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1. rIEJrrr o cB oEHufl Ar[c\rrrrJrr4Hbr
llorpe6nocrb peIIreHI,Is cJloxHbrx [pr{KJraAgbx 3aAaq c 6onsurnu o6reuorr,r errqucreHr,rft

u ilpllHulltrvrarrbnafl orpaHlrrreHHocrb MaKcllMaJrbuoro 6rtctpoAefictnvs "KraccuqecKr,rx" - rto
cxeMe (pou Heftnaala - 3BM [pLIBeJrr{ K rrorBnennro Muoroflpo(eccopHbrx Bbrqr.rcJrr{TeJrbnbrx

cllcreM (MBC). I,Icnonrgosaul,Ie raKllx cpeAcrB Bbrqr.rcJrlrrelrnofi TexHr{Kr4 rro3BoJrf,er

cyilIecrBeHHo yBenI,ItII{Barb rlpol43BoAr,rreJrbHocrb 3BM npu nro6oM cyrqecrByroilIeM ypoBHe
pa3Burrurfl KoMnbrorepHoro o6opygonanwx. flpu groM, oAHaKo, neo6xo4rErrlo "naparrerbHoe"
o6o6rqenue rpaAllquouuofi - [ocJle.{oBarenurofi - TexuoJroru[ peureHr.rs 3a,{atr ua 3BM. Tar,
qLIcreHHbIe Mero,{bl B cJrfrae MBC AoJrxHhr npoeKTHpoBarbcs KaK cr,rcreMbr [apaJrJreJrbHbrx rr
nsanuo4eficrByrou[x MexAy co6oft flpoqeccoB, ,qonycKarorq[x ucrroJrHeHr,re Ha He3aBr4cuMhrx

[poqeccopax. flpzrraeuxenarre aJIrop]ITMLrqecKue r3brKr4 kr c]rcreMuoe nporpaMMHoe
o6ecne'reHl{e AoJrxHrr o6ecue.rplBarb co3AaHI,Ie napanJlerbHbrx rrporpaMM, optaul{3oBhrBarb
cr{HxpoHr.r3aqurc r{ B3ar4MorrcKJrrorreHr4e acr.rHxpoHHbx npoqeccoB r{ T.rr.

flpe4naerou paccMorpeHufl Hacro.sulero Kypca n xBrrflerca r{3yqeHr.re rrepeqncreHnoro
Kpyra BorlpocoB. L{em rypca cocrollT B Ll3JroxeHpr[ MareMarr.rtrecKr,rx uo4eneft r.r MeroAoB
napzulJlenbHofo rIpofpaMMI{poBaHUs. Ans. MHoro[poqeccopHbrx BbrqrircJrr.rreJrbHbrx crrcreM, a
TaKXe [paxTl4qecKoe ocBoeHl{e npr{eMoB r,r rexHHK pa^:pa6o:rxu lapanJreJrbHbrx nporpaMM.

2" MECTO AI,ICqUIJIIIHbI B CTpyKTypE OIIOIT BO
,{ucqllnnuHa <flapalJleJlbHoe ilporpaMMr.rpoBaHr{e)) HaxoAr.rrcr B rlapuarvnHofi .racrpr

ocuonuoft upo(feccnouansuoft o6pasonaremuoft nporpaMMbr r{ orHoclrrc.r K Ar,rcqurrJrr,rnaM rro
nu6opy.

[ucqunlzHa JIorI{rIecKrI v coAepxareJrbHo-MeroAr4qecKr.r cBs3aHa c p.trAoM

Teoperr4qecKr.rx Ar,rcrlr4rrrrvrH u npaKTr{K npe.4rrrecrByrouero fiep]roAa o6y.renvrr (Apxurexrypa
KoMlblorepon, Ouepaql4oHHble crlcreMbl, Anropurubr r.I anropr.ITMr,rqecKlre fl3blrr.r, -flsrrru u
MeroAbI nporpaMMIrpoBaHI,I{, Cr.Icrerunrre I,I MareMarr4rrecKrde ocuoBbr cy[epKoMrrbrorepnbrx
rexuolorzfi). .ftx ycneruHoro ocBoeHlls Kypca cryAeHTbr AoJrxHbr: 3Harb ycrpoficrno u
rIpHHIIHrIhr $yur<quonupoBalnfl. 3BM, I{Merb npeAcraBJreHr{e o 6agonrrx 4nropr.rrMax vr

cTpyKTypax.4aHHbx' yMeTb IIpLIMeHtTb t3bIKI{ IIpOrpaMMI,IpoBaHI4s BbICOKoro ypoBHfl.

,{ucqrlunuua (fopuvpyer snalvIfl. u HaBbrKr.r, ueo6xoAuurre B nparrrvecxofi
AesrerbHocrz xnalH(pr.rqnpoBannoro c[erlnaJrvrcra,vr3yrraercs. B KoHrIe reoperr.rqecKoro Kypca.
B paurcax yue6uoro [poqecca oHI,I Moryr 6rrrl racnoJrb3oBaHbr rrpu rroAroroBKe nrruycruofi
rna-un(f uraquonnofi pa6oru.

3. KOMIIETEHIInI,I OEyqAIOITIEIOC.fl, OOpMIrpyEMbrE
BpE3yJrbTATEOCBOEHLrAilr[CIIr4rrJrI,IHhr(MOAyJIfl )

B p*yilbrare ocBoeHI,Is Al4clluunlrHbr o6y.raroqraficr AonxeH AcMoHcrpripoBarr)
cneAyrorrlue npo(f eccuoHaJrbHbre KoMnereHrlr{t4 :

cuoco6nocrb rlpl{Mentrb B npo$ecczoua.nruofi AeqreJrbHocrr,r coBpeMeHHbre r3brxpr
rlporptlMMl{poBaHl4s LI t3bIKLI 6ag Aanurx, MeroAoJror[u c]rcrenauofi r4HxeHepr,rr{, cr{creMbr
aBToMarI{3aIIuI{ npoeKTIlpoBanvrs,, 3JreKTpoHHbre 6u6luoreru v KoJrJreKrrHr4, cereBbre
TexHoJIorI4n, 6u6nuoreKl4 H rlaKgrbl IrporpaMM, coBpeMeHHue upo(peccrroHaJrbHbre craHAaprbr
ru$oprr,raqraoHHhrx rexHoJrofrfi (OIIK-2) ;

cnoco6Hocrb K pa3pa6orxe anroprrrMr{trecKr{x r4 nporpaMMubrx penreHraft s o6nacru
cl,IcreMuoro v rIpHKJraAHoro [porpaMMr.rpoBaHr{fi, MareMarr,rqscK}rx, ran$opruaqr4oHHbx vr



I,IMI{TaIII{oHHbrx Mo,qeJreft, co3AaHr{ro [H(bopMarlr4oHHbx pecypcoB rJro6anbHbrx cereft,
o6pasonareJlbuoro KoHTeHTa, [p]rrJraAHbx 6as AaHHrx, TecroB r,r cpeAcrB Tecrr{poBaHr,rt

cl4creM LI cpeAcrB Ha coorBercrBr,re craH.4apraM r.r ucxoAubrM rpe6onaunxna (O[IK-3);
cuoco6noctr I4crloJlb3oBarb coBpeMeHHbre HHcrpWeHTElJrbHbre v Bbrqr.rcJrraTeJrbHbre

cpeAcrBa (IIK-3);
cnoco6noc'$ KpI,ITI{IIeoKI,I [epeocMbrcJllrBarb naxonnenHrrft orrbrr, I{3MeHsrb rrp}r

neo6xo,qvuocrll BIIA I{ xapaKrep csoefi npo(peccvonalrsoft AerreJrlHocru (IIK-5);
cnoco6uoc'rr e(pQerrnnuo [pr.rMeHrrb 6agosrre MareMaruqecKr,re 3HaHr,rr tr

r,ru(foprraaql{oHHble rexnoJrorrru rrpr4 perrreHr,ru npoeKTHo-TexHr{rrecKr,rx H npr4KJraAHbx saraq,
cB.f,3aHHbIX c pa3BLITHeM lr r.rcrroJrmoBaurreM un(poprraaqrroHHbrx rexuoJroruft (nK-6).

