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1. UEJTII OCBOEHuTfl IVCr\lrrIJrI4HbI
llo'rpe6uocrb perrreur{s crox(Hbrx npr,rKJraAHbx 3aAaq c 6olrurunr o6r,euolu Brr.rfiofleHrafi

rt upl{HllunrrdttrbHas orpaHl4ueHHoclb MaKcr.IMaJrbuoro 6ucrpo71eftcrens "Kraocrt.recKr,rx" - rto

cixeMe $onr Hefinrana - 3BM [plrBenr,r K rrorrBJreHr,rro MHororrpoqeccopHbrx r]brqncJrr,rreJrbHbx

crldcreM 0iIBC:). I4cuomgonanze raKr4x cpeAcrB Bbrqr,rcJrrzrensnofr Texrrr4mr.r no3BoJrrrer

crylqecrBeHnto yBeraqllBarb npo[3BoAr,r'reJrbHocrb 3BM npu ruo6oM cyil{ecrByroueM ypoBHe

tla3Bl,rrr.rs l(oMrrbrcTepHoro o6opy,4onaHrax" llpz groM, oAHaKo, ueo6xo4rauo "rapalrerbHoe"
o6o6rqenrae rpaAlrquonuoft - rocJre,4oBarernuoft - TexuoJrofrru perrreHlrr :laAarr na 3BM, Tar,
rrtLIcJIeHHbIe Mero,n6r B cnyqae MBC AoJrxHbr npoeKTr.rpoBarbcfl KaK cr4creMbr naparrJreJrbrrbrx rI

nrsaunro4eficrBylolqux MexAy co6oft [poqeccoB, AolycKaroqux rrclonHeH]re rra He3aBr{cr4Mbrx

[poqeccopax. llpuueuxeurre aJrloprrrMr4r{ecKr4e -f,3brKr4 kr cr{creMHoe flporpaMMrroe

o6ecne.reHrlre AoJIxHrr o6ecne.rlrBarb co3AaHlre napirnJrenbHrrx uporpar\dM, o.prar{rr3orBbrBzlTb

CII4HXPOHI,I3A,IfI,IT LI B3AI,IMOI{CKJIIOqCFII,IE ACHHXPOHHbIX NPOIIECCO.B I{ T.II.

llpe4uerou paccMorpeHl,It Haclotuefo Kypca rir jf,BJrffelcfl r.r3yqerrpre rtepeqracre]rHofo

xpyra BonlpocoB. I{enl xypca coclor{T B r,r3.rroxeHvru v''dreMarr{rrecKr,rx uoAenefi 14 Me'ro.n,oB

ilapannenbHoro [polpaMMr,rpoBaEvrfl I'Irg. MHorolpoqeccopHbD( Bblqr4cJrr{]teJr6}rbrx ctrcreM, a
laKxe npaK:ruqecKoe ocBoeHr,Ie [pr{eMoB r.r rexHHK paspa6omr4 rrapannenbHl,rx nporpaMM"

2. MECTO Ar4CUn[JrlrHbI B CTpyKTypE OIIOII BO

.{ucquulzna <llapalJleJlbHoe nporpaMMupoBaHr4e)) Ha(oAr.rrcr B uapvarr{nuofi .racrLr

ocnonnoft upo@eccu<lnamnoft o6paronarenruoft lporpaMMbr r{ orHocrircfl K llr4{orlr4rrJrzHaM rro

nrsr6opy"

fluctr{unrrnna rorllqecKl4 H coAepx(areJrbHo-r\{eroAr4qecKr.r cr]s3a}ra c pfl4oM

leoperlrrreorcrrx Ar{cuvrrJrr.rH rr npaKTr.rK rrpeArrrecrByrouerc [epuoAa o6y.renru (Apxurercrypa
KoMlrblorellon, AlropI{TMbI v aHurvr3 cJIoxHocrIiI, .fl3rmr,r r{ MeroAbI uporparv{Mr,rpoBaH}r-f,,

Cucreunoe u rpLIKnaAHoe nporpaMMHoe o6ecne.reHrae, C)nepaquoHHbre crrcrefurbr, O6rerrno-
oprIeHTI{poBaHrIoe [porpaMMr,rponaHue)" [m ycneurHoro ocBoer{[s Kypca cq/AeHTbr AoJtrxHbr:

3Harb ycr:poficmo Id rIpLIHIII,rnu $ynrqrroHrrpoBaHr.ra 3BM, rzMrerb npeAcraBneHr.re o SeBoerx
anropHTMaK II cTlpyKTypax AaHHbrx, yl!{eTb npr4MeHf,Tb r3brKr{ rrpofpaMMplpoBaHuq BbrcoKoro
y'poBHf,.

.{ucqnnruna Qopruuapyer 3HaHIar v HaBbrKLr, uecl6xo4nurre B rrpaKTr4,qecxofi

.nteflTeJlbHoo:ru xnarutfuul,IpoBanHoro cleqrraJrr4cra, vrsyqaercs n KoHrIe reoperr4rrecKoro xyp,ca"

I| parrarax yre6noro irpoqecca oHH Moryr 6rrrr racnoJrb3ioBaHr;n rrpu rroAlorr]BKe nuuycruoft
xnarnQuxarg,rounoft pa6oru.

3 " KOMITETEHTIT4H OEyTIATO IIIEI O Cq, (D OPMIIpV EtVlltilu
B P E 3 yJrb TATE O C B O E HkIfl I.V[C\ r,rrrJtl4Hbr (M OAy. [A)

E pe3ynbrale ocBoeHlilt .Ir,r{crlr{rrJrr,rH6r oSyrarorquftcr AoJrxeH revroHcrpr4ponhrr
cneAyroqlle KoMneTe Hrlr4r{ :

o cuooo6uocrb LIcrroJrb3oBarb 6asonrre gnalus. ecrecrBeHHbrx HayK, r\{areMarr,IKpl Lr

un$opuatrKl4, ocHollHrre Sar<rrr, K:oHrlerrquu, lpLtHuunsr reopufi, cB"f,3aHHbrx c [praKnaAuoff
rvrareMaruxofi z uu(fopuarur<oft (O|IK-I);

o cnoco6Flocrb r paspa6orKe anropLITMLIqecKr{x u nporpaMMHbrx pelreunfi s oSraclu
cl,IcreMHorrc vt [pLIKnaAHoro nporpaMM]rpoBaHr.rtr, MareMarr4rrecKkrx, uu(popnailr4oHHt;x u
IitMl,ITarlr4onrrbrx uo21eleft, co3Aan[rro zn(fopuaqr{oHHrfX p,ecypcoB rlodalsurx cerefi,



o6pa3oBare).I1bg(lro KoHTeIrTa, rIpI'IKnaAHbx 6a: gauurx' TecToB lI cpellcrB TecTLIpoBaHI4fl

cHcreM lI cpeAcrB Ha cooTBercTBI'Ie OTaHAapraM r I4cxoAHbIM rpesoBaHuru (OIIK-3);

. crrooo6Frocrb K pa3pa6orKe r{ flp]rMegerr[ro anropI,ITMI'IqecKLIx lr [porpa.]MMHbrx pelleHl'Ifi

B o6JIacrI4 rtl{creMHoro u rpIIKnaAHoIo npolpaMMHoro o6eoneqeru{fl (IIK-7)'

B pgynb,rare ocBoeHr{s Alrcq}rnJrr,rHbr o6yraroruuftcla AoJIXOH .D;eN[oHcrpHpoBarb

oJreAyIorII4e pe3yJIbTulTbI O6pa3oB a[vIfli

1. 3narr: KnacouibllKallurc pacflpeAeJleHHblx

rroBbrIIIeHIl.fl IIpoI,I3ItOAlITeJIbHocTH BI'MHCJII{TeJIbHbIX

BbITIIICJIUTEJIbHbIX C.T4CTEM' METOAbI

clIcTeM, Iro,4xo"IIbI K tIOCTpOeHI'Irc

n onesHylo HayqHo-Texuur{ecK}ro uu(f oprrnaqtfio I'I3

r,BrreHHbre MeTOAbI rlpu IIpoeKTupoB,aHIdH

uapanneJlbHbx anropl'ITMOB ;

2. Yuerr: caMocrosreJlbno I'I3BJreKarb

pa3nutlHbD( ltIcTOtIllIlIKOB, [puMeHSTb

p aclpeAeJIeHHLIX anropl{TMoB ;

3, Bln[er,r: HaBbrKaMr4 r.rcfloJrb3oBAHr,rf, COBpeMeHHbIX CpeAcrB perueHl{S ]BblqI4cJIUTeJIbrlbrx

.ta1aq Ars cucreM c pacflpeAeleuno ft [alM.flTbro'

4. CTPyKTyPA I4 CIOAEPIKAHIIE AIICIII4IIJIIIHbI (MO,AvJLfl)

rQfiqax rp,yAoeMKoCTb Ar4crlr4rrJrr4Hbr cocraBJlrer 6 ga.rerHrre eAIHI'IIIbI, 216'aactou"
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JIEKIII{H
1" Ife.un rr^sla qw BBeAeHrq rapaJrJreJnHoft o6pa6orrcu AaHHbIx

1.L. Heodxo,rllrM0crb

Orpranuuenue lrarcurrlzurruoft [po]n3BoAr4TeJlblrocrtl oAHoflpo]IeggsrpHbrx 3BM.

