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1. UEJTTI OCBOEHuTfl Wrc\rrrrJrr4Hhr
florpe6nocrb pemeHrlt cJIo)KHbrx nplrKJraAubx 3aAaq c 6onrururu o6reuou nr{uucleunfi

lI npllnul,Invurbnau orpaH[IrleHHocrb MaKcrrMaJrbnoro 6ucrpo,qeficrnfis "Kracc[qec$ux" - uo
cxeMe (pon Hefiruana - 9BM npI,IBeJIn K [orBJreur{ro MHororpoqeccopubrx Bbrrrrrcr{zrernurx
cl{creM (MBC). llcuonrgosaHve raKr.rx cpeAcrB Bbrrrr4cJr}rrelrnoft TexHrrKrr fioenoruer
cylqecrBenno yBenl,ItllrBarb rrpor43BoAr4TeJrbHocrb 3BM npu nro6oM cyrqecrByroqqvr ypoBue

pa3Brrrus. KoMflblorepnoro o6opy4oBarrufl. flpu erou, oAHaKo, neo6xo4unao "napa{uerbHoe"
o6o6qenue rpaAvllnousoft - flocJre,qoBaremnofi - TexHoJrorv[ peureH[r 3aAarr na QBM. Tax,
qI,IcJIeHHbIe MeroAbI B cJlfrae MBC AoJrxHbr upoeKTr,rpoBarbcr KaK clrcreMrr napatr{eJrbHbx r,r

nsalauo4eftcrBylolqnx MexAy co6ofi [poqeccoB, AoflycKzrroulr{x r,rc[oJrHeH[e Ha He308I,IcnrMbD(

[poqeccopzx. flpr.rnrenxeurre aJlropr,rrMlrqecKl,Ie .fl3brKu vr cr{creMHoe upofparvlrvrHoe

o6ecneqeHl{e AoJDKHTT o6ecneq[Barb co3AaHrre [apaJrJreJrbHbD( nporpurMM, opraurfsonbrBarb
cI,IHXpOHlI3arIUrO r,r B3illlMoklorurrcqeHl,Ie acI4HxpoHHbD( rrpoqeccoB lI T.n.

flpe4uerou paccMorpeurlt Hacrotlqero Kypca vr sBnrfierc . r,r3freulre uepeq4cneHHoro
Kpyra BoupocoB. I-{enr rypca cocrol,rr B r{3Jroxeu}rr{ MareMarr4qecKltx uo4eneft ! rraero4on

flapannenblroro [porptMM]rpoBarrkrs. Nrs. MHoroupoqeccopHhrx Bbrrrr4cJrr,rTeJrbHbx pr{cTeM, a
TaKXe [paKTuqecKoe ocBoeH]re [p]reMoB r.r rexur.rK paspa6orrn [apannenbHbrx uporpaftrru.

2. MECTO ArrcqunJrr4Hhr B CTpyKTypE orrorr Bo
,{ucqunnzua <flapanJreJrbHoe uporpaMM}rpoBaH}re)) HtxoAr,rrcs B Bapr{arr.rn{ofi uacru

ocnonnofi npo([eccnonanrnoft o6pasonarenrnofi uporpulMMbr ]r orHocr4Tcs K Ar4cur4r+rrrrHaM rro
nn6opy.

,{ucquuruna Jrorl{qecKr,I v coAepxareJrbHo-MeroA}rqecKr4 cBs3aHa q pfiAoM

TeoperuqecKl,Ix A[cqvrrrIrr4r LI upaKTr,rK npeArrrecrByrouero nepproAa o6yvennx (Ap>fnrerrypa
KoMnbrorepon, AnropI4TMbI kr anuru3 cJroxnocrr,r, f3stwt r{ MeroAbr uporpanrrra{poBaHzr,
Cr.Icreunoe u npI,IKnaAHoe flporpaMnrnoe o6ecreqeHr,re, OnepaqraonHbre cucrerurr, Q6rerrno-
opI,IeHTupoBaHHoe uporpaMMvponanue). .{nr ycnemuoro ocBoeHrrf, Kypca cryAer{Tbr AoJDKHbT:

3Harb ycrpoftcrno ll upI{HIIunu (pyuxqr{oHr,rpoBarr}rs 3BM, r,rMerb rrpeAcraBnenue Q 6a3oerx
alrOpI'ITMtX u CTpyKTypaX AaHHbx, ) ileTb IIpvMeHtTb ff3bIKI,I uporpaMMllpoBaHllt BbICOKOIo

ypoBrur.

.{rncqr,rnn'Iua Qoprr,rr.rpyer sHalr4fr. lr HaBbrKLt, neo6xo4rnurre n npar{ruqecxofi

Aesrenbuocru xnaru(flrIlfipoBauHoro c[eqlralr]rcra, u3yqaercfi. B KoHrIe reoperr,rqecx{ro Kypca.
B parr,ffax yre6uoro flpoqecca oHLI Moryr 6rrrr zcnoJrb3oBauhr rrpu noAroroBKe n$mycruofi
rnanu(prraqrEonnofi pa6oru.

3. KOMIIETEHIIUII OEyTIAIO IIIEIO Cfl , OOpMI,IpyEMbrE
BpE3yJrbTATEOCBOEHUnIr[CrIrrrJrr,rHbr(MoAyJrfl )

B pe3ynbrare ocBoeHrlx AI{cq}rrIJII,Irrbr o6yrarorquffcr .{onxeH 4errlonc{pt'rpoBarb
cneAylouue KoMrreTeHrllrr4 :

o cuoco6Hocrb I,Ic[oJIb3oBarb 6asonrre 3HaH]rff ecrecrBeHHbrx HayK, tuarentaruxu vI

nu(fopuatuKl,I, ocnoBHrre (fartrr, KoHllerrrlulr, npr.rHrlLtnrr reopnfi, cBr3aHHbur c upiarna4nofi
MareMarr.rKoft ra un(f opuarmoft (OIIK- I );

o cuoco6Hocrb r parpa6orKe arrropr{TMr.rqecKnx 14 rrporpaMMHbrx peruenzrE q o6lacru
cLIcTeMHoIO vt [p]IKJIaAHoro [porp:lMMl,IpoBaHr4g., MaTeMaT[qecKux, nn(foprvraqnpHnnnc vr

[MrITaIIuoHHbx uo4enefi, co3AaHulo ran(fopuaq]roHHbx pecypcoB uo6am,urfi cerefi,



o6paroaareJrbHoro KoHTeHTa, rrpr,rKJraAubD( 6ag Aannrx, TecroB Lr cpeAcrB rec{uponauur
cklcrsM I,I cpeAcrB Ira coorBercrBue craHAapraM u rrcxo.qHbrM rpe6onauzru (OnK-3);

o cuoco6Hocrb r paspa6otKe I{ upr,rMeueHurc arrroprrrMrrrrecKrlrx r{ flporpzlMrrrnrn{ peruenuil

s o6racru cr4creMHoro u [pnKJraAHoro flporpaMMnoro o6ecneqenur (IIK-7).
B p$yJrbrare ocBoeHr4r Ar4crllrrrJrr,rubr o6yraroquftcx AoJrxeH ,qenroncfprpoBarl

cJreAyroq[e pe3ynbrarbr o6pasoranzr:

1. 3narr: uaccu$urarlrzro paclpeAeneuHBrx BbrrrlrcJrlrreJrbHbx clrcreM, MeroAbr

IloBbrmeHlrfi rrpolI3BoALtTeJIbHocTlI BbItII4cJIlrTeJrbHbrx clrcTeM, [oAxoAbr K [opTpoeHr,rrc

IIap :ulneJrbHbrx ulJrropr,rTMoB ;

2. Yuerr: caMocrosreJrbno Lt3BJrerarb rroJre3Hyrc HafrHo-TexHuqecKyro unrpop{uawlrc }r3

pa3[uqHbD( I{cToqHvKoB, rrp}rMeHrTb }BrreHHbre MeToAhr upu IlpoeKll{poBalrr4u
pac[peAenerrHbx aJrropuTMoB ;

3. B.rraqerr: HaBbrKttMrr lrcuoJrb3oBaHlrf, coBpeMeHHErx cpeAcrB perrreHr{r nrrvucrlnreJrbHbrx

3aAarr AJrfl clrcreM c pacfipeAeneunofi [aMrrbro.