B pe3yJlbrare ocBoeurls Aucrlr{rrJrr4ubr o6yrarorqrEficr .qonxeH ,qeMoucrpr,rpoBarb
cneAyroq[e pe3yJrbrarsl o6pason anprfr;

1.3Harr: ruaccu$uxauulo paclpe.qeneHHbrx BbrrrrlcJrr4TeJrbHbx crrcreM, MeroAbr
rIoBbIIrreHI,Ig flpolI3BoAI,ITeJrbHOCTI,I BbIqLICJrr4TeJrbHbrx crrcTeM, IroAxoAbI K rIOCTpOeHr,rrc

napanJreJrbHbrx anropLrTMoB;

2. Ylrerr: caMocrotreJlbHo Ia3BJIeKarb rroJr$Hyro Haf{Ho-TexHr.rqecKyro rausopruarlr{ro }r3

pa3nplqHbrx LIcToqHI,IKoB, npLIMeHsTb ra3yqeHHbre MeToAbr npv npoeKTr.rpoBa[vrvr

pacnpeAeJreHHbrx aJrf opr.rTMoB ;

3. B.rra4err: HaBbIKaMI{ I{crIoJIb3oBaHI,Is coBpeMeunbrx cpeAcrB perrreuus BbrqracJrr{TeJrbHbrx

3aAaq AJrfl cr4creM c pac[peAeneuuoft [ttMrrbro.

4" CTpyKTypA r4 COAEP}I{AHITE AI,ICUIIIIJII,IHbI (MOAyJIfl)
O6rqafl TpyAoeMKocrB AHcIIlrtrJIIIHrI cocraBlser 5 gaqerurrx eAHH]rrL l80 qacon.
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JIEKIII4IT

L. I{eru H 3aAaqrl BBeAeHrrff rrapaJrJreJnnoft o6pa6orrcn AaHHbrx
1.1. Heo6xolr{Mocrb
Orpalrra'reur.re nraxcuuamsoft flpopr3Bo.4trreJrbuocrr.r oAHorrpoqeccopHbrx OBM.

flocrosunas ueo6xoArauocrb pemennfi. ga1arr. npeBbrrrrarcqrax Bo3MoxHocrr{ coBpeMeHHbx
3BM (npo6nerrarr "6oltuoro nrrsona"). Heo6xoAunaocrb KoJrJreKTr.rBHoro pexfl,rMa perrrenIls
3anlaq. Asroraarusallus yilpaBnrenus. paclpeAeJreHnbx rexHr,rtrecKrlx cncreM. Texnnqecxue
IPE6ONANU' NO CHI{XEHI,IIO CTOT4MOCTI,I II TIOBbIIIIEHI,IIO HA.4E}KHOCTI,I.

1.2. I4cropns BBeAeHrrff rrapaJrJreJrrr3Ma

ENIAC, IBM-701, 704,709,ATLAS, cDC 6600,7600,[LIAC IV, cray-l, onr6pyc.
1.3. PasflHrrr.re MHoro3aAarrHblx, [apaJrJreJrbHbrx H pac[peAeJreHHbrx nrrqugrenuft
1.4. IIp o 6.rreMbr HcrroJrb3 oB aHrrs [apaJrJreJrrr3 Ma

Cyqectnonanze [ocJre,qoBareJrbHbrx aJrroprarMon (earou Arra4a-nr). flonrrruenue
rIpoH3BoAHTeJIbHocrI{ [ocJleAoBareJrbnbrx KoMnbrorepoB (raron Mypa). florepu Ha
ngauuoAeftcrBl4e 14 repeAaqy AaHHIIX (rzuoresa Muncroro). Brrcoras crogMocrb
flapanneJlbHblx cl{creIr,r (sarou fporua). "flocue4onareJrbHocrb" cyr[ecrnyroqux aJrropr{TMoB r,r

nporpaMMHoro o6ecnerreHl,Is. 3asuclal,{ocrr e(p(fexruBHocrr{ uapaJrneJrbHhx Bhrqr{cnenuft or
f{era oco6ennoqreft annaparypbl. Cnoxuocrr paspa6omn [apaJrJreJrbHbrx aJrropr.rrMoB.
Tpygoerrarcocrb rrpoBepKr{ npaBr.rJrbHocrr.r [apanJrenbHbrx [porpaMM.

2. Ilpunqu[bl rro crl] o eHl{fl rlap aJrJreJrbHbrx BbrrurcJul TeJrb Hbrx cgcreM
2.1. flyrn Aocrr.rxeHr.rq [aparreJrrr3Ma
(DyurquouaJlbHbre BbIqI,IcJrureJIbHbre ycrpoficrna. MuoroypoBneBas v Mo.qyJrbHas

rlaMtrb. Konnefiepurre Lr BeKTopHbre BbrrrracJreHr,rr. llpoqeccopurre Marpr.rllbr.
Muoronpoqeccopnbre BbItII{cJII4TeJrbHr,re cucreMbr c o6qefi v pacilpeAeJreunoft rraMflTbro
(rvrynrrunpoqeccophr I{ MyJlbrrlKoMrrbrorepbr). MurponpoqeccopHbre cr4creMhr.

2.2. Cnocodr,r uocrpoeHns Muoro[poqeccopnbrx BbrrrrrcJrr{TeJrbHbrx cucreM



Cxelrmr KoMMyraIII4I,I (nonuar KoMMyrarlprr - o6qas naMrrb, rrepeKpecrHhre

KoMMyraropbl, JIoKaJIbHbIe cxgMbl KoMMyrar\ur4 - o6uas [rr{Ha, peurerKr{, rnacreprr). AHarus
IIapanJIeJIbHbIX ilIrOpI'ITMOB I4 TIIIIOBrIe TOIIOJIOTHLI CXeM KOMMyIaIII4I{ - KOJIrIIO, JtuHefiKa,
peIIIerKI4, nolnrrfi rpa$, runepry6, Top, AepeBo. Auuaparnafl peuru3ar\krfl lr rrporpaMMHafl

9Myrsqur TonoJrorprr{.

2.3. Blrau trap aJrJreJrbHbrx B blrrrrcJrrrreJrbHbrx cll creM
CynepSBM. MnororpoqeccopHrle BbrrrrlcJrr,rreJrbrrrre KoMrrJreKcbr (MBC).

Mnoronaarur{HHbre BbrrrprcJrr,rreJrbHbre KoMnJreKcbr. Ceru 3BM.
flprarraepu coBpeMeHHbIx BbrcoKonpor.r3Bo.4uTeJrbHbrx Bbrqr,IcJrrrreJrbHbrx cr{creM (Cray

T932,IBM SP2, HP Exemplar, ASCI RED). Cyuepronanbrorepubre Bbrqucrr.rrerrbHbre cucreMbr
n Poccura.

2.4. I{tncur{nrcaqun MBC
Cprcreuarrnrpl @nrauua u Illopa. llororu AaHHbrx (rconaan4). Crpyxrypuas. :norarJvrs.

Xoruu u,{Necxoyna.
2.5. OueHrca [porr3BoAr.rreJrbHocrn MBC
O6utee BEIpaxeHVe .4JIt oIIeHKLT [por.r3BoAuTeJrbHocrr.r Arfl pa3noro rrrrra MBC,

Marclarrranrnas (uranonax) [por.r3BoAr,rreJrbHocrb. CreneHr rrapaJrJrenr{3Ma (4runa
noJlylrpola3BoAl,ITenbHocru). YAemuas [poH3BoAHTeJrbHocrb. 3ua.reHr4s rroKa3areJreft gtx pxga
MBC.

3. Moge"rrup oB aHrre rr aHaJIH3 nap aJrJreJrbHbrx nrr.rrac.uennfi
3. 1 " Moqefl r{ nap aJrJreJrbHbrx B brrrrr cJrrrreJrbHbrx crrcreM
Kounrrcrep c HeorpaHI{qeHHbIM napaJrJreJrr,r3MoM (napaxorunrrorep). MoAenra

MHoronpoqeccopHblx cHcreM c o6Uefi u pacnpe,4erennofi [aMrrbro. Mo4ell xounefiepuofi
CHCTEMbI.

3.2. Moae"rrb aJrropr{TMa B BrrAe rpa{a rronepang - onepaqnHtt
Ilpe4cranneHl{e aJIropI,ITMa B nu4e rpa$a floroKa AaHHbrx. Pacrtuca:,:tue uapzrnneJrbHbrx

BbIvI{cJIeHLIft. floragarenb BpeMennoft cnoNHocrr.r {IJrroprdrMa. OqeHxa BpeMeHLr BhrnorHeHr{s
anropl'ITMa AJI' napaKoMrlbrorepa (npegemHoe paclapanJreJrr4BaHr,re) u Wn cI,IcreM c KoHeqHhrM

KoJII4qecrBoM rlpoqeccopoB. 3anracHnaocrr orIeHoK or ronoJrortrr4 rpa(fa aJrropurMa Lr

neo6xoAzrraocrr oTITIaMLBaIIu[ crpyKTypbr rpa(fa. Cnoco6rr ilorfreHr.rs orrrr.rMaJrbHofo
p acnr4calnkrg sH.ru creHI,I fi .