[IocroqHHam neodxo,AlrMocrb perreHr,r{ 3a4a'v, rrpeBbllrrarcull{x Bo3MoxHoclu coBpeMeHHbIX

3BM (upo6nervru "Somuroro nrrsona"). Heo6xo4unaocrb KoJIJIoKTLIBI{oro peNiMMa peIueHllt

3aAaq" AsloN,rarragaUur ylpaBJreHnrr pacilpeAeJIeHHbIX TexHVr{ecK}IX cl4orei\{. T'exnuqecKue

rpe6onanzfi rro oH]IxteHI,Iro cro]IMocrtt{ I,I rIoBbIIIreHI'Iro HaAexHocrlr.

1.2. I4cropus BBeAeHuq [apaflfl eJrr{3Ma

ENltAC" IBM-701, 704,709,ATI-AS, CDC 6600,7600, ILIAC IV, Crity-l,3nr6pyc"

1.3. Pa:luqrre MHoro3aAarrHbrx, [apaJrJreJrbHbrx rr pac[peAeJreHHbrx nl,rrucfl euufi

1.. 4. IIp o 6.tr eMbI lrcrl o Jrb3 o B aHrlfl rr ap aJrJI eJrlr3 M a

CyrqecrnonaHue rrocJreAoBrlreJrbHbrx aJrropprrMon (saroH Anaganrr). Iloerrrueuue

rrporr3BoAr4.ToJrbHocrr,r rrocJreAoBareJrblrblx KoMrlbrorepoB (garon Mypa). l-trorepu Ha

nsauruo4eficrBtre v [epeAaqy JIaHHbrx (ruuoresa Muncr<oro). Bblcc,Kas cro]aMocrl'

rrapaJrneJrbrrbrx cncreu (saxou fpoura). "IlocreAosareJlbHocrb" cyulecrnyloultrx iuIFopI,ITMoB Ir

ilporpaMMrroro o6ecneqeHr.rfl. 3anucuvrocu sQ$errlrnHocrll [apaJlneJlbrthx B.brrllrcleuufi or

)^rera oco6ennocreffi amraparypbr. Cloxnocrr paspa6orru rrapaflne;lbH]blx zuIroplztrMoB.

lfpy4oerumocrb npoBepKl{ rIpaBI,IJIbHocrtI rIapaJIJIenbHbIX rporpaMM.

2. Ilpuuqu[br rrocrpoeHns [apaJrJreJlbHbrx BbrrrrrcJrl,IT'eJrbnblx cucreM

2.1,, Ilylvt Ao crrrlr(eHus rap arreJru3Ma

Oyuxquouzurbubre Bbrrrr,rcJr[TeJrbHbre ycrpoftcrea. MuoroypoBHeBal{ LL

rraM{Tb. Konnefiepurre v BeKTOpHbIe BbIqvcJIeHrIt. Jllpoqeccopurie

MnoronpoqeccopHbre Bbrr{ucr[TeJrbHbre crrcreMbl c o6rqefi u paclpeAeneruuofi

('uylrrznproqeccopbr rr MynbruKoMilbroreprr). Mnr<ponpoqeccopHble cpltcreMbl.

2.2,, Ctoco6rr nocrpoeHuq MHororrpoqeccopHblx BbIrrrcJrI{TeJrr,HLIx cncreM

Cxeurr KoMMyrarlrdlr (noluar KoMMyrarlur - odrqas rIaMtITb,, [epeKpeorl]ble

r(oMMyraropbr, JroKzrJrbubre cxeMbr KoMMyrar\r4r4 - oSuas rttrne\ pe[rerrll, rlacr:epu). Aualng

rrapaJrJIeJILIltbIX aJTTOpI,ITMOB r4 TIIIIOBbTe TOIOJIOIIII{ CXeM KOMMyTaIIUn -- KOJI]bI1O, IUUefiKa,

perrrerKr{, nonnrrft tpa$, runepry6, Top, AepeBo. ,{nnaparnatr peanv3al\r4A u ntporpaMMHaq

gMynsrlrzs rou<uorr.Iii 
"

2.3" Bu,qrr napaJrJreJrbHblx BblrrucJrrrreJrbHbrx cr{creM

CynepS)BM. Mnoro[poqeccopHbre Bbrrrr.rcJrr,rrenb,Hble KoMrIJteKcbr

lMuorouamrrHrrbre BE,ItIrIcJIIrreJIbHbIe KoMnJIeKcbL Ceru 3BM.

(MBC).

llparnrellrr coBpeMeHHbrx Br,rcoKonpol,I3BoA[TeJlbribrx BbrtII4cJILITeJIbHbrx cl{creM (Cray
'T932,IBM SP2, HP Exemplar, ASCI RED). Cynepronaur,K)rep,Hbre BbrtIuoJII{reJIbIIbIe claoreMbl

MOAyJrbrIa{

MaTpr.rubr.

. IIAMf,TbIO

B Poccuz.

2.4. I{taccraQnrcaqua MBC
Cucrelnarnxu @wtnHa ra [[opa. llororu AaHHIIX

.Xor<npr u f{xecxoyna.
2.5. Oqeurca rporr3BoAuTeJrr,Hocru MBC

(ronran4). Crpyrcr:ypllas Horaulls

(lnuna

I.ns, pfl,Aa

O6utee BrrpaxeHr,re AJrr orIeHKr{ [por.r3BoAr,rreJlbHocll{ 2.Jts pa3Ho]:() Tvna MBC.

Marcr.rNnzurr,ua:q (uuronaa) [por.r3BoAr,rreJrbHocrb. Crenenr [apaJIJI{3Jri43Ma

lonynporl3BoAprreJrbHocru). VAelrnas nporr3,BoAprrenbHoorb" 3naqeupls norala:telefi

MBC.

3" IVloaerupoBaHlre r{ auaJrr{3 rlapaJrJreJrbnblx srrrucileHnft



IrapaJIJIeJIbHbrx BblrrrrcJrrITeJIbHbIx crrcTeM

MHOrOIIpOr[eccopHbrx

C|I,ICTCMbI.

c HeorpaHr,rrreuHbrM rrapanJreJrlr3MoM (naparorr.nmnc'rep)" Mo4enu

cr,xcreM c o6ueft lr paclpeAenennoft rtaMsrbro. Mogenr ronneiiepnofi

3.2. lMogerrb aJrroprrrMa B nuge rpaSa ttonepau4 - onepaqnuot

llpe2lcranneur,re anropr,rrMa r] nr.r4e rpaQa rroroKa ,{irHHbrX. Pacnucauue fia]laJrJrenbHbrx

Eibrqr4cJreH[ii. Ilor<agareJrb BpeMennoft cnoxHocrr.r uurropr,rrMa. Oqeura BpeMe]rn4 BbrnorneHu.rr

aJrropr.rrMa AJrr laparoMnbrorepa (npe4enrnoe pacflapanJreJrr,rBaHr,re) u grs, ctac;TeM c KorreqHblM

KoJrprqecrB(lM npoueccopoB. 3asucrrN,rocrn orIeHoK or rorIoJIoruII4 rpa(fa aJlroprllMa vl

neo6xo4urvrocrr, orrfrrMr,r3arlrrlr crpyKTypbr rpa(Pa" Cnoco6sr noJnf{eHlrr oIrrI{Ma"IIbHc)ro

pacnr{caHus nrFrr.rcreHl,Ifi 
"

3"3. Mo,qe.rrb [apaJrJreJrbHbrx BbrrrucJreHrafi n nu4e cern [erpu
OcH<lsHbre rroHrrr{r reopuu cerefi flerpz. I4cnougonan;,ue celeit Ilerpra AJII omaoaHl4.n

flaparrJreJrb]rrblx Bbrqr{rcJreHprft. ,{ervroncrparlur ocHoBnrrx npo6re)M fIapaJIJIeJIbHbrx nuquclenrarl:
crr4HxpoHrr:lar\vrs., E3aurMor,rcKJrrorreHr{e, 6lorzpoera (rynnru).