4. CTP)TKTYPA I,I COAEPXAHIIE AIICIII4INI4HbI MOIVJIfl)
O6rrla.lr rpyAoeMKocrb Alrcrlr{[JrlrHbr cocraBJrrer 6 gaqerHrre eA]rHr{qbr, 21 6'latcon.
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JTEKUTTU

1. Ileru rr 3aAarru BBeAeHrrfl napaJrJreJnnoft o6pa6orrclr AaHHbrx
1.1. HeodxotrrrMocrb

Orpanu.renue Irlarcrauanrnoft [por,r3BoArrreJrbuocrr{ oAno[poqeccopnrip< 3BM.
IlocrosHnat seo6xo,qrrutocrr peltteHllr 3aAaq, upeBbrrtraroqr4x Bo3Moxrrocrr{ coBpeMelrnbrx

3BM (npo6neuu "6omuloro ausona"). Heo6xo,u,rMocrb KoJrJreKTr{BHoro pexuMa perfien}rt
3aAaq. Anronaarltsaqlrt yllpaBIrenvfr. pacupeAeneunbrx rexu]rqecKr,rx c]rcreM. Te4uzvecxue
tpe6onanzt uo cullxeHr{ro cro}IMocrr{ r{ noBbrrrreHl4rc HaAexHocr}I.

1.2. llcroprs BBeAeHrrfl rrapaJrJreirrr3Ma

ENIAC,IBM-701, 704,709, ATLAS, CDC 6600,7600, ILIAC IV, Cray-l,9frr6pyc.
1.3. Pasflr.rqne MHoro3aAarrHbrx, napaJrJreJrbHbrx rl pac[peAeJrenHbrx nrrvu$.nenuft
1.4. Ilpo6.rreMbr ncnorb3oBaH[s [apaJrJreJrrr3Ma

CyrqecrsonaHl,Ie nocJleAoBareJrbHhrx anroplrrMoB (saron Anaaanr). Il$nrurrenue
rIpoI43BoMTeJIbHocrlr rlocJreAoBareJrbubrx KoMrrbrcTepoB (sarou Mypa). flqrepu Ha

ssallraoAeftcrBlae v flepe.qaqy AaHHbrx (ruuoresa Muncroro). Brrcoras drouuocrr
[apannenbHbrx c]Icrervr (sanon fporua). "flocre4onareJrbHocrb" cyr[ecrnyrolllux anrqp]rrMoB ]r
[porpilMMHoro o6ecuerleH]It. 3asucn{ocrr s(p(fexu,rBHocr}r napurJrnenbHbD( Bbnr[Qlenufi or
frera oco6esuocrefi affIaparypbr. Croxnocrr pa:pa6orrz laptlnneJrbHbx anfopurrraon.
Tpy4oer"mocrb [poBepKrr npaB]rJrbHocr]r rrapaJrJrenbubD( rrporpaMM.

2. Ilpnnqnnbr rrocrpoeHrrq [apaJrJreJrbHbrx BbrqrrcJlrrreJrbHbrx crrcreM
2.1. flyrw Aocrrrrr(enus [aparreJrrr3Ma
OyuxquonaJlbHble Bbrtll,IcJllrreJrbHbre ycrpoficrna. MnoroypoBueBaJr u rr{o4y:urnax

rlzlMflTb. Konnefiepuue vr BeKTopHbre BbrrrlrcJrenr,rq. flpoqeccopHbre Marprirlbr.
MuoroupoqeccopHbre BbItII,IcJII4TeJIbHbre clrcreMbr c o6qefi a pacrrpeAenennoft [aMrrbro
(rr,rynrrr,rnpoqeccopbr r4 MynbrlrKoMubrorepu). MurponpoueccopHbre clrcreMbr.

2.2. Cnocodrr nocrpoeHrrfl MHoronpoqeccopHbrx BbrrrrrcJrrrreJrbHbrx crficreq
Cxelrarr KoMMyraIIlIt4 (nonuar KoMMyrarlnr - o6rr1a"fl flaMrrb, lepqKpecrHbre

KoMMyraropbl, JIoKaJrbHbIe cxeMbr KoMMyra\uvr - o6uatr [rr{Ha, pe[IerKlr, nnacreprr). Auarurs
rrapannenbHbrx aflrop]rrMoB I4 Tl,IrroBbre rorrofloruu cxeM KoMMyrarl[r4 - KoJlbrlo, mrHefiKa,
peIIrerKI.I, nonurrft rpa(h, rznepxy6, Top, AepeBo. Anlapaurafl peuwrsaqg4l. Lr upo[parvlrrauaa
gMyJrrrlur TorroJrorur[.

2.3. Bnarr [apaJrJreJrbubrx BbrrrrrcJrrrreJrbHbrx crrcreM
CynepOBM. MnorolpoqeccopHbre Bbrrrr,rcJrrrreJrbHbre

MHorouarrrlrHHhre BbrrrlrcJlr,rreJrbHbre KoMtIJIeKcbr. Ceru 9BM.
KoMrrreKcbr (MBC).

flpunreprr coBpeMeHHbx BblcoKonpor{3BonrreJrbHbx BbrrrutcJrr{TeJrbHbx crac{eu (Cray
T932,IBM SP2, HP Exemplar, ASCI RED). CyneprourbrorepHbre BhFrr{crrr.rrenrurrQ crrcreMbr
n Poccr.rz.

2.4. K.rraccnQurcaqnn MBC
Cucrelraarr,rru Onunna u IIIopa. flororu AaHHbrx (rorraanl). Crpyr<rypnaf uo'naqiur-

Xornr.r r,r,{xecxoyna.
2.5. OqeHrca rrporr3BoArrreJrbHocrn MBC
O6qee BbrptDreHlre Ant oIIeHKII [por,r3BoAr{TeJrbnocrr.r Art pzrHoro rnfia MBC.

Marcr,rManrnas (ur,nonar) [po]r3BoArireJrbHocrE. Crenenr napanJreJrn3Ma (4nrana

ilonyflpo]I3BoA]rrenbHocru). Vgeruuax [po]r3BoArrreJrbHocrb. 3naqenfis rroKa3areJreft aw, pxla
MBC.

3. Mo4e.rrnpoB aHrre H aHaJrr;r3 rrapaJrJreJrbHbrx nrrqn grenuft



3. 1. Mo,qerm napaJrJreJrbHbrx BbrqrrcJrrrreJrbnbrx crrcreM
Kounrrotep c HeorpaHzrIeHHbIM rrapalneJrlr3MoM (naparonrnrrorep). MoAelr,r

MHororlpoqeccopubrx cl{creM c o6qefi r pacrpeAenennoft rraMrrbro. MoAelr ro$nefiepnoft
CI4CTEMbI.

3.2. Moae.rrb aJrroprlrMa B BrrAe rpaQa ttouepang - onepaqllutt
flpe4ctauenl,Ie aJIropI{TMa B nz4e rpa([a noroKa AaHHbrx. Pacnucarlue napqlnnenbubx

BbrtlktcJleHuft. florasareJrb BpeMennofi cro>rcrocrlr aJrropr{TMa. Oqema BpeMeH}r nrfromrenzr
zrnropurMa IJII [apaKoMnblorepa (upe4enrHoe pac[aparrJreJrr,rBaHue) n AJrr c]rcreM c troHeqnbrM
KorI,IqecrBoM [poqeccopoB. 3anvcr,ruocrr orIeHoK or rofloJrorr,rr,r rpaQa amQpnrnra vr

neo6xogunrocru orrrrlMlrcarllrlr crpyKTypbr rpaSa. Cnoco6u [on] reHr,rs ofiTr.fMafibnoro
p acnncanus nrFrlrcreHnft .

3.3. Moaerb rrapaJrJreJrbHbrx BbrqrrcJreHuft n nnAe ceru llerpn
Ocnonurre floH.f,Tlrfi Teoplrlr cereft flerpr. Irlcuonrgosanne cereft llerpu Nrfl. ormca'aufl,

[aparlJrenbHbD( Bbrtlrllcnenr'rft. ,{erraoncrpaq}ur ocHoBHrx npo6neM [apalneJrbHbD( nrrfi,rcnenr.rft:

cmrxpoHlr3 arlnfl, B3aurMolrcKJrroqenr{e, 6lornpoma (ryuurcu).