3.3. Moae.nb rrapaJrJreJrbHbrx BbrqncJreur.rfi n nuge ceru ilerpn
Ocnonutrs noHtrLI{ Teopnu cereft flerpu. I4cnonrsosauae cerefi llerpu Ans. onvrcalvrfl,

IIapaJIJIenbHbIx Bblql{cnenuft. fieuoucrpaqu.s ocHoBHsx npo6neM rrapturJreJrbHbrx err.rr4cneHr.rfi:

clrHxpoHr,r3 ar1:afl , B3ar4MoI,IcKJrrorreHI,Ie, 6loruponra (:ryuurz).
3.4. Moae"rrb rrapaJrJreJrbHbrx BbrrrrrcJreHufi n nuAe rpa0a ttnpoqecc-pecypctt

Ilousrue npoqecca. Cunxponu3arlr4r napiurJreJrbHbrx npoqeccoB. Auuapar co6rrruft.
flpuuep peanr.r3arlur.r B oleparluouuofi cr{creMe Unix.

Bgarauor.IcxJlrorleHl{e [apaJrJreJrrHbrx [poqeccoB. KoHrlenqus pecypca. Mexanugunr
B3aLIMoI,IcKnIoqeHI,It: anropl{TM flexxepa, cenraSopu ([eftrccrpa), MoHr,rropbr (Brzpr). flpnuepu
peIleHI'Is CTaHAapTHbIX 3a.{aq B3azMoLICKJIIOqeHLI{: xonrqenOft 6y$ep, upo6nerua "quTaTerur v
nlacareru".

Bsaul{oAeftcrBl,Ie [apanJleJlbHbx rrpoqeccoB rrocpeAcrBoM MexaHr.r3Ma rrepeAaqra

coo6qeuufi. MexanugMbl nepeAaql,I: oqepeAz, rrorrroBbre flrr\vr:rivt, noprbr. Ilpnuquu paHAeBy B
r3brKax Allau OKKAM.



llpo6leuu naaunao4eftcrBnt IrpoqeccoB. flonsrue ryrrr,rKa u ycJroBr.rr ero
Bo3HI{KHoBeHVfl. llpe4ornparqeHl4e rylrunon. Arropnru 6aHrrapa. O6napyxeHr,re ryrrprKoB r4

BOCCTaHOBJTeHI4e COCTO'HLTfl IrpOqeCCOB.

Muoro:a4aunuft peNuu pa6orrr 3BM KaK qacrHbrfi cnyuafi napannenbnoft o6pa6orKlr.
4. Ilpnuqunrr parpa6orn[ rrapaJrJreJrbHbrx aJrropr{TMoB H nporpaMM
4. 1. Oqenrca eQSercruBHocrr.r napaJrJreJrbHbrx Bbrrruc.rrennfi
floxa:arelr e$$erra pacrapanJrerr.rBaHrrs (ycropeHue). 3$Qerrranuocrb

tIcrIoJIBoBaHI,It Bblq[cnr,rrenruofi crrcreMbr. Cnoco6rr oqeHKr4 noragarenefi" OcHosgrre
xapaKTepl{crl,IKu BbrtILIcJII4Tenrnofr crrcreMbl, BJrr{rrculr{e Ha BeJrr,IquHbr ycKopeur,rf, tr

s(f(fexrranuocru (apxnrerrypa, KoJrr4qecrBo npoqeccopoB, To[oJrorr{fi KaHaJroB [epeAaqpr

.qaHHbrx).

4.2. Oqeuna KoMMyHIrKarIHoHHoft rpygoeMKocrn rrapaJrJreJrbnbrx aJrropr{TMoB
XapanrepracrllKn :rononorzft cerla [epeAarrr{ AaHHrrx. AnroprrrMbr Maplrpyrprcarlr4lr.

MeroArr fiepeAaqu AaHHbrx.

Auaruag rpyAoeMKocrl{ ocHoBHbIx olepaqzft uepelaqr.r AaHHrrx. llepe4aqa AaHHbrx
MexAy AByI![r rrpoqeccopaMll cerl{. OAnHo.rua"s r,r MHoxecrBeHuafi paccbrnKa coo6qeHkrft.
Onepaqux qr,rKruqecKoro cABr,rfa.

Metogu nofrulecKoro npeAcraBneHl{r roloJrorrrrr KoMMyHr,rKarlnounofi cpeAbr.

Oro6paxeHae KoJrblreBofi rouororvltrkr rorroJrorr4r.r pelrerKr.r na runepxy6.
4.3. Yponnn pacflapaJrJreJrr{BaHlrs Bbrrrr{cJrenufi
PacnapalneJII{BaHI,Ie nrr.rplcreHuft Ha ypoBHe KoMaH,4, nupaxeuufi, [porpaMMHbrx

mo4ynefi , orAenbno BbrrroJrH.r{eMrrx gaAanprft .

4.4. Tranrr rrocrpoeHus napaJrJreJrbHbrx aJrropr{TMoB r{ rrporpaMM
Bn6op napaJIJIeJIbHoro anroprdrMa. Pezuru:aqr,rx aflropr.rrMa B Br,rAe naparnenrnofi

rlporpaMMbl. flocrpoeHne rlcnoJlnseuofi flporpaMMbr AJrs rrapafilelruofi Bbrqr.rcJrnTetrnofi
cHcreMbl. llapallelrHoe l{c[oJrHeHr,re uanrzunofi [porpaMMbr. gacrrrlre [ocraHoBKa: nu6op
onrl,IMtulbHoro aJIroplITMa rlrfl rolt peruoft BbrrlrrcJlr4Tenrnofi czcreMbr, HaxoxAeHl{e
naalyu[reft ToloJIorI{LI Bblq[crurelrnofi cr{creMbr Ars pemeHus onpe4eleunofi 3a1aqv,
pacuapaJrJreJrr,rBaHr4e cyrrdecTByroqero aJrropr,rTMa.

4.5. TexnoJrornrrecKue acrrexTbr pac[apaJrJreJrr{BaHHs

,.{enorvruoenlll4s aJrropLrrMa Ha naparrJreJrbHo r4crroJrnreMbre (lparueurn ntr.rzcreHuft.
Pacnpe4eneulEe sagauui,t rro [poqeccopaM v 6a-nancuponxa. Cznxpour.rsar\Hfl. n
B3auMor.rcKJrroqeHue. Opraurasaqu.rr B3aHMoAeft crnus.

5. Cncreprr,r paspadorKu napaJrJreJrbHbrx nporpaMM
5. 1. CosaaHr{e c[equaJrl{3r{poBaHHblx fl 3brKoB rrporpaMMrrpoBaHrrfl
Alroputuu'recxufi sgrm OKKAM. O6uas xapaKrepncrr,rKa rpaHcrbrorepa. Kouqenqux

npoqecca n OKKAM. Mero4u KoHcrpyI,IpoBaHLrr arpernpoBaHubrx rrpoqeccoB. flpuHquurr
nepeAaqfi .{aHHbrx MexAy rlpoqeccaMr.r. llpuuep [porpaMM Ha anropurMr.rqecroM r3brKe
OKKAM.

5.2. PacurupeHr{e cyqecrByrcrqnx fl sbrKoB rrporpaMMr.rpoBanns
O6rqas xapaKTepucrllKa napaJrJreJrrHbrx. pacmnpenufi EurroprarMlrqecKoro r3brKa

Ooprpau. AerollaruqecKa.f, BeKToprl3arlr4s u paclapaJrneJrr.rBaHr.re. llpo6lervrHo-
opI,IeHTUpOBaHHbre KoMrrr,rnsTopbr.

O6qas xapaKrepl{crl,IKa cranqapra OpenMP. Cos4aruae raparneJrbHbrx o6nacreft.
PasAereH[e Bblql,IcnIErerusofi Harpy3Kr{ MexAy noroKaMr,r. Pa6ora c AaHHbrMH.
CuuxpoHtl3allus. @ynxqun pr nepeMenHbre oKpyx(eHus. Cpannuternnar xapaKTepracrr4Ka



noAxoAoB fiapanneJlbHoro nporpaMMr.rpoBaHrrs. p'rs. cr{creM c pacilpe,4eJreHuoft v o6qefi
IIAM{TbIO.