3.4. Mo,qe.rrb ilapaJrJreJrbHr,rx Bbrrrr{cJreHuft n nnAe rpaSa t'upoqecc-trlecypctt

llonnrue npoqecca. Cunxponrcarllrr [apaJrneJrbr]rbrx rrpoqeccoB. An:napar co5srrzfi.
Ilpr.rvrep pe)anrn arlr4 lr B orrepaquonn<1ft crrcreMe Unix.

BgauuoncrJrrcqeHrde rrapaJrJreJrbHbrx [poqeccoB. Kon{euqus pecypca. Mexariugrrru

B3al,rMolrcKrroqeHur: anropprrM,{erxepa, cervra(fopu ([efircrpa), MoHlrropbr (.Brapr). Llpurr.repu

perrreHr.r{ olaHllaprul,rx 3aAaq B3ar.rMo]rcKJrroqeHlrf,: romqenofi 6y$ep, npo6r,eua "qlyrarertr 14

ru{carerl{",,

Bsaunao,4eiicrtsr{e [apaJrnenbHbrx [poqeccoB [ocpe1crBoM Mexar]r,r3Ma nepe4huur

coo6uleHIaii" Mexanra3Mbl rrepeAaq[: otrepeAl,I, [oqroBbre flrrlr.rKrr, [oprbr. Ilprrnrlun paHAeBy B

rr3brKax An:au OKKAM.
llpoSnenmx B3arrMoAeftcrnrEs flpoqeccoB. floHsrre ryrrlrKa vr ycJroBafi bro

rlo3Hr4KHo[rcluvs' [Ipe4ornpauleHr{e rynuron. Anropnrn 6aHxvrya" O6ua1]yxenr,re rlmnroil u
BOCCTaHOBJTeHTA e COCTOtHIrr [pOqeCOOB.

MnorogaAaqnrrft pexrrM pa6oru 3BM KaK qacrlrhria ctry,lvA ilapanneJrbrroft o6pa6orKrr.

4. Ilpurrquur,r parpadorKrr [apaJrJreJrbHbrx aJrropr{TMoB H nporpaMr'{

4. 1. Oqeura :lQ Q ercruBHocr'rl rrap aJureJrbHbrx Bbr qucrennfi
florcasatem o(f$exra pacrapanJreJrlrBaHrr (yonopeune). SStf ercrunHocrb

rrcrroJrb3oBaHr{fl rBbrrrr{ nnremnofi oucreMbr. Cnoco6rr oqerrKr{ nclranarerefi. Ocsonrirre

}IAPAKTEPI{IO'TI4KI,I BbIIII,ICII,ITETTTTTOfi. C}ICTEMbI, BJII,If,IOIIIVE HA BEJII,FIIIHb]: YCKOPEHNA.fl PI

:r(f (fer<rranlrocrrd (apxraler:rypa, KoJrrrqecrBo [poqeccopoB, ]ronororIa.fl Ka]JaJroB nepe4hun

.4annrrx)"

4.2. Oqenrca KoMMyHHKaTI[oHHofi rpyqoeMKocrrr rr paJrJreJrr,Hbrx aJ]rlopHTMoB

Xapar<repucrlrKrr rononoruii cerrr [epeAaqr,r "4auHsx. ArropurMr,r Maprupyrlrsaqnu.

lvlerogrr repeAaqu AaHH6rx"

Asa:rug rpyAoeMKocrlr ocHoBHbrx or uft uepe4aulr AaHHbrx. fl,rp,:Aa.ra Aar{Hbrx

I\[exAy AByMs rrpoqeccopaMr,r cerr{. O4ranou r,r MHo}KecrBeHHa.fl paccbr,rrKa coo6ruenNfi.

Onepaqux qprKrr.rqecKoro cABrlra.

Me'roArr Jlon'laqecKofo ntr)elcraBneHl,rr rorroJrorLrr{ KoMMyHlrKaqnonuofi

Oro6paxeuue rKoJrbrlenofi rouon orvtw u'rorrororuu perxerru Ha runepry6.
4.3.'Yp onur p aclap aJrJreJrlrBaHr.rq BErrrucreunfi

3.1" lVloae.nu

Kounrxlrep

cpe[6r.



PacnapauueJll4BaHlae nrrqucneHufi Ha ypoBHe KoMaHlI, ntrpaxenufi:, nporpaMMrrbrx

no4yleft , olAeJrbHo BbrrroJrHreMrrx aa4aHrafi .

4.4. i)r unw rro crp o eHr{fl rr a p aJrJreJrbHbrx aJrrop rrrMoB r{ rrp orp aMM

Bu6op rrapiulJlenbHofo aflropr{TMa. Peanusaqux anropr.rrMa B B}r[e uaparuemHoft
[porpaMM]:'I" flocrpoeHue I,IcrIoJIHrIeuoft npofpaMMbr .qrr Ilapanlelrnoft ]Bbtril{cJruT€lrnofi

c,I4creMbl )llapzurnenr,Hoe I{crroJrHeHr4e uaruuunofi nporpaMMbl, rlacrsue nooraHotsKra: nrr6op
oIITI4MaJIbHoro aJIropI,ITMa Ant rconrperuoft BbrqrrcJrr4Ten;nofi crrcreMbr, I{axoxAeur,re

rraulyuureii TclnoJIoI'I4I4 BbIqHoJILITenrnofi crrcreMbr AnJ{ pe[reHpr{ onpe4e,neHHofi 3aAarrr,r,

pacnapaJrJreJxrirBaHrr,re oyu{ecTByrouero aJrfopr,rTMa.

4.5"'IexuoJroruqecKr{e acrrenTbr pacrrapaJrJreJrrrBaHrrfl

,{eN:orrauosuq[t aJIropI{TMa Ha ]rapulnJreJrbHo x,rcloJrHf,eMbre (fparueurnr nuqncuenuft.
F acupe4euenne zagauuit rro ilpoqeccopaM u 6anancnponra. CzrxpoHr,r3ar\krfl, vr

BsauMor,rcKflroqeHue. Oprauusaqus E3aLrMoAeftcreus.

5. Cucreusr pa:padorKrr [apaJureJrbrrbrx rrp orp aMM

5.1" CoraaHne c[eqnaJrn3rrpoBaHHbrx s3brKoB rrporpaMMupoBaHnq
Am'opzruu.recxufi ssrrx OKKAM. O6qar xapaKTepr4crr,rKa rpaHcrbro'r:epa. Konqenqr,rx

nlpoqecca n OKKdM. MeroAri KoHcrpyl{poBaHr,rr arper}rpoBaHHbrx rrpolrlec)cou. llpr,rnqr.rurr
ilepeAaqu AaHubrx MexAy rlpoqeccaMr.r. flpuuep [porpaMM Ha anroprrrl,rr,rqeoKoM .,il3b]Ke

OKKAM.
5.2. PacuurpeHrre cyqecrByroqux fl 3brKoB rrporp aMMr{poBaHHfl

O6rlas xapaKTepllcrl{Ka rlapaJrnenbHbrx pacruupenufi anroprnrMl,rqecKoro J{3BrKa

()oprpan. AnrouaruqecKiu{ BeKTopr,r3an,ur u pacnapaJrJreJrr,rBarrue. J1po6;reuiro-
o pr.reHTHpoBaHHbre KorMnurfl Topbr.

O6uas xapaKTeplrcrl{Ka craHAapra OpenMP. Cos4anve rrapaJrJreJrbrrbrx o6racrefi.
Fa:4eleHne Ilblrr[cnutemuofi Harpy3xr,r eNAy rroroK€rM]r" Pa6o'ra c AaHrnbrMa.
CunxpoHIa3allrll. Oyurcquu lr [epeMeHHbre oKpyxeHu.s. Cpannraremnar xapaKTepx{crnKa

noAXOAoB IIapaJIJIeJIbHofO rrporpaMMllpoBanat Anfl CLICTeM c paCnpeAeleunOif u o6utefi
naM.flTbro.

5.3. llarp a6orna creqrraJrrr3r{poBaHHrDrx 6ra6.rrv orerc
Clrcreu:r PVM. Konqenqzs rapiullenrHoft nr.rpryanruoffi Bbrqucr[Tersnofi

ee npeAcraBJlenl4e B BI4Ae paclpeAeneHnofi HeoAHopoAnofi cr.rcreubr KoMnbtorepoB.

llpellcrannenrae uporpauultoft crlcreMbr Ha uupryialruofi MarrrrrHe"

nporpaMMnrbre rrpr{Mr.rrr,rBbr crdcreMbr PVM" llprarr.rep [crroJrb3oBa)Jufl.

