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1. UEJIII OCBOEHVIfl, I\nCJ$.,IIIJII4HbI
florpe6nocrb perueuus croxHbrx [pLrKJraAHbrx 3aAaq c 6onrruunr o6teuonn srr.rficneHl,Ifi

l,r rrpl{Hllr{fikrurbnafl orpanI4qeHHocrb MaKcllMailbnoro 6rrcrpoAeficrsus "KraccI4.recKI,IX" - rto

cxeMe (pou Heftuama - 3BM [pr,rBeJrr,r K rrorBJreHr{ro MHororrpoqeccopHblx BbIqIaciIlrTeJIbHbIX

cr.rcreM (MBC). Zcnolrgonanue raKr4x cpeAcrB BbItII4cJIHTenrsofi TexHI,IKLI rIo3BoJI{er

cyqecrBeHno yBerrrruBarb npopr3BoAr,rreJrbuocrb 3BM upu nro6oM cytqecrByloilIeM ypoBue

pa3BilTr4s KoMrrbrorepHoro o6opyAonaHut. flpu groM, oAHaKo, ueo6xo,quuo "naparrerbHoe"

o6o6qeuue rpaArrrluosnofi - [ocJreAoBaremuoft - TexuoJrorr{fi peIIIeHIrfl saplaq na 9BM. Tar,

rrr{cJreuHbre MeroAbr B cJrfrae MBC AoJrxHbr flpoeKTrapoBarbc.fl KaK cl4creMbl rIapaniIeJIbHbIX I{

ngauuoAeftcrByroqux Mex(Ay co6ofi npoqeccoB, AorrycKarorll4x IdcloJIHeHue Ha He3aBI4ctIMbrx

lpoqeccopax. llpr,rrrleuxeurre aJropr,rrMr.rqecKrre fl3bIKH vt crlcreMuoe ilporpaMMHoe

o6ecueqenue AoirxHrr o6ecueqr.rBarb co3,qaHrre ilapanJlenbHblx [porpaMM, opraHlr3oBllBarb

crirHxpoHr,r3arlr4ro lI B3alIMoI,IcKJIIOqeHI,Ie aCHHXpOHHbTX TIpOqeCCOB U T.n"

flpe4rrlerorrl paCCMoTpeHLIt HacTosIqeIO Kypca pt frBilfleTcs, u3yqeHHe nepeqI,ICJIeHHoro

Kpyra BorrpocoB. I{enn rypca cocror.rr B r,r3[oxeH]rpr MareMar]ItIecK]IX trloAelefi I,I MeroAoB

rrapaJrJreJrbHofo npofpaMMr.rpoBaHEs. I,ils, MHoro[poqeccopHblx BbIqI,IcJI[TeJIbHbrx cHcTgM, a

TaKXe [paKTr.rqecKoe ocBoeHIae [pLreMoB r.r rexHprK paspa6otnll uapiInJIeJIbHbIX rlporpaMM.

2. MECTO AI4CIIUIJIIIHbI B CTPyKTyPE OTIOTI BO

[ucqunluua dlaparureJrbHoe nporpaMMr,rpoBaHrre)) HaxoAHTcs B r,apvurrrnHofi qacrra

ouronnofi upo(feccraouzurruofi o6pasonaremuofi nporpaMMbr lr orHocr,rrcs K ALIcqUTIJILIHaM rlo

nu6opy"

,{ucqunluna JroruqecKlr vt coAepxareJrbHo-MeroAr{qecK[ cBfl3ana c ptAoM

Teoperr,rqecKr4x AprcqlrrrJrr.rH r.r [paKTriK rrpeArrrecrByroqero rrepfioAa o6y.renua (Apxnrerrypa
KoMrrbrorepon, AlropurMbl Ir anropuTMr.rqecKne r3brKr{, Teopur BblqucJlureJlbHbrx flpoqeccoB I,I

crpyKTyp, Crpyxrypu v anropr{TMbr rorranrrorepnofi o6pa6orru AaHHbrx, Cr.Icrerrrurre u

MareMar[qecKr{e ocHoBbr cyneproMrrbrorepHbrx rexHoJrorrrfi). [m ycrlgllrHoro ocBoeHl4s Kypca

cryAenTbr AoJrxHbr: 3Harb ycrpoficrno v npr,rHrlr,rlbr (fyurquoru4poBanl,Ir 3BM, llMerb

npe,qcraBneHrde o 6agonux anropr{TMax r{ orpyKTypax AaHHbx, yMerb [pHMeHflTb t3bIKI{

nporpaMMr4poBaH[r BbrcoKoro ypoBHs.

,{ucqunnnna Sopuupyer 3HaHr4.tr u HaBbrKH, seo6xoAraurre B npaKTnqecxoft

AerreJrbHocru rnalu(fuqupoBaHHoro cflequanr{cra, r,r3ytraercs. B KoHrIe reoperllrlecKoro Kypca.

B pauxax yue6uoro rrpoqecca oHr{ Moryr 6rrm ucnoJrb3oBaHbr rrpu noAroroBKe eunycxnoft
xnanu(f uraqpronnofi pa6orrr"

3. KOMIETEHIII,IU OByTIATIIIEIO Cfl , O OPMI'IPyEMbIE
B PE3vJIb TATE O C B OEHVTfl , 

^VC\I,ITIJITIHbI 
(MOAyJLfl )

B pe3ynbrare ocBoeHr4r Ar.rcq[rrJr]rHbr o6yuaroquficx AoJrxeH AeMoucrpl4poBarb

cJreAyroufie KoMrreTeHrlr4r4 :

o roroBHocrbro aHanr.r3r.rpoBarb npo6reurr v HaflpaBneHufl pa3Btrrlrs. rexnoloruft
nporpaMMr4poBanr,r.f, (OnK- 3 ) ;

o cRoco6Hocrrro rrprrMerrsrb n npo(peccr.ronamnoft .{e.f,TenbHocrrr ocHoBHbIe MeroAbI I4

cpeAcrBa aBToMarr.r3arluu flpoeKTlrpoBaHufi, npor{3BoAcrBa, ucnnrca'uuit rI oIIeHKLI KaqecrBa

rporpaMMnoro o6ecnerreHrrfl (OIIK-4).



B peyJrbrare ocBoeHlrfl Ar4crlurrJrr.rHbr o6yraroquftcr AoJrxeH AeMoncrpl,IpoBarb

cJreAyroqlre pe3yJrbraru o6pasor anfifl:

1. 3narr: xuaccu(puraqruo paclpeAeJreHHbrx BbrrrI,rcJILITeJIbIIbrx crlcreM, MeroAbr

loBbI[IeHI{S npotr3BoAr.rTeJlbHocTr{ Bbrr[IcJrI,ITeJrbHbrx c]rcTeM, [oAxoAbI K IIoCTpOeHI{rO

rapaJureJrrHbrx aJrropr.rrMoB (OIIK-3, OIIK-4);
2. Vprerr: caMocroflTeJrbuo r{3BJreKarb rroJr$Hyro Hayquo-TexHr.rqecKylo uu(poprrraql{Io I,I3

pa3rr4qHbx r4cToqHlrKoB, upuMeHsTb v3rreHHbre MeToAbr nplr [poeKTr,rpoBaHr,r]I paclpeAeJreHHblx

arrropr,rrMon (OIIK-3, OIIK-4);
3. B.rraqern: HaBbrKaMlI I{crloJlb3oBaHr,rr coBpeMeHHbrx cpeAcrB peilreuus Bbrqr,rcJrureJrbnbx

sapLa'lArrr clrcreM c pacnpe,qenennofi raMrrbro (OIIK-3, OIIK-4).

4. CTpyKTypA rI COAEPX{AHTTE Ar,rCqilrrJIIrHbI (MOAvJrfl)
O6qas rpyAoeMKocrb Ar{crlurrJrr.rHbr cocraBJlfier 5 ga.rerurrx eArrurrrl, 180 qacon.
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5. Cucreirarr pa3pa6orKr4

rrapaJrJreJrbHbrx

nporoaMM
6 6-8 8 6 20 6142
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6. llaparnenrnrre
III{CJIEHHbIE

aJrroprrTMbr AJrfi
pelrreHr,r.fl Tr{rroBbx
3a,qaq

BbrrrracJrrrremnoft
MATEMAT}IK'I

6 8-9 6 7 24 7t53
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JIEKUI,IU
1,. Ile"rru v 3aaaqn B B eAeHrrfl rrap aJrJreJlbu ofi o 6p a6 orKI{ AaHHbIx

1.1. HeodxoArrMocrb
Orpanuueuue uarcuuamsoft npolr3BoAr4TeJrbuocrr.r oAuonpoqeccopnLlx gBM"

IlocrosuHas ueo6xoAuuocrb pemeHprfl, 3apla1 npeBbrrrrarcrrlux Bo3MoxHocrra coBpeMeuubrx

3BM (npo6nerrau "6orbruoro rrnona"). Heo6xoAurraocrb KoJrJrsKTrlBHoro pexLIMa perrleHl4t

gaAaq. Astol4arugar\r4s. ynpaBJreHr.rr pacflpe,qeJreHHbrx rexHuqecKrrx c]IcreM. Texnu.recrue

rpe6onaHur rro cHIDKeHr,rro c'rozMocrn r{ rroBbllueHr,rro HaAexHocrI,I.

1.2. llcroprrfl BBeAerrrur napaJrJreJrrr3Ma

ENIAC, IBM-70 1, 7 04, 7 09, ATLAS, CDC 6600, 7 600, LLIAC IV, Cray- 1, 3nr6pyc.
L.3. Pagruqrre MHoro3aAarrHbrx, [apaJrJreJrbHbrx rr pac[peAeJreHHblx nrrqucrenuft
1. 4. IIp o6.rreMbr lrcnorb3oB aHus napaJrJreJrrr3Ma

Cyrqecrnonauue [ocneAoBareJrbHbrx aJrroprrrMon (saron Analans). floesrmeHr,re

rrpor43BoAraTeJrbHocrr{ [ocJreAoBareJrbHbrx KoMnbrorepoB (:aron Mypa). florepu Ha

nsarar\aoAeftcrBr4e kr ilepeAar{y AaHHbx (rHnoresa Muucroro). Brrcoras cro}rMocrb

rrapaJrnenbnbrx clrcrerra (saxou fporua). "flocne4onareJrbHocrb" cyulecrnyrolqtrx aJrropLITMoB I{

flpofpaMMuoro o6ecnerreurd.rr. 3anucuruocrr s$([ercrr,rBHocrpr [apaJrnenbubx Bbrqr.rcrenufi or
yqera oco6enHocreft amraparypbr. Cnoxuocru paspa6o:rrz [api]nneJrbHbrx aJrropr.rrMoB.

Tpy4oelftocTb [poBepKra npaBr4JrbHocTrr rlapalJreJrbHbrx rrpofpaMM.

2. IlpuHqunbr nocrpoeur{fl [apaJrJreJrbHbrx BbrrrncJruTeJrbHbrx cr{creM

2.1. Ilyrra Aocrr{xennq raparreJrr{3Ma
(DyurquouaJrbHbre Bbrrrucrr,rreJrbHble ycrpoftcrna. MHoroypoBHeBar n MoAynbHar

rraM.rrrb. Kouneftepurre v BeKTopHbre BbrqprcJreHr.rs. IlpoqeccopHrre Marpprrlbr.

Mnoronpoqeccopubre Bbrrrr{cJrr.rreJrbHbre cacreMbr c o6rqefi v paclpeAeJrennofi naMrrbro

(naynrruupoqeccopbr r.r MyJrbrraKoMrrbrorepbl). MurponpoueccopHbre crrcreMbr.

2.2 " Cnoco6rr nocrpoeHnq MHoroflpoqeccopHbrx BbrrrucJrrrreJrbnbrx cucreM
Cxelrnr KoMMyrarlr{r4 (norurax KoMMyrarlur - o6rqas rraMffTb, rrepeKpecrnbre

KoMMyraropbr, JroKrrJrbHbre cxeMbr KoMMyrarJkru - o6qa-s rrrr.rHa, peruerKr,r, xnacrepu). Ananus

lapannenbHblx anfopr{TMoB I4 Tr,rrroBbre TorroJloluu cxeM KoMMyTaIIupr - KoJrbrlo, Jrr,ruefiKa,

perrrerKu, uomrsrft rpa(b, rnnepry6, Top, ,qepeBo. Annaparnafl peurvrcauprfl u [porpaMMHa.r{

gMyJrsqur ronororuft.
2,3. Buarr napaJrJreJrbHbrx BbrrrncJrrrreJrbHbrx cr{creM

CynepSBM. Muoro[poqeccopHble Bbrqr{cJrrlTeJrbHbre KoMnJreKcbI (MBC).
Mnorouanu{HHbre BbrqLrcJrnTeJrbnbre KoM[JreKcbr. Ceru 3BM.

flpulreprr coBpeMeHHbrx BbrcoKolpor.r3BoAuTeJrbHbrx Bbrqr{cJrureJrbHbrx cprcreM (Cray

T932,IBM SP2, HP Exemplar, ASCI RED). CyneprcorrarbrorepHbre Bbrqucrr.rrerrbubre cprcreMbr

s Poccuu.

2.4. K.uaccnQurcaqnr MBC
Cr.rcreuarnrn Onnnna u IIIopa. Ilororcpr AaHHbrx (rouan4). Crpynrypnas. :r^orar\r4fl

Xornu u [xecxoyua.
2.5. Oqenrca rpon3BoArrreJrbHocrn MBC
O6qee BbrporeHr4e AJrfl orIeHKr4 rrpor43Bo,qrareJrbHocrrr AJrfl putsHoro rvtna MBC.

MancraNramHar (nzxona-a) npor{3BoA[TeJrbnocrb. CreueHr rrapanJrenu3Ma (4nnna

nonyflpor.r3BoAr.rreJrbuocrn). YAemHas [por{3BoArrreJrbHocrb. 3na.reHr.rs noKa3areJreft. gttx pxga

MBC.

3. Mo4e.rrlrp oB aHHe H aHaJrrr3 rrap aJrJreJrbHbrx s rr.rucreHufi



3.1. Moae.un napaJrJreJrbnbrx BbrrrrtcruTeJrbHbrx crrcreM

Kouurrcrep c HoorpaHlrqeuubrM rrE)aJrJreJrr,r3MoM (naparovnrrorep). MoAenu

MHororpoqeccoprrbrx crrcreM c o6ueft rr pacilpeAenenuofi IlaMtrblo. MoAenr ronnefiepuofi

CHCTEMbI.

3.2. Moae.rrb aJrroprrrMa B BIrAe rparfa ttouepan4 - onepaqllutt

Ilpe4cranueuue aJrroprlrMa B ru4e rpa(pa noroKa AaHHbrx. Pacnucanrae [apaJUreJIbHbIx

BbrtrlrcJreHr,rfi. IloragareJrb BpeMeunoft croxHocrrl aJIroplITMa. Ouesra BpeMeHI{ BrITIoJIHeHI'I{

aJrropr,rrMa Anr rrapaKoMnbrorepa (npe4enrnoe pac[apaJIJreJII,IBaHI,Ie) u lw c]IcreM c KoHeqHbIM

KOrr,rqecTBoM [poqeccopoB. 3anncniraocrr orIeHoK oT TonoJIorI{I,I ryaoa aJIropI,ITMa lr

neo6xo.qunrocrr orrrr{M}Barlnr{ crpyKTypbr rpa(fa. Cuoco6rr rrorytlsul{r orITI{MaJIbHoro

pacnvcanus nrtqucreuufi .

3.3. Mole.rrb napaJrJreJrbHbrx BbrqncreHnfi n nu4e cern rlerpu
Ocnonnrre [oHrrr,rs reop]ru cereft llerpu. Irlcnonrsonanue cereft llerpu Alrfl. onilcaHufl.

[apaJrJreJrbHbrx Bbrq[cneuufi. ,{euoucrpaql{t ocnoBHrx npo6leM rIapaiIJIeJIbHbIx nrr.IucreH[fi:

cr{HxpoHr,r3 alqla.fl , B3aLIMoLIcKJrIoqeHrre, 6noruponxa (tynuru).
3.4. Mo,qerb napaJrJreJrbHblx Bbrqr{cJreHnfi n nuAe rparfa ttnpoqecc-pecypct'

flousrze rrpoqecca. Cnuxpoun3aqus [apanJreJrbHbx npoqeccoB. Annapar co6rrtufi.

llpurr,rep peaJrr,r3arlull B o[epalluonnofi cl{creMe Unix.
Bsar.rl{oucKrroqeHr,re [apaJrJreJrbHbrx rpoqeccoB. Kosqenqug pecypca. Mexauugurr

B3alrMolrcKJrroqeHr4r: aJrroplrrM,{emepa, cenra(foprr (,{efixctpa), MoHlaropbl (Bupt). flpurvreprr

perueHr,rf, craHAaprHbrx 3aAaq B3alrMoricKrrorreHufi: ronrqesoft 6y$ep, npo6ueua "qI,ITarerI,I u

nl,Icarerl,I".

Bsaurvro.{eftcTB}re [apaJrJreJrbHbD( IrpoqeccoB nocpeAcTBoM MexaHI43Ma nepe,uaqpl

coo6qeriuft. MexanflsMbr [speAarm: oqepeApr, uorrroBblg fiIrI]IKLI, noprbl. flpuuqzn pau,{eBy B

r3brKax Atau OKKAM.
flpo6lervru BgarauoAeficrBlr.f, flpoqeccoB. Ilonstne ryrII,IKa vI ycJIoBI4t gro

Bo3Hr.rKuoBe:n:as* flpe4ornpaqeHr4e ry[Hros. Amopr{TM 6anxupa. O6napyxeH}Ie ryIrHKoB LI

BOCCTaHOBJTeHLIS COCTO'HII.fi IrpOqeCCOB.

MnorogaAaqnrrft peNranr pa6orrr 3BM KaK qacrHblfi cnyuair rapaJlJleJlbuoft o6pa6orKll

4. Ilpunquurr paspadorKrr [apaJrJreJrbHbrx aJrropHTMoB H rrporpaMM

4. 1. Oqeurca eS rfercrnBHocru napaJrJreJrbHbrx nrrqucneuHft
Ilorasarerl e$tperra pacnaparrJrerrvrBalvrfl (ycropeur.re). 3(flperrnnHocrb

tlcrroJrb3oBaHr4r BbFrlrcJrrlrrentnofi cHcreMbl. cnoco6rr orIeHKI,I noKa3ateneft. Ocnonunre

xapaKTep[crr4Ktr Bbrqr4cJrr{Tenrnoft cr4creMbr, BJr}rrrc[g{e Ha BeJrLIqHHbr ycKopeHl,It u

e(!(|ercrnnnocru (apxurexrypa, KoJrnqecrBo rrpoqeccopoB, TorloJrorut KaHanoB flepeAarrfi

gauurx).
4.2. OqeHrca KoMMyHrrKarlrroHHofi rpygoeMnocru rrapaJrJreJrbHblx aJrroplrrMoB

XapaHrepucrr,rKu rononorrafi cerr,r [epe.{arrr.r AaHHbIx. ArropurMbl Maplnpyrl{3aquu.

MetoAsr [epeAaqu,qaHHbIX.

Anar[g rpy,4oeMKocrn ocHoBHbrx oflepaqufi nepeAarln AaHHrrx. flepegaqa AaHHbrx

MexAy AByMs [poueccopaMr,r cerr,r. O4ranounax r{ MHoxecrBeHHa{ paccblJlKa coo6uennfi.

Ouepaqrax quKrlrtlecKoro cAB]Ira.

MeroArr Jror[qecKoro [peAcraBJreHr4r rorroJroruru KoMMyHI,IKarInonnofi cpeAbl.

Oro6paxenue KoJrbIIeBofi ronono fvlvl ri ronoJroruu perrrerKll ua ruuepry6.
4.3. Ypoenn pac[apaJrJreJruBaHrrfl Bbrqrrc.rreunft



PacuapalleJruBaHlre nrrqncleuuft Ha ypoBHe KoMaHA, nrrpaxeurafi, [porpaMMHbIX

uo4yreft, orAeirbuo BbrfiorurleMrrx saAaul,Ifi .

4.4. Sranrr flocrpoeHus napaJlJreJrbHblx airropl{TMoB rr [porpaMM
Brr6op flapurnnenbHoro aJrropr.rrMa. Pearfisarllas alrropr{TMa B BI,IAe napalnenrHoft

nporpaMMbr. floctpoeHr4e rrcnoJulsel{ofi npolpaMMbr AJrfl rrapanremuoft BbTIIdcJII{Telrsofr

cr,rcreMbr. Ilapannenrnoe r.rcrroJrHeuue uarurEnnofi flporpaMMbl. {acrurre uocraHoBKu: nu6op

orrrr4MaJrbHoro aJlropr{TMa 4rrfl rouxperuoft Bbrrrr{cJlLITenruoft cl4creMbl, HaxoxAeHl{e

uaulyuueft To[oJlorur4 Bbrrrr,rcJrlilTenruoft clrcreMbr Airs pemeHl,Ir onpe4erenuofi gaplav:v,

paclapaJrJreJrr,rBaHlle cyuecrllyloilIefo aJIfopI{TMa.

4.5. TexuoJrorfiqecKl{e acrreKTbr pacrrapaJrJreJrrrBaHrrtr

,{er<orrluosurlaf, aJrropr,rrMa Ha rrapanJreJrbHo r.rcrroJrHteMbls (fparuenrnr nH.rficueHl,Ift.

Pacupe4eleurae saplakruir ro npoqeccopaM vr 6araucuponra. CzuxpoHusa\Hfl. Lt

B3ar,rMoucKrrrotreHr4e. OpraHLr:aql,Ifl B3auMo,4eft crnus.

5. Cncrerru pa:padorKrr napaJrJreJrbHblx rrporpaMM

5. 1. CosaaHrre c[eqnaJrlr3rrpoBaHHbrx s3brKoB rlporpaMMupoBaHl{tr

Anropuruu'recxuir sgrm OKKAM. O6rqas xapaKTepucrr.rKa rpaHclblorepa. Konqenuu.s

npoqecca s OKKAM. MeroArr KoHcrpyr,rpoBanr{.rr arperrpoBaHnbrx npoqeccoB. flpuuqunn
lepeAaqr4 AaHHbrx Mex.qy [poqeccaMr{. flpnuep [porpaMM Ha aJlropurMuqecKoM s3blKe

OKKAM.
5.2. P acmup eHrr e cyrq ecrByro lqrrx fl 3brrcoB rlp orp aMMup oB aHus

O6[Iafi xapaKTepr,rcruKa napaJrJreJrbHbrx pacuupeuraft iIJIropI{TMI{qecKoro s3blKa

Ooprpau" AnroMar[.recKar BeKTopH3arIur Lr pacnapaJrJreJrrrBaHue. Ilpo6neIrauo-

oprreHTr.rpoBaHHbre KoMnrrJrfl Topbr.

O6uas xapaKTepncrlrxa craHAapra OpenMP. CogAauue rapaJrJreJIbHbIX o6racreft.

Pas4eleuue Bbrqncnuremnoft Harpy3Kr{ MexAy noroKaM}r. Pa6ora c ,qaHHbrurr.

Cnnxponusa\us. Oyur<quu il [epeMeHHhre oKpyx(eHur. CpanuuremHax xapaKTep[cruKa

noAXoAoB rrapaJrnenbHoro [porpaMMr{poBaH[fl AJrfl cr.rcreM c pacrpeAerennoft ra o6rqefi

naMtTbro.

5.3. Parpa6orrca c[equaJrn3r{poBaHHbrx 6n6nnorerc

Cprcreua PVM. Kosqenqus [aparremuoft nuprya.nrnofi Bbrrrr,rcJrurenrnoft MaIILIHbI LI

ee [pe,{craBJreur{e B BlrAe pacnpeAeJrenuofi HeoAHopoAnofi cucreubl KoMlrblorepoB.

llpe4cranneHrae uporpauuHofi crrcreMhr Ha uapryamuofi MaIrI,IHe. Ocrronsrre

rrporpaMMnbre rrplrMlrruBbr cucrerr,ru PVM. llpuuep rrcrroJrb3oB anr4s.

Cucreua MPI. O6qas xapaKrepr{cruKa. lloggepxra MoAeJrI,I ssanN{oAeficrBl,Ifl

rrapaJrJreJrbHbrx Bbrtrr{clurelefi npra rroMorrla nepeAarru coo6uenrafi. OcnosHbre rlporpaMMHble

npr.rMr.rrprBbr clrcreMbr MPI. Ilpuruep ucrroJII'3oBaHI4.rI.

Opranuaaqus Bbrrrr4cJresuft sa Muoro[poueccopuoft cucreMe Parsytec PowerXplorer.

IrlcuomgosaHue rexHoJrorrru Kpocc gMynf,rlrrr4 rrpIa pa3pa6orre rapannenbHbx [porpaMM.

Kouqenqprs Brrpryanbnbrx flpoqeccopoB u KaHaJroB flepeAaqlr .qaHHbrx. Bzprya-nrutte

TotloJloruu crlcreMbr: KoJrbIIo, ruauefira, 3Be3Aa, perrerKa, AepeBo. OcuoeHrre [porpaMMuble

npr.rMHTr.rBbr. llpnuep ucrroJrb3oB aP'vrfl.

6. ilapanre.rbHbre qrrcJreHrrbre aJrropr{TMbr AJrr peureHus rrrrroBbrx 3aAarr

BblqrlcJrlrrernuofi MareMarr{Krr
6. 1. O6urue cnoco6r'r pac[apaJrJreJrrrBaHrrfl aJrroplrrMoB



BrrssreHue (pyHrqrzonanruoft He3aBlrcr.rMocrr,r orAeJlbHbx Spanr,reHroB anropl,IrMa

(napa;rne:rn3M KoMaHA). feorr,rerpurrecKoe pa3,qeneHne BbltlllcJlenufi (napa.ruIeJII{3M AaHurrx).

IrlepapxnuecKas AeKoM[o3I4IIHs o6pa6omra AaHHbIx.

6.2. Oprarut3arlufl rrapaJrJreJrbHoro r,rcrroJrHenlrq peKypcnBHbrx nrrquc.neuraft

flpo6uena peKypclrBHoit zanucuMocrr,r gTanoB o6pa6orrcn AaHHbx. KacrcaAna.f, cxeMa.

IIoAxoA AJrfl rronyrenns" acvrMrrorr4qecKr{ HeHyJIeBofi o$$ert}IBHocrI,I. MetoA Oyrca. llpurr,rep

Ars BbrqucJreHr,rfl qacrr,IqHblx pr o6rqefi cyMM.

6.3. IIapanJreJrbnbre qr{cJrenHbre aJrropuTpmr .unHefi nofi a.rrre6prr

Cnoco6u pas6ueuux Marpr4rl (ropu:onra.nrnar, BeprfiKaJlbHat, 6;roqntre cxerralr).

MeroAu Bbrrrr,rcJreHlrs rrporzt3BeAeHus Marpr,rq c ucrIoJIb3oBaHI4eM pa3HbIX cxerra pas6trenvfl

Mrlrpr,rq. O6ecneqesue npeAenbHo AonycrrrMoro [apaJIJreJIIBMa. O6pauleuue Marpplq.

flaparrennnbre MeroAbI peureHll{ cLIcreM ruanefi nrrx ypanneHufi .

6.4. flapa.nle.nbHbre rrr{cJreuHbre aJrroprrrMbr pemeHufl 4uSSepeuqrlaJrbrrbrx
ypaBHeHrrfi e qacrHrlx [poIr3BoAHbIx

flapannenrnar peanla3arlr{f, [prMbD( vr HTepaII[oHHbx MeroAoB pefireHus

au$$epeuqrraJrbubrx ypanHennft B rracrnbrx npor.r3BoAHrrx. Anaua3 pa3HocrHhrx cxeM AJII

s$$exrunnoro pa3AeJleulrs o6nacrr orIpeAeJIeHLIs pemaeMblx 3aAaq.

6.5. IlapaJrJreJrbnbre qrrcJreHnbre aJrroprrrMbr Muoronrepnoft MHoroSKcrpeua.nrnoft

olrTrrMI|3aur,ru

Xapanrepucrr,rqecKa.s cxeMa npeAcraBJreHrd{ MeroAon uo6anbHoro [orlcKa. O6rqefi

npr,rHrlr,rn paclapanJreJrLrBanr{fl MeroAoB. Oqenra s(p$errunHocrll BBeAeHHs [apanJIeJILI3Ma:

e$$exrnenocrb r,r 6egrrs6rrrorrHocrb. CrEHxpouHbre r{ acr{HxpoHHble BapLIaHTbI aJIrop[TMoB.

Onpe4enen[e Har.uryrrrrrax To[oJroruft nrr.r[cJrr4TeJrbHofi cucreurr Anfl peanIr3aIIHI,I Mero.{oB.

JIAEOPATOPHbIE PAEOTbI
1. Parpa6orrca napaJrJreJrbubrx rrporpaMM c rrcnoJrb3oBaHneM unrep$efica

repeAaqr coo6uleHun MPI
Muuu-MPI (crapt, $nnraru, repeAaqa lI npl{eM coo6qeHufi).

llpnnrep 1: Ha.ramHafl rrapalnenbHafi rrporpaMMa (nevaru u4enru$uraropoB
npoqeccon) - 3a[ycK (noxalturrfi, pac[peAeJreuuuft)" Oqesra BpeMeHLI BblilorHeHlar

nporpaMMbr, cr,rHxpoHl{3at\fifl , K0JIJI9KTI,IBHbIe Onepallfin.

flpurr,rep 2: rLacnennoe r,ruTerprpoBaHue- co3AaHr{e rpoeKTa Ha ocHoBe roroBoro
prcxoAHoro reKcra [porpaMMbr, nacrpofira onquft , KoMTILIJIIIII4I, 3ailycK.

Ilpranaep 3: Cranxpuoe [por{3BeAeHue BeKTopoB (cauocroxreJlbHoe sa4anue 1).

2. IlparcrurcyM no parpa6orrce [apaJrJreJrbHbrx aJrropHTMoB Ir rporpaMM Arq
perlreHItfl 3aAarr BLlqrrcJrlrTe.nruoft MaTeMaTurcrr

O6:op 6u6ruaorercra MPI: ycraHoBKa, nacrpofira, oxeMa lpyurqraouurpor;anrrfr'
flpanrep 4: PeureHrze saplaq pacrro3HaBan]rr o6pa:on (nrruomreHr,Ie 3arar^vr rlon

pyKoBoAcrBoM rpero4anarenr).
flpxrrrep 5. Vrr,ruoxeHlre Marpr,rrl, JreHToqHrrft arropuru (canrocrosreJlbHoe zagawue2).

flpurvrep 6. Vunoxeur.re Marpr.rq, 6nounrre cxeMbr pacnpeAeJrenns AaHHux (alropurlmr
Oorca u Keuuona).

3. [parcruKyM rro ncnoJrb3oBaHnro 6u6mrorerc napaJrJreJrbrrblx MeroAoB Paralib
Arq peruenus 3aAaq BblrllrcJrr.rremHofi

O6sop 6u6.nprorexu Paralib: Ha3HaqeHlre, KJraccbr peuraeMbrx 3a4av, IpLIHIIHTIrI

paspa6orxr.l.



flpunrep 7. Oynrcquu 6u6:nuoreru Paralib ans yMuoxeHllt Marpuq upu 6lounou
cnoco6e pacflpe.{eJreu}rr gaHnbrx" (amopuriurr @orca ra Keunoua): cxeMa peurv3aulz.fi,

Teoperr,rqecKair orIeHKa e(p([errunnocrr{, BbrtII{cJIIrreJIbHbIe gKc[epIlMeHTbI.

Ananrs I{HTeHcI4BHocrLI rroroKoB fiepeAaqu AaHHbrx, ocyrqecrBJlfleMblx B xo,{e

uapilrJreJrbHbrx Bblqucnenrafi B clrcreMax c pacfipeAenennoft [aMrr6ro, c [crIoJIb3oBaH[eM

r,rHcrpryeHranrnofi 6u6ruoreru ParaScope.

4. IlparcruKyM no orIeHKe e{Qerrnnuocrrr napaJrJreJrbHbrx MeroAoB Airfl pa3Hbrx

ronorornft Mnoronpoqeccopubrx BblrlrlcJlrrreJrbnbrx crrcreM

Xapaxrepucr[Ka flporpaMMuoft na6oparopnu Paralab xar aHTerprponannoft crlcreMbl

AJrr npoBe,qeHr,rfi BbrqlrcJrr,rTeJrbHbx 9Kc[epr,rMeHToB c [apanJreJrbHblMll MeTOAaMI,I .4JIt OIIeHKI,I

Hx e([(ferrzBuocrr,r:
o MoAelr.rpoBaHr.re MHororrpoqeccopHbrx BbrrrucJrr{TeJrbHbx c}IcreM (nu6op rorIoJIorHLI,

3aAaur4e KoruqecrBa lr [po]r3BoAlrreJrbHocrr,r npoqeccopoB, nrr6op MeroAa rrepeAaqfi

AaHHbrx H gaqanue KoMMyHr{KarIrIoHHbrx xapaKTepl{crur ceru),
. OupeAeJreglre KJracca pemaeMhrx 3aAarr lagaIla:g'ue [apaMerpoB ga!.aciu,

o Bu6op [apaJrneJrbgoro MeroAa peureHrdfl 3a,qarm n nacrpofira sHa.reHufi ero

[apaMeTpoB,

o Ycranonra rpa(puqecKr,rx r,rHAr,rKaropoB Ars Ha6moAenrafl 3a npoqeccoM rrapaJIJIeJIbHbIx

BbrqprcJreHr{fi (cocroxnfie AaHHbx Ha rrpoqeccopax clrcreMbr, repeAaqa uu(foprraaqkrvr no

cerlr, TeKyrrlar orIeHKa peureHr,rs ucxoAnofi Bbrrrr4cJrprrerurofi za4auu),

o llponeAeuue gKcuepr.rMeHToB B pexr{Mg prMr.rrarluu nrruucnenrafi; [oularonuft,
rocne.{oBarenrnrrfi (nenpeprmuufi) u rlr{Krr,rqecKrafi (cepufinrrfi) cnoco6u uponegeuur

SKCrrepr,rMeHToB; oAHoBpgMeHHOe BbrrroJrHeHr.re HecKOJrbKr{x SKCrIepnMeHTOB B pexllMe

pa3AeJreHlrfl BpeMeHH .{nfi pa3Hbx BapHaHToB TorroJrofrrr{ Bbrrr}rcJr}rrelnuoft c}rcreMbl,

rrapaMeTpoB 3a4arlvt, Kor[qecrBa rrpoqeccopoB rr r.rr.,
o AuaruEg p$yJrbraroB c LrcrroJrb3oBagr{eM cseAeHufi }r3 xypHrrJra gKcrrepr{MeHToB; orIeHKa

BpeMeHlr perrreHr,rr 3aAaq B 3aBr.rcr.rMocTlr oT pa3MepHocTr4 Sal.aqv v KoJII{qecTBa

rpoqeccopoB; nocrpoeHr,re 3aBr.rcuuocrefi ycKopeHrr u elp(perrzBHocrlr rlapanJlenbHbrx

nmrucleHufi,
o llponeAenue gKcrreplrMeHToB B pexr,rMe peaJrbHbx rrapaJIJIeJIbHbrx nrruucneuraft;

BbrrroJrHeHr,re naprurJreJrbHbrx [porpaMM B Brr.qe MHoxecTBa He3aB]IcI,IMbIX npoqeccoB Ha

oAHoM rrpoqeccope; yAareuHufi Aocryrr K MHorolpoqeccopnoft BbrtIIlIcJIlITenrHoft

clrcreMe (rnacrepy); cpaBHeHr{e reoperntrecK}rx orIeHoK r,r pe3yJrbraroB peaJrbHbrx

BbIqLICJII{TeJI6HbX 9KCIIepI4MeHTOB.

5. Parpa6orna napaJrJreJrbHbrx [porpaMM c rrcrroJrb3oBaHrreM TexHoJIorHH OpenMP
O6uas xapaKTepncruxa rexHoJlorlrlr OpenMP: rloroKr{, rrapaflrrerrbHbre o6ractu,

paclpeAeJreHlre Bbrrucneur.rfi Mex.qy rroroKaMl4.

llpraruep 8: Cranapuoe [por,r3BeAerrfie BeKTopoB. fro6amnrre lr JroKaJrbHbre .{aHubre

rroroKoB. Kprarnuecrrae cgKrlrar,r Aocryrra K pa3Ae[seMbrM.qaHHbM. CI,Iuxponv3ar1ns..

flpurvrep 9. VirasoNeHr4e Marpurl (napuaurbr pac[apaJrJreJrr{BaHnr BJIo)KeHHbx III{KJroB,

caMocro.rrreJrbnoe sa4auue 3).

6. IparcrurcyM no parpa6orrce [apaJrJreJrbHbrx aJrroprrrMoB H nporpaMM Ars
p eIIrenllfl 3 aAaq B blrrrrcJrlrrenruoft MareMarrrKrl



flpr,rnaep 10. llapalnenrnar coprr.rpoBKa: aJrroplrrMbr uysuprronoff coprl{poBKll,

coprr.rpoBKlr IIIelra v 6rrcrpoft coprr,rpoBKrr (rrrnorueuue 3a4antrs. rIoA pyKoBoAcrBoM

npeuoganarerx).
flpuuep 11. 3aRaqra o6pa6orrra rpa(pon: flocrpoeH]re M]IH]rMaJIbHoro oxBarblBaloqero

AepeBa, [orrcK rparvaftmux nyrcfi (cauocroxreJrbuoe saxauue 4)

7. Ilparcrnrcyrvr uo MeroAaM rrapaJrJreJrbHbrx nrr.rncneuufi Afls pemeHufl

prQQepenquaJrbHbrx ypaBHeHHfi n qacrHrlx nporr3BoAHblx

O6qas xapaKTepr,rcrr,rKa Mero,4oM KouerrHbrx pasuocrefi (uero4 cerox) AJIf, qLIcJIeHHoro

perrreHlrfl 4raQ$epenquilrbHbx ypanneuufi .

MeroArr pacilapaJrJreflnBaHr.r.f, MeroAa KoHeqrrbx pasnoctefi 4nx BbrtIrIcJII,ITeJIbHbrx

cr,rcreM c o6rqefi rraM.srbro (opranueaqrrr B3ar,rMorrcKJrIorIeHI,Ifr AIrfl oIIeHKII rlorpellrHocrt4

perrreHkrs, ug6rrtor cr,rHXpoHH3alglrrv, npo6nervra cepuaJrr.BarrurE u 6noxnpoBKrl, o6ecueqenr,Ie

TOX,4eCTBeHHOCTT,I IOCJIe,{OBaTeJIbHOTO U [apaJrJIeJrbHOlO BapI{aHToB pacrleToB, BoJIHoBbIe

cxeMbl BbrrryrcJlegr,rft, 6no.rnax cxeMa pacflpe,qeJleH]rr AaHHrx, 6araHc]IpoBKa, I{c[oiIb3oBaHLIe

oqepeAr.r ra4auuft).

MeroAu pacflapaJrJrerrr4Banvrs. MeroAa KoHgqHbIx pasuocre{ 4nx BbrtIIlIcJILITeJIbHbx

cucreM c paclpeAeneusofi naMflTbro (rento.*rar u 6uo.rHafi cxeMbr pac[pe.qeJreHrr.rr AaHHbrx,

BoJrHoBbre cxeMbr Bbrqr{cJrenufi, oqeura rpy4oeMKocrr.r rrepeAaqr.r 4aHurx).
flparrnryrvr ro perreHr,rro Ara$$epeHrlr4anbHbrx ypanueunft B TracrHblx [por.I3BoAnbrx c

lrcrroJrb3oBaHr.reM yre6no-rccJreAoBargJrrcroft clrcreMbr ParaGrid (uocraronxa sara'rru,

BIITIoJIHeHI{e Bbrrll,rcJreuuft, nusywtvgapfl,,qaHHbrx, aHaJII{3 pe3yJlbraroB pacrreroB, }BMeHoHI,Ie

napaMerpoB r,r rpoAoJrxeHr4e nrr.rucrenuft).

8. ilparrHrcyu rro ucnoJrb3oBaHurc 6n6rnorerc [apaJrJreJrbHbrx MeroAoB ilJrfl
p em eHrrfl cJro?r(Hbrx HayqHo-TexHr.rqecKlrx 3 aAarr

O6sop 6u6nuoreru PLAPACK: crpyrTypa, o6rerrrr, MeroAbr, r,rcrroJrb3oBauue. Ilpuuep
12: Yiranoxenne Marphrl - rlcnoJrb3oBaHr.re PLAPACK (nrrnonnenve sapLanlas. roA
pyKoBoAcrBoM rperloAan arerr).

9" IIparcrHKyM no Mero.qaM uapaJrJreJrbHbrx Bblrrr{cJreHuft uns pemenufl 3aAarr

MHoroMepnoft unorogKcrpeMaJrrnofi orrrrrMrrcarlrrrr

O6qaff xapaKTepr,rcrr{Ka npe,4uernoft o6nacrra (nocranonr<a 3aAaqn rno6anrnofi
orrTrrMlBaqr.ru, peAyKrlr.rr pa3MepHocTr,r Ans cBeAeHHs MHoroMepHbrx 3aAarr K oAHoMepHbIM

rrocrauoBKau, uu$opMarlr4oHHo-crarncrnqecKrae aJrroplrrMbl rno6amnoro nolrcKa, nprarraeprr).

TlcnorusonaHue MHoxecrBeHHbrx prrBeproK Trzrra rpznofi f,Ieano Anr rrocrpoeHlrt
pa3rurrribrx cgroK B o6ractr.r perrreur.Ir orrrl4Mr,r3arluouuoft 3aAaru. CneAenze npo6rerrarr

MuoroMepuoft onuauu3arluu r cenaeficrny oAuoMepnrrx nn(fopMarllrouuo-coBMecruMbrx 3aAaq.

flapanneurHoe perrreHne sap;a't [opox,4aeMoro cerrreftcrnavr cxeMa uu(poprrraquouHbrx o6rvrenon.

O6rqHocrb paccMorpeHHoro rroAxoAa Alrr perrreHvrs pflpa BbrrrrrrcJrrirrenbHo-TpyAoeMKlrx

HayqHo-TexHlrqecKlrx 3aAaq (uurerpvpoBaur{e, perrreHrie cr,rcreM neruauefiurx ypanueuufi,

BoccranoBJreH[e sanucnuocreft, [o]rcK peureHnfi, onrrrMtrJrbHbrx rro ua6opy Kpr,rrep]IeB

(rrauororpnrepr{aJrbHar orrr{Mr,r3arlux) w r.4.).
flpaxruryrrr rro pe[reHuro 3aAaq MHorogKcrpervramnoft orrr]rMra3arl]ru c ucrroJrb3oBaHr.reM

cracreMbr [apaJrJreJrbHbrx Bbrrrr.rcneunft A6conror 3xcnepr (nocrauonrca 3a4aqkr, BbrrroJrHeulle

Bbrlr?rcJleHr.rit, nusyattugawrfl AaHHbx, aHaJrLr3 pe3yJrbraroB pacqeToB, r43MeHeHr.re [apaMeTpoB r,r

[poAoJrxeHr,re BbrqlrcJreuufi ).
5. OEPA3OBATEJIbHbIE TEXHOJIOTUTI



oJreKrllroHHo-ceMr.rgapcKafl cr,rcreMa o6yrennr (rpa4zqraoHubre JreKrlr,rouHbre tr

ra6oparopnrre sauxru.r) ;

oo6yrenue B MaJIbIx rpyfinax (nunomrenze ra6oparopHbrx pa6or B rpyfiflax r.r3 AByx rrJrr{

rpdx uenonerc);

oMacrep-KJlaccbl (genaoucrpa\ufl, Ha na6oparopHbrx 3arrflTlrflx npr.rHrluloB pacqera r4

npoeKTllpoBauvg. orrrlrqecKlrx 4erzureft u orrrr,rgecKux cucreu);
orrpuMeHeHrde MyJrrTilMeAr.ra rexnonorr,rfi (npone4eurae JreKulroHHbrx sanstufr c

rrpr,rMeHeHlreM KoM[brorepHbrx rrpeseHTarlufi u .qeMoHcrpaquouHbrx poJrr,rKoB c rroMorllbro

npoeKropa uru 3BM);
. nn(boprnraqrroHHo-KoMMyHr,rKarI[oHHbre rexHoJrofl4]r (upurrrenenue rn(fopiraaq]roHHbrx

TexHoJroruit wts. MoHlrropr{Hra rerylleft ycrreBaeMocrr,r cryAeHToB }r KonTpolr.fi suannfi).

6. OTIEHOqHbTE CPEICTBA AJrfl TEKyTTIETO KOHTPOJTfl
yCTIEBAEMOCTII, fIPOMEXyTOqHOfr .q,rrnCTAIII4II IIO I,ITOIAM

o c B oEHufl AUCWIIJIIIHbI I,I yrIEE H O-ME T OAUTIE CKOE
OEECIIEqEHT4E CAMOCTO.fl TEJTbHOff PAEOTbT CTyAEHTOB

a) Bonpocrr rc pefiruur-KoHTpoJrro:

Peilmuuz-rcoumponu JWI
' 1. CISC- r RlSC-npoqeccopbr" Ocnonune qeprbr RISC- apxr,rreKrypbr.

2. flonrrrueHue [pol,I3BoAr.rreJrbuocrr.r [poqeccopoB sa cqer rouneftepugarl4tr. VcnonrEs

onrr,rMaJrbuoro (pynrquour{poBaHur r<ounefi epa.

3. Cyneprcouneftepuue v cynepcKaJrffpubre npoqeccopbr. Brr.4enenze He3aBlrcr.rMo

pa6orarorqux ycrpoficrn: IU, FPU, MMU, BU.
4. MeroArr yMeHblrreur,rfl HefarlrBuoro BrruflHufl, uncr:pyrquft nepexoAa Ha

[por.r3BoAr,rTeJrbHocTb rrpoqeccopa.

5. flonrrruenrae [por.r3BoAr{TeJrbHocrn npoqeccopoB 3a cqer BBeAeHr4fl Kgrrr-rraMsrfi. Ksruu:

e4r.rnrrft, fapnap4cruft, c upxuofi ganvcuo, c o6parnofi sanltcrrc.
6. Opranusaqur Kgrrr-rraMsrn. Amopr,rrMbr 3aMeHbr AaHHbrx B Kgrrr-naMsrr.r. CueqlraJrbHbre

KgIIIPI.

7 " Cornaconanue xsruefi B MyJrbrr{[poqeccopHbrx cr4creMax c o6qefi rraMrrbro.

8. BuAsr MHororpoqeccopHbrx apxureKryp.
9. flog4epNra MHoro3aAaquocrr.r H MHoro[poqeccopuocr]r cfleq[aJrbubrMr,r r,rHcrpyKrlr{rM}r

[poqeccopa. Oprauuraqus .qaHHbrx Bo nnelureft rraM.rrrr.r.

l0.Ilporpair,rrraa, ilpoqeccop, rrpoqecc. Ouronurre cocraBJrrroqr{e npoqecca, cocrorHufi
[poqecca. Cter, BI,IpryaJrbH as rraMflTb, MexaHr{3Mbr rpancnrq}rr4 alpeca.

11. MexanrcMbl B3al{rr,roAeficrsus [poqeccoB. PasAerserda-f, flaMrrb, cerraaSoprr, crrH€urbr,

rloqroBbre trilIllKll, co6nrrus. 3agatu (threads). Cpanueurae c npoqeccaMr.r. Pecypcrr,

[pfiopr,rrerbl. llaparneJrbHbre rrpoqeccbr. CnsgrrnaHue. Craruqecxoe v AfiHaMfiqecKoe
cBr3hIBaHlle.

12,Buplst pecypcoB: arrrlaparHble, [porpaMMHbre, aKT]rBHbre, uacc]rBubre, JroK€urbHbre,

pa3AeJUIeMbIe, IIOCTO.trHHbIe, BpeMeHHbIe, HeKp]ITLlqHbIe, KpUTLIqHbI9.

P e[tmuuz-rco ump onu J,/b 2

1. Tr.rurr nsarar\aoAeftcrBr,r.tr npoqeccoB: corpyAnvtraro[I]re fi KoHKypr,rpyrc[pre [poqeccbr.

Kpu:rauecrfle ceKrlzlr, B3ar.rMHoe rrcKJrrorreur{e rrpoqeccon (sa4av).

2, flpo6nerrrrr, Bo3HlrKaroqne rrplr cr.rHxpoHr{3a'qlzlfisa4aqfifipLeuvx pa3perleH]rfi.



3. Cocro.f,Hr,rs rrpoqecca r.r Mexaulr3Mbr rrepexoAa r,r3 oAuoro cocrotul{t B Apyroe.
4. Crangaprrr na UNlX-clrcreMbr.

5. Vnpanneuue rpoqeccaMu. Oynrqr.ru fork, execl, execv, waitpid. llpzrr,reprr ucnoJrb3oBaHwfl.

6. Pa6ora c clrrHaJraMra. Oymqur signal. flpunaep HcrroJrb3oBa*vrs.

7. PasAerxer\aafi raMsrb. Oyurqur,r shmget, shmat, shmctl. flpulvreprr qcrIoJIb3oBaHV.s..

8. Ceua(popu. Oynrqr.rr.r semget. semop, semctl. llpurr,reprr rcrroJrb3oBanufl.

9" Co6rrrus. flpurrazrunHbro oneparJuvl Oprauusaqur B3alrMoAeficrsrs KJrr,reHr- cepBep c

loMorrlbro co6rrrufi.
10. Ouepe4u coo6ulenzfi. Oyurqrau msgget, msgsnd, msgrcv, msgctl. Ilpuruepu

LICIIOJIb3OBAHVIfl,,

11. Ynpannenne 3aAaqaMr.r (threads). Oyurquu pthread_create, pthreadjoin, sched.yield.

flpurraeprr lrcrro Jrb3 oB anus. 
"

12. O6remu cr,rHxpoHr,r3ar\uur rr4lra mutex. OynrqurE pthread_mutex_init, pthread_mutex_1ock,

pthread_mutex_trylock, pthread_mutex_unlock, pthread_mutex_destroy. Ilpr.rrraepu

ucIIoJIb30BAHUfl*

13. O6rerrbr cr4HxpoHv3apr4 u,rna condvar. Oynrquz pthread_cond init, pthread_cond_signal,

pthread_cond_broadcast, pthread_cond_wait, pthread_cond_destroy. Ilpuueprr
}ICIIOJIb3OBAHLTfl,

1 4. Ilpunaep multithread-rporpaMMbr yMnolxoHlrr Marpr4qbr Ha BeKTop.

r. Message passing Interrace (MpI). ::{':^^r':;W{;:i#i^rorpaMusr. oyunqnu MprJnit,
MPlFinalize. Coo6rq envrfl u rrx Br,rAbr.

2. Kounayuuraropbr. Oyurqr.ru MPl_Comm_size, MPl_Comm_rank. Ilprauepnr

lIctIoJIb30BaH'vlg.,

3. flouapurrft o6rvreu coo6rqenu.sruu. Oyurqr,ru MPI_Send, MPI_Recv. flpuuepu
IICTIOJIb3OBAHVII..

4. Ouepaquu BBoAa'BbrBoAa B MPl-nporpaMMax. flpulrepu.
5" ,{ononurareJrbHbre Bo3MoxHocrr,r AJI{ rrolapuoro o6ueua coo6tqenprsupr. Oyurqur

MPl_Sendrecv, MPl_Sendrecv_replace.

6. ,{ononuzreJrbHrre Bo3MoxHocr}r AJrr norrapHoro o6uena coo6rlenvsrar,r. Oyurcqrau

MPTJsend, MPI_Irecv, MPI_Test, MPl_Testany, MPI_Wait, MPl_Waitany
7. Koruerrranuu{ o6uen coo6ulenzruu. Oynrquu MPl_Barrier, MPI_Abort, MPT-Rcast.

8. Konnerrnnurrft o6ueu coo6rqeuraxlr,tz. Oyurqnu MPI_Reduce, MPl_Allreduce,
MPl_0p-create, MPl_Op_free. flpurr,rep MPl-uporpaMMbr, BbFlucr.f,IoIqeft oupe4enesnrnl
r,rHTerpaJr.

9. Bpervrx n MPl-nporpaMMax. Oyuxquu MPI_Wtime, MPI_Wtick. llprarr,rep r{crroJrb3oBaHufl.

10. llpuuep MPl-uporpaMMbr yMnoxeHr,rq Marpr,rrlbr Ha BeKTop.

11. ,{ouonHr{TerbHbre Bo3Moxuocrr.r AJrr KoJrJreKTr.rBnoro o6ueHa MaccrlBaM}r AaHHbrx. @yurqzu
MPI_Gather, MPl_Allgather, MPT_$satts1,

12.llepecrurra crpyKryp AaHHbrx. CosAaH[e HoBoro MPI-rnna .qaHHbrx c noMorqbro

MPl_Type_struct. Oyur<qr.rr MPl_Address, MPl_Type_commit, MPl_Type_free. llpuuep
I4CTIOJIb3OBAHPIfi-.

6) 9rca*reHarlrroHnbre 3aAarru :

1. Haunlrrare [porpaMMy, ucrroJrb3ys 6norupyroque KoMMyHr4KarIrroHHbre (pynxquu

(MPr_Send, MPI_Recv), pea.nuayroqyrc cJre,qyroquft arroputrnr: Era HyJreBoM rrpoqeccope

r4nr4r\uurusupyercs repeMeuua.r (float a); uynenoft npoqeccop paccbrJraer rrepeMeHHylo a



BCeM [pOUeCCOpaM, BKrrOqA{ CaMOTO Ce6g]' IIOCJre rrOJIyqeH]It IIepeMeHHo[ a Bce

npoqeccopbr [pu6aBJrflroT K Heft cBoft ]rHAr,rBr{AyaJrbHbrft HoMep }I [epeAaloT Ha HyJreBoft

flpoqeccop; HyJreBofi npoqeccop floryqaer oT Bcgx llpoqeccopoB AaHHbre LI BbIBoALIT Ha

gKpaH B QOpMaTe: HOMep IIpOqeCCOpa, Ilepecirar{Hoe r{M 3HaqeHlre IIepeMeHHofi a.

2. Haur,rruure [porpaMMy, r4crroJrb3yfl 6rorupyroque KoMMyHIlKa{}IoHHrIe (pyurquu

(MPI_Send, MPI_Recv), peaJrr,r3yrouyo aJropr.rrM repeAatll,I AaHHrIX no KoJIbIIy:

ouepe4uofi [poqeccop AoxuAaercs coo6ueHur or rpeAblAylqero n noroM rlocblJlaer

ciroAyroqeMy rpoqeccy.

3. Hanraurure ilporpaMMy, r{crroJrb3yfl KoMMyHLIKaII}IoHHbre Qynxquu (MPrJsend, MPTJrecv),

rrepeAaroqyro ABwepnrrft uaccuB MexAy AByMt rpoqeceopaMll.

4. Hauuruure rporpaMMy, ricrroJrb3yfl KoMMynlrKaqrloHHyro (fynrquro (MPr_Sendrecv),

peaJrr43yroqyro aJrropr,rrM [epeAatrr4 AaHHbrx rro KoJrbIIy: oqspeAHofi npoqeccop4oxfiAaerc.s

coo6ulenprs or npeAbrAyrqero fi rroroM lrocblJlaer cJle.qyforqeMy lrpoqeccy.

n) Ilprarvrepnbre reMbr KypcoBblx pa6or:
1. r{ucnennoe peureH}re cpeAcrBaMu MPI/OpenMP AByMepuoro nerutrefiHoro ypaBHeHI,It

TerrJrolpoBoAHocrr,r MeroAoM rrpoAoJrbHo-flo[epeqHofi nporouru
2. rlncneuuoe perroHrre cpe.qcrBaMu MPI/OpenMP AByMepHoro nerl,IHeftHoro ypaBHeHLIfl

TenJrorlpoBoAHocTpr c rroMolrlbro cxgMbr paclqellJleHl4t

3. rlucnennoe perreHlre cpe,{crBaMn MPI/OpenMP ,qByMepnoro lreruneftHoro ypaBneHl{fl

TelJrorrpoBoAHocTr.r c noMorrlbro cxeMbr rlpeAr.rKTop-KoppeKTop

4. rftacnennoe perreHr{e cpe.{crBaMr{ MPVOpenMP rpexMepuoro maneftuoro ypaBHeul{fl

Te[nonpoBo,4Hocr]r c rloMorrlbro snHofi putsuocrHoft cxeurr
5. rlucnesnoe perreHlre cpeAcrBaMr{ MPI/OpenMP AByr\repnoro ypaBHeHus llyaccona

r.rrepaq?rouHbrM MeroAou 3efi Aers
6. 9racnennoe perueHrre cpeAcrBaMlr MPI/OpenMP AByMepHorq ypaBHeHLIs flyaccona

MeroAoM 6roqHrrx zreparlufi
7. Mo4enupoBaHr{e cpeAcrBaMu MPVOpenMP npoqecca B3ar.rMoAeficreu.fl rBepAbrx tlacrllq c

IIOTOKOM TA3A

8. rluctesuoe perreure cpeAcrBaMu MPI/OpenMP anyvepnoro ypaBIreHI4.rI nepoHoca

9 . BrrqucneHr,re paHra rpol43BoJrbuofi rraatpullhr cpeAcrBauIE MPI/OpenMP

10. MoaenupoBaHue cpeAcrBaMu MPI/OpenMP upoqecca npoxoxAeuzr nefirpoHoB qepe3

rrJracTprHy

r) CarvrocrosrerbHarr pa6ora cryAeHToB:

1. floAroronxa K TeKyrrleMy KoHTpoJrro ra rpoMexyrovuofi arrecralll{pl.

2. floAroronxa r na6oparopHbrM pa6orarvr u o(popnrneuue orqeroB rro pe3ynbraraM

r.r3 BbrrroJrHenlrr. Kontponr ocyqecrBJrfrercfl. Ha 3aHsrr4flx B Br,rAe ycrHbrx orBgroB Ha

BO[pOCbr rrpeloAaBaTeJr.fl rro coAepxaHl{Io oTqeTa.

3. Pa6ora c AorroJrHr,rremnoft nuteparypoft rro BonpocaM, BbrHeceHHbIM Ha

caMocrorreJrbuoe pr3yqenrre. Kourponr ocyqecrBJrfiercs Ha sK3aMeHe.

1) ,{ocrozncrBa lr HeAocrarxn SMP- u MPP- apxr4TeKtyp Bbrrrr,rcJrr.rreJrbHbrx

c}IcTeM.

2) Orrra.rrae nonsrIafi flpoqecca ra [oroKa B orrepaq]roHnbx cllcreMax.

3) llpo6nenarr cr.rHxpoHlr3arlur,r 3aAaq rrpu napalJreJrbHoM [porpaMMI,IpoBaHI{I{.

4) Ctau4apt OpenMP. HasHa.rsHLIe.

5) CyrqectnyrouuopeaJllrcalrult cmngapraMPI.
6) llpororonrr o6rrreua AaHHrIMII Me)KAy rpoqeccaMl,I.



1.

1"

2.

a

4.

7) I,Icuonrgosanr.reyrr,rlnrruMPIRun.

8) OuaAra rrapaJrJreJrbnbrx npuJroxeuufi.

9) MeroAuraorleHKlre$(ferrunr-rocrr.rBbrrrr.rcnenufi.

10) Pearugaqus Marpurrrrbrx aJrroplrrMoB cpeAcrsaMr MPI
1 1) Pacnpe4eneHHoe peureHr,re gr$SepeurllraJrbubrx ypanHenrafi.

Pacupe4ereHue BLTAoB caMocro.{renrnofi pa6orrr ilo pffiAeJraM A}rcq}r[Jrr.rHhr:

7. yqEEHO-METOAIIqECKOE I,I IIHOOPMAIIIIOHHOE OEECIIEqEHIIE
Atrcrlr4IIJIIHbr

a) ocHonHafl Jrrrreparypa
AHTouon, Anexcau4p Cepreenu.r. Texnonorr,ru [apaJrJreJrbHoro [porpaMM]rpoBaHtrfr MPI u
OpenMP : yre6noe noco6rae IIrfr By3oB rro HarpaBreHr,rsM 010400 "flpurna4uax
MareMarllKa u rEuQopuarurca" u 010300 "Oyu4avenrurbnafl uu(poprraarzra vr

uu(popuaquoHHble rexHofioruu" I A. C. Anrouon ; MocxoncrHft rocyAapcrBennrrfi
yHllBepcllrer I,IMeHu M. B. Jlououocona (MfV) ; aBr. rrpeAr4cJr. B. A. CaAonHr.rrft.-
Mocxna : Mocroncxufi ynnnepc\rrer (Mfy), 2012 .-339 c.: lrJr. - (CynepronrrbrorepHoe

o6pasonaru4e) .- En6nuorp.: c.333-334 .- ISBN 978-5-2ll-06343-3,
Ourosrr napuuIJIeJIbHoI'o rporpaMMr.rpoBaHur [3uerrponnrrfi pecypc] / Eoraq€e K.IO. - M. :

EI4HOM, 2013.
MoAenu raparrefibHoro rporpaMMr.rpoBanrax [3uerrposnrrfi pecypc] / Oe.qoron I4.E. - M. :

COJIOH-IIPECC, 2012.
llapzurnenrnoe rporpaMMLIpoBaHI,Ie Ha C++ B Aeficrnr.rpr. flpar<rma paspa6ornrE

MnororloroqHbrx nporpaMM [3;rerrpouurrfi pecypc] / 3Hronlr VrEmsrvre ; IIep. c aHfJr.

CrnnxrEu A.A. - M. : ,{MK flpecc, 2012.
6) 4onomurreJrbHaq Jrrrreparypa :

Kynuron Z.M. Texnonorr,Iu parpa6orru [porpaMMnorp o6ecneqenus prlLs.

MareMarl4tlecKoro MoAeJII4poBaHLIfi Sr.reu.recxr.rx [poqeccoB. 9acrr l. I4cnorugoeaHr.re

cyrlepKoM[brorepoB, ocHarrleHHbrx rpa(puuecxr.rMr.r ycKopprrerrflMu [Snemponuuff pecypc]:
yre6noe r'oco6uel Kynuron U.M.- Snerrpou. reKcroBbre AaHHbre.- Honocu6zpcr:
Honocr.r6rapcrraft rocy4apcrBeHHbrfi rexnzqecrufi yuunepcr,rrer, 2013.- 40 c.

J\9

nlrr
PasAer Ar{cqlrrrJrnHbr

Bza CPC

(1) (2) (3)

I I{e;ru v sara';rv rapaJrJreJrrnoft o6pa6orrr.r
.uaHHblx

2 4

2. flpnnqunrr flocrpoeHr.rfl rrapaJrJreJrbHbrx

BbIqIACJII,ITEJIbHbX C}ICTEM
4 6

a MoAenn [apaJlJreJrbHbx Bbrqr.rcJrr,rreJrbHbrx

C}ICTEM
4 6 6

4. flpzuquurr paspa6orxlr rapaJrJreJrbHbrx

AJI|OPI,ITMOB I{ TIPOTPAMM
4 4 6

5. Cucreurr paspa6orxu rapaJrJreJrbubrx
IIporpaMM

6 6 8

6. IlaparnemHrre qlrcJreHHbre aJrroplrrMbr

,4JIfl pelllgHl{t TI,IIOBbIX 3a.qatl

BEITII,I CJII1ITENT gOft MATEMATI'IKI'I

6 6 T2

Bcero 26'a. 22'r. 42\.



2. MoAenu pacrpeAeJreHHbrx Bllqr.rcJreHr,rft [Snerrponnrrfi pecypc] / Tonopxon B.B. - M. :

OI43MATJII4T,2OII,
3. Texnonorns CUDA B rlpl{Mepax: BBeAeHr,re B rrporpaMMr4poBaHr.re rpa{uuecrux

rpo{eccopon [3nercpossnfi pecypc] / Cantepc,{x., Ken4por 3. - M. : IMK flpecc, 2011.
n) IIporpaMMHoe o6ecne.reHne n lfnrepHer-pecypcbr:

1. Jla6oparopux fIapanneJILHEx ran(popuaqraoHHbrx rexHoJron{fi Hayuno-uccJreAoBareJrbcKoro

Bbrrrr{cJrr.rrerrbHoro ueHrpa Mfy http://parallel.ru
2. MPICH: a high performance and widely portable implementation of the Message Passing

Interface (MPD standard. https ://www.mpich.org/
3 . Opurunalu cranAapra MPI: http ://www.mpi-forum.org/docs/docs.html.

8. MATEPTIAJIbHO-TEXHI{qECKOE OEECTIEqEHI,IE ArICqn[JI]IHbI
Jler<qzonnbre ayAHToplIrI, ocualq€nnrre Aocrofi (4nx rvrena r.rJrr,r MapKepa), erpauoM AJrr

rrpoeKrlr.roHubx cr,rcreM, [poeKTopoM ]r noyr6yxorra.

Ay4I'ttopuu AIrs. [poBeAeHI{x sausrui1 ocuaul€Hnbre coBpeMqHHbrM}r [epcoHaJrbubrMr{
KoMrlblorepauu, o6te4Lrudunrnau B JroKaJrbuyro Bbrrrr4cJr[TeJlbnyro cerF ]r yKoMnJreKToBaHHbrMr.r

ueo6xogr.rrrrhrM ctrcreMHbrM rr npr.rKJraAHhrM [porpaMMHrnvr o6ecneqeHr,IeM"
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