5.3. Parpa6orra c[eqrraJrrr3upoBaHHbrx 6n6lnoren
Cractenra PVM. Kouqenqus [apaJlJleJlruofi nvpryanruofi BbrrrracJrr.rrenrsofi Marrrr,rHbr H

ee npeAcraBJIeHI{e B B}IAe pacnpegeJresuoff HeoAuopoAnoft cracreubr KoMnbrorepoB.

flpe4cranneuue nporpanauuoft cllcreMbr Ha nupryamnofi Marxr4He. OurosHrre
lporpaMMubre rrpr,rMr,rrr,rBbr cr{crerurr PVM. Ilprarraep r{crroJrb3oBannfl.

Cuctenaa MPI. O6qas xapaKrepl4crlrKa. llo4gepxxa MoAeJrpr nsazl,roAeficrBrlq

rIapaJIJreJIbHbIX Bblqrlcnzrerefi flpu [oMorqr4 [epeAaqu coo6rqeuufi" OcHonHbre nporpaMMHbre

rrpr{Mr.rrraBbr cr.rcreMbr MPI. flpunaep uc[oJrb3oBaHr{r.

Oprauusaqu.s Bbrtll,IcJleuuit ua Muoronpoqeccopuofi cr{creMe Parsytec PowerXplorer.
L'Icuonrgoeanue rexnoirorvl{ Kpocc oMyJrrrlr.rn npu pa:pa6orre nap'arJreJrbrrbx [porpaMM.
Konqeuqras BI{pryanbHbIX upoqeccopoB u KaHaJroB nepeAarrr,r AaHHbx. Buprya-nrunre
To[oJIorHI,I cr{creMbr: KoJIbrIo, rvrneftxa, 3Be3Aa, pelrerra, AepeBo. OcnoeHrre [porpaMMHbre
rrp r{Mr.rrr4 Bbr. llpuvrep r4 crro Jrb3 oB auprfl ..

6. rlapa;r"rre;rbHble qucreuuble aJrropuTMbr Arq pemeHfifl TrrrroBbrx 3aAaq
Bbrrrucrure.nruofi MareMarrrKrr

6. 1. O6uue cnoco6rr p aclapaJrJrernBaHus aJrroprrrMoB
Brrsnleurae (pyHxqrzonanrnofi He3aB[cr,rMocrr.r orAenbHbrx $parir,renroB anroprarMa

(uapanuenr.l3M KoMaHA). feorrrerpl{qecKoe pa3,4eJreHr.re Bhrrrr4cJreunfi (uaparureJrr,r3M 4auuux).
I4epapxuuecKas AeKoMrro3rrqfi r o6pa6orrra AaHHbrx.

6.2. OpraHH3arll{fl rlapaJrJreJrbHoro rrcrroJrneHr{s peKypcr.rBHbrx nnrqr.rcreuufi
flpo6lerraa peKypclaBHoir gaeucnMocrn 3TanoB o6pa6omu AaHHbD(" Kacra4uax cxeMa.

lloAxol AJIfl nonf{eHrI.f, acnMrrorr,rqecKra HeHyJreBoft s$(perurBHocrr{. MeroA Oyrca. llprzrraep

Ar{ BbrrrncreHl{s qacrrrrrublx ra o6uefi cyMM.

6.3. IIap a.uJreJrbHbr e qr{cJreuHbre aJrropr.rrurr ;ruHefi Hoft a.rrre6prr
Cuoco6u pazlueuux MarpLIu (ropusonra.ubnafl, Beprr.rKaJrbHar, 6noqurre cxeurr).

Mero4u BbItII,IcJIeHLIt npov3Be4enlrs. MarpHrI c t4crroJrb3oBaHr.reM pa3Hbrx cxervr pas6trenvrs.

MarpI,Iq" O6ecueqeHne upeleJlbHo Aorlycrr.rMoro rapanJreJrlr3Ma. O6panleuue Marpr.rq.

flaparnenrHbre Mero,qbr pelreHr{r c}rcreM nuuefi nrrx ypanneuufi .

6.4, IIapa;r.rre;rbnble qlrcJreHHbre aJrroprrrMbr perreHrrfl qu{{epeHrluaJrbrrbrx
ypaBHeHr.rfi n qacrHux [porr3BoAHbrx

llapalremHaa peanpl3alll4fl [pflMbrx u HTeparluoHHbrx MeroAoB perfleH]rs

au$SepeullplaJlbHbrx ypanueruEft B tracrHbrx [por.r3BoAHrx. Auanu3 pa:]HocrHbrx cxeM Anrr

e (f (f enrrannoro pa3.qeneHus o6racrra orpeAeireur.rr peuaeMbrx 3aAaq.

6.5" IIapaJIJreJIbHbIe qIrcJreHHbIe aJropurMbr MHorotrepnoft MHorogKcrpe*ra.rrruofi
OIITIIMI,I3AIINU

Xapaxrepucrl.IqecKat cxeMa rrpeAcraBneHr,r.f, Mero4on mo6anbHoro [orrcKa. O6Ir1ufi
npI{HIII,In paclapaJlnelruBanus. MeroAoB. Oqenxa e$(perrunuocrrr BBeAeHr.rs [apaJrJreJrpr3Ma:

sS$er<runnocrb LI 6egrrg6rrroqHocrb. CunxponHbre r{ acr4nxpouubre BapHaHTbr arrropurMoB.
Onpegeneuue Havnyqlrnx rorroJroruft nrrqucJrr.rreJrbHoft cucreurr AJrr peanr43arlrrr4 MeroAoB.

JIAEOPATOPHbIE PAEOTbI
1. Pa:pa6orrca [apaJrJreJrbHblx rporpaMM c rrcrroJrb3oBaHrreM uurepQefica

repeAarru coodn{enufi MPI
Mnnu-MPI (crapr, Sr.rnnur, flepeAaqa u upueM coo6uleuuft).



Ilpznrep 1: Ha.Ianrua{ [apanrerbuas nporpaMMa (ueuarr ngeurn$uraropoB
npoqeccon) - 3arlycK (roxamurtft, pacrpeAeneHnrrfi). Oqenra BpeMeHu BbrrroJrHenr{fl

npofpilMMbl, CI{HxpOHlB AIJtIs5 KOJIJIeKTLIBHbIe oflepalluu.
flpnuep 2: rlucneunoe LIHTerpr.rpoBaHHe- co3AaHHe [poeKTa Ha ocHoBe roroBofo

Llcxo4nofo reKcra rrporpaMMbr, uacrpofi ra ouqrft , KoMrrr,rJlfirlus, 3alycK.
llplarraep 3 : Cralxpnoe upoI,I3BeAeHI,re BeKTopoB (cauocrorreJrbuoe sa4aHr,re 1 ).
2. IlpanrurcyM no parpadorre rapaJrJreJrbHbrx aJrropHTMoB u rrporpaMM AJrs

peIrrenns 3aAaq EblrlrrcJrnTenrHoft MareMarrrnn
O6sop 6n6nraoteru MPI: ycraHoBKa, nacrpoftxa, cxeMa (pyurquour4poBaHr,rr.

llpurraep 4: Peurenze 3a,qaq paclo3HaBaHus o6pason (nrruonuenue sa1alr4s. rroA
pyKoBo.qcrBoM rrpeno4anarelr).

flpurrlep 5. VIvTHoNeHI{e Marp}rII, JreHTorrHuft anropuru (carvrocroflTeJrbHoe zaganue 2).
flpurraep 6. YunoxeHl{e MarpLIq, 6nounrre cxeMbr paclpe.qenenils. AaHHrrx (zurropr.rrvmr

@oxca u Kennona).

3. IlparcrlrKyM rlo ficrroJrb3oBaHrrrc 6u6.nHorerc [apaJrJreJrbnbrx MeroAoB Paralib
Arq peruenIls BaAarr BbrqncJrr{Telrnoft

O6rop 6ra6luorerrE Paralib: Ha3uaqeHrae, KJraccbr pelraeMbrx 3a aq, rrpr4Hrlrirrbr
pa:pa6omz.

flpuuep 7. (Dyur<quw 6u6tuorexu Paralib aff yMuo)KeHkrr Marpr.rq npu 6lo.rtronr
cnoco6e pacnpeAeJleHlls 4aHHbrx" (a.nropurrralr Oorca v KeHnoHa): cxeMa peufirsa\vv,
TeoperutlecKat oIIeHKa s(p(fertunnocrl,I, BbIqI{cJrHTeJrbHbre gKcnep\rMeHTbr.

Ananras HHTeHoLIBHocTI{ rloroKoB [epeAaqu AaHHbrx, ocyrqecrBnseMbrx B xoAe
napaJIJIeJIbHbIx BbrrllacneHufi B cllcreMax c pacilpeAeneusofi rraMsrbro, c r{crroJrb3oBaHr,reM

I,IHcrpyr!{eHrantnofi 6u6luoreru ParaScope.

4. [parcrnKyM rro orIeHKe lQ{enrunHocrrr [apaJrJreJrbHbrx MeroAoB AJrrr pa3Hbrx
rouo.roruft MnororrpoqeccopHbrx BbrrrrrcJrrrreJrbubrx crrcreM

Xaparrepvcrl,IKa rlporpaMMHofi na6oparopun Paralab rar r{HTerpr.rponauuofi cr{creMbr
AJII IIpOBene}Jtls. BbIqIiICJILITeJIbHbX SKCIIOpI,IMOHTOB C IIapaJIJIenbHbIMI,I MOTOAaMLI Ant OIIeHKH

ux o(f(pexruBuocru:
o Mo.qenl{poBanl4e MHoronpoqeccopHbrx BbrqrrcJrr{TeJrbHbrx crrcreM (nu6op rorroJron{r4,
3a[auve KoJII{qecrBa I{ npol{3Bo.{I,ITeJrbHocrr.r lpoqeccopoB, nrr6op MeroAa [epe,qaqrl AaHHbrx 14

3aAaHr.re KoMMyHr,rKarI[oHHbrx xapaKTepncrur cerra),

o OupeAeJreHue KJracca pemaeMhrx 3a1aqr4 3a1aHue napaMerpoB 3aAaqu,
o Bu6op napaJIJIeJIbHofo MeroAa pelrreHl,rs sa1La'rrura Hacrpofira guaqeHrafi ero rapaMerpoB,
. Ycrauonra rpaSuqecKnx I4HAI{KaropoB AJrs ua6ruo4eHrEr 3a npoqeccoM rrapanJreJrbHbx
BbIIILI0JIOHI,Ift (cocroxHlle ,qaHHbIx Ha npoqeccopax crrcreMbr, ilepeAaqa uu(fopuaquu rro cerr4,
TeKyrlas orIeHKa peureHr,rs ncxo4uofi Bhrqr{cJrr{Telrnoft zagauu),
o fIposeAeHLIe gKcrIepI4MeHToB B pexr4Me uMvrrar\prr4 nrruucleHr.rfi; noruaronrrfi,
nocJleAoBarelnnrrft (nenpepr'rnnufi) vr quxruuecrufi (ceprafinslfi) cnoco6rr rpoBeAeHr4t
SKCIIepI{MeHTOB; oAHoBpeMeHHOe BbIIIOJIHeHHe HeCKOJIbKLIX SKclepuMeHTOB B pexuMe
pa3AeneHlrfl BpeMeHI{ Anfl pa3Hbrx Bapr{aHToB TorroJrortrr4 BbrrrrlrcJrr4Telrnofi cficreMbr,
napaMeTpoB 3a4al{'u, Kolr.rqecTBa rrpoqeccopoB H T.rr.,
o Ana-nu3 pe3yJlbraroB c I,IcnoJIb3oBaHr{eM cBeAeHr{ft us xypuana gKcrrepr4MeHToB; orIeHKa
BpeMeHI'I peUeHLIS 3aIiAq B 3aBLICHMOCTT,T OT prBMepHocTV 3A!.A'sfi rr KOJrr{qecTBa lpoqeccopoB;
flocrpoeHrle 3aBrlclrMocreft ycropeuvs,h s(f(fexrunnocrr,r napaJrJreJrbubrx nrruncJrenuft,



o flponeAeHne gKcrrepl{MeHToB B pextrMe peaJrbHbrx uapaJrJreJrbHbrx nrruracneuuft;

BbInoJIHeHLIe [apannenbHbrx [porpaMM B Br.rAe MHo]KecTBa He3aBr{crrMbrx [poqeccoB Ha oAHoM

npoueccope; yAaJIeHHrfi 4ocryn K MHororpoqeccopHoft srrqlacrr.Irentnoft cucreMe (xnacrepy);
cpaBHeHI{e TeopeTl4qecKl4x oIIeHoK I,r pe3yirbTaToB peaJrbHbrx Bbrqr,rcJrr,rTeJrbHbx SKcnepr{MeHToB.

5. Pa:pa6orna rlapaJrJreJrbHblx rlporpaMM c rrcrroJrb3oBaHueM TexHoJroruu OpenMP
O6rqas xapaKTepl{crllKa rexnoJlorurr OpenMP: rroroKr.r, [apanJreJrbHbre o6tacrw,

pacnpeAeJreurre BbrrrrrclesrEft MexAy noroKaMr4.

llplalrrep 8: CranrpHoe [poLI3BeAeHI4e BeKTopoB. fro6amsue ]r JroKnJrbrrbre .{aHHbre

noroKoB. Kpuruuecrue oeKIII4H Aocryrra K pa3AerseMbrM Aauubrrrl. CuHxpour{3arlr4r"

flpunaep 9. VuuolreHI4e MarpuII (napuaumr pacilapannenruBalprs. BJroxeHHbrx rIr4KJroB,

caMocro.rrreJrbHoe sa4auue 3).

6. rlparcrnrcyM rlo parpa6orrce [apaJrJreJrbHbrx aJrroprrrMoB rr nporpaMM AJrfl
p errr eHr.rg 3 aAarr BbrrrrrcJrr{TelrHofi MareM arlrKrr

llpuuep 10. Ilaparremuax coprlrpoBKa: anfopr.rrMbr nyrrrprronofi coprt4poBKrz,

coprLIpoBKLI Illenna u 6rrcrpofi coprr.IpoBKr{ (nrruonneurae sa4anvs. rroA pyKoBoAcrBoM

npenoganarelx).

llprzruep 11. 3a.qa.{u o6pa6orru rpa(pon: [ocrpoeHrae MVHrrMaJrbHoro oxBarbrBnrouero

AepeBa, [o]rcK xpar.raftruux nyrefi (cairnocroareJrbHoe zagauue 4)
7, Iparcuucyna [o MeroAaM rlapaJrJreJrbHbrx nrr.rr.rcreHnfi AJrfl pemeHrrff

gnS Q ep eHrlrraJrbHbrx yp aBHeHrrft n qacrHrrx np or.r3B oAHbrx

O6utas xapaKTepl4crl{Ka Mero,qoM KoHeqHbrx pasuocrefi (rrrero4 ceror) Arfi rrucreHuoro

perneHr{r auSft epeuquarbHbrx ypanneHnft .

MeroArr pac[apaJlJrelwmanvIs, MeroAa KoHeqHbrx pasHoureft gnx BbrrrucnuTeJrbuhrx

cl{creM c o6qeft rlaM.f,Tbro (oprauusaq[s B3anMolrcKJrroqeHr{s 1rrfl orIeHKr4 [orpelrHocrr4
pellreHl{fl, rag6rrror cLIHxpoHI{3arI4vI, npo6reua cep}ranH3arlura u 6norEpoBKra, o6ecne.{euue
TOXAeCTBeHHOCTII nOCJIeAOBaTeJTbHOfO H rrapanJreJrbHoro Bapr{aHToB pacqeroB, BoJrHoBbre

cxeMbl BbrrII,IcJIeHHfi, olounax cxeMa pacnpeAeJreHlrs AaHHrx, 6alaucupoBKa, r.rcrroJrb3oBaHr.re

oqepeArd zagaunir).

Merogrr paclapanJlelrvIBalns, MeroAa KoHeqHbrx pa":uocreft gnr BbrrrrrrcJrr.rreJrbHbx

cI,IcreM c pacnpeAeneHnoft [aM.rlTbro (neuro.ruar u 6noquas cxeMbr pac[peAeJreHr,rr AaHHbrx,
BoJrHoBbre cxeMbr BbrrrucfleHprft , oqeura rpyAoeMKocrr.r [epeAatrH 4auurx).

llpar<tzxyru rro perueHl{ro au$$epeHlll{anbHbrx ypanuenufi B sacrHbrx nporl3BoAnbx c
I{crIoJIb3oBaHLIeM yue6uo-uccJreAoBareJlrcrofi cncreMbr ParaGrid (uocranonra 3a1aqpr,

BbInoJIHeHI4e BbIrIHcJIeuuit, nusyarplsar\ng. AaHHbD(, a:aurn3 pe3yJlbraroB pacqeroB, lI3MeHeHue

rrapaMerpoB r.r [poAoJrxeHr,re nrruuclenufi ).
8. Ifparcruryrvr rro ucrloJrb3oBaHlrrc 6n6ruorerc [apaJrJreJrbHbrx MeroAoB Arq

peIIIeHIIfl CJIOXHbIX HayrIHo-TeXHI{qeCKIrX 3aAarr

O6sop 6u6nnorexrE PLAPACK: crpyr<rypa, o6rerrur, MeroAbr, r{crroJrb3oBauue. llpvrrvrep

12: Vunoxenr.re Marpplq - I{crroJrb3oBanr4e PLAPACK (nrrnomrenue 3a1alvrt rroA
pyKoBoAcrBoM npero4anarenx).

9. IIparcrHKyM rlo MeroAaM rrapaJrJreJrbHbrx BbrrrrrcJrenuit glt pemeHr,rq 3aAaq
MHoroMepnoft pruorogrccrpeMaJnuofi orrrrrMrr3arluu

O6rqas xapaKTepI,IcrLIKa npe4lreruofi o6lacrv (uocranonra sa1arrv rno6alruofi
o[TI,IMI{3aIIkrv, pe^yKIII{t pa3MepHocTr4 Ars cBeAeHr{r MHofoMepHbrx 3aAarr K oAHoMepHbrM

nocraHoBKarvr, unlpopMalluoHHo-crarr4crr,rrrecKr,re aJrfopr,rrMbr mo6alruoro [orrcKa, npuueprr).



I4cuomsonanlie MuoxecrBeHHbrx prrBeproK Tnrra KpHBoft lleano AJrr rrocrpoeHr{.f,

pa3nl,IqHbrx ceroK B o6racrra pelreHr.rr onrlrMr,r3arluouuoft sanaqv. Cne4eruEe npo6nenrnr

MHoroMepHofi onruura3allur4 r cerueftcrsy olHoMepuux unSopMarllroHHo-coBMecrr,rMbrx 3aAaq.

IlapallemHoe peureulle 3aAaq nopoxAaeMoro ceueficrBa r{ cxeMa un$oprraaqrroHHbrx o6naeuon.

O6quocm paccMorpeHuoro noAxoAa Ans peureutrfl pflra Bbrrrr.rcJrr.rreJrbHo-TpyAoeMKr,rx

HayrIHo-TexHLIqecKI,IX 3aAar{ (ranrerpupoBa*vre, pe[reHr,re crrcTeM nerurnefinrx ypanHeuufi,

BoccraHoBJreHr,re 3anr.rcuuocrefi, [o]rcK perueHrafi, onrr,rMaJrbubx rro ua6opy KpHTepHeB

(rr,ruoro rpu r epilurbwas. o rrrrlMr.r3 arlur) u r. a. ).
llpaxrnryla [o peureHnro 3aAatr MHorogKcrperuamuoft orrrr,rM]r3auu[ c HonoJrmoBaHpreM

cucreMbl rrapaJlJreJrbHblx Bbrqucreuuft A6corrcr 3rcnepr (nocrauonxa gapla'tru, BbrnoJrHeHr,re

BbrtILIcJIeHr.rit, nusya:r.u3arlur AaHHbrx, amurr4g pe3yJrbraroB pacqeroB, lr3MeHeHHe rrapaMerpoB r4

rrpoAonxeHr,re BbrqrlcJreuufi ).

5. OEPA3OBATEJIbHbIE TEXHOJIOITruI

oJlerqlIoHHo-ceMuHapcKa.fl cl{creMa o6yuenux (rpa4uquoHHbre JreKrlr,roHHbre r4

na6 opar:op :a:';re sauxrux) ;
o o6y.IeHI,Ie B MaJIbx rpyrrilax (nrrnonuenue ra6opa:ropHbrx pa6or B rpyn[ax ]r3 AB]x rrJrn

rp€x uenoner);

oMacrep-KJraccbl (,uervroncrpalqJ1's. Ha ra60paropHhrx 3aH-srr,rfix rrpr{Hrlr{roB pacqera u
rrpoeKTupoBanufl olrr{qecKrax Aemleft rr orrrr,rqecKrax cucrena);

.rIpI{MeHeHLIe MyJIbrIaMeALIa rexHouorufi (npone4enue JreKrlr,rogHbx zanxruia c

npHMeHeHIaeM KoMrlblorepHbrx [pe3eHTarlufi u .{eMoHcrparlfioHHbrx ponr.rKoB c rroMorrlbro

rrpoeKropa rnuu 3BM);
. ras0opIuraqlaoHHo-KoMMyHLIKaTI[oHHbre rexgoJrorlrrl (npuueueHue r.rH$oprraaqrroHnbrx

TexHoJlofufi alnn MoHI{Topr{Hra rexyueft ycfleBaeMocrr.r cryAeHToB r4 KoHTpoJrr suaur.rft)"

6. OTIEHOqHbTE CPEACTBA AJrJ{ TEKyTTIETO KOHTPOJTS
yCTIEBAEMO CTr,r, IIP OME]ItyrOqHOfr Arrn CTAIII{r4 rro trTOrAM

o cB o E Hwfl I.IIC\ I,ITIJII4 HbI U yqEE HO -MET OAIITIE C KO E
OBECIIETIEHI,IE CAMOCTOflTEJIbHOfr PAEOTbI CTyAEHTOB

a) Bonpocu n pefiruur-KoHTpoJrrc:

1 . c r s c - u Rr S c - np oqe cc opbr. 
" "":":::::;:: 

K{ tl#i'"n.,rn",.
2. flonsrurenze rpol43Bo.ql{TenbHocrl{ flpoqeccopoB 3a cqer rouneftepn3ar\krpr. Ycrosus

orrrr,rMrrJrbHoro (f ynxqrront4poBaHr.rr roHeefi epa.

3. CyneproHnefiepurre u cyrepcKanrpHbre rrpoqeccopbr. BrrAereHrae He3aBr.rcr4Mo

pa6oraroulux ycrpoficrn: IU, FPU, MMU, BU.
4. Merogrr yMeHbrIreH[It HerarI,IBHofo r'rruflHvls. nncrpyrqufi [epexoAa Ha

IIpor.r3BoAr{TeJrr,HocTb rrpoqeccopa.

5. flonrrurenne [poLI3BoAI,ITeJIbHocrr.r flpoqeccopoB 3a crrer BBeAeHlrr Kgrrr-rraMflTr,r. KsmH:

egranrrfi, fapnap4cxrafi, c npnraofi ganracnro, c o6parnofi ganucrro.

6. Opranu:aqllfl KgIrr-IraMsrLI. AmopI,ITMbr 3aMeHbr AaHHbrx B Korrr-raMsru. CnequaJrbHbre

KSIIII.

7. CornacosaHlae rsurefi B MyJrbrr.rnpoqeccopHbrx clrcreMax c o6qeft [aMsrbro.



8. BprArr MHoronpoqeccopHbrx apxr.rreKTyp.

9. lloggepxxa MHoro3aIarIHocrLI r,r MuofolpoqeccopHocrr,r cneqr{aJrbHbrMr{ r.rHcrpyrllr{rMr,i

ilpoqeccopa. Oprauusarlrrr AaHHbrx Bo nneruueft naMrrr{.
l0.Ilporpauua, [poqeccop, flpouecc. Ouronurre cocraBJrrroque npouecca, cocrorHr4s

flpoqecca. Crer, BrlpryaJrbH afl ilaMflTb, MexaHr,r3Mbr rpaucnrqu n ap;peca.

ll.Mexauuguu ngazuoAeficrBlrr npoqeccoB. Pargerreuax naMrr6, cenaa$oprr, cprruaJrbr,

[oqroBble tru,IKLI, co6rrrus. 3a4a'rn (threads). Cpanneuue c [poqeccaMr{. Pecypcu,

rrpI,Iopl{Terbl. Ilapannemnrre [poqeccbr. CnsgunaHue. Crarn.recxoe il AVHaMuqecKoe

cBs3bIBaHUe.

12. Buarr pecypcoB: a[[aparHbre, [porpaMMnbre, aKTr{BHbre, raccr4BHbre, JroKaJrbHbre,

pa3AeJIteMbIe, [ocTo.f,HHble, BpeMeHHbIe, HeKpI,ITI{IIHbIe, KpI,ITI,IIIHbIo.

1. ruun ssauilaoAencrBr.rs ,,oou""ril'K;;::K::l#t ^ KoHKypr{pyrcurue rpoqeccbr"
Kpn:nr.recrrre cerrlr4rr, B3ar.rMnoe r4cKJrrorreHr{e npoqeccon (sa,aa.r).

2. flpo6nerrru, Bo3Hr,rKaroqr4e rrpr cr,rHxpour,r3ar\ufisa1a'r"vLr4ev l{x pa3pemeHils.

3. Cocrosn[s rrpoqecca r,r MexaHr.r3Mbr rrepexoAa ]r3 oAuofo cocrorHr.rs B Apyroe.
4. CraH4apru ua UNlX-clrcreMbr.
5. Ynpannenue flpoqeccaMra. OyHxqr,ru fork, execl, execv, waitpid. llprarvrepu HcrroJrb3oBalvrs.

6. Pa6ora c crrfnaJraMu. Oynxqur signal. flprarraep rcrroJrb3oBa:aufl.

7. Pa:genxeruat [aMsrb. Oynxquz shmget, shmat, shmctl. Ilprarraeprr ]rcrroJrb3oBanvs..

8. Ceua(fopu. Oynrqrau semget. semop, semctl. llpuuepu HcroJrb3oBanus..

9. Co6rnus. flputr,tutnnHble olepa\r4r4. Oprauusaqlrfi B3avMo.qeftcrnux KJrr.reHT- cepBep c
noMorrlbro co6rrrufi.

10. Ouepe4Ia coo6qenuft. (DyuIcqnn msgget, msgsnd, msgrcv, msgctl. Ilpurraeprr

}ICIIOJIb3OBA}JVIfl.

11. Ynpanneune sararraMtr (threads). OyHrqrau pthread_create, pthreadjoin, sched.yield.
Ilpurr,repu HcrroJrb3oB anufl.

12. O6rertbr oLIHXpoHLI3aIII{Lr runa mutex. Oyuxquu pthread_mutex_init, pthread_mutex_lock,
pthread_mutex_trylock, pthread_mutex_unlock, pthread_mutex_destroy. flpunaepu
HCIIOJIb3OBAHVIfl..

13. O6nercrbl currxpoHr4sa:llztv rnna condvar. Oyurquz pthread_cond._init, pthread_cond_signal,
pthread_cond_broadcast, pthread_cond_wait, pthread_cond_destroy. flpuueprr
TICIIONb3OBAHLTA,

1 4. llpuuep multithread-nporpaMMbr yMHoxeHr.rs Marpurlbr Ha BeKrop"

1. Message passing rnterface (MpD" :ffi'I;W{;:"#:*orpaMMbr. oyurqnu MprJnit,
MP|_Finalize. Coo6q envrfl. rr HX BrrAbr.

2. Korrauyuurarophr. OyHxquu MPI_Cs6p_r1r", MPl_Comm_rank. llpuuepu
LICNOJIb3OBAHVIfl.,

3. llouapnuft o6uen coo6nleHItruu. (Dyrxquz MPT-Send, MPI_Recv. flpuueprr
I{CnOJrb30BAHUfl,.

4. Onepaquu BBoAa-BbrBoAa B MPl-nporpaMMax. Ilpuuepu.
5. ,{ouonurareJlr,Hble Bo3Mo}ItHocrLI AItfl rroflapuofo o6uena coo6rqenurun. Oynrqrara

MPl_Sendrecv, MPl_Sendrecv_replace.

6. [ononnr.lr:eJlbnble Bo3Mo]KHocrrI Anf, rro[apuoro o6uena coo6rqenzsnar.r. OyHrquu
MP I_Isend, MP T_Irecv, MPI_Test, MPl_Testany, MPI_Wait, MPl_Waitany



7 . Korutertunsrrft o6ueu coo6uenuxwrr.r. Oyuxquu MPT_B arrier, MPI_Abort, MPI_Bcast.

8. KofftextrsurIfi o6ueu coo6qeurasr,rr.r. Oynrquu MPI_Reduce, MPl_Allreduce,
MPt_0p_create, MPT_0p_free. Ilpunrep MPl-nporpaMMbr, Brrrrr.rcrrflrouleft onpeAeneuurrfi

r4HTerpan.

9. Bpenlr n MPl-nporpaMMax. (Dynrqrara MPI_Wtime, MPI_Wtick. flprarraep ficrroJrb3oBalufl.

10. llpnnrep MPl-nporpaMMbr yMuoxeHrr Marpr.rrlbr Ha BeKrop.

11. ,^{ononrureJlbuble Bo3MoxHocrI,I Arrs KoJIJIeKTT{Bnoro o6ueHa Maccr4BaMr{ AaHHbrx. Oynr<quu

MPI_Gather, MPl_Allgather, MPT_$sa11s1,

l2.Ilepecrrnra crpyrryp AaHHrIX. CosAasue HoBoro IVIPI-ruua .4aHHbrx c rroMorrlbro

MPl_Type_struct. Oyxqrnu MPl_Address, MPl_Type_commit, MPl_Type_free. flpr.rrr,rep

I4CnOJrb30BAHI.I'fl.

6) 3r:arvreHarlr{oHHbre 3aAaqu :

1. Hanuruprre rporpaMMy, I,IcrloJrb3yt 6norupyroque KoMMyHr.rKarIuoHHbre $ynrqzu
(MPI_Send, MPI_Recv), pea"uvrsylouyrc cJleAyrouuft zulropurir,r: Ha HyneBoM rrpoqeccope

rIHHIII,ItuILI3pIpyercr rrepeMeuHair (float a); uyrenofi npoqeccop paccbrJraer [epeMeHHyro a

BceM lrpoqeccopaM, BKJIroqas caMoro ce6r: rrocJre rronfreHr4r nepeueuuoft a Bce

upoqeccoprr upr6anr.f,ror K sefi cnofi raHAr{BrrAyurnruuft HoMep }r nepeAaror ua uylenofi
[poqeccop; uyrenoft flpoqeccop rroJrfraer or Bcex [poqeccopoB AaHHbre r.r BbrBoAr.rr Ha
gKpau n (foprraare: HoMgp npoqeccopa, [epecJraHHoe r.rM 3HarreHr.re neperrreuuofi a.

2. Hauuurure rporpaMMy, LlcrroJrb3yr 6norupyrorqze KoMMyHr.rKarIr{oHHbre (pyHKrlr.rr

(MPI_Send, MPI_Recv), peanl{3yloqylo ,rnropr4rM repeAaqu .qaHHbrx ro Konbqy:

o.repe4noft rpoqeccop Aoxl,IAaercs coo6IqeHux or [peAbrAyrrlero u noroM nocbrJraer

cneAyroqeMy rrpoqeccy.

3. Hanprurr.Ire rporpaMMy, r{crroJrb3yr KoMMyHr4KarIrroHHbre (pyHxqaH (MPI_Isend, MPI_Irecv),
rrepeAaroqyro AByMepsrrfi uaccuB Mex.qy AByMs rrpoqeccopaMpr.

4" HauraruHre nporpaMMy, LlcrloJrb3yr KoMMyHr.rKarILtoHHyro (fynrqraro (MPT_5s14r..u1,

peaJll{3ylouyro €InropI{TM [epeAaqrd AaHHbrx no KoJrbrly: oqepe,qHoft upoqeccop,qoxnAaercs
coo6uleuur or npeAbrAyrrlero rr rroroM nocbrJraer cJreAyroqeMy rrpoqeccy.

n) IlpnrvrepHbre reMbr KypcoBbrx pa6or:
1. {racueunoe peilrenre cpe.{crBaMra MPI/OpenMP AByMepHoro nenunefiHoro ypaBnenvrfl.

TeflJrorrpoBoAuocrr,r MeroAoM rrpoAonbHo-[olepequofi nporoHrra
2. 9uclennoe pelrreHl{e cpeAcrBaMu MPI/OpenMP AByMepHoro uenr.rneftHoro ypaBHeHr.r.f,

TeIIJrOrrpoBoAHOCTr.r C IIOMOUIbTO CXeMbr pacqerrJreHlrfi

3. r{ucresnoe perreulle cpeAcrBaMN MPI/OpenMP AByMepuoro nerr.rHeftHoro ypaBnentrs.

TerrJrorrpoBoAHocTr4 c rroMorrlbro cxeMbr [peAr4 KTop-KoppeKTop

4. r{plcneHnoe perleure cpeAcrBaMn MPI/OpenMP rpexMepHoro m,rnefiHoro ypaBHeHprfi

Terrno[poBoAHocrrr c rroMorrlbro -f, nHofi pa3Ho crHoft cxenarr

5. {ucneHnoe perreHl{e cpeAcrBaMr,r MPI/OpenMP AByl{epHoro ypaBHeHr{r flyaccoua
I4TeparIr{oHHhrM MeroAou 3eft.{els

6, rlucleuuoe perleHlle cpe.qcrBaMl{ MPI/OpenMP AByMepHoro ypaBHeHr,rs llyaccoua
MeroAoM 6no.{Hrrx arepaqufi

7. Mo4erupoBaure cpeAcrBaMlr MPI/OpenMP npoqecca B3alrMoAeficrsas rBepAbrx qacrlrrl c

TIOTOKOM TA3A

8. rlucreuuoe peilreHl4e cpercrBaMr,r MPI/OpenMP 4nyrrrepHoro ypaBHeHuf, repeHoca
9 . Bu.rucneHrde paHfa rpor.r3Boirbnofi lrarpuqbr cpeAcrBarrln MPI/OpenMP



10. MolenupoBaHl,Ie cpeAcrBaMu MPI/OpenMP npoqecca ilpoxo)KAeHur uefirpoHoB qepe3

rrJracTraHy

r) CarvrocroqrerbHaq pa6ora cryAeHToB:

1. IloAroronrca K TeKyxIeMy KoHTpoJrro u npoMexyrounofi arrecrarlun.
2. flo4roronra r na6oparopHbrM pa6orau n o(poprrueHlre orqeroB ro p$yJrbraraM

I{3 BbInoJIHeHufl. Konrponr ocyrqecrBJrrerct Ha galflTvrrx B Br.rAe ycrHhx orBeroB Ha

BOUpOCbT [perroAaBaTeJrg rro coAepxaHr.rro oTqeTa.

3. Pa6ora c AorloJlHzrenruofi m.rreparypofi rro BorrpocaM, BbrHeceHHbrM Ha

caMocrosreJrbHoe r{3freHr{e. Kourpolr ocyqecrBnsercf, Ha oK3aMeHe.

1) ,{octouuctna I,I HeAocrarnn SMP- u MPP- apxr4TeKTyp BbrrrncJrr,rreJrbHbrx

CI,ICTEM.

2) Ouu.rue nonstuft flpoqecca ]r rroroKa B orrepaquoHHbx cr4creMax.

3) flpo6nervru cLIHXpoHI,I3a\krv3a1aq rpu [apaffreJrbHoM rrporpaMMr{poBanuvr.

4) Cran4aprOpenMP. Hasua.reHr.re.

5) Cyrqecrnyrcuve peanra3arluu craHAapra MPI.
6) Ilpororonrr o6iuena AaHHbrMr.r MexAy npoqeccaMr,r.

7) I4cuonrgonanvreWviluruMPIRun.
8) OrraAra rrapulnJrenbubrx nprrJroxenufi.

9) Mero4raxaorleHKr.re$(fenrHnuocrlrBbrrrr{cnenuft.

10) Pea.nusaqraf, Marpr,rrmbrx anropr{TMoB cpeAcrsalara MPI
1 l) Pacnpe4eleHHoe perrroHze auQQepenqrraJrbHbD( ypannenufi.

Pacnpe4elenl{e B}IAoB caMocrorrenrnoft pa6orrr rro pa3AeJrar\4,q]rcq]rrrJrr,rHbr:

J\b

u/n
P asAen,4r,rcqlrrrJrprHbr

Bur CPC

(l) (2) (3)

I
Ifenn fi sa4a'ufi rapanneJrbnofi o6pa6orru
.IIAHHblx

2 4

2.
llpuuqunnr [ocrpoeHr4s rrapaJrJreJrbHbrx

BbITILICJII/ITOJIbHbIX CI{CTOM
4 6

a MoAenra [apanJreJrbHbrx Bbrrrr{cJrr,rreJrbHbrx

CI,ICTEM
4 6 6

4.
llpnnquurr paspa6orru rrapilrJreJrbHbrx
anropr{TMoB r{ ilporpaMM

4 4 6

5.
Cucrel{rr paspa6orru napanJreJrbHbrx

IIporpaMM
6 6 8

6.
llapaluenruhre qrrcJrenHbre aJrlopr{TMbr

Anr pelreHr.r.s Tr,rloBbrx 3a4aII
BbrtrncJrllTensnoft MareMarr{Krl

6 6 T2



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

7. yIIEEHO-METOAHTIECKOE I,I I4HOOPMAIII{OHHOE OEECTIEqEHIIE

ru{cqrmJrrrHbr

a) ouronnafl JruTeparypa
l. Aurouon, Arercaugp Cepreenv.r. Texuororu[ fiapaJrJreJrbuoro nporpaMMr{ponanur MPI
u OpenMP :yve6noe noco6ue AJIx By3oB rro HarrpaBJreHurM 010400 "llpr,lrua4nafr.MareMaruKa
14 uuQoprrtarura" v 010300 "Oyn4arraenraJrbHar uu$opuarlE a pr uu$oprraaqlronHbre
TexHoJIorI{u" I A. C. Anronon; Mocr<oncrnfi rocy4apcrBeHubrft yHr.rnepc}rrer }rMeHn M. B"

Jlouonocona (MfY) ; aBr. upeAucr. B. A. Ca,qonuu'ruir.- Mocrna : Mocr<oncxuft yuunepcprrer
(Mfy), 2012 .- 339 c.: Hrr. - (CyneprorvrrbrorepHoe o6pasonanne) .- Ern6nnorp.: c. 333-334
.- ISBN 97 8-5 -21 I -063 43 -3.

2. Ocuosrr rapaJlJreJlbuoro nporpaMMr,rpoBaHux [3ner<rpoHnrrft pecypc] / Eoraqds K.IO. -
M.: EI,IHOM,2013.
3. @eAoron I,I.E. MoaeiII{ [apaJlJreJlbHoro rporpaMM]rpoBaHvs [SnexrpoHnrrft pecypc]/
(De4oron vLE.- Snerrpon. reKcroBbre AaHHbre"- M.: COJIoH-IIPECC,2012.- 384 c.

4. flapalnenrnoe rpolpaMMr,rpoBaHr.re Ha C++ n 4eficrnr.rra. flparrura paspa6orru
Mnororloroqnbrx nporpaMM [3nerrpouund pecypc] / 3nrouu Yramslde ; llep. c aHrJr. Cnasrran
A.A. - M. : IMK flpecc, 2012.
6) gonomrureJrbnas Jrureparypa :

1. Kynraron I4.M. Texnonoruu paspa6orr<rE rrporpaMMHoro o6ecneqeuras [ts
MareMarllqecKoro MoAeJlvpoBaHlrs Qrasu.recrux [poqeccoB. r{acrr 1. I4cnolrgonaHrae

cyrlepKoMnbrorepoB, ocHaIrIeHHbIX rpa$u.recxmrau ycKopr.rreflsMu [Snerrpouuufi pecypc]:
y're6noe noco6ue/ Kynuxon VI.M.- 3rerrpon. reKcroBbre AaHHbre.- Honocr6upcr:
Honocu6upcrufi rocy4apcrBeHHbrft rexnyrqecrufi ynunepcr.rrer, 2013 .- 40 c.

2. MoAelu pacrpeAeJleunblx BblqucJreHr,rfi [3nerctponnrrft pecypc] / Tonoprcon B.B. - M. :

OI,I3MATJIIIT,2OII.
3. Texnolorras CUDA B rlpl{Mepax: BBeAeHr.re B rrporpaMMupoBaHr,re rpa(fu.recr<r,rx

rpoqeccopon [Snerrponnufi pecypc] / Calr.qepc,{N., Ksu4por 3. - M. : AMK llpecc, 2011.
n) IIp orp aMMHo e o 6 ecne.reu ue u VInr epHer-p ecyp cbr :

1. Jla6oparopun llapannensrlux zuQoprvraqrroHHbx rexuonornfi Hayruo-
rrccJreAoBareJrbcKoro BbrtrlrcJrr,rreJrbHoro rIeHTpa Mfy http:llparallel.ru
2. MPICH: a high performance and widely portable implementation of the Message Passing
Interface (MPD standard. https : i/www.mpich. org/
3. Oprauaualrr cranAapra MPI: http://www.mpi-forum.org/docs/docs.html.

8. MATEPI,IAJIbHO.TEXHI,IqECKOE OEECIIETIEHI4E AITCqUTIJII,IHbI

Jlexrluonnbre ay,qplTopl{ra, ocHarrldnsrre Aocnofi (Anx uela r{nr4 MapKepa), sxpanoM Ant
[poeKII]IoHHbrx crroreM, rrpoeKTopoM tr noyr6yr<onr.

Ay4I,rropuw Ans. [poBeAeHI{s. gartstuia, ocraul€nHbre coBpeMeHHbrMr.r [epcoHaJrbHbrMr{

KoMllblorepauz, o6le4raudgnrrnan B noKanbHylo BbltlrlrcJrr4TeJlbHyro cerb Ir yKoMnJTeKToBaHHLIMH

ueobxo4raublM cIlcreMHbIM Id rrpr,rKJIa.qHbIM IrpofpaMMHsrrra o6ecneqeHr,reM.
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