Cucreua MI'I. O6qas xapaKrepllcrr.rKa. llog4epNna MoAenr nsa.uuo4etlcrBkrs.
napaflnenblr]blx Bblttll{crurerefi rrpu rroMorrlr4 [epeAaqr.r coo6rqenufi. Ocnoeuble rrporpaualanrre
npr.rMr4rr{BE,r c}rcreMbr MPI. l-Iprarraep r{c[oJrb3or]arrHr.

Oprauusaql4s BbI\IrIcJIenzfi ua MHororpoqeccopnoft cncreMe llarsyte,c t,owerXplot'er.
?lcnorrsosaHlile lexrloJlorrll{ Kpocc gMynrqlau ilpvr pa3pa6orre [apzrnJrenbHE,rx upofpaMM.
X.ouqeuqu.n BllpryiulbHbx rlpoqeccopoB vr KaHirnoB rrepeAaqrz AaHHbrx. B.nprya-nlnr,re
TorIoJIofI,Iu crlcreMbl: KoJIbIIo, rrauefira, 3Be3,Aa, pelrerKa, AepeBo. OcnoeHlte lpofpaMMuble
Irpr.rMr4Ta Brrr. flpr.rrraep n crro Jrb3 oB a:rr:afl ,.

6, flapal.rre;IbHbre qvcreHHlle aJrroplrrMbr Ars pemeHuq r.afionbrx 3aAarr

Bbrrrrlcrnle;rrrroii MareMarlrKrr
6. l. O6une crroco6rr pacrapaJrJreJrnB aHrrr aJrropHTMoB

MAIIIA:IIb]. I{

OcnosHrre



BrnsreH[e rfyurquouanrnoft He3aB]rcr,rMocrrr orAenbHbx frparrreulon
(napamtenra3M KoMaIrA). feonrerpuqecKoe pzBAeneur4e Bbrqr4cJreuuft (naparureJrr,r:tM

I4epapxuvecKafi AeKoMno3r,rrlr{s o6pa6or:ru Aa HHbrx.

anr0pr4TMa

.4anurx).

AJrs

6.2 " Op raHu3arlnfl rlapaJrJreJrbHoro HcrroJrHerrrrfl peKypcr.rBHbrx nrrq ncJrenlrfi
flpo6nerraa peKypcrlBuoft ganucnMocrrr orarroB o6pa6orxu AaHHbx. Kacra4uan cxeMa"

Ifolxol AJI;I noJIfIeHI,Ir acuM[Tor[rrecKr,r HeHyJreBofi s(f$errkr]BHocru" Mero4 Oy:lca. Ilpnrvrep

Anfl BblqucJleHr,rfl rracrllrllrbrx ra o6qeft cyMM.

6.3. Ilapa.uJreJrbHbre qrrcJreHHbre aJrroprrrurr ;runefi nofi a;rre6pur
Cnoco6rr pa:r6uenur MarpI4II (ropusoura;rruar, Bep'rr4KrlJrbHair, 6:ro*rHHe cxerniu).

lvleroArr IrrbrtII,rcJIeHI4{ rrpol{3BeAeHas Marpurl c r{crroJrE,3oBaHr{eM pa3HbnK cxem par6neHprfl

MarpIzU. 06ecue.reHlae [peAeJIbI]o Aonycrr,rMoro [apanJrenr43Ma. 06panqeuue rvrarprzq.

Ilapzurrem,,rrbre MeroJlbr perueHIas cr4 creM m,ruefi nrrx ypanneuufi .

6.4, flapa.rue;rbHbIe qr{cJreHHble aJrropr.rrMbr pemeHrs quQ{[epenrlrraJrbHlbrx

)/paBHeHr.rfi n qacrHsrx nporr3BoAnbrx
flatrlallelrnar peanl{3alll4fl rlp.rMbrx u rrreparlr{oHHbrx Mero"qon peurerir{{

4z(f(fepeulql{ar6Hbx ypanneuufi B qacrHbrx rpor.r3BoAHrx. Anallr3 pa3Hoorrrbrx cxeM Ar.f,
:rQ $ ercrv nuoro pa3Aen enus. o6 nacrr{ orrpeAeneHvtr peuaeMbrx 3 aAaq.

6.5. IlapaJrJreJrbHbre qr{cJreHHr,Ie aJrroprrrMbr MHorolrepHofi MHorosKcrpeua.nrnofi
0trTrrMH3auuu

XaparrepucrlzrlecKa-s cxeMa rrpeAcratsneHrlfl MeroAon rno6albHoro n()lrcKa. O6qnft
TIpLIHIIIaI ]pacnapaflnelrvBalvIfl. MeroAoB. Oqeura s(f(per<rnnHoorr{ BneAe}rpur napaJrneJrr.r3Ma:

:,(p$enruni:Iocrt; H 6egrrs6rrroqHocrb. Cuuxpouuhre r{ aor.rHxpoHHbre BaprdaErrhr arrropurMoB"
Oupe4enerlue rlal4nyqilrl{x rorloJloruft sbrqucJrprreJrbHofi crzcrenau Anr peaJrrr3arlr4ra MeroAoB.

JIAEOPATOPHbIE PAEOTbI
1. Parpa6orxa [apaJrJreJrbHblx rlporpaMM c rrcrroJrb3oBanrreM ranrepQeftca

rlepeAaqn coodu1euuft MPI
Munu-\4P[ (c'rap'r, Qrznuru, ilepeAaqa n rprreM coo6rqeuufi).
llpumep 1: Ha.ranrua.f, IrapanJleJn;Har rporpaMMa (neuarr u4enrn(fnraropoB

rrpoqeccon) - 3alrycK (:roralrnuft, pacnpeAeJreHnuft'). Oqeura BpeMerrr4. ubrrroJrHenr{t

[porpaMMr,I, cI4 HXpOHVL3ArJVII., KOJTJTeKTIABHbIe Olleparlull.
llptrrurep 2: rftacreunoe I4HTerpupoBurHr{e- co3AaHrae [poeKTa Ha o,cF:rone foroBoro

zrcxo.4Horo'tteKcra rrporpaMMbl, uacrpofrra onqufi, KoMIIr4JrrrIufl, 3anycK.

Ilpurvrep 3: Cra;rrpuoe [poI43BeAeHLIe BieKTopoB (cauocrc,xreJrbHoe aa4aurae l)"
2. Ilparcrnxyna rro parpa6orrce napaJrJreJrbHr,rx aJrtropr{TMoB rr rrporpaMM

pe[reHuq gaAaq BbrrtrrcJrr{Te.nrnoft MareMarr{Krn
O6lop 6iuSnnorexrE MPI: ycraHotsKa, nacrpofira, cxeMa drynrqzonprpoBiilr.as.
flplruep 4: Peruenue 3aAar{ pacrro3HaBaHr{r odparon (nrruomrenze sal\aHtr.fl noA

pryKoBoAclBoM upeflo4anarenx).

flplnrep 5. YuuoxeHlle Marprdrl, JreHToqHrrft arropuru (cauocrosrerbHoe zaaaune2))
llplruep 6. VunoxeHlle MarpI,Iq, 6ro.rHue cxeMbr pacnpreAeJreuur AaHrrr,rx (amopnrirau

(Dorca u Kernnona).

3. llparcrnrcyM rlo ucnoJrb3oBaHr{rc 6ra6;rnorer< [apaJrJreJrbHbrx MeloAoB Paralib
AJIfl perrreHr.rq SaAaq BbrrrucJIIITeJIbHon

O6:lop 6u6nlrorerv Paralib: Ha3Har{eHr.re,

F,agpa6orxu.

KJraccbr lpeuaeMbrx 3a4aq, npl{Hrlr,rlrbr



IlpHrraep 7. Oyurcquu 6u6tnoteru Paralib ans yMHc,xeur.r.f, Marpllq npu 6loutiou
c;noco6e pacilpeAeneHufi gaHHbx" (anropurrvmr (Dorca u KenHona): cxel{a peaJII{3aIIu[,

Teoperr,rtreoKar orIeHKa e(f (f erruBHocrrr, Bbrtrucrr,rreJrbubre gKcrrepl{MeHTbl.

Anturug LrHTeHcr.rBHocrr,r rroroKoB IIepeAaqLI AaHHbrK, ocyilIecrBn{eMbltx B xc,Ae

rlapaJlJleJrb.rrbrx Bblrlrlcleurafi B clrcreMax c paclpeAereunofi rraMrrblo, c ucrroJlb3oBaHl4eM

rrHcrpryenrrarnsoft 5u6;rnoreru ParaScope.

4. llparurKyM no orIeHKe eQQercurnuocrrr rapaJrJreJrbHr,rx Mero,[ton AJrfl pa3Hhlx

r:ono.uoruii lrnoroupoqeccopHbrx Rbrrrucfl lrreJrbHblx crrcreM

XaparrepucrrrKa [porpaMMHoft na6oparopr.ru Paralab rar r{HTerprdposaun<1fi cl4creMbl

An.'I npoBe,4eHr,Ifl BbIrrrrcJrI,ITeJIbHhrx SKcrrepvMeHToB o rrapanneJrbHblM[ MeTo,IIaMI4 Aff oIIe+KLr

lrx s(f (f ertr4 EHocrrr :

o MorerupoBaHue MHoro[poqeccopHbrx Bbrq[cJrr.rreJrbgbrx cr4creM (nrrSop rorloJroruu,

sanarrvre KoJrrqecrBa lr [poa3BoAureJrbHocrlr npoqeccopoB, nrr6op N,re]foAa [epeAarrr{

AaH:Irbrx u sa aukre KoMMyHrrKarI[oHHb]x xapaKTepr4crux ceru),
r O[]peAeJrer{[e KJracca peuaeMbx 3ara'c^ il ga,iaH:1'e [apaMerpo B 3arani'pr,

o BriSop [apanJrenbrroro MeroAa pemeHr,rf, zana'qv v. nacrpofixa :luaqeu[fir

IIapt&n'lsTpss,

o Yc'rauoora rpa(puqecKrrx r.rHAuKaropoB Ans ua6moAeurzq 3a rrpoqeccoM rrapanJreJrbHbrx

Bbrrrr,{cJreH}rft (cocroxHr{e AarrHbrx Ha rrpoqeccopax crrcreMbr, flepeAaqa uu(poprvraq]1,r no

celr{, TelKyrrlail orIeHKa pelreHr{r r,rcxo4nofi BrrlrprcJrr,rrelr,nofi zagauw),

o flposeAeHrde gKcrreplrMeHToB B pexfl4Me vMura\vnw nuuzcrenrz.fi; noruaronrrfi,
ilooreAoBareurnrrfi (nenpepnnnufi) u {uKJrr{rrecKuft (cerpuftuufi) cnocoSr,r npone,4euux

9KCn:epr,rMeHTOB; OAHOBpeMeHHOe BbrrroJrHeHrre HeCKOJrbKt4X SKOnepUMeHTOB B pexr4Me

pa3AeneHllrl BpeMeHrI Ans pa3Hhx BapI,IaHToB TorroJrorr4la Bbrqr{cJll,ITerrt,lroft cl{cleMbl,

Irapr aMe'rpoB 3 aAarqH, Ko Jlr{qecrBa flpoqeccopoB r,r r. rr.,

o Aninnug peyJrbraroB c prcrroJrb3oBaHl,reM cneAenrafi r43 xypHana gKcrreplrldeHToB; orIeHKa

BpeMeHX[ peilIeHnlf, 3aAaq B 3aBI,ICI{MOCTLI OT pa3MepHOCTpI 3An{4ril4 pI KOJII4LIeCEBa

rpor1eccopoB; nocrpoeHr.re 3aBr.rcr.ruoc'refi ycKopeHrrr u e(f$errL'r,rBHoclri napanneJrbHbrx
gu.ilacreuufi.

o llpoeeAeHx,re gKcrrepr,rMeHToB B pexrlMe peanbHbx rraparrJreJrr,HErx nrruucnenrafi;

BbrlroJrHeHr{e flapanJreirbHblx [pofpaMM B Br4Ae MHOXecTRa He3aBI{cuM];D( rlpoqecc)oB Ha

oAHoM [poqeccope; ygareuurrft Aocryn K MHoronpoqeccopHoff Bh]FnrcJrr.rrenrsoft

cr,rcleMe (ruactepy); cpaBnreHrde reoperr4qecKr.rx oqerJoK lr pe3yJrbralo.B peiurbHbrx

BbrqprcJrr4TeJlb.trbrx gKcrrepr4MeHToB.

5. llarpadorKa [apaJrJreJlbHbrx [porpaMM c rrcrroJrb3oBaHlreM TexHo,rrorrrn OpenMP
O6utas xapaKTepr{orr.rKa rexHoJrorur{ OpenMP: rroloKrz, napaJrJreJrr,Hbre o6:racru,

pacnpeAeneH[e Bbrrrucnenuit MexAy rrorroKaMu.

flpuuep 8: CnanrpHoe [por.r3BeAeHr,re BeKTopoB. fro6anrnue 14 .rro]ffi-rrrurre gaaurre

IIoroKoB. I(puruuecxae cexrlr4r.r Aoclyna K pa3,IeJrf,eMbrM AaHHrrrvr. CunxpoHLt3trllrrr"

llpu:naep 9. YunoNeHZe Marpuq (napuaurbr pacnapaJrreJrlrBaHr,rs BJroxeuurx rpaxioe,

caMocro.f,T'eJrbrroe sa4auue 3).

6. IlparcrurcyM rro parpaborrce rapaJrJreJrbubrx aJrloprrrMoB rr rrporpavrvr Ans

efo

p elr eHuq 3 aAarr rlblrlrrc JIHTe.nr n ofi MareMarI{KIl



llplarraep 10. llapa-ruenrnaa coprupoBKa: aJrropr.rrMbr uysurprxonoii
ooprr,rpoBx:r{ llIenla v 6ucrpoft copr]rpoBKr,r (nrrnonueune 3allafrr4s. rro,q

[peroAaBaa'enfl).

llpurraep 11. 3a4auu o6pa6omz rparfon: [ocrpoeHr,re Mr{rruMaJrbHoro oxBarbrBar{)uero

IepeBa, nourcx xpatuaftmux nyrefi (cauocroxreJrbHoe zaganue 4)

7. [parrunyu [o MeroAaM rrapaJrJreJrbHbrx nrrqrac.rrennfr AJrfl perlreur,rs

4ur[rfepenuluaJrbHbrx ypaBHeHrrfi n qacrnu K rrporr3BoAHbrx

O6il{as xapar:Tepl,Icrl4Ka MetoAoM KoHeqHbrx paruocrefi (rr.relo4 ccror), lqnr urzcnendoro
perrreHrrr pga(f {lepermpraJrbHbx ypanuenrzfi .

Mero4rr paclapannelrvBaH[4fl MeroAa KoHeqrrbrx pa^:nocreft gun ]rbrrrr4cJrr{TeJrbHbx

cl4creM c o6ueft flaMsrblo (opranrusaqlrr B3ar4Mor,rcKJrroqeHr4s. [lrfl. orleHru4 rrorperrrHocrrr
peIIIeHI,It, r.rs6brror cLIHXpoHI{3atryr,lr, upo6neua cepl,Ianr]3arlun pr 6loxtrpoB.Kr4, o6ecneqeHr,re

TOXAeCTBeHHOCTII tIOCJIeAOBareJrbHrOfO t4 flapanneJrbHoro BaprraHToB pacq:eToB, BoJrHoBbre

oxeMbl BbrrqrlcJleHHit, 6nouuan cxeMa pacnpeAeJreHl,If, AaHHrx, 6anaHcr4poBKa, t.rcuoJrb3oBaHr,re

oqepeAr zagauwft).

Men'o4lr pacnapannenrvlBaHkrfl MeroAa KoHeTIHbIX pa:nocrefi AJrff llbtrrpncJrr4TeJlbHbrx

cl{creM c lpaclpeAeneHnofi rlaMsrbno (reuto.Ilrax u 6no.ruaf, oxeMbr pacupeAe.[eHrrr Aar{Hr,rx,
IloJrHoBbre cxeMbr Bbrrruc elflr4it, oqerrKa rpyAoeMKocrr,I [epeAarru 4auHrrx).

flpaxrn:Kyllf [o pelrenl{Io au$Sepeullr4aJrbHbrx ypanuerrufi B rracrnrbrx rrpor.r3BoA]ubx c
rlcloJlb3oBaHI,IeM yue6uo-uccJleAoBareJrrcrofi cr{creMbr FaraGrid (n<lcranonxa se.l\a.rr:a,

FfbIrIoJIHeHlre Bblqt{cr;.euuit, BI{3yann.3aIII{t AaHHbD(, aliraJirtr3 pe3ynbraroB p&c{orroB, H3MeHeHI,Ie

rrapaMerpoB r{ trpoAo JrxeHr{e nrrvuctenr,rfi ).
8. Ifparclnlcyrvr rro rlc[oJlb3oBaHrrrc 6u6.rrr.rorerc napaJrJreJrbrrbr]i Me'roAoB AJrfl

p eIII eHus cJro]t(Hr,rx H ayqH o -TexHrrq ecKrrx 3 aAaq

O6:rop 6u6nuorexu PLAPACK: crpyr:rypa, o6:rercTbr, Mero.4hr, McrroJrb:ronaHze. llpuMep
12 Yunoxenuze MarpIlII - r{crroJrb3oBarrue PLAPACK (nrrnonuerrze 3a1alufl. rroA
pyKoBoAcr B oM rrpello ganar e JJx).

9. IlparcurnyM no MeroAaM rrapaJrJreJrbnbrx Bbrrrr{cJreHuit gtn
n{HoroMepnofi unoroaKcrpeMaJnnofi orrrrrMrr3arlu[

lpereHrs 3alaq

O6ur,as xapaKTeplrcrlIKa npegueruoft o6racru (uooranonxa 3a1eLqfi mo6zunilofi
OIITLIMI43aU;I{H, peAyKIII,Is pa3MepHCrCTr,r Anr cBeAeHr4.fl MHOrOMepHbrX 3a,4ar{ K oAHOMepHbrM

ftocraHoBKianr, rau$opMaqlzoHHo-crarI{crI4rIecKI{e mopl,ITMtbr rno6anrsoto lflo}I'cKa, npunrepu).
I'lcnolr:lonaHl4e MHoxecrBerrHbrx pa3Bepror Tr.rla rpunofi lllearro ,qnfl rrocrpoeHr{t

pa3rl,IqHbrx ceToK s o6racrn pellreHllf, orrrr{Mr,r3arlnosnoft 3anaxrLr. CneAemue npo6nel,ru
MHoroMepl{<1ft t)nr:raura3aUl,II,r r celreficrr]y oArroMepHbrx zrr$oprvraqproHuo-coBNrecrr4Mbrx :taAaq.

Ilapallenr'Hoe perrreune 3ara't flopoxAaeMoro ceueficrBa u cxeMa rau$oprvraqraor]Hr,rx o6Menos.
O6rqnoorr paccMorpeHHoro noAxora Anr pelreHLrfl pfl a Bbrrrr4cJrrtTenbno-TpyAoeM4r,rx

HayqHo-Text{llqecKl{x 3a,qaq (r4HTerpupoBaHrre, perrreHl{e crrcleM Henvnefttmx ypanneHlzfi,
B,occraHoBJleHae 3aBI4cI{Mocrefi, nor4cK peureHuft, onlrzMaJlbubrx rro aa6opy Kprzrep4eB
( H,r uoroxpu'Tepu anbH afl onrr.rMlr3 aqlllt) z r.A. ).

llparxruxyla rro perrreHl4rc 3aAaq MuorogKcrpeuamHofi orlrr.rMrBar]r4r4. c r4orroJrb3or]aHueM

cl{creMbl rnapaJIJIeJIbrIhIX Bbrqr{oreuafi A6comor Sxcnepr (noo'ranonxa 3a$aqur, BbrrroJrrreHrze

Bbrt{I4cJIeHLrit, n;wzywtugarJkr'. AaHHbrx, a]F'utu3 pBynbraroB pacqe'roB, t43MeHeHlre [apaMerpoB rz

n.polonxeHne Bbrltr4 cJreurzfi ).



5. OEPA3 OBATEJIbHbIE TEXHOJIOI-III4
o JIeKIdI4olrHO-CeMUHapCKa.f, Cr,rCT'eMa O6y.reHrax (rpa4zqraoHHbre Jre:Kr{HoHHhre

ra6oparoprlrre earrxrnx) ;

o o6yqenue B MaJIbrx rpyrrax (nrnouueuue naSoparopHbD( pa6or B rpyrmax r,r3 AByx prJrr4

rpex venonex);

.Macfl'ep-KJlaccbl (4enaoucrparlufl, Ha ra60paropHbrx 3aHflTra{x rrprrnrlI,rnog pacirera r,r

rrpoeKTr.rpo'EdHVrfl. orrrlrrrecKr,rx geralefi u orrr,rqecKrax cucreu);
. rIpIrII\4eHeHI,Ie MynbTI,IMeALIa. reXnOrOrUft (rpOne4en.ae neKrlrroHHbrx gaus'ttg;,it c

rIpI,IMeHeHIreM KoMnblorepHbrx rrpe3enrrarlufr. u AeMoHcrparlrroHHbx poJrr4x:oB o rroMorrlbro

rrpoeKropa ulu 3BM);
. zn0opltaquorlHo-KoMMyHr,rKarIuoHHhre rexHOJrofr4rr (npuueueuue lilrcfropnraquoHHbrx

TexHoJIorI4fi; Atts, MoHI4TopLIHra reryrqefi ycrreBaeMocrr.r cqiAeHToB r4 KoHTponr suanufi).

6. OIIEHOqHbIE CPEACTB A IJIfl, TEKyIUEIO KOITTI'OJIfl
YCIIEBAEMO CTII, IPOMEXYTOqHOfr .q.TTNC TATIIIH I1O I,ITOT AM

o c B o EHptfl I.uIC\ I,IIIJII4 HhI I,I yqEE H O -ME T OAI4TIID CKOE
OEECTIEqEHI4E CAMO CTOfl TEJIbHOfr PAB OTbI C]TYAEHTOB

a) Boupocrr r< pefiruHr-KoHTpoJrro:

Peilmuuz-rcoumponu JWI

l. CISC- a RlSC-npoqeccopbr. Ocuonusre qeprhr RISC- apxr.rrgKrypbr.

2.. flonrnueHlae rpol,I3BoAlrreJrbHocrr,r rrpoqeccopoB sa cqer nounefiepz3a\vru Vcroru.s
olrrr.rMturbHoro (f yHxqrrorrr4poBarrrEr roHee fi epa.

:i. CynepN<luneftepurre v cyrepcKantpHbre [poqeccopbr. BuAeueuue He3aBucr.rMo

pa6oraroqnx ycrpoficrn: IU, FPU, MMU, BU.
11. Mero4m )rMeHbilreHlls Herarl4BHoro Brrvtfllrrr4s. lurcrpyrquft nepexoAa

lpoLI3BoAI4TeJIbHOcTb [poqeocopa.

l;. flonrrmenr,re ilpolr3 copoB 3a cqer EBeAeHrar Ksrrl-naMsrr,r. Korrrn:

e4raurrii, fapnap.ucr e o6parnoft 3arrr4cbro.
(;. Opranusaqrn{ Kgnrr- eHbr AaHHbrx B Korrr-nan/nrrla. Cuequa;nnrre

KSIIIU.

'tt. Couaconaune reureft B Mynbrl{npoqeccopHbrx clrcreM:rx c odrqefi rtaMsrbxl"
fi. BuAu turuofolpoqeccopHbrx apxlrreKTyp.

91. llo44ellxrar Muoro3aAaqHocrll r{ MHofolpoqeccopHocrr,r icleqr{aJrbHbrurr mucrpyxrlniuz
flpoqeccopa. OpraHzs arJus. plalulobrx Bo nnelrreft rraMrrtr.

10. flporpi'naruaL, [poqeccop, npoqecc. Ocuonnrre cocraBJrrfoqrre [poqecc,a, coc'rorHr,r-f,

lpoqecca. Orex, Br{pryanbH as. r.av.fl"tb, MexaHr{3Mbr rpaHcJrrrlr4 u agpeca 
"

11. Mexanngur'r asannro4eftcrBvrr rrpoqeccorB. Pas4elxeuar rraM.f,Tb, cervrarfopr,r, curHalrbr,

rIorIToBbIe srrprKu, co6rrrrs. l3a4avra (threads). Cpanneuue c ilpoqeocaMr.r" Pecypbu,
rlpl{opltrerll. llapannelrnrre flpoqeccbl. CnsgrreaHue. C):rarn.recKoe u ArrHaMr.rsecKoe

CBg3bIBAHI,IE.

12,Bugr;t pecypooB: anlaparuble, [pofpaMMHbre, ar(Tr{BH6re, [acc[I]Hbre, JroKrurbHbrs,

pa3AeJL:[eMEIe, TIOCTOSHHbIe, BpeMeHIIbIe, HeKpI,ITLIqHbIe, KpI,ITI{qHbIe"

Feilmuuz-rcoumponu lYb2

1. Tuurr nsarano4eficrBl,Ifl npoqeocoB: corpyAHr4qarcrlue n;, KoHKypilpyKrrr1rae upou,ecbrr.

Kpurrantecrme ceKrlr,rn, B3aI,IMHoe r,rcKJrroqer{r4 e npoqeccon (s ar4au).



',2. flpo6let'tsI, Bo3HnIKaIoque rrpra crlHxpoH]r:3arJuyr3a1al-:lru4ekr Iax pa:]pemeHr.rfl.

3. Cocronuras lrpouecca rr MexaHr,r3Mbr rrepexoAa r,r3 oAHoro cocrorHr,rr{ B Apyroe.
zl. CraHgapru ua flNlX-cr{creMbr.
:i. Ynpan.neHrae rpoqeccaMu. (Dyuxqun fork, execl, execv, waitpid. Ilpurraepu rcroJrb3oBarFllrfl..

li. Pa6ora o cLtHaJraMu. Oynrqur signal. flpunrep r{crroJrb3oBalr4fl,.
'7. Pas4eru.err,rafi traMflrb. Oyurqun shmget, shmat, shmctl. flpralneprr uctroJrb3oB'dlvrfl'

B. Cervra(fopu. OynxquIE semget. semop, semctl. llpurr,repu ucrroJrb3oBa:nkrfl;,.

\). Co6rnns. flplalturunHble orrepa\vr. Oprannsaqrrr B3ar{Moreitcrnust KJrr.reH'r- cepBep c
rroMorrp,ro co 6rrr r,rft .

.[0. O.repe,4m coo6qesufi. (Dyuxquu msgget, msgsnd, msgrcv, mslgctl. flpurueptr
HCIIOJI[,30BaHV[.g."

.[1" Yupan:renu:e 3aAarraMrd (threads). @ynrrcqzu pthread_create, pthreadjoirr, sched.yield.
flprarrrepu ltcrroJlr,3oB anns..

.[2. O6llelu]bl cllHxpoHvrsarJvrv rzua mutex. Oynrrluu pthread_nnutex_init, pthead_mutex_lock,
pthreacl _mutex_trylock, pthread_mutex_unlock, pthread_mutex_destrroy. flpurvrepu
LI CII O JIh3 OB ILIJLN,fl , 

"

.[3. O6rerr]bl cr4HxpoHvrsar\r4u rrana condvar. (Dysrquz pthread_-cond init, pthlea.d_cond__signal,

pthreacl _cond_broadcast, ptluead_cond_wait, pthread_cond_destroy. flpuueprr
IICIIOJIh3OBTLIJINI.,

ll 4. flprarraep multithread-nporpaMMbr yMuoxeHr4 r Marprrlbr Ha BeKrop.

Ir. Message passing rnterface (Mpr). '"rr#'#K{;:#:^rorpaMMbr. @1,unquu Mpr-rnit,
MPlFirralize. Coo6q ennfl. Lt rrx Br4Abr.

tl.. Kounayruarieropbr. (DyHxqr.ru MPT_Ce66_rir., MPl_Comm__rank" llpnnnepn

z[. Ouepaquu .BBoAa-BbrBoAa B MPl-nporparvrMax. flpunreprr"
:t,,{ouomuureJlbnble Bo3MoxHocrl{ nnfl rro[apHoro o6ueua coo6rueuu.sh{n"

MPl_$en4recv, MPT_Sendrecv_replace.

II CII O JII:,3, OB tl}JVIA,

3. llonapurrfi o6lren coo6rqeuusrrlra. (DyuxqHn MPT_Sond,

IICnOJrb30BaHVIg.

r,rHTefpan.

t)" Bpenax n MPl-npofpaMMax. (Dynxquu MPI_Wtime, MPT_Wtick"
1.0. flpnrraep MFI-uporpaMMbr yMHoxeHr,rr Marpr,rrlbr Ha BeKTop.

MPI tri.ecv. flpnnopu

@yuruzu

(i. [ouomuureJlbxrbre Bo3Mo]ItHoc'ln 4rs. nonapHoro o6rrleua coo6qeulurhalr. @yurquu
MPT_Isiend, MPIJrecv, MPI_Test, MPl_Testany, MPI_Wait, MPl_Waitany'

',1. Korrextrsnrrfi o6uen coo6urenrasMu" (Dynruuu MPI Barrier. MPI Abort. MIPI Bcast.

t|. Korremrnnnrrfi o6ueu coo6rqeuuxrrlu" (Dyurquu IyIPI_Reduce, MPI Allreduce,
MPr-0p_create, MPT_0p_free. llpr.rrvrep MPl-nporpar\{Mbr, Bbrrrr4cJrsroqeii onpe4eleunufi

1. 1. .{ononnureJlbnlbre Bo3Mo}KHocrvr. l\IrA KoJrJreKTI4Bnoro o6rrreHil MaccrrBaM.r4 .IIirHFlbrx. @yururaz
MPl_Clather, MPn_Allgather, MIII_Scatter,

1.2. flepecrr,nxa crpyKTyp AaHHrIX. Coa4anrae HoBoro MPI-ruua AaHHbrx c rroMorrlbro

MPIT'ype--struot. @yurqnu MPl_Address, MPl_Type_cornmit, MPl._Type"__free. Ilpzr{aep
IICIIOJIE,3OBA}IUg.

6) 3rc:anreHarluoHnbre 3aAaqrr:

l" Hauurnure rporpaMMy, r4crroJrb3yr 6rorupyroque KoMMyHr4Karlx.ro.rrnbre

(MPl_liend, MPI_Recv), pealr,r:ryrouyro cne,qyrourfi alropzrr,r: Ha HyJreBClM

Qyrrrotrau

flpunaep [ororb3oB an:a\ "

rpoqeccope



I{HHIII,IiuILI3upyerofl lrepeMeHHafl (float a); nyrenofi npoqeccop paccbrJraer {repeMeHr{yro a

BceM rlpoueccopaM, BKJIIotIafl caMoro ce6x; flocJ]e noJryrreHr{s uepenrenuofi it Bce

flpoqeocopl;I npu6aurlor K Heffi csoft l4rlAr.rBnAyiulnrrft HoMep r4 llepelaror Ha uylenoft
[poqeocop; uylenoft [poqeccop [oJryqaer or Bcex ilpoqeccopoB Aa]F{lrrbl:e u BbrBo"U.rr Ha
gKpaH n (foplrare: HOMep rpoqeccopa, repecJraHnoe lrM 3Har{eHr.re nepeueuuofi a.

tl.. Hauumprre nporpaMMy, r4crroJrb3yr bnorupyroqne xloMMyHr4KarllroHrrbre (fyrriu.ru
(MPl_flend, MPI_R.ecv), peanll3yroqyrc anroprrrM repeAaqu AaHHr;rx ro xcurJqy:

ouepeIqnoft npoqeccop AoxllAaerc"s coo6ueHr4s or rrpeAbrAyrqero lx rro"r'oh,r rrocErJraer

cJreAyr0qeMy rpoqeccy.

:\" Hanzruure ilporpaMMy, LlerloJrb3ys KoMMyHr.rKarIuoHHb,re Synrquu (MPl-Isrend, MPT__lrecv),

rrepeAarurqyro AByM epnrrfi uaccuB MexAy AByMff rrpoqeccopaMrl.
tl. Hanraulure rpolpaMMy, I{crorb3y.s KoMMyHr.rKarIroHHyro $ynrqraro (MPl_Sendrecv),

peanllsylorrtyNr ilIropurM [epeAaqr,r AaHHbx rro Konbrly: oqepeAHofi npoqer:cop AoxcuAaerct
coo6rqeuur or rrpeAbrAyrrlero lr rroroM rrocbrJraer cneAyroqeruy [pouecoy.

n) IlpnnrepHbre reMbr r{ypcoBbrx pa6or:
9ncleuuoe perleHl{e cpeAcrBaMH MPI/OpenMP AByr!{epnoro ueluneftHolo ypaBrleHr4t

TerrJronpoBoAHocrra MeroAoM rrpoAoJrbHo-ilo[epeqHoft nporoHru
rlzclenuoe perreHl{e cpe.qcrBilMIa MPIiOpenMP AByMepnoro uelunefiHoro ypaBraeHr4t

TerrJronpoBoAHoclrr4 c [oMorrlbro cxeMbr paclllellneHzt
9ucnennoe pe[reHue cpeAcrBaMu MPI/OpenMP AByMep]roro nerurnefiHoro ypaBner{r4s

rennolpoB0ArrocTr4 c rroMorrlbro cxeMbr rrpeAr4KTop-KoppeKTop
r{ucleruroe perreHl4e cpeAcrBaMrt MPI/OpenMP rpexMepHoro nr.rnefiuolo ypatsHer{r.rfl

TerrnonpoBoAFrocrrr c rroMorrlbro snuofi pa3HocrHofi cxeurr

l"

2..

:t.

tl.

t

(;.

rlucueunoe perreHr,re cpeAcrBaMr,r MPI/openMF AByMepHoro ypaBHerrr4r{

r.rrepar{pr oHrrbrM MeroAou 3efi4elx
t{ucneHnoe perreHlre cpeAcrBaMr,r MPI/openMP AByMepHoro ypaBHeur4rr

MeroAo,M 6ro.rurrx u'repar1zfi

i'" Mo4erapoBanlle cpeAcrBaMz MPI/OpenlVlP npoqecca B3ar{Mo4eficrnzx rr}ep,4r,rx

IIOTOKOM IA3A

Ei" rlucreHrroe pemer{He cpeAcrBaMu MPI/OpenMP 4nyuepHoro ypaBHeHr,rq

9t. Brrqrac.uenue paHra npor43BonbHofi marpurlbr cpeAcrsannu MPI/OpenMP
10. Mo4enrapoBaHlre cpeAcrBaMra MPI/OpenMP npoqecca rpoxoxAeHr{fi

nJracTltHy

r) CarrrocrosreJbHaq pa6ora cryAeHToB:

llyaccbHa

llyaccoHa

qa,crr4ll c

IIQporH()ca

Hefi:rponon uepes

1, IlloAro'ronra K TeKyIrIeMy KonTpoJrro u flpoMexyrounofi arrecrar[u].r.
2, Illogroronra r< la6oparopHbrM pa6oranr u orfopu.reHrze orqeroB ro

r.r3 BbriloJrHe[vrs.. Kourpolr ocyulecrBflsercf, Ha sa]fl;,fltuflx B BVAe ycr]rnx
Borrpo cbr rrpenoAaB aTeJrr IIo coAepxaHr,rro oTqeTa"

3, Pa6o'ra c AorlonHnr:emnofi nzrepatypofi rro BonpocaM, r]bmeceHHbrM

caMocTorTeJrbHoe r,r3yqeHue. Kourponl ocyrqecTBnreTcr Ha 3K3ar\4er{e.

1) ,{ocror,IucrBa 14 HeAocrarKl4 SMP- u MPP- apxrdreKTyp Br,rrrrrcJrr,rreJrbHbtx

HA

CI,ICTEM.

Or:nrrue rrousruti. [poqecca lr rroroKa B orreparlr4oHHbrx cuc'reMax.
flpo6nelnrrr cI{HXpoHI43a\vLI sara-u rrpn [apaJrJreJrbHoM [port)ax{Mr4ponaunt.
Clan4apr OpenMP" Hagua.resue.

Cyrqecrnyrorque peurnu 3ar\knn crau4apra MPI.

pe3yJrb'raTaM

OTBE:TOB HA

2)

3)

4)

s)



6) llpororonrr o6rr,rena AaHHrTMH MexAy npoqeccaMrd.

7) Irlcromsosanneyrwnnrr MPIRun.
8) OrnaAnarapannenbHbrxnpunoxeuzft.

9) Merogura orleHKlr e$(fexrznuocrr,r Bbrrtucneuafi.

lCl) Pealusaqus Marpr,rrrHbrx anropr,rrMoB cpeAcrnauu MPI
1 1) PacnpegeneHHoe perrenr{e aurfQepeHrlr.ranbnbrx ypanneuuft,

4. IJrruonneune sa4anufl. rypcoeofi pa6omr v rroAroroBxa ,o'rqer,a.

xypconofi pa6oru (sa.rerlne:auer) ocyuecrBnflerc . B KoHrIe ceMecrpa B

AeMoHorpallvouHoro 3alycKa ua 3BM peaJrr..r3oBaHuoii nporpaMMbr r4 orBoroB Ha

3arqura

{loprvre

BOrrpocbr

rro coAepxaHr{ro oTqeTa.

Pacnpe4elenue BHAoB caMocrotremuofi pa6oru rro pa3AeJrar\,{,qlrcrlr{nJ]r,rHbr;

ArrcqrrIIJrr4Hbr
a) ocnonrrarr JruTeparypa

l. Auronon, Alerccan4p Cepreennu. Texnorrorr4Lr napurileJrbHoro nporpaMM.aponaHras MPI z
OpenMP : yre6uoe noco6rze AJrr By:3oB rro HanpaBJreHr,r.rrM 010400 "trIpr.rrla4ui]Jt MareMarvrKavr
u:u$opnrarilKa" x,I 010300 "Oyn4aueurturbuar ran(fopuarpl;Kapr lru(poprraaqr4oHn:bre lexnoJrorila"
I A, C. Art:ronos ; Mocxoncruft rocy.u:apcrBeHHbrfi yur.rnepcr4rer r,rMeHu M. B" Jlorraonocdna
(.Mfy) ; aBr. rlpeAprcn. B. A. Ca4onuwil4fr.- Mocrsa: Mocroscrufi yuunepcurer (Mfy), 2012

"-- 339 c.: HJI. -- (CyuepKoMrrbrorepuoe o6pasonanze) .- BtrSm,rorp.: c. 33i3-334 .- ISBN
978-5-2tt-06343-3 

"

2. Ocuorsr rapanneJlbHoro rlporpaMMlrpoBalrur f3nerrpouurrji pecypc] / Eora.ree K"ICI. - M.:
BI4HOM, 20T3,

3. Oe4oron W.E. Mo4elr.r napaJrJrenbHoro
() eAoros U,..8.-- Slexrpou. TeKcroB bre AaHHbre.

4. flapauenrHoe rrporpaMMr.rpoBaHpre Ha

Ivmororrororr HErx nrpolpaMM [3ler:rponnufi pec

1r.A. - M. : llMK Ilpecc, 2012.
6),qouomru'reJrbHafl Jr[Teparypa:

lfs

nln
PasAer Ar{crlr{rrJrr,rHr,r

Bna CFC

(1) (2) (3) (4

I Ilenu kr saplaLrkr rrap€unenbnofi o6pa6omu
.IIAHHbIX

2 4

2" flpun rg.ru sr ilocrpoeHr{r lapannenbHbrx
BbIqI,TCJII,ITEJIbHbIX CLICTEM

4 6

J. Mo4eru flapanJnenbHbrx BbrqucJll,rreJrbHbx
CI,ICTEIM

4 6 5

4. llpuH qr,rn sr paspa6orrr4 rrapaJrJreJrbHbrx

aJIIOTTI4TMOB I{ [pOrpaMM
4 4 6

5. Cracrr:urr pa:pa6orru rapnnneJrbHbx
lpory)aMMr

6 6 8

6. llapa.nnenrubre qucreHHbre anropr.rrMbr

AIs pellleHrrr TlrrroBbfx 3a4aq
Bbrru4 crIalensnoft MareMarr{Kr,r

6 6 I 40

Bcercl 26,r. 22'r. 38 .r. 40

7. y'TIEEHO -MET OnrIqE CKOE I,I I4HO OPMAUI4OHHOE O 6E CIIETIEHII E



1. Kynumon I4.M. Texnorormpr paspa6orru [porpaMMHoro o6ecrreqesprs )\nfl
lvlaTeMaTl,IqecKofo MoAeJII,IpoBaHI-It $r.rsrauecrux flpoqeccoB. qacrn 1. IrlcuonlsosaH[e
oyrlepKoMnlblo'uepoB, ocHalrleHHbrx rpa(fu.recrzuu ycKopr,rre.rrrMu f3nertprorrHr;nZ pecyfrc]:
yue6uoe n:occt6wel Kynzron VI.M.- 3nerrpou. rer(croBtbre ,qar{Hbre.-- Honocu6rapcx:
lJonocrE6npcxlrft rocygapcrBeHHbrft rexnra.recrcufi yHunepcr.rrer, 2013.-- 40 c.

tl,. Moge:ru pacnpe,qeneHHbrx Bbrr{rcreHrlft [3nerrponHuft pecypc] / Tonopxos B"B.
oI43MAT,ilt4-["20|I.
3. Texuoflorus CI-IDA B rlpl{Mepax: BBeAeHr,re B rrporpaMMvpox}aHlre rpaQuueckux
rpoqeccopon l)nerrpouunft pecypo] / Can4epc,{x., Ken4por 3. - M. : ,{MK llpecc, 201I"
r) Ilporp arMMrroe o6ecne.reHne r.r llurepuer-pecypcBr :

It. Jla6oparopua llapanuenrHrx uu$opnraquox{Hbrx rexