [aparrelrnofi o6pa6oucu AaHHbrx
1.1. Heor6xoduuocu
OrpaHu.reu

flocro.sHHas Heo6

3BM (npo6rel,ru

uarcvrraalruofi nporr3BoAlrreJrbHocrrr oAHonpoqeccopHbrx 3BM.
pelxeHr{r 3a4aq, [peBbr[rarorlr,rx r]o3MoxHocrr4 cQnpenneuurrx

3aAatr. Anro
TPEOOBAHI4' IIO CH}IXCHPIIO CTOI{MOCTI,I II IIOBbIIIIEHIIIO HA,IIEXHOCTT{.

1.2, VIcr opu{ rnnegeurq rap arreJrr.r3Ma

ENIAC, IBN4-701, 704,709, ATLAS, CDC 6600,7600, LLIAC IV, Cray-1, Onr6pyc,
1.3. Pasluvr{e unoro3aAaqHl'Ix, tlapaJlJreJrr,Hbrx r{ pac[peAeJreHHbrx nnt.ruc.neuraft
1.4. flp o 6"rre1hr,l ucuo.llb3oBaHr{fl rrapaJrJreJru3Ma

rrpor{3Bo

ssaraNaoAeficrBlte

napaJrnenbFlbrx cu

flepelaqy AaHHbrx (ruuoresa Mnncrolo). Brrcora-s crot4Mocrb
(saxou fporua). "flocre4onareJrbHocrb " cyrqecrnyrcurr4x aJrropr'rrMoB r'l

rrpofpaMMHofo oo ux. 3asucuMocrb s$$enrunuocrr4 rrapiuJreJrbHbrx nrr.ri{creHrafi or
yr{era oco6eu anlaparypbr, CnoNnocrl pa:pa6orxu ilapaJrJreJrr,Hbrx zilropurvon.
Tpy4o euro crt np onppKr{ npaBr.rnbHocrr,r napanneJrbHbrx rporp aMM.

2. Ilpuuqun$I uocrpoeHl{fl rlapaJrJreJrbHbrx BbrrrrrcJrrrreJrb,Hbrx crrcreM
2.1. Ilyru go rrfl flapaJrJreJru3Ma
(DynxquoHanfrrrre Bbrqr4cJrrdreJrbHbre ycrpoficrna. MnorrcypoBHeBaq vr

rraMf,rb. KonneftepHue v BeKTopHbre Bbrqt4cJreHr4.rr. flpoqeccopnue
Muoroupoueccopnup BbIqLIcJIIzreJrbHbre cr4creMbr c o6rqefi h pacnpeAenenuofi
(Myrbrlzflpoqeccopbl I4 MyJrbraKoMrlbrorepbr). MurcponpoqeccopHbre cr4creMbr.

MOAynbHa-{

MaTpr{ubr.

TAMSTbIO

JIbIIIofo nusona"). Heo6xo4nrvrocrb I(oJIJIeKTr4BHoro penrurrha perrreHr4t

fl yrlpaBJreHr,rt pacnpeAeneHHbrx rexHr{qecKr.rx clrcreM. Texuu.recxue

2.2. rrocTpoeHl{g MHoIOUp OqeCCOpHbIX BbrqrIcJII{TeJrbHbIx cr{cTeM



Cxenu Myrarluu (nolHax KoMMyrarlus - o6rqas naMrrrb, uppexpecrHrre
KOMMyTaTOpbr, bHbre cxeMbr KoMMyrarr4rl - o6tqa.s rJtvrHa, pelrerKrr, nnarlrepsr). AHarzs
[apaJrJreJIbHbIX iur I4TMOB I{ TIIIIOBbIE TOIIONO|UI{ CXCM I(OMMYTA\VLI -- KO.IIbIIO, TUUEuIKA,

peIIIeTKI4, nOmrUfi runepry6, Top, AepeBo. AnlaparHatr peuilrcaq;a.s, u dporpanruHar
eMyJrruutr rononor{ft,

2.3, Bultyt n[p alle.nb Hbrx B brqr{cJrrrreJrbH brx ctr creM
cyrrepSBM. Mnoro[poqeccopHbre Bbrqr.rcJrr4TeJrbHbre KoMlJreKcbl (MBC).

Mnorouarnr4HHbre sbr.ru crr,rreJrbHbre KoMrrJreKcbr. C eru 3B M.
llpranrepu Hbrx BbrcoKorrpor43BoArdreJlbHbrx BbrrrrzcJrureJrbHbrX ctcreu (Cray

T932,IBM SP2, Hf Exemplar, ASCI RED). CyneproirrnbrorepHbre Bbrqr4crrr.rrerrbrlbre orcreMbr
e Poccz[.

flororn AaHHbrx (r<orr,ran4). Crpyr<rypHafl. :eora\ufl

2.5. Oqenrca [porr3BoAr{TeJrbHocru MBC
O6rqee Hr.re AJrf, orIeHKr4 npor43BoAr..rTeJrbuocTr.r Anfl pa3Hofo Tt4rra MBC.

Maxcznaamnas (finrconar) [por,r3BoAr4TeJrbHocrb. Creneur rapanJrenz3Ma (Arzna
ronyflpol{3eo4urel{Hocrra). Y4etrc:aas. rpol43BoAraTeJrbHocrb. 3na.]reHus no.ragareleft gttt pr.1a
MBC.

v,e v aJdalru3 [apaJrJreJrbHblx BbrqucfleHuf
3. 1. Moae.rru rxap aJrJreJrbHbrx BbrrrrrcJrlrreJrbHbrx cr{oreM
Koulrrorep c HeorpaHI,IqeHHbIM rrapanJrenu3MoM (napar<ovrunrorep). MoAelr.r

MHoronpoqeccopur{< crlcreM c o6qefi Ir pacrpeAenennoft rraM.srbro. Mo4em; rlouneftepnoft
CI,ICTEMbI.

3.2. Moue.lb aJrropr{TMa B Br.rAe rpa$a I'onepaH4 - onepaquutt
flpe4cran.lrerlue anropl,ITMa B nrz4e rpaQa rroroKa AaHHbrx. Pacnucauue nairannerbHbrx

srr.rkrcreHzfi. fl b BpeMeHHofi clo>nHocrr{ anropurua. OuesKa BpeMeHr{ BbrrroJrHeHr4t

anropl'ITMa Alx uapzfrcoMnbrorepa (npe4emHoe pacrapanireJrr4BaHr4 €:) u Ltn cv creM p roneuHrrv
KOJrr,rqecTBoM npo

neo6xo,[uuocrt o

B, 3asncullocrr orIeHoK or rorroJron4r4 rpaQa anloprzrnra u

pacilucaHLLtr BbIq

Mr,r3arlr{r{ crpyKTypbr rpasa. cnoco6tr noryqeHr4fl orrrr{MaJrbHofo

uir.
3.3. Moaelb rrapaJrJreJrbHbrx Bbrqr{cJreHlrfi n nlrge ceru lerpu
Ocrronutte nQrrarur reopul4 cereft llerpu. Irlcnoltgopanne cerefi flerpu Aqs om{caHr.rt

napanneJlbHux nrru{cnenuft..{enaoHcrpaqut ocuoBHrrx upo6leM rrapiu JreJrbHbrx nlnuclenufi:
cLIHXpoHr43 ar\vrfl., nsafauoucxJrroqeHr{e, 6loruponxa (ryuurcu).

3.4. Mo4e.nb rrapaJrJreJrbubrx Bbrrrr{cJreHufi n nuAe rpaSa ntnpoqecc-pe,cy

flouqrae
llpurr,rep peanr43arlu{ n ouepaqnoHHofi crrcreMe Unix.

Bgauruozcxn ue napannenbHbrx npoqeccoB. KoHrleuqus pecypca" Mexauuslarr
83 AI,IMO I,ICKNIOI{EHNq anfopr4rM [exrepa, cerraaQopu (,{efi rcrpa), vroHuropu (Bup1). flpuuepu
perrreHHfl cTaHAapTH 3a4aq B3alrMor.rcKJrroqeHr.r.fl : nomI1eeofi 6y!bep, npo6leua'lqnrarelu
rlacarerl4".

Bsaupr

coo6ueHufi. Mexau
I,Ie rrapanJreJrbHbrx npoqeccoB nocpeAcTBoM uexauugua

[epeAaqfi: orrepe.qkt, fioqroBbre f,rrltrKr4, rroprbr. lJlprzHqrzn

IIepelarrr4

paHAeBy B

s3brKax Aaa u OKK
MbI



llpo6levrlr
Bo3Ht4KHoBenu.s. fI
BOCCTaHOBneHne

MHorosaAa

4.Ilpuuqr.r
4.1. OrreH

I{CI]OJIb3OBAHI{JI

xapaKTepr,rcTr.rK:r4

o6uag
Pa^:aeneuue Ebrrr

CzuxpoHras arJntr.

nr4nf,Topbr.

pvcTvKa craHAapra

Harpy3Kt4

nsauuogeficrBr{r trpoqeccoB. flonsrue ryrrr4Ka u#ar4MoAcr4arBufl. rrpoqeccoB. lloHrrr.re ryrrr4Ka lr yplonur ero
AorBparrleHr4e ryrrr{Kon. Amopur:u 6anxupa. O6Hapyxreuu$ ryrrr4KoB r4

Hktr rrpoqeccoB,

rrft pelruira pa6oru 3BM KaK qacrHbrfi cnyuaiirapanneJrbu,oft g6pa6orrcra.

rr p a:padorKrr [apaJrJreJrbHbrx aJrroprrrMoB rr rrporp aMM

eQ SercrunHocrr{ rrap aJrJreJrbHr,rx Bbrquclenr.r fi

XI4TeKTypa, KoJII4rIecTBo npoqeccopoB, TofloJloruq KaHiilIOB nepelaql4

lloKasarem s(fQexra pacrapannerrnBaHutr (ycropeHue). 3(|frexrvnHocrb
nclurelnuofi cr4creMbr. cnoco6u oueHKli.r uora^:areleft. ocsonuue

H'IUCII4TEITHOfi C}ICTEMbI, BJiI4'IOTII4E HA BCJII,IqIIHbI YQKOPEHI4S LI

s$Qerrunuocr.a (

4auurx).
KoMMyHr{KarIuonHo[ TpyAoeMKocrn rrapaJrJreJrbHbrx aJrr,opr,rrMoB4.2, Oues

Xapar<repu Kpr rorroJrorrafi cerz [epeAaqv AaHHr,rx. Anropurubr Mapmpyru3arJuvl
Mero4rt nepeAarrr4 HbIX.

Auarzs ocuoBHbrx onepaqrEft nepelaqu AaHHbrx. llepe4ava AaHHbrx
Me)KAy AByMt npofleccopaMl4 cerl,L O4raHovnaa r4 MHoxecrBermar paccbrJrr(a coo6qenzfi,
Orepaqux qurlrnue$roro cABr,rra.

MeroArt lQruuecroro npeAcraBJreHlrs rorroJrorrzr,r KoMMyHr4KarIuonrofi cpeAbr,
oro6paNeur,re rorr,$enoft rouororuu r.r rononorr.rkr peurerKr4 Ha rrauepxy6.

IICJIEHVII

ypoBHe KoM:aHA, ntrpaNenufi, nporpaMMHbrx

x aJrfoprrTMoB rr [porpaMM
urv3arJufl, arrropr,rrMa B BHne ndpaueltuoft
aMMbI Arfl rrapannelrnofr Btilrlt4crl4Telruoft

oft nporpauurr. rlacrubre rrocraHcinru: nrr6op
oIITIdMaJIbHoro anqopl{TMa IJItr ItonrperHofi Bbrqr{cJrr{Teltuoft crrcreMbr., HaxoxAeHze
nauly'ilIeft rOnolQrnn BbIqI,IcJIHTenrHofi cr{creMbr Anr pelreFrr4s oupe4eneuuofi ga1La-rrv,

pacnapanne rLrBaIJue cyqecrByrouero €rnf opurMa.

paJrJreJrHBaHUq

JrbHo HcrroJrHreMbre SparueHrrr nsrqncleuufi.

v. 6anauczponra. CunxponnsarJprs. u

B!r9,.

rpoqecca e OIKA]vl. Mero4u KoucrpyI4poBanvrr arperr{poBaHHbrx npoqeccoB. flpuHqznrr
repeAaqu AaHIIbrx MexAy [poqeccaMl4. llpzrrrep nporpaMM Ha anropr{TMr4r{eqKoM {3br6e
OKKAM.

5.2. Pacruzp HI{e CyUeCTByrouIux q3brKoB rrp orpaMMr{p oBaHil fl
O6ruas Lrcrr4na napanneJrbHbrx pacurupeuufi anropr.rlMr4.rec(oro fl3brKa

Ooprpau. AaroM
oplreHTupoBaHHbre K

rrecKa.fl BeKTopra3aur4r u paclapanJrerruBaHne. ilpo6nenruo-

OpenMP. CosAaHue napaJrJreJrbFrhrx o6lacrefi.
MexAy [oToKaMr.r. Pa6om c AaHHbrMr.r.

oKpylreHr{r. CpanuureJrbHa.f, xapar(TepizcrlrKanrKqHr,r vt [epeMeHHble



rroAXoAoB napann

IIAM.f,TbIO.

5.3.

Cncreva P

ee rrpeAcTaBJrerrpre

llpe4cra
npofpaMMHbre rrpr4

Cucreiira

IIapanJleJrbHbrx

rrp r4MI,rTrzB bI cr4 cTeM

IzlcnomgonaHr.re re
Konqenqug Brzpry

TONOJIOTT4I4 CI,IOTCM

npr4 Mr,rrr.rBbr. llpzrra

6. IIap
Bbrqrr cJrHTe.nrnofi

(lapanneJrr,r3M KoM

Zepapxzuecral

llolxol AJrr rroJl

.IIng Bblr{I,IcJ]eH14fl

Cnoco6u
Meroart BbrrrI4cJIeH

Marpr4rl. O6ecne

flaparrelrHrre
6.4. IIa

ypanneuuft n ua

llapan

auQ$epeuqlrarrbH

sQ$enrunuoro

6.s. II
orITItMr{3aIIUU

Xapar<rep

rrpt4Hrlr,rn pacn

sQQerrrannocrb rz

Onpe4elenkre HaLI

1. Pag

repeAaqu coo6Iqeu

OpraHn:aqu

6.1. O6une
Brnrereur4e

6.2. Opraa
llpo6nel,ra

rlporpaMMr.rpoBaHr4q ilnfl cucreM c paclpeAenenuoii fi o6rqefi

crreqrraJrrr3r{poBaHHbrx 6u6llroren
M. ItoHqeurlr4tr napartrtelruofi nupryanruoft rBblqrlcJll,ITenruofi MaIrl4HbI lI
Er4Ae pacrpe4eleHuofi HeoAHopoAuofi cucreubr KoMnbrorepon]

e nporpaMusoff crrcreMbr Ha rupryalnnofi MarrrvHe. OcuosHrle
prrrrBbr cr.rcreMbr P VM. llputr ep r4crronb3 oB aHprs..

PL o6qas xapaKTepr{crr4Ka. llo44epxrxa MoAeJrtr nsalirvroAeftcrBr{t

urenefi [pr4 rroMoull{ repeAaqu cooouleszft. OcHosHbre rrpofpaMMHbre

MPI. llpunrep 14 crroJrb3oBaHrzr.

BbrqrrcJreHr{ft na lruorolpoqeccopuoft cucrenae Parsytec PowerXplorer.
IIOJTOTT{\4 KpOCC 1}{ynflrryH npu pazpa6orKe rrapanJreJrbErbx npofpaMM.

bHbrx npoqeccopoB kr KaHaJroB rrepeAarrr4 AaHFrbx. BupryaltHrre
: KoJIbIIo, ruueitxa, 3Be3Aa, perxerKa, AepeBo. Ocgonurrer nporpaMMHbre

I,ICIIOJIb30BaHI'Is.

bHbIE qIICJIEHHbIE aJlropr{TMbr AJIq perueHVfl Tr.lrroBbrx 3aAaq
MATIIKI{

br pacIIapaJrJreJrr.rBaHr{fl aJrropuTMoB
(fyurqzoualrnofi He3aBr4cr.rMocrr.r orAenbHE,x SparueuroB anfopr{TMa
n4). feorvrerpr.rqecKoe pa3AeneHr.re Bbrr{ncneHufi (uaparure,[r.r3M 4aHurrx).

rro3prqr,rfl o6pa6orxn AaHHbrx.
qus [apaJrJreJrbHoro [crroJrueHr{fl p eKypcnBHbrx nrr.ruclelrufi
pcunuofi 3aBr4cr.rMocrr{ gTanoB o6pa6orru AaHHbrx" Kacxa4nar cxeMa.

vfl. acvMrrToTr.rqecKr4 uenylenoft sQ $enrunuocru. Mero4 ()ytca. flpHvrep
qHbrx u o6qeft cyMM.

6.3. Ilapa.rr"rr bubre qrrcJreuHbre aJrro pr{Turr lnneft Hofi aureOpu
venus. Marpr4rl (ropusoHralrua.r, Beprlrx:arbHa.s, 6loqHsre cxeusr).

tr npor,r3BeAeHr.rr Marpr.rq c [crroJrb3oBaHr,rer4 pa3Hbrx cxeM pa:6ueHLrs.

Hrre npeAeJrbHo Aonycrr{Moro napaJrnenu:rMa. O6parqeuue Marpr{u.
perrreHr..rf, cr,rcreM lranefi urx ypanneuuft ,

gu{QepeuqrraJrbHbrx

MeTOAOB perXeHHfl

pa3HocTHbIX CXeM AJI'

MHoroSr(crpenra"uruofi

bHbre qI{cJreHHbIe aJIfoprITMbr perueHuq
brx [pou3BoAHbrx

I1Is ooracTn orrpeAeneHr4s peruaeMbrx 3aAaq.

blrbre qr{cJreHHbre aJrropr{TMbr MHorouepuofi

KaiI cxeMa npeAcraBJreHrz.rr Mero4on rn<l6albHoro uoucjxa. O6uufi
nBaHLrs. MeroAoB. oqeura e(foerrnnHocrlz BBeAeHLrfl napanJreJrr43Ma:

bITOTIHOCTT,. cUUXpOUHbIe I{ aCI4FIXpOHHbte BA?UAHTbI e}ntOpUTMOB.

lrr.rx rorroJrorzfi strqucJrvreJrbHofi cucreu u A.rrr pean v 3 aur.ru MeroAoB.

JIABOPATOPHbIE PAE OTbI
rrapaJrJreJrbHbrx rrporpaMM c rrcrroJrb3oBaHveM nHrepQefica

MPI

peaJlr{3arl[fl rrprMbx vt uTeparlr4oHHbrx

ypanHeuuff B qacrHbrx npor43BoAHrrx. AHarvs

Muuz-MPI ( , $uuurn, nepeAarra 14 [pr4eM coo6uleurafi),



afl. nporpaMMa (ne.rarr u4entrzQuraropoB
geneHnuft). Oqeura BpeMeHr.r ErbrrroJrHeHrzt

epauuu.

ve- co3AaHrae npoeKTa Ha ocHoBe roToBofo

fi, rolrunraql{fl, 3anycK.

TopoB (cauocrorreJrbHoe sa4anrae 1 ).

JrJreJrbHbrx aJrfoprrTMoB r{ [porpaMM Arq
*l

rpoft rca, cxeMa (f yuxqzoH LrpoBaHufl .

aHnfl. o6pason (nunoluenue saraHufl, noA

ufi arropzru (cavocrorreJrbHoe zarcuue 2).

e cxeMbr paclpeAeneHr.rr AaHHnrx (anropzrurr

3. Ilpalcru4yrvr no ucrroJrb3oBaHrrro 6u6.rrr.rorerc [apaJrJreJrbHbrx MetoAoB Paralib
AJIq peueHr.rq B blrr rr c Jr rlTe.rr r u o fi

O6eop 6u Paralib: Ha3HaqeHr.re, KJracclir pemaeMbrx 3araq, rrpr4Hrllrnbr

pa:pa6ornu.

llpHrraep 7. xquu 6u6rrroreKr.r Paralib AJrr yMHox(eHr,rr Marpr4rl

cnoco6e pacn HVfl. 4aHHbrx" (alropzruu Oorca ra Kennoua): cxeMa

TeopeTr.rqecKafl o na s(p Sexrr'rBHocrr,r, Bbrqr{cJrr.rreJrbHbre oxcnep}rMeHTbr.

AHarras vtu troToKoB nepeAaqu AaHHbrx, ocyqecTBnrrsMbrx B xoAe
napannenbHbrx ufr. s cuc'teMax c pacnpe.qenenHofi rraMgrbro, c rrcrIoJIb3oBaHlIeM

r4HCTpyMeHTalr,HOfi u6rtlrorexu ParaScope.

4. llparcru
rono.noruft MHoro

rro orIeHKe eQ$ercrunHocrr{ [apaJrJreJrb[rbrx MeroAor] AJ[fl pa3Hbrx

npz 6rouuorra

peiltur3a\w,

bIX BbITIICJIIITEJIbHbIX CIICTEM

MHorolpoqeccopHbrx Bbrr{trcJrr.rreJrbHbx cr{creM (nu6op rorroJrorrrn,

Il [por.{3BoAr4TeJrbHocrr{ rrpoqeccopon, nrr6op Mero.qa nepe,4a.ira AaHHbrx r,r

oHHbIX xapaKTepr4 cTr4K ceTr4.),

p e ilraeMbrx 3al{arr, v 3 a4aHue n ap aM eTp o B 3 a\aqv,
bHoro MeroAa perreurlfl 3a4aqu n uacrpofira guaqeuzfi ero nafauerpoB,
lrqecKr.rx r.rHAr,rKaropoB Anfl Ha6lroAeuus 3a rrpoqecooM flapannenbHbrx

Xapaxre: Ka nporpaMuuofi la6oparopuu ParaLab xar r4HTerpr{ponaurloft crzcreMbr

Anr npoBeAeHr4fl tILICrr.rTeJrbHbx 3Kcrrepr,rMeHToB c napannenbHbrMr,r MeToAaMr4 Anr orIeHKr4

ux e$ Qerrr,rBHc)crr,r :

o MoAerr.rpoBaHr.r

3anaHl4e KOII4

3aAaHr.re KoMMyHtr

o Onpe,qeJIeHI,Ie

. Bu6op rapann

. Vctatrosra
BbITILTCIeHUn ( rrr.re AaHHbrx Ha rrpoqeccopax cr4creMbr, nepeAaqa uu$opuaqwn no cert4,
reKyrrlas orIeHKa pe

. flposeAeHv:e

nocJIe,IIoBaTelruufi

eHLI.rr r4cxoAnofi sHqucrulrelruofi zaaauu),

rIepr4MeHToB B pe)Kr{Me uMyrralu;pru nrrvuclenuff; uouaronufi,
(ueupepunurrft) n qnxluvecrufi (cepufin;Ift) cnoco6r,r npoBeAeHr4s

sKcnepr4Mer{ToB; o, HOe BbInOJIHeHI,Ie HoCKOJIbKI4X 3KCnepr.rMeHTCrB B pelKAMe

pa3AeneHr.rfl BpeMe

rrapaMeTpoB 3ailaqu,

u p.nfl pa3Hbrx BapI,IaHToB TorroJroruu IlbIrl4cJII,ITeltno{ cvcreMbr,

KOJrr.rqecTBa rrpoqeccopoB r4 T,rr.,

o Aualn3 pe3yJrb B c r{crroJrmoBaHl4eM cseAeHuft r43 )KypHaJra gKcIrep}rMeHToB; orIeHKa

BpeMeHr,r peueHr4t q B 3aBI,ICIIMOCTI,I OT pa3MepHOCTLI 3aAaqu I,I KOnI,IqeCTBzt npOqeCCOpOB;

rrocrpoeHr{e 3aBr.rc ycKopeHr{r u s(p (p erruBHocrr.r rapaJrJreJlbHbrx Bbrqr{cleuuft ,



o llponeAeHr{e

BbIIIOnHeHIIe laoan
ilpoqeccope; y
CPABHCHI,IE

5. Par

o6ua
pacnpeAeJreHr,re Bbr

llprauep 8:

flpurraep 1

coprr{poBKr4 Ilfen
npero4anarelr).

7. IIpa

KC[epr4MeHTOB B pexozMe peiurbHbrx rrapanJreJrb,Hbrx prrunclenufi;
CJIbHbIX NPO|PAMM B BI,IAE MHOXECTBA HE3ABT4CI,IMbIX ilPOq(]CCOB HA OAHOM

uft 4ocryn K MHororrpoqeccopHo ir nrgucrmrenurofi oucrelrd (rnacrepy) ;

KI4X OIIeHOK I,I pe3yJlbraToB peanbHblx BbIqI4OJII{TeJrbHbIX 3KClep}IMeHTOB.

rral) aJrJreJrbHbrx rrp of paMM c rrcrroJrb3 oBaHrreM TexHoJror4ra openMp
crr.rKa rexHoJrofr4r4 OpenMP: rroroKr4, napa.:uelsudre o6lacu.r,

wa leuurt MexAy rroroKaMr4.

C)xarxpuoe [por43BeAeHrre BeKTopon. f'ro6aJrbHbre r,r noKaJrbHbre ,AaHHbre

flaparrersnar coprr,rpoBKa: aJrropprrMbr nysupmonoi[ coprr{poBKr{,
v 6rrcrpofi coprr,rpoBKr4 (nrnonneuue 3al.al:g's. nol pyr(oBoAcrBoM

llpnuep 11. 3aAa.ru o6pa6orrra rpa$on: [ocrpoeHrre Mr4Hr,rMaJrbHofo oxBaTbIBa.IOIIIero

!(Jrfl pemeHrrfl

AepeBa, rror4cK fturzx uyreft (carr,rocroxreJrbHoe sa[auue 4)

rroroKoB. Kpurz e ceKrlr4r4 Aocryrra K pa3AenfleMbrM AaHHbru, (Junxpouusau,uxl

llpuuep 9, MHoxeHne MarpI'Iq (napzauru pacnapanJl errmBaHtrfl. ElJroxeHHbx rlr4 KJroB,

CAMOCTO'TEJIbIIOE ue 3).

rro parpa6orrce [apaJrJreJrbHbrx aJrroprrrMoB6. flparcru il ilporpaMM Ailq
pelr9Hus 3aAaq rII{cJrI{TeJrLnoft prareprarrrnl,l

M rro MeroAaM rrapaJrJreJrbHbrx srrqucreuufi
auQ$epenqua,nurlrx ypaBHeHrrft n qacrHux [por{3BoAHr,rx

O6uas xapai<teprzcrllKa MeroAoM KoHeqHbrx pasHocrefi (naero4 cerox) Alr qr4cJreHHoro

perrreHr.rfl auQ$epeufiuanlurrx ypanueulrfi .

KoHerrHbIX pasuooreff 4rrlt BbIrII4cJII,rreJIbHbrx

ar.rMol4cKnror{eHr,rr Ans orleHKr,r nofpeuHocTrr
a cepvanv3aq:zil u 6nor<zponru, g6eclerreHr4e

aIIJIeJIbHoTO BapI4€lHToB p4C{e]tOB5 BoJIHoBble

reHng. IaHHhrx, 6 a:ratrcupoBKa, .acrl o JIb3 o B aHI,I e

KoHellHbrx pasuocrefi 4lx Bbtfcu4cJrr,rreJrbHbx

as u 6roqHa.g cxeMbr pacnpeAeneHvr AaHHbrx,

Kocrn nepeAaqr4 4aHuux),
aJrbHbx ypanueuvfi B qacrHbrx rrpo)r,r3BoAHbrx c

cr.rcreMbr ParaGrid (nocraHont<a 3ararlkr)

bfx, aHilJII43 pe3yJIbTaToB pacqeToB, t43MeHeHIie

6u6.tuorem rrapaJrJreJrbHbrx ueirogon ilIrr.
p eIII eHrIfl CJrOlXHbrx H ayqHo-TeXHIITIeCKTIX 3aAaq

O6sop 6u6lzorexz PLAPACK: crpyxrypa, o6rerrbr, Mero.rlbr, r.rcrroJrb3oBaH]re. llpuuep
12: VvtnoxteHue ivratpuq - rcnoJrb3oBaHr.re PLAPACK (nsrnorneune 3a1alarfl rroA
pyr(oBoAcrnou ltpenQ4anarelr).

9. flparcrulcf,nr uo MeroAaM rlapaJrJreJrr,Hbrx Bbrquc.rrenufi AJrrr peruenuq saAaq
MHoroMepHofi ruuolo3KcrpeMaJnuofi orrrr{Mrr3arlrru

o6racru (uocraHonxa 3a1arilr rno6alrHofi
eIeHpIr MHOTOMepIJbIX 3aAaq K oIHOMepHr,rM

aJIropI,ITMbI mo6arrruofo ror4cKa, upznrepu).



Irlcnomgo r.re MHoxeQTBeHHLrx pa3BeproK Tlrrra Kpr4Bofi lleano AIrr rrocrpoeHuL
pa3nI4qHbIX CeTOI( s o6racru perxeHr4fl onrr.rMr{3arluonuofi 3a,\aqn. CneAeuug npo6leuu
usoroueouofi o Lnarlail K ceMeficrsy oIH oMepH srx u H (fr opM arlrl o HH o- co BMe clr.rMbrx 3 aAarr.

IlapzurnelnHoe peu HIde 3ArAq [OpOXAaeMOf Cer,reficrsa v cxeMa uHQoprraaquonui;rx o6rueHos.

O6uHoorr OTpOHHOTO IIOAXOAa Ant p eIIIeHLIf p s, IA B bIrIlI CJII{Tenb IIO TTPYAO €MKI4X

llpaxrurcyrvr p elreHraro 3 aAaq MHoro gKoTpeUalluofi orrrr{Mr{3 arlI,tlr c u cnoJrb 3 oBaHr.reM

cucTeMbr napaJrneJr brx BblrrucleHrafi A6comor Srcnepr (nocreuonxa 3araHvr, bnnolnenue
BbtvlacreHI'tfi, E 3AI\![fl, AaHHbIX, aHaJII43 pe3ynbTaToB paCrIeTOB, LI3MeHeHI4e napaMeTpoB t4

[poAoDKeHrze rrir).

5. OBPA3OBATEJIbHbIE TEXHOJIOIKII,I

. JIEKIII{OI{HO

na6oparopHbre 3aH

r{HapcKaf, cr,rcTeMa ooyrreHus (Tpalr4llr.{oHHbre Jr,eKu}roHHbre

s);

HayrlHo-TexHI,Iqec

BOCCTAHOBJIEHPIE

(rvrnoroxpurepr.{an

o o6y.reHl,Ie B

rpex uenoner);

rrpoeKTr{poBaHrrs.

6.O
YCTIEB

CISC- u RIIIC-

rrpor43BoAr.rT'en b npoqeccopa.

3aAaq (r{HTerp[poBaHlre, perreHr{e cprcreM neluneftnux ypanueHrzfi,

ucrauocreft, ilor4cK perueuuft, orrrr{MaJrbHbrx rro Ha6opyi Kpr{Tepr4eB

afi orrrr4Mr.rsaqnr) r{ r.A.).

fpynnax v3 l3yx vnv

MyJrbrrrMeAr.ra rexnolorzfi (npone4euue JreKrlr,roHHbrx satsrufi, c
brorepHbrx npe3eHTarluit u AeMoHcrparlrroHHbrx poJrr4Kon c noMorrlbro

))

brx rpynnax (nrrnolHeuvre la6oparopHlrx pa6or n

o tvt&CTeP- (4eruoHcrpar\ufl. Ha la6oparopHbrx 3aHsrr{sx npr4Hrl[rroB pacqera
qecKl4x,qetanefi u orlTl{qecKux czcreu);

O NPVMEHEHI4E

IPI4MEHEHI,IEM KOM

rpoeKropa ranz 38
. LIH(bOPMAIII -KoMMyHI4KarI[oHHbre rexHoJrorrrn (uptzl,leneuue zntfopnraq]roHHbD(

TexHonofufi. tns TopI4Hra reryqeft ycneBaeMocrll cry,qeHToB r,r KoHrpoJrfl sr.raHufi).

OTIHbIE CPEACTB A NIg TEKYIIIETO KOHTPOJIfl
EMO CTI,I, IIp OMEXtyr OrIH Olz .q.rrn cTAuI,Iu il o rliro f AM

EIIVIfl ,AI,ICqUIJII,IHbII{yTIEEHO-METOII,ITIECKOE
OE EIIEHI,IE CAMO CT O.STEJIbHOIZ PAE OTbI CTYNEHTOB

a) Bonpocrr peftruur-rcoHTpoJrro:

P ef,tmuu z -rcoump onu J{b I
pu. OcronHbre qeprbr RISC- apxrzreKlypbr.1.

2.

a
J.

AT.

5.

6.

llosHrxeHze r asBoAr.rrenbHocrr4 npoqeccopoB 3a cqer rounefiepuzagvftt, Ycroez.fl
OI]TI4MAJIbHOIO yHKIItr oHr4poB aHlrr rounefi epa.

Cyneproune bre n cynepcKanrpHbre npoqeccopbr. Br-rleleune He3aBrlczMo

PAOOTAIOIUIIX ftcrn: IU, FPU, MMU, BU.

BlrvrflHnfl. uucrpyxquft fieppxoAa HaMero4u bIIIEHI,I' HEIATI{BHO|O

flosrrtrreuue n H3BOnprTeJrbHOCTr4 rrpoqeccopoB 3a cqeT BBeAeHr,rt Kglr-raMrrru. I(gnru:
e4znuft, fap nfi, c npauofi sanncrro, c o6paruofi ganncrro.

OpraHrasaqlra

K3IUI,I.

-rraMflTrz'. Alropu:rvu 3aMeHbr AaHHnIX B Korrr-naMtrt4. Cneqnamuue

7. CornacosaHze B Mynbrr4npoqeccopHbrx cr4creMax c o6qeft rraMrrbro.



8. BzarrMHolor
9. llo44epxra u

npoqeccopa. O

10. llporparvrnra,

npoqecca. Cre
I 1. MexarizsNabr

loqToBble s.

np14opr4TeTlbr.

cBs3brBaHI{e.

l2.Bulst pecy

pa3AengeMble, n

L

2.

J.

4.

5.

6.

7.

8.

9.

10.

Tznu B3ar,rMo

Kpurnuecxue

llpo6nelau.
Cocrosnns
CraH4aprrr na

Ynpauenue u
Pa6ora c cu

PagnerselaeLs

Ceiraa$optr. O
Co6urur. llp
norr,rotqtrc co6

O.repe4u

IICIIOJIb3OBAHLIfl.,

I 1. Vnpaueuue
flprzueprr ucn

12. O6rexrbr crrHx

pthread_mutex_

I4CIIOJIb3OBAHtIfl'

13. O6rerrbr cr4HX

pthread_cond_

I{CTIOJIb3OBAHLIfl.

14. llpr'rruep muLlti

1. Message Passi

MPI Finatze. C

2. Koulrynrax

I4CrIOJIb3OBAHLTfl,,

3. llouapuuft
IrcnoJIb30BAHnfl.,

4. Onepaquu

5. [onolul,rrelru
MPT-$e1d1s.u,

6. .I[ouolnnrelru
MPI_Isend, MPI Irecv, MPI_Test, MPI_

qeccopHbrx apxr,rreKryp.

fo3aAaqHocrr4 r,r MHorolpoqeccopHocrlr cnerlr4anbHbrMr4 t4HcrpyKrlr{rMr4

r43arJr4fl AaHHbx Bo BHerrruefi navxtu.
p, rrpoqecc. OurosHHe cocraBJrrroull,re upoqecca] cocrorHr.rs

BI{pTyaJIbHAfl. IIAMflTb, MeXaHLI3MbI TpaHCnfl III{II AApeCA,

uoAeftcrnus flpoqeccoB. PasAerseiv{as rraMtrb, celraooplr, crzrHaJrbr,

14, co6rrrzs. 3a1a\u (threads). Cpanuenue c npoqeccaMl{. Pecypcu,
ble rrpoqeccbr. CegsrteaHfie. CrarIavecKoe u AraHaMr4qecKoe

anlapaTHbre, uporpaMMHble, aKTI,IBHbI9, [aCCI4BIrble, JrOK€IIIbHbIe,

f, HHbIe, BpeMeHHbIe, HeKpr,ITI4rIHbIe, KpI,ITI4rtHbIe.

Peilmuuz-rcoumnonu Np2

npoqeccoB: coTpyAHr.rqarculr4e v KoHKypr4pyrorlre npoueccbr.
Kqr,rrz, B3av MHo e kI cKJrroqeHr.re flpoqecc on (s a4au).

KaIOqr4e npr4 cr{HxpoHr,r3arlufi 3aI.aq pr MAeu r4x pa3pemeHr4 [.
14 MexaHr,r3Mbr rrepexoAa r43 oAHoro cocToi[Ht4r B Apyfoe.

IX-cracrerrmr.

caMrr. Oyurcquu fork, execl, execv, waitpid. llpulreprr [crroJrb3oBaHvs.,

u. (Dynrqur signal. Ilpuuep ucnonb3oBalus..
nm. (Dyurquu shmget, shmat, shmctl. lJlptrlreprr ucnoJrb3oBaHr4r.

KrII4r{ semget. s emop, semctl. llpurr,repu ucrroJrb3 oB alLrs..

r{Tr4BHbre o[eparlr{I{. oprauusaqrrt B3ar4Mor;,eircrBufl. rolHerrr- cepBep c
u.

(Dyuxqura msgget, msgsnd, msgrcv, rnsgctl. llpurvrepu

(threads). (Dyuxqull pthread_create, pthread.join, sched.yield.
b3OBAHI,Ifl.

v3arlwr rurta mutex. (Dyuxquu pthread_mutex_init, pthread mutex_lock,
ptlread_.mutex_destroy. llpuueplrrylock, pthread_mutex_unlock,

!fl4,

Interface (MPI). O6qas crpyKrypa MPl-nporpaMMbr.
rrIeHI,Ir u vrx BuI'br,

Oyur<qran MPI_Comm_size, MPI Comm rank.

eH coo6qenusun. (DyHrqrzra MPI_Send, MPI _Recv.

-BbrBoAa n MPl-nporpaMMax. llpzuepu.

PI_Sendrecv_replace.

BO3MOX(HOCTI,I NTfl

rrr,r3arlrrr{ ruua condvar. (DyHrcqur,r pthread_cond_init, pthread cond_signal,
radcast, pthread_cond_wait, pthread_cond_destroy. llpunreprr

-[porpaMMbr yMHoxeHr{s MaTpr,rqbr Ha BeKTop.

Peilmuuz-xoumponu Ne3

Oyumqr4rz MPI_Init,

flpr'rnrepu

flpuvrepu

BO3MOXHOCTT,I Anfl nonapHoro oOMeHa coo6rqeHraruu, Oynrqzu

rronapHoro o6ueHa coo6uleuzgrr,ru. Oyurquz
Testany, MPT_W ait, MPl_Waitany



7. Itorlexrunsrrft
8. Korlemznrrlrfi

MPI_0p_c
r4HTefpan.

9. Bpeur s MPI-u
10. llpuuep MPI-
11, fiononurreJrb

MPI_Gather,

12. llepecrurxa

MPI_T'ype__st

IICI]OJI[,3OBAHPI'

6) SnsaMeHa

BCeM rrpou

(MPI_Send,

ouepe4uofi

cneAyrorleMy n

3. Halnrrzre rtpo

nepeAaforuyrc

4. Hauvrlrvre r
peanrr3yroutryrc

coo6rqeHza or
n) Ilpunrrepu

1. r{ucnennoe pe

3. rlucleuHoe

TerrJronpoBc)

4. {zcleHnoe
TeIIJIOTTpOBC)

5. rlucneHnoe

o6lreu coo6rqeurarrvru. (Dynrcqnu MP I_B arrier, MPI_Abort, Mp[_B cast.

o6rueu coo6qenusirau. @ynrqura MP,I_Reduce, Mfl_Allreduce,
MPl-0p-free. llpznrep MPl-npofpaMMbr, BErqrrcJrflrorqefi odpeAereunufi

paMMax, Oyurqnn MPI_Wtime, MPI__Wtick. Ilpunaep rc rr o4b3o BaHufl.
paMMbr yMHo)r(eHr.rr MaTpr4rlbr Ha BeKTop.

BO3MOXHOCTLI AIIfl. KOJIJIEKTI,IBUOTO O6UEHA M:ACCI,IBAMU IANU!,rX. OYTTTUZZ

_All gather, MPl_Scatter,

p AaHHbrx. CogAauze HoBofo MPI-r'una .rlaHFrbrx c rroMorrrbro
(Dynxqran MPl_Address, MPl_Type__commit, MPl__T'ype_free. flpnvrep

HHbIE 3AAAIIU:

L Haunrlure n My, racnonb3yr blorupyroqze KoM:MyHr4KaqrroHHEre (pynrqura
(MPI_Send, M I_Recv), peanr43yroqyro cneAyroqufi anropr4:rM: Ha HyneBoM npoqeccope
VHVIJWANV3U rlepeMeHHas (float a); nylenoft npoqeccop paccbrnaer nepeMeHHyro a

, BKJIIoqar caMofo ce6x; nocne nonyrreHur uepenaeHuoft a Bce
lpoqeccopr,r n x uefi cnoft nn4nBraAyaJrbHbrfi Houep Ia [epeAaror ua nylenofi
rpoqeccop; Hy Ilpoqeccop floJlyqaeT oT BCeX flpoqeccopoB AaHHbre rz BhrBoAr.rT Ha
3KpaH B : HOMep npoqeccopa, lepecJraHnoe r4M 3HarreHr.re nepeueunoft p.

2. Hannuure r rpaMMy, r,rclonb3ys 6noxupyroque KoMMyHr4KarlrroHHbre

I_Recv), peaJrrr3yrotqyrc anropr.rrM nepeAarrv AaHr{brx no

lle cpeAcreaNau MPI/OpenMP AByMepHoro
c noMorrlbro cxeMbr npeAr{KTOp-KOppeKTOp

tfyur<qua

I(Onbrly:

TIOCbIJIAETeccop Aoxr,rAaercs coo6qesr4r or npeAbrl(yqero 14 noroM

ueccy.

IMMy, 14 crronmyr KoMMyHr.rKarIr4oHHbre Synxquu (MPI_Is e nd, MFI_Irecv),
yuepHrrfi Maccr,rB MexAy AByMfl rrpoqeccopaMr,r.

rpaMMy, r{crroJrb3yr KoMMyHr.rKarlr4oHlryro Qynrcquro (MPtr_Sendrecv),
pr{TM rrepe,4aqu,4aHHbrx no Konbrly: O.repe4uofi npoqecOop Aonfl4Aaerct

uero u rroroM rrocbrJraer cJreAyroqeMy fipoqecc.F.

TeMbr KypcoBbrx pa6or:
II4e cpeAcrnarr,ru MPI/OpenMP AByMepHoro uelznefinoroJ

TennollpoBoAH MeroAoM rrpoAoJrbHo-nolepeqHoft nporouru
neruneftur:ro ypaBHeHr.rt

neruuefiHoro ypaBHeHuq

2. 9ucnennoe eHr4e cpeAcrBaMr,r MPI/OpenMP 4nynrepHoro
TennonpoBOAH a c noMorqbro cxeMbr pacqenJreHr{t

Hr4e cpeAcrBaMr{ MPI/OpenMP rpe)ffepHoro
c rroMoxlbro seHoft pa3HocrHofi cxerr,ru

r4e cpe.qcrBaMv MPI/OpenMP AByMepHoro

VDABHEHI4,g

masefisclro ypaBHeHr{t

ypanuenu{ flyaccoHa
LITeparlrroHFrbrM ona 3efiaem

eHr.re cpeAcrBaMr4 MPI/OpenMP AByMepHoro ypaBHeH:r4g llyaccoHa
xurepaguir
cpeAcrBaMrz MPI/OpenMP npoqecca B3ar{MoAeficrnus rBepABrx rracrrzu c

HI4e cpeAcrnauz MPI/OpenMP AByMepHoro ypaBHenrx nependca
ra rporr3Bolsnofi Marpr4rlbr cpeAcrB aMrz MPI/Op enMP

6. r{uclenHoe peT
MeroAoM 6loun!r,



l0 Mo4emaponau

IIJra0TprHy

T)C
1.

2.

1)

2)

3)

4)

s)

6)

7)

B)

e)

10)

1t)

Pacupe4enen

cpeAcrBaMu MPI/openMP npoqecca npoxoxAeHur uefirpoHoB rrepe3

rnan pa6ora cryAeHToB:

K TeKyrIeMy KoHrpoJrro 14 npoMe)Kyroqnofi arrecrarlult.
x na6oparopHbrM pa6oralr u o$oprr,ueHue orrreroB rro pe3yJrbraraM

I43 BbIIIOJIHEHI,I KoHrponr ocytrlecrBJrflercfl. Ha 3aHsruflx B Br,rne ycrHbrx orBeroB Ha
Bonpocbr [pe BaTeIS IIO COIepXaHr.rrc oTr{eTa.

3.P c rorroJrHurenHrofi lureparypofi ro BonpocaM, BbrHeceHHbrM Ha
caMocTotTenbH u3yr{eHue. Konrpolr ocynlecrBJr fl.ercr, Ha gK3aMeHe,

OCTOI,IHCTBA H HE.4OCTATXH SMP- U MPP- APXI,ITEKTYP BbIqI4CIIZTEJIbHbIX

rpr'lvrc noHsruft npoqecca u rroroKa B oneparluoHHbrx clrcreMax.
bI cr4HxpoHlrcarJnu 3a4aq rrpu naparJreJrbHoM nporpaMMzpoBaHr.ru.

HAapr OpenMP. Hasna-{eHue.

IrlecrByroque peanr{3 arIVLr cr atp.apra MPL
poToKoJrbr ooMeHa AaHHbrMr4 Mex(Ay npoqeccaMrr.

oJrb3oBaHLr e yrr.rnlrrbr MPIRun.
naAKa rrapaurenbHbrx npr,rJrorxeuuft .

I,IKa orIeHKr{ s Q $ exrznno crr4 Bbrqr4 cleHuii.
v3arfvrs. Marpr,rrrHbrx anfoprrrMoB cpeAcrBanaru MpI
peAeneHHoe perreHr{e gu$$epenrlr4aJrbHbrx ypanueunfi ,

BIaAoB caMo crofl Telru ofi pa6ortr no pa3Ae JraM AzcrlrrrrJrlrHbr :

en Ar,rcquflJrr,rHbr

I-{env u 3a4a

AaHHbrx

rrapanJreJrbuofi o 6pa6orxz

flpunqznn
BbIIII4CJII{TEJIb

po eHr{fl rrapaJrnenbHbrx

bHbTX BbIIII{CJIIZTEJIbHbIX

flpnnqunu 14 flapannenbHbrx

Kr4 rrapanJreJrbHbrx

Anq pelller{r4t
BbITII4CJII,ITEJIbH

r{zcJleHHble anropI,ITMbI
oBbrx 3a,[aq
MATEMATI4KI4



7. YqEEH MET OAI,IqE CK OE I,I I4HO O PMAIIIOF IH O E O EE CIEqEHI,IE

a) ocuonuan
1, Jlenuu, M. ucrronb3oBar{LreM OpenMP

AaHHbre. - M. : Izlurepner-

- 133 c. - 978-5-94774-

[3nexrpouuufi pec

Ynznepcurer IrI oHHbrx Texuonorui4 (VIHTYUT), 2016.
857-4. - PeNpru a : http ://www. iprbooksho p,rul 5221 6.html
2. AHroncln, A C. llapanneJlbHoe rlporpaMMr4poBaHr{e c r4crroJrb3oBaHr4eM TexHoJrofuz MPI
[3rerrponuufi
IrlurepHer-Yun

] i A. C. AHroHoe. - 2-e fi3!,. - Slexrpou. reKcroBbre raHnbre. - M. :

I4u$opnraqrroHubrx Texnolorui4 (VIHTyI;AT),2016. -- S3 c. - 2227-
8397. - PeNrzu a : http ://www. iprbooksho p.rul 7 37 04.htm\

AI,ICIII4TIJII,IHb'I

urepaTypa
il, flapalnelruoe rporpaMMr{poBaHr,re c

pc] / M. IL Jlenuu. - 
gner<rpoH. reKcroBbre

K. A. flapallelrnoe nporpaMMr4poBaHr,re c noMorrlbro

] / K. A. Typanr.ryK. 
- 3-e ugA. - SnexrpoH. reKcrollbre

I,1u(poprr,raqrroHHbrx Texnororu ft (I4IITY VIT). Aft llz
c. 978-5-4486-0506-2. Pexuu

3. Typzurnuyr,

lSnexrpounrrfi pec

M.: Zurepuer-YHz
2019. 1

2. MPICH: a hi

httn://www.i .ru/79714.

6) gono.rrnureJrbHa JrHTepaTypa:

1. Kynzron .M. Texsonoruu paspa6orxu [porpaMMHoro o6ecue.{enr4.tr nnfl
MATEMATI4I{CCKOIO MoAenr.rpoBaHr4f susauecrux flpoqeccoB. rlacu 1. I{cnornsonaHze
cynepKoMnbroTe ocHarrleHHbrx rpa(przvecxurvrz ycKopr{TeJrrMr4 l3nexrponnr-rfi pecypc]:

Kynnron VI.M.- 3rerrpoH. TeKcroBbre AaHHbre.- Honocu6upcx:yue6noe

Honocu6npcrnfi .4apcrBeHHHfi rexuu.recrnfi yHr4Bepcr.rr er, 2013 .- 40 c.

2. Mo,4eln pac rrbrx Bbrrrr{cleuzfi f3nerrponnr,rft pecypc] / Tonopxon B.B. - M. :

@I43MATJII4T"20 .t.

CUDA B rpr{Mepax: BBeAeHrre B rrporpitMMr.rpoBaHrze ilpa@uuecxux3, Texnol,olu.s
rpoqeccopon [i) sHufi pecypc] I Caugepc [x<., Ken4por 3. - M. : II\4K llpecic, 2011.
n) IIporpaMMrroe eHr{e u Znrepuer-pecypcbr :

rexuolorlrfi HayvHo-L Jla6oparopz llaparnersHux znQopuaquoHHbx
IICCJIE.[OBATCJIbCKO tsbrqlrcrrureJrbHoro rleHrpa Mf y http : /iparalle JL. ru

h performance and widely portable implementation
Interface (MPI) . https ://www.mpich. org/
3, OpzruHzurrr HAapra MPI: http ://www.mpi-forum. orgldocs/docs.html.

8. MATE AJIbHO-TEXHI,IqECKOEOEECIIETIEHI4EAI,ICUUIIfi I,IHbI

JIexqzouH ay4uroputr, ocuaulduuue Aocxoft (4nr uena r4nr.{ MapKepa), erpauoM An.s
rrpoeKrlr.roHHbx cH , [poeKTopoM r,r HoyToyKoM.

Ay,unropnrz fl npoBeAeHlrfl. 3AHflTUfi, OCUaqenurre coBpeMeHHbrMn nepooHaJrbHr,rMl4

KOMI]bIOTEDAMI4. 4ZUeHUUUH B JIOKaJIbHyIO Bblr{r4cnilTenbHy}o ceTb I{ yKoMnneKToBaHHbIMr,r

f,3brKa C#

AaHHbre. -3p Me4za,

IOCryna:

of the Message Passing

HeoOxo.[t4MbrM cI4 HbrM 14 npr4KnaAHbrM nporpaMMHbrM o6ecleqeunev.
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