3.4. Moae.rrb rlapaJrJreJrbHbrx BbrrrrrcJreH[ft n snAe rpa$a t'npoqecc-pecypc'lt

Ilonsrlre rrpoqecca. CuuxpoHz3a\r4s [apannenbHlrx rrpoqeccoB. Anuapar co6ulrufi.
flpuuep pezrnr43arllrr.r B orreparlr,ronnofi ckr creMe Unix.

Bsaur,Io[cKnlorlen]re [apafinenrubx rrpoqeccoB. KoHrlenqus pecypca. Mpxanusnrrr
B3allMorrcKJrloqenr.rr: aJrroplrrM,{errepa, cerua(foprr ([eftrcrpa), MoHr.rropbr (Bupr). Ilpunaepu
peruenl,It craHAaprHbrx 3aAaq B3ar,rMor{cKJrroqenrar: rconrqenoft 6y0ep, upo6lerua ".rlrrarenE u
[I,Icarer[".

Bsaurrao4eftcrBrle [apaJlJreJlbrrbx rrpoqeccoB rrocpeAcrBoM MexaHr,BMa rrepCIAaqn

coo6qenufi. MexanusMbr flepeAaqu: oqepeArr, floqroBbre rrq]rKr{, uoprbr. flpunqzn paHIeBy B

r3brKax Aaa n OKKAM.
Ilpo6rerrarr nsavuo4eftcrBl,Ir flpo{eccoB. flousrue rynr,rKa u ycndrux ero

Bo3HI,IKHoBaHAr.. flpe4ornparqeHlre ryrrlmon. AlroprEru 6anxupa. O6napyxeHr,re lynuron u
BOCCTZUIOBJIEHI'IE COCTO'HI,Ifl IIPOqECCOB.

Muorosa4auuuft pexurra pa6orrr 3BM KaK rracrHhrfi cnyraft rapuunenbuofi o6fa6orKr,r.

4. Ilpnnqunrr parpa6ornrr napaJrJreJrbHbrx aJrroprrrMoB rr uporpaMM
4. 1. Oqenrca eQ Q ercrnBHocrn rr ap aJrJreJrbHbrx nrr.ruc.rrennfi
floragatenr e(l$erta pacrapanneilvBarturs. (ycropenne). 3$seicrnnHocrb

I.ICnOJIb3oBaHr,rr BbFrlrcJlllrrenrnofi crrcreMbr. cnoco6rt oueHKr.r noragareneft. ocnosHrre
xapaKTepl4crlrKl,I BbrtlllcJrllTenruoft clrcreMbr, Bnr{rrrorrlue Ha BeJr}rq}rHbr ycrQpenux vl

s(!([errunnoctr,r (apxurerrypa, KoJrr,rqecrBo rrpoqeccopoB, Torororus KrurnrroB repeAaqr4
gannrur).

4.2. OqeHKa KoMMynrrKarlrroHHoft rpygoeMKocrrr napaJrJreJrbHbrx a.nropuriuon
XaparrepucrlrKl{ rononoruft cgrla uepeAarrr.r AaHHrx. AnropurMbr rraaprupfrru3arlrur.

Mero4u [epeAaru AaHHbrx.

Analus rpyAoeMKocrll ocHoBubrx orrepaqraft nepeAarrlr 1auurx. llepegaufl Aauurx
MexAy ABytraI flpoqeccopaMr ceru. O4rauouHar r.r MHo)KecrBeHHilr paccbrJrKa co06rqeu[ft.
Ouepaqux qlrKJrnqecKoro cABr.rra.

MeroAu Jlofl4qecKoro [peAcraBnenar rorroJrorfirr KoMMyH]rKaqnonnodr cpeAbr.

Oro6paxeuue KonbrleBofi rouonorwr4kr roloJro r{r.r pertrerKu ua runepry6.
4.3. Vpornn pac[apaJrJreJrr.rBaHns Bbrquclennft



PacnapameJII,rBaHLIe nruficreHufi Ha ypoBHe KoMaHA, nrrpaxenuft, npofparrauurx
uo4yreft, orAeJrbHo BbmoJrHreMrx gaAauuft .

4.4. ?r anw no crpoeHrrs uapafl reJrbHbrx aJrroprrrMoB rr nporp aMM

Bu6op ilapiulJlenbHoro anropr4TMa. Pearzsaqzr anroplrrMa B Br.rAe nrap{nnemnoft
rlporpaMMbl. flocrpoeul{e [crroJrrseNrofi [porpaMMbr AJrr rrapalnelruofi nnrvzcfimennuoft
cllcreMbl. flapatnenruoe I4cIIoJIHeHr,re rr,rarnr,rnnoft flporpaMMbr. rlacrnrre nocrauon{u: nu6op
otITI,IMaJIbHoro aJIropI,ITMa p.nfl. rouxpernoft Bbrrr]rcJrlrrelrnofi c]rcreMbr, uafox,qenze
uaurry.uneff TorroJIorrII{ Bbrrr}rcJrr.rrenrnofi cv eMbr AJrfl peuleuus oupe4eneunofi 3agaq}I,
pacuapaJrJreJrr,rBaHr4e cyulecTByrotqero anroprrTMa.

4.5. TexnorourrrecKne acrreKTbr pacnapaJrJreJrrrBaHrrfl

,{erorunosulll4t uIJIrop}ITMa Ha rrapanneJrbHo }rcloJrHreMbre (fpanrenru nrrfiucleunfi.
Pacnpe4enenve saganufi, rro rpoqeccopaM u 6a;rancuponra. Cunxponupaqus Lr

B3alrMolrcKJrroqeHr.re. Opranusaqr{r B3ar4MoA etrtcrsufl.

5. Cucreurr parpa6orKrr napaJrJreJrbHbrx [porpaMM
5.1. Cos,qaHrre cfleq[aJrrrsrrpoBaHHbrx fl3brKoB nporpaMMnpoBaHns
Alropurrrazqecrrft sgrtr OKKAM. O6rqa"r xapaKrepr,rcrr{Ka rpaucubrorepa. (onqeuqux

rpoqecca e OKKAM. MeroArr KoucrpyrpoBanve. arperrpoBaHHhrx rpoqeccon. Ifpuuquusr
lepeAarru AaHHbD( MexAy rlpoqeccaMr,r. flpr,ruep [porpaMM Ha anrop[TMuqecKpM .f,3brKe

OKKAM.
5.2. PacmnpeHrre cyqecrByrcrqnx fl3brKoB nporpaMMrrpoBaHrrfl
O6rqas xapaKTepllcrl{Ka [aparrJreJrbHbx pacurrpeuuft anrop]rrMr,rqecKo4o r3hrKa

Ooprpan. Asrordar[.IecKuul BeKTopr.r3arl]rr v pacnapaJrJreJr[BaHue. llflo6lonaHo-
opr,reHTr.rpoBaHHhre KoM[HJrrTopbr.

O6qas xapaKrepncruna crauAapra OpenMP. Cog.4asue rapaJrJrenbubrx o6nacreft.
PagAeleune BbnryIcnutenrnoft Halpy3Kr,r MelKAy rroroKaMr,r. Pa6ora c EaHHbrMrr.
CuHxpouusarlr4fr. Oynxqnu 14 rrepeMeuuBre oKpyxeHr.rs. Cpannr,rrelrnax xapaK1ep[orr{Ka
noAxoAoB rlapzlJlnenbHoro rlporputMMr4poBaur4r Anf, cr{creM c pacupeAelenuoi u o6qefi
IAMffTLIO.

5.3. Parpa6orrca cneqrraJrrr3rrpoBaHHsrx 6n6.rruorerc

Cvctenaa PVM. KouIlenqItfl IIapatIJIeJIbnofi nupryalrnoft Bhrrrr4cJrlrrelruoft rr,famranrr u
ee rIpeAcraBJIeHlIe B BvAe pacnpeAeneuuofi HeoAuopoAnoft cr,rcreubr KoMrrbrorepoB.

flpe4cranneuue nporpaurvtrroft cvcreMbr Ha nupryanruoft MarrTrrne. Qcuonnue
[pofptuMHhre rrpraM[Tr4Bbr cr{creMn PVM. flpunaep }rcfloJrbsoB alvrs..

Cucreua MPI. O6rqat xapaKrepucrlrKa. Ilo44epxxa MoAenr,r nsanvr$4efiorBr{ff
flapannenbubD( BErtlllcurnrenefi rrpr,r IroMolqn [epeAarm coo6[Ienufi. OcHosHue upof'paruMHbre

IIpLIMIT]IBbI cI4cTeMbI MPI. Ilpurraep ucflonBoBaHr,rr.

Opranrsaqltf, Bbrtlr.IcJrenr.rft na MHorolpoqeccopuoft cr{creMe Parsytec PowprXplorer.
I4cnonrsosaHl,Ie rexuoJlorr{r4 Kpocc gMyJrflrl}r}r npu paspa6orKe napaJrJreJrbrrbx riporparvrrvr.

Kouqenqna Bllpryarlbubnr rlpoqeccopoB 14 KaHElrroB uepeAaqu AaHHhD(. Bvfryanrnue
TorIoJIorlII4 cLIcTeMbr: KoJIbIIo, ltzuefira, 3Be3Aa, pelreTKa, AepeBo. Ocnosnrre upo{'paunaurre
nprrMr{T}rBbr. flpunrep ucloJrb3oB arrvts..

6. rlapa.uelbnbre qrrcJreHlrbre aJrroprrrMbr AJrs pemeHrrfl runonsfx 3aAarr

BbrrrrrcJrnTe.rrrnoft MareMarrrKr;r

6.1. O6que cnoco6rr pacnapaJrJreruBaHns aJrroprrrMoB



Bsrsnrenlre QynruI[onanrnofi He3aBr,rcr,rMocr]r or.qeJrbHbx ([panuenroB Fnropr.rrMa
(napannenusrrr rorvrang). feonrerpr4rrecKoe pa3Aeneur,re BbrqucJrenuft (uapalneJr[3M 4aunrx).
I4epapxuvecKar AeKoMrro3r,rqrur o6pa6orru AaHHbx.

6.2. Opraurl3allrrfl rrapaJrJreJrbHoro ncrroJrneHrrfl percypcrrBHbrx nrr.rucleufift
flpo6nerraa peKypcrlBuofi ganracr,rMocrlr graloB o6pa6orxr,r AaHHbrx. Kacra.qrfa.a cxeMa.

fIoAxoA Ant lronyreHils, acvurrrorlrqecKlr HeHyJreBofi erprferu4Buocr]r. Mero,q OyrcF. flpurraep

AJrr Bbrrlllcreuus. qacr[rrnbD( r,r o6qefi cylvrM.

6.3. IIap arJreJrbubre qrcrennbre aJrroprrrurr ;rnnefi nofi a.rrre6prr
Cuoco6u paz6uenut Marpl{q (ropusonmrbnas., Bepr}rKrrrrbHarr, 6no.urup cxeurr).

MeroAu BbrtII,IcJIeHI4s rrpou3BeAerrus Marp]rrl c ]rc[oJrb3oBauI4eM pzl3Hbrx cxerra par6venr fi.
Marpl{q. O6ecneqeuue rrpeAenbuo AorlycrrlMoro [apurnnenrr3Ma. O6paqenrae Marp]rrl.
flapalnenrHbre MeroAbr perrreHlrr cncreM nnnefinrrx ypannenrafi .

6.4. rlapa.rr.ire.rrbHbre qncJreHHbre aJrroprrrMbr pemeHrrfl qnQQepeHrfua.nnnrrx
ypaBnerr[ft n qacrnrrx nporr3BoAnbrx

flapannenrnax peurnsagrr,fl, nprMbrx Lr r,rreparlrroHHbx MeroAoB pertreHut
gESQepeHIILIanbHbx ypanueuuft B qacrubrx npor43BoAHrx. Analu3 ptr3uocrHbx cxel,r Ant
e(p([ercrrannoro prcAeJrenras o6racr]r onpeAenerrur peuaeMbx 3aAaq.

6.5. IlapaJrJreJrbHbre qrrcJreHHbre aJrropnrMbr MHororvrepnoft MnorooKcrpprvra.urnoft
OTITIIMIBAUUII

Xapar<tepucrlrqecKail cxeMa [peAcraBneH[r Merogon uo6anbHoro flotrcKp. O6qr,rfi
rrpI,IHIIrlrr paclaparlJleJlr,IBarl]rf, MeroAoB. OqeHxa sQQerrznuocrr{ BBeIeHr,rr ilapaEJreJlr,rsMa]

e(pQerrrnnuocrb rr 6esrrg6rnorlHocrb. Cuuxpouubre u acr.rHxpoHubre Bapuanru an[oprrMoB.
Onpe4eleulle Hal,Inlrqmr{x rolroJror[fi nsrut{cnrarenrnoft cr{creMbr AJrr peaJrv3arlur,r MeEoAots.

JIABOPATOPHbIE PABOTbI
1. Parpa6orxa trapaJrJreJrbnbrx nporpaMM c rrcrroJrb3oBaurreM

repeAarru coodqeunft MPI
Munu-MPI (crapr, Sunnrn, fiepeAaqa H flp]reM coo6qeuuft).
flpunrep l: Haqanrnas uaparneJlbHa-fl rporpaMMa (ueuarr n4euruSuranopoB

upoqeccon) - 3itrlycK (loranrnuft, pacnpeAenennrrfi). Oqenra BpeMeHr{ nrfironuenux
npolpaMMbr, cr,rHxpoHLt 3a\pls, KoJrJreKTI4BHbre o[epaq[]r.

flprnrraep 2: 9racnennoe uHTerp[poBaHr.re- co3AaHr,re [poeKTa Ha oclroBe ForoBoro
ucxo,uloro reKcra rrporpaMMbr, nacrpofira ouqr,rft, KoM[]rJrrqvr, 3arrycK.

flpunrep 3: Cranxpnoe rpolrcBeAeulre BeKropoB (cauocroxreJrbHoe saaanze 1)]

2. flparcrnryM no paspadorre uapaJrJreJrbHbrx aJrroprrrMoB rr nporpaurvr 4.nn
pemeHllq 3aAarr BbrrrrrcJrrrrelrnoft MareMarrrnr.r

O6sop 6u6nnorerr,I MPI : ycrauoBKa, nacrpofi ra, cxeMa (f ynrqraou vrpoBanns..

flpuuep 4: Pernenr.re 3aAaq pac[o3HaBanr4s o6pason (nsruonnenve sagpuux noA
pyKoBoAcrBoM rrperroAanarenx).

flpnrr,rep 5. Ylrauoxenlre Marplrr1 JreHToqHrul anropuru (cauocrorreJrbuoe salfiuue2).
flpxnaep 6. YrranoxeHlre Marpr.rq, 6nounrre cxeMbr paclpeAeneHr{r AaHHrx (afirropzruu

Oorca rE Kennona).

3. IlparruKyM rlo [crroJrb3oBaHrrro 6u6nnorerc napaJrJreJrbHbrx uero4o{ Paralib
Afl S pemeHnfl 3aAarl BbIqIICJIr.ITe.rrrnOft

O6sop 6u6ruorcxu Paral-ib: HzBHarIeHr.re, KJraccbr peuaeMBrx 3aAaq, IppuHrlrlubr
parpa6omu.

n{repQeftca



flpr.rrrrep 7. OyHrquu 6u6tnotern Paralib aff WHoxeHlrrr Marpr.rq npu 6lo.rrrou
cuoco6e pacrrpeAeneH[f, 4aHHbrx" (anropurrrau (Dorca u Kennoua): cxeMa pepru3aqfir,r,

Teoperl,IvecKarl oIIeHKa e(f (perrunnocrr,r, BbrrrlrcJrlrreJrbnbre 9Kc[ep]rMeHTbr.

Anarurs rlHTeHcrIBIrocrlI rloroKoB nepeAatrfi AaHHbrx, ocyrqecrBffeurhrx B xoAe

lapannenbubrx Bbltllrcnennft B cucreMax c paclpeAenennoft [aMrrbK), c [crroJr43oBaHr,reM

lrHcrpweuralrnofi 6r,r6nzorerrE ParaScope.

4. IlparruKyM no orIeHKe er[Qerrunnocrrr napaJrJreJrbnbrx MeroAoB gnf parHrrx
ronolornft MHororrpoqeccopHbrx BbrrrrrcJrr;rreJrbHbrx clrcreM

XapaxrepucrllKa rlporpaMMHofi na6oparopuu ParuLab rar r4Hrerprponannofi clrcreMbr

AJI' IrpoBe4eH.vfl. BbrlllrcJllrreJrbHbx 9Kc[epr4MeHToB c [apaJrJrenbHbrMrr MeroAttruu Afis oqeuK[
rx sQQerurBuocrlr:

o MoAenupoBaulre MHoroflpoqeccopHhrx Bbrrrr4cJr]rreJrbHbD( c]rcreM (nu6op rpno.norrn,
3aAaHLIe KollIqecrBa rr [por-r3BoA]rreJrbHocrr,r upoqeccopoB, nrr6op MeroAa ttepCIAarrr,r

AaHHbx vr 3a4aur4e KoMMyHlrKarIuoHHbD( xapaKTeplrcrrar cern),
o OnpeAeJreHlre KJracca pemaeMbx 3aAaq vr34anve flapaMerpoB 3aAaru,
o Brr6op ilapanJreJlbHoro MeroAa perueHr{r gaAaqrl pr nacrpoftxa sua.rpnuft ero

napaMeTpoB,

o Ycranonra rpa(pruecKrrx LrHEIKaropoB Anr ua6urogenrar 3a rrpoqeccoM uapa]ilneJnbubrx

Bbrtll,IcJreHlrft (cocroxnlre AaHHbD( Ha rrpoqeccopix clrcreMbr, [epeAaqa nn(popuaqu]r rro

cerrl, TeKyIrIau orIeHKa pelrenlrr r,rcxorurofi Bbrqr{cJrr{Tenruoft saAauu),
o flposeAeHue sKcrIepI{MeHToB B pexrrMe uvraTarJntr nrr.rr,rcnenufi; nQmaronrrfi,

IrocneAoBareuurrrft (uenpepsrnurrfi) u qrKrr{qecKnft (cepufinlui) cnoco6rr npone4euzr
3Kc[epI{MeHToB; oAHoBpeMeHHoe BBrloJrHeHr,re HecKoJrbKr4x gKcrrep}rMeHToB p peNzrue
pa3AeneHllt BpeMeHlr Anf, pa3ubx BaplraHToB TorroJrorilr{ BbrrrrrcJr}rrentuoft c}rcreMhr,
rrapaMeTpoB 3aAatrr.r, KoJI[qecTBa flpoqeccopoB ]r T. rr.,

o Ananr,rs pe3ynbraroB c IrcIroJIb3oBaIII4eM cne4enr,rft rr3 xypHzlJra gKcrrepr,rMenrQr; or[eHKa

BpeMeH[ perlreH]It 3aAarl B 3aBl,rc]rMocrr4 or p8MepHocrtr ga4aqn n rQnn.recrna

B pe)Kr,rMe peaJrbHbD( rraparrJreJrbubx nrr.fiucneuzfi;

upoqeccopoB; rrocrpoeHl,Ie 3aBl,Icrauocreft ycKopeHr{r u e(p([ercruBHocr]r napa@elnnrur
nrl.II,Icreuufi,

o flpoeeAeHze gKc[epHMeHToB

BbmoJrHeHI4e rlapanJlenbHbD( [porpaMM B Br4Ae MHo)KecrBa He3aBr,rct4Mux npofieccoB Ha

oAHoM [poqeccope; y4anennrrfi Aocryfl K MHorolpoqeccopuoft err.rncrjurelrnofi
cllcreMe (uacrepy); cpaBHeHI{e reoperraqecKr4x orIeHoK H peynbraron peatbHbx
BbITIIICJIIITeJIbHbX 9KCIIepIIMeHTOB.

5. Parpa6orKa rrapaJrJreJrbHbrx rrporpaMM c rrcnoJrb3oBaHrreM TexHoJrornu ppenMP
O6ulafl xapaxTepl{cr}IKa rexHoJrof}ru OpenMP: [oroKr.r, [apanJreJrbHbre o6nacrn,

paclpeAeneHlre Bbrrrr.rcnenzft MexAy noroKaMr{.

flprErraep 8: CranrpHoe [po]I3BeAeur.re BeKTopoB. fro6arunue ]r JroKaJrbubrp AaHHhre
rloroKoB. Kptruuecrr,Ie oeKIILII{ Aocryrra K pa3AenreMbrM AaHHbrM. Cuuxponv3ar\us'

flpzuep 9. YunoNeHI,Ie MarpuIl (napuanrbr pacnaparrJreJrr.rBaHr,rfl BJroxeHnr$ qurnon,
ctuocrorreJrbHoe sagauue 3).

6. IlparrnrtyM rlo parpadorrce napaJrJreJrbHbrx aJrroprrrMoB r.r nporp[MM Ars
pemeHns 3 aAaq BbrrrrrcJrrrre.nrnoft MareMarrrxrr



flpuuep 10. flapauemuar coprr.rpoBKa: anropr,rrMbr uysuprronofi cgprlrpoBKr.r,

coprlrpoBKll Lllerra Lr 6ucrpofi coprr,rpoBKr.r (nrrnoruenue s4arrvfl. rrol pyr<pnogcrnorr,r

npeuoganarelr).

Ilpurvrep I 1. 3aaaqz o6pa6orxu rpa(fon: [ocrpoeHr4e Mr{HrrMarrBHoro oxBarFrBarcrqero

AepeBa, rror4cK npar.rafturux uyrefi (cauocroxreJrbHoe zalartue 4)
7. Ilparrnryu rro MeroAaM rrapaJrJreJrbHbrx nrr.rnc.neunfi Ars peueHrlq

au$QepenqrraJrbHbrx ypaBHenrrft s qacrHrrx rporr3BoArrbrx
O6rqa[ xapaKrep[cr]IKa MeroAoM KoHeqHhD( pasnocrcft (rr,rerog ceror) Arr qgcregHoro

pemeur4r aurfr[eperulr4 urJrbHbx ypanueuufi .

Mero4rr pacflapanJreJl]IBaurlt MeroAa KoHeqHhrx pasnocrefi 4rx Bbri[rc4r,rreJlbubx
cI'IcreM c o6Ueft rltlMtrbro (opranusaqr4r B3rMMor.rcKJrroqeur4fl NrA orleuKr,r no4peugocrr,r
pertreHus, ug6rrtox cLrnxpoHl{3arJvrvr, npo6lervra cep[anr.r3arlfivt u 6lorrponru, o6Bcneuenze
TOXAeCTBeHHOCTII nOCJIoAOBaTeJIbHOTO V napalrJrenbHoro BaplraHToB pacqeToB, BoJlr[oBbre

cxeMbl BbrrIIrcJIeHIiIft, 6no.rnax cxeMa paclpeAeJleHlrt AaHHrx, 6aaancilpoBKa, rrc[olrE3oBuurr{e
otrepeAr sa4annfi).

Mero4u pacrrapaflneJlI4Baul{fi MeroAa KoHeqHbrx pasuocreft 4rr Bbrrrrrc4LrreJlbHbD(

cI'IcreM c pacupeAelennofi [aMtrbK) (reurowrax u 1tto'tnas cxeMbr paclpeAeneuraf 4anilrrrx,
BOJTHOBbTe CxeMbr BbrrrrlrcJreHlrft, oqeura rpyAoeMKocrr4 [epeAaqr,r 4annrx).

Ilpaxruxyru rro pemeHlrlo AI{$OepeHrI}raJrbHbx ypaenenufi B rracrHbx rrporrgBoAxrbx c
lIcIroJIb3oBaHLreM yre6no-rccJreAoBarenrcxoft clrcreMbr ParaGrid (uocranonx4 sggLarrkr,

BbIIIoJrHeHlre Bhrtll,IcJrenzfi, nr.reyankrca\u5 AaHHbx, aHarrr,r3 pe3ynbraroB pacqeroB, It3MeHeHlre
[apaMerpoB r{ flpoAonx(enr.re suuacreuzfi).

8. rlparcruryrvr uo ncrroJrb3oBaHrrx) 6n6lnorerc [apaJrJreJrbHbrx MerqAoB AJrfl
peItreHHfl cJroxHbrx HayqHo-TexHrrrrecKrrx 3aAaq

O6sop 6u6nnorexz PLAPACK: crpyrryp4 o6rerru, MeroAhr, lrcrroJrb3oBanup. Ilpzuep
12: Vunoxenne Marplrq - rcrroJrb3oB.urr{e PLAPACK (nrrnonnenue sa1iprrtrfl. iloA
pyKoBoAcrBoM rrperroAanarenx).

9. IIpamrIKyM no MeroAaM rrapaJrJreJrbHbrx BbrrrrrcJreHuft Ans pertreHrrs gaAarr

MHoroMepnoft prnoro3KcrpeMaJnnofi orrrrrMrl3aqn[
O6uas xapaKTepl4crrrKa npe4rraetnoft olnactu (uocranonra 3araqr4 rrfo6atrnofi

onrI4MLI3aqHI4, peAyKIIlS pffiMepHocrlr .qns cBeAeHr,rr MHOrOMepHbrx 3aAarr x o4rfouepurna
rlocraHoBKau, r,rnQopMalll{onno-crarl4crrlqecKve anrop}trMbr rno6anrnoro fiolrcKa, ufurueprr).

I4cnonrsonaul,Ie MHo)KecrBeHHbx pa3BeproK Tlrrra KpHBofi fleaqo AJrr [qcrpoeHr{.f,
pO3JInqHbDr ceroK B o6nactz peIIreHI,It orrrr{M}rsarlr,ronnoft 3a1aqrt. CneAenue t'rpo6nerurr
MHoroMeplroft onrzura3arlur4 r ceMeftctsy oAHoMepurx ranqpopMarlr{ouHo-coBMecrr,rMbx 3aAaq.

IlaparutelrHoe pemeHue saAaq rropoxAaeMoro ceueftcrBa rr cxeMa r,rn(fopuaqr{orrHbD( o6Menos.
O6rquocrr paccMorpeHuoro rloAxoAa Anr pelreHLrfl psgla BbrrrlrcJrvrenbHo-rpyAoeMKlrx

HafrHo-TexHI{qecKI,Ix 3aAaq (unrerpzpoBaHr{e, peruenr,re cucreM neluueftnrx ypannenuft,
BoccrarroBJIeHI,Ie 3arucuuocteft, nor{cK peruenvfi, onrvMaJrbHbx rro na6opy $puropuen
(unoror<pzrepr{anbuzu{ o[Tr,rM]fi arlux) n r.4.).

flparruryrra rro pe[IeHI4Io 3aAaq MuorogKcrperuanruoft orrrr,rMrircarlr{r,r c r4crroJr43oBalrveM

cl{creMbl [apanneJlbublx BhFrucnenraft A6comor Srcnepr (uocranonra sapLaqfi, nrluonueur.re
BhrrIrIcJIeHI,IIt, nnzywtuga\us. AaHHhrx, aHarrr{3 pe3ynbraroB pacqeroB, r.r3MeHeH}re nap{uerpon u
rrpoAonxeHrae Bbrrrr{cJrenuft ).



5. OBPA3OBATEJIbHbIE TEXIIOJIOTI4II
oJreKrII4oHHo-ceMIrHapcKtur czcreMa o6yrenrr (rpa.quqzogubre nerqu$unrte fi

na6oparopuue samrnr);
oo6freHue B MzIrIErx rpyflrrax (nrmonuenue ra6oparopubx pa6or B rpyflrax ug AByx rnlr

rp0x venorer);
.Macrep-KJlaccbl (gerraoncrpa\ufr Ha na6oparopHbrx 3aH{Tr4rx rrpr{HrlrfiroB pacqCITa I,r

rrpoeKTupoBarrur orrrr,rqecKrD( Aeranefi Ir orrrlrqecKnx czcreu);
o [puMeHeHI{e MynbrI,IMeAI,Ia rexnororvfi (upone4enue JreKq[orrHbrx sflnxruft c

IrpI,IMeHeHileM KoMrlbrcTepHbrx rlpe3enTaqufi u AeMoHcrparlr{onubx poJr}rKoB c rroMorqbro

rpoeKropa ulur 3BM);
o I,IH(bopMaIII{oIrHo-KoMMyHuKaII[oHHEIe rexuoJror]r]r (npurrrenenze ranrpoprr,rpu]rouHbD(

TexHoJIoruIft pn MoHI{TopLIHra reryrqefi ycrreBaeMocr}r cryAeHToB kr KoHTponr suanufi).

6. OIIEHOTTHbIE CPEACTB A I{J[A TEKyTTIEIO KOHTPOJTfl
yCTIEBAEMOCTI4, ITPOMEXyTOqHOfr .q.rrnCTArII4rI IIO rITorAM

ocBoEHufl ,AvtcI{d.IrJII,IHhrIIyIIEEHO-METOAI,ITIECKOE
OEECIIETIEHI,IE CAMOCTO.flTEJTbHOfi PAEOTbI CTyAEHIOB

a) Bonpocrr x peftrnnr-KoHTpoJrrc:

1 . c r s c - u Rr S c -upoqeccopbr. 
" ",::::::;:: ;!{ tl#n1,.*',*",.

2. flosrrueulle [po]r3Bo4{TeJrbHocr}r rrpoqeccopoB 3a cqer rounefiepu3arlr{ri. YcJrosus
o[TrrMaJrbrroro $ynrq[ou]rpoBaHzr ronnefi epa.

3. Cynepronnefiepuue n cyflepcKarlf,pHbre rrpoqeccopbr. Brrgeneuue Hg3aBr{cr{Mo

pa6orarorqux ycrpoftcrn: IU, FPU, MMU, BU.
4. Meto4rr yI\(eHbrIreHLIt Herarr.rBHoro Bnrvrsmr4fl, uncrpyxqnft [epex]oAa Ha

rrporr3BoAlrTeJrbHocTb rrpoqeccopa.

5. IlonrrmeHr,re npolr3BoAllTeJrbHocrr,r [poqeccopoB 3a cqer BBeAeHr{r reu-ualrx{tt. Ksruu:
e4ranrrfi, fapnap.ucxr,rfi, c nprrvrofi saulrcrrc, c o6parnofi ganr,rcrro.

6. Opranusaqrlt K9ltr-rlaMttr,r. AnroprtrMlr 3aMeHBr AaHHbx B Kgrrr-rraMsru. CndrnilIbHbre
KgItrI{.

7. CoruacosaurEe rsrueft B MyJlbrrllpoqeccopubx cr,rcreMax c o6rqeft rrrMrrbro.
8. Bugrr MHororpoqeccopHbrx apxr4reKryp.

9. flo44epxra Muoro3aAaquocrr.I lr MHoroupoqeccopHocrlr cleqpraJrbHbulr uucrpyxqvrrura
upoqeccopa. Oprannsaqr{r AaHHbD( Bo nnemnefi rraMrrr,r.

10. flporpanarvra, [poqeccop, [poqecc. Ocnonnrre cocraBJrrrorqfie rrpoqecca, Qocroanu.r
lpoqecca. Crer, Br,rpryzrnbuuur rraMrrb, MexaHlr3Mbr rpaucnrqkr u a4peca.

ll.MexanrsMH nsanuogeftcrBr4t rlpoqeccoB. PasAenf,eraar flztM.f,Tb, cerr,raQoprr, cur$aJrbr,
roqroBbre flrr\LrKur, co6rrrrEs. 3aAaqn (threads). Cpanuenue c rpoqeccaMlr. Pecypcu,
flpropl{Terbl. flapa.nnenrnrre [poqeccbr. CssgrrsaHr,re. Ctaru.recroe v Ar4H4Mr,rqecKoe

cBt3bIBZUIUe.

12.Bulst pecypcoB: aluaparHhre, [porpaMMHhre, aKTr,IBHhre, rraccfiBHhre, JrqKaJrbubre,

pBAeISeMbIe, nOCTOgHHbIe, BpeMeHHbIe, HoKpLITI,IIIIIbIe, Kp[TI,ItIHbIe.

Peilmuuz-rcoumpona lW2

1. Tnnrr esalllaoAeftcrBrllf, rlpoqeccoB: corpy,qHr,rqiloque u KouKypzpyrorq[e Spoqeccu.
Kpnrlrvecrue ceKqlrlr, B3alrMHoe [cKrroqeur.re upoueccon (sagau).



2. flpo6lerrtrr, Bo3HI,IKaIouII4e IIpu cr,rHxpoHr.r3arl[u 3aAatr Lrkr1reunx pa3peueurdr.
3. CocrosHras [poqecca rr Mexauu3Mbr rrepexoAa r,r3 oAHoro cocrorur.rr B Apyroe.
4. Crau4aprrr na UNfX-clrcreMbr.
5. Yupannenze rpoqeccaMu. Oynrqnu fork, execl, execv, waitpid. Ilpuuepn rcronF3oB&Hns..
6. Pa6om c cr{ruaJrztMu. @ynrqur signal. flpzrraep }rcrroJrb3oBanfifl,.

7. PasAerteN,IEUI rlttMtrb. (Dyrrquu shmget, shmat, shmctl. flpzrr,repu lrcrroJrb3onaluq.
8. Cenra$oprr. Oynrquu semget. semop, semctl. Ilpnrraeprr ucroJrb3oBa:rttrfl..

9, Co6rrnas. flpuruurunHble oflepa\ur4. Opranusaqlrrr B3ar,rMo.qeficrs[s KJrrreHT- cepBep c
[oMorrlbrc co6rrrnfi.

10. Ouepegu coo6qenzft. Oymquu msgget, msgsnd, msgrcv, msgctl. llpnlaepu
zc[oJrb3oBalJvlfi.

I l. Yupanneuue 34AaqutMrr (threads). Oymquu pthread_create, pthreadjoin, sphed.yield.
flpuuepu [cloJrb3oB alnt .

12. O6rexrrr cvuxpoHlr3ar\LrtrT nrra mutex. (Dymqzn pthread_mutex_init, pthread_nlutex_1ock,
pthread-mutex-trylock, pthread_mutex_unlock, pthread_mutex_destroy. Ilpzrueprr
IICIIOJIE3OBAJIVTI,.

13. O6rerrbr cl4Hxpouusawfir rrana condvar. (Dynxqnu pthread_cond_init, pthread_cQnd signal,
pthread-cond-broadcast, pthread_cond_wait, pthread_cond_destroy. flpuuepu
I{CIrOJIb30BAIIng'

I 4. rlpurraep multithread-rpo{pnMMbr yrlrHoxeHris Marpr4rlbr Ha BeKrop.

Peilmwtz-rcoumpona Nb3

1. Message Passing Interface (MPD. O6qan crpyKrypa MPl-nporpaMMbr. Oynrqu4 MPI Init,
MPI Finalize. Coo6qenrrs.Lr lrx Br4Abr.

2. Kouuyuuraropbr. Oynrquu MPl_Ce6ro_rir", MPI_Comm rank. flpurueprr
}IoIIOJIb3oBAIIIIfl.

3. flonapnrrft o6uen coo6rqenusMr. (Dymqnu MpI_Send, Mpl_Recrr.
Lrc[oJrb30BaHkrg.

4. Onepaqzn BBoAa-BbrBoAa B MPl-nporpaMMax. flpurraeprr.
5.,{onolnnreJlbHble Bo3MoxHocr}I Nrs. [o[apHoro o6uena coo6rqeuurrur.r.

MPl_Sendrecv, MPI Sendrecv_replace.

6. ,{ononuzreJlbnble Bo3Mo)Knocrr{ AIrs [o[apnoro o6rrteua coo6rqenr.mar,r.
MPIJsend, MPT_Irecv, MPI_Test, MPl_Testany, MPI_Wait, Mpl_Waitany

flpnrrepsr

7. Kounertr.rssuft o6uen coo6uenu.rura. Oynrunu MPl_Barrier, MPI_Abort, MPI $cast.
8. KornexrrasHrrfi o6naes coo6rqeuu.aun. Oyrr qutn MPI_Reduce, MPf_,A.llroduce,

MPl-0p-create, MPT 0p_free. flpunrep MPl-nporpaMMbr, Bbrrrr4cJrflK)rqeft oupl4enenurni
r4HTefpaJr.

9. Bpeux n MPl-uporpaMMax. (Dymquz MPI_Wtime, MPI_Wtick.llpunrep r4crrorrb3pBan14n.

10. flpraruep MPl-uporpaMMbr yMHoxenr,rf, Marplrurr Ha BeKrop.
11. ,{ouolru,ITeJrbHbre Bo3Mo}KHocrtr AIrs KoJrJreKTr4Bnoro o6uena MaccrrBitMra AtuIHbD(. Oyuxqzr

MPI_Gather, MPl_Allgather, MPl_gsatts.,
l2.llepecruna crpyKTyp AarrHbrx. CosAaHze HoBoro MPI-rnna AaHHhrx c rroMorqbro

MPl-Type-struct. (Dynnqnu MPl_Address, MPl_Type_commit, MPI_Type_freQ. flpr.rrraep

HCIIOJIb3OBAIIVIfi.

6) SrranreHarlrroHHbre 3aAarr[ :

l. Hannmr,rre uporpttMMy, IrctloJrbsyr 6rorupyrorque KoMMyHr4Karlr4oHr{bre Qyrrrq""
(MPI-Send, MPI-Recv), pealnsyroqylo cJleAyroqlrft arropzru: Ha HyJreBoM rrpoqeccope

Oynxquu

Oynxqru



IIHlIIItIzIJItr3npyercfl. rlepeMeHnar (float a); nyneuofi npoqeccop paccbrrraer repepdeuuyro a

BceM [poqeccopaM, BKJrK)rItu caMoro ce6x; [ocJre iloryqeHur nepeuenn$fi a Bce

npoqeccoprr npu6aurtor r seft cnofi un4r,rnr,r4yamnrrfi HoMep u [epeAarot' Hf nynenofi
upoqeccop; nylenoft [poqeccop ronyqaer or Bcex rpoqeccopoB AaHHbre r,r B4rBoALrr Ha

3KpaH r Qopruate: HoMep [poqeccopa, fiepecJrauHoe ]rM 3HaqeHr.te neperrrennofi a.

2. Haur,rurure flporpaMMy, ]IcrroJrb3yr 6norupyrorque KoMMyur.rKarlronrrbre (fymquu
(MPI-Send, MPI-Recv), peanll3ylouyrc anropr4rM repe4aru AaHHbD( rq Korrbrly:
ouepe4noft upoqeccop AoxlrAaercr coo6qeur4s or rrpeAbrlyrqero lr uoroM nocbrJraer

cneAyroueMy rpoueccy.

3. Hanr.rurute rporpaMMy, rcrroJrb3yr KoMMyHr.rKarlrzoHHbre (pyunqnz (MPT_Isend, IvfPT_Irecv),
uepeAaroqyro ABryepnrrft uaccnB Mex.qy ABytllx rrpoqeccopilMr.r.

4. Hauramzte uporpilMMy, I{clroJrb3yr KoMMyH}rKaqraoHHyro (fynxqruo (MPl_$endrecv),
peanl{3yloqylo anrop[TM [epeAarr]r AaHHbD( rro Konbrly: oqepeAuofi npoqeccop 4Qxra.qaercr
coo6rqenza or [peAl-rlyrrlero ]r rroroM rrocbrJraer cneAyroqeMy rrpoqeccy.

n) IlpnrvrepHbre reMbr r(ypcoBbrx pa6or:
l. rlncneuuoe pemeHue cpeAcrBzlMr,r MPVOpenMP AByMepHoro nenranefiHoro ypaBrileHr.s

Terrno[poBoAHocrra MeroAoM rrpoAonbHo-[o[epequoft uporonxra
2. 9uclenuoe pemeHlle cpeAcrBtuu MPI/OpenMP AByMepHoro senznefiuoro $panneHr{t

TerrnonpoBoAHocrlr c noMorqbro cxeMbr paculeflneHr.rt

3. rlucnennoe peltrenlre cpeAcrBaMr,r MPI/OpenMP ABWepHoro HenraueftHoro ypaBrreHr4t

TerrJronpoBoAHocTu c rroMorrlbro cxeMbr npeAlrKTop-KoppeKTop

4. tlucneunoe peureHne cpe.qcrBaMr,r MPVOpenMP rpexMeprroro nraneftnoro ypaBrileHrrt
Te[noupoBoAHocr[ c rroMorrlbro ssHofi pa3HocrHoft cxeurr

5. rllEcnenuoe perueHlre cpeAcrBaMlr MPI/OpenMP AByMepHoro ypaBueHr.rr flyaocona
r.rrepaqlroHuhrM MeroAorr,r 3efi4enx

6. rfu'Icneunoe perneHlle cpeAcrBaMI,I MPVOpenMP AByr!{epuoro ypaBHsHHs flyaocoua
MeroAoM 6noqHrx nr epa\fitrr

7. Mo4enupoBaHlre cpeAcrBaMu MPVOpenMP npoqecca B3alrMoaeircreux rBepAbry qacrr4rl c
IIOTOKOM I'L3A

8. VrEcnenuoe perreHlle cpeAcrBaMr,r MPI/OpenMP 4nyruepHoro ypaBHenvfrrrepeHoc4

9. Brrqprcreuue panra rrpor.r3BoJrbnofi uarpurlbr cpeAcrBarrapr MPI/openMp
10. Mo,qenupoBarrlle cpeAcrBaMu MPI/OpenMP rpoqecca rpoxoxAeHnx nefirporion uepes

rrJracT}tHy

r) CaruocroffTeJrbHafl padora cryAeHToB:
l. floArotosra K TeKyIrIeMy KouTpoJrro lr npoMexyrounofi arrecrarlrtu.
2. IloAroroera x ra6opatopHhlM pa6orarra u o(fopnrneur{e orqeroB rro peqynbraraM

I{3 BbllroJrHeldinfi' Konrponr ocyqecrBJurercr Ha 3a'flrfrTuffi. B Br,rAe ycrHED( oTBeroB Ha

Borrpocbr upe[oAaBaTeIS rIO COAepXaHr,rrO OTqeTa.

3. Pa6ora c AorloJrnLrremnoft nzreparypofi rro BorrpocaM, BbrnecelrubrM Ha

culMocrorreJrbHoe LBrreHlre. Kourponr ocyrqecrBnrercr Ha 3K3aMeHe.

1) ,{ocronucrBa I{ HeAocrarKn SMP- r,r MPP- apxr,rreKryp BbrrnrcJrr.rre;firnrrx

c[cTeM.

2) Ornzqlre nonst[fi [poqecca 14 floroKa B orrepaq]roHHbD( cr4creMax.

3) flpo6neuu cI{HxpoHLI3arIuI,r 3aAaq rpu [apaJrJreJrbHoM rrporpaMMr.rpoBarnvu.

4) Crau4apr OpenMP. HasHa.reuue.

5) Cyruecrnyroqlre peanusarJnil cmn4apra MPI.



6) flpororonrr o6uesa AaHHbrMr.r Mexly rpoqeccaMlr.

7) I,Icnonrsonarrr4e yrvnr4rrr MPIRun.
8) OrnaAranapaJrJreJrbHrD(rrprnoxeuzft.

9) MeroguraorleHKlreS$errznnocrr{Bbrrurcnenr,rft.

10) Pearursaqus Marprwrbrx urJrropr,rrMoB cpeAcrsaMr MPI
I 1) Pacnpe4eneHHoe pertreHr.re pr$QepenqlranbHbx ypannenuft.

4. Brmonnenue sailamufl, rypcorofi pa6orrr v rroAroroBKa orqeral. Jarruro
rypcorofi pa6oru (sauer/nesa.ret) ocyrqecrBrrerc.s B KoHrIe ceMecrpra B $opnre
AeMoHcrpaql{oHHoro 3arrycKa na 3BM peaJrr,r3oBaHnoft nporpaMMbr }r orBeroB rf, nonpocu
IIo coAepx(aH]rro oTqeTa.

PacupegeleHrle BrI.qoB ctrMocrorrenrnoft pa6orrr rro pa3AenaM A]rcq]r[il,rHbr:

7. yqEBHO-METOAI,ITIECKOE I4 I{HOOPMATITIOHHOE OBECIEqBHr,IE
AtICrlr4rlJrrrHhr

a) ocnonnas Jrrrreparypa
1. Autouon, A;rexcanAp Cepreenn.r. Texnonor[]r [apaJrJreJrbHoro uporpaMMr,r

OpenMP : yue6uoe noco6ze Afl.ff By3oB rro HarrpaBJreH]rrM 010400 "flprExnagnax
uuQopuaruKa" LI 010300 "Oyu4auenraJlbHarr ranQopruarvrKan rnQopuaqrdoHHhre

I A. C. Anronon ; Mocroncxzft rocyAapcrBeuHbrft ynunepcr,rrer r{MeHu M. B.
(Mfy); aBr. rpeAzcl. B. A. Ca4onnu,*rf,i.- Mocrsa: Mocroncrzftyyunepcr.rrer
.- 339 c.: IdrI. - 

(CynepKoMrbrcrepuoe o6paeonanue) .- Bu6luorp.: c. 333-334.- ISBN
978-s-2rr-06343-3.
2. Ourosrr rapanrrenbuoro rrporpaMMr{poBaHux [Snerrponnrfr pecypc] / Boraqee (.tO. - ttt.:
Etr{HOM,2OI3,
3. OeAoroe VI.E. Mo4erI,t raparnenbHoro rporpaMMr.rpoBaHrs [3nerrponnuft pecypc]/
QeAoros r4.8.- Snerrpon. reKcroBbre AaHHbre.- M.: COJIoH-IIPECC,2012.- 384 c.

4. flapanuenrnoe rporpaMMr.rpoBaure Ha C++ B Aeftcrnzz. flparrvrra p{spa$orxu
MHorororoqHbx rlporpaMM [Snertpounuft pecypc] / Snronra VrEnrnae ; flep. c aHfJr. Cnunrun
A.A. - M. : [MK flpecc, 2012.
6) qono.nnrrreJrbHafl Jrrrreparypa:

MOHOCOBa

2012

Itb

nln
P ag.qen Ar.r crlr{rrn}rubr

Bur CPC

(1) (2) (3) (4)

I Ilenu u sa4av;v rapanneJrbnofi o6pa6orru
.IIAHHbIX

2 4

) flpruquurr uocrpoeHr,rr [apaJrnenbHbD(
BbIIII,ICJIHTEJIbHbD( C}ICTEM

4 6

a
J. MoAeru uapanJreJrbHbx Bbrrrr,rcJrr.rreJrbHbD(

C}ICTEM
4 6 6

4. flpnnquurr paspa6orrcu [apafineJrbHbrx
anloplrTMoB r,I upofpaMM

4 4 6

5. Cucreusr paspa6orrfi [apafinenbHbrx
IIporpaMM

6 6 8

6. flaparnelrubre rMcJIeHHbre anropr,rrMbr

Ars pellleHrrt TtrrroBbx 3aAarr

BErrII,r cJrrrrensno ft MareMar[KLI

6 6 8 40

Bcero 26'a.. 22q.. 38.r. 40 q.



1. Kynuron I4.M. Texnonornr,I paspa6orrr,r rporpaMMHoro o6ecnevegux Arrs.

: T.:ffi',hJ*fid"JlfT::ff;
oH. TeKcroBbre AaHnsre.- Holocudrapcx:

Honocr.r6upcrzfi rocygapcrnennrul rexrruqecKr.rfi ynunepclrrer, 2013.- 40 c.

2. MoAenLr pacrpeAenenHbD( Bbrrrr,rcJreur.rfi [Slerrpousrfr pecypc] / TouoproB E.B. - M.:
OI43MATJIVIT,2OII,
3. TexHonorr.Is CUDA B [p]IMepax: BBeAeHr{e B nporpaMMr.rpoBaHr{e rp{r[uuecrrx
upoqeccopon [Snerrposnufi pecypc] / CaHgepc,{x., Ken4por 3. - M. : ,{MK flpecc, 2011.
u) IIporpaMMHoe o6ecneqenue ll llnrepner-pecypcbr:
l. Jla6oparopux flaparnemnrx un(poprrraqlroHHbrx rexnonorrafi
r.rccJreAoBareJrbcKoro BbrrMcJrlrreJrbHoro rIeHTpa Mfy http://parallel.ru

Hayvno-

2. MPICH: a high performance and widely portable implementation of the Messale Passing
Interface (MPD standard. https:i/www.mpich.org/
3 . opurnuanu crauAapra MPI: http ://www.mpi-forum.org/docs/docs.html.

8. MATEPI,IAJIbHO.TEXHI,IqECKOE OBECNEIIEHIIE ATICqNIUII,TUU
Jlerqraounbre ayrlrropl4rr, ocHarq€nnrre Aocrcoft (4nx uena r,rJrlr MapKepa), erfanoM AJrt

rrpoeKlllroHubu< cr,rcreM, rrpoeKTopoM lr noyr6yr<orr,r.

Ay4utopur4 AIIfr flpoBeAeu]rfl, sa*rsruilr, ocnarr{OuHbre coBpeMeHHbrM}r nepcoirzururbrMr{
KoMrlbrorepaurE, o6re4zn€nnrnur,r B JroKuurbnyro Bbrrrr.rcJrlrreJrbHyro cerb [I yKoMrIneKTpBaIrIrbrMr{

neo6xolrubrM cr4creMHbrM r,r [ptrKJraAHbrM rrporpaMMHrna o6ecneqeHr,reM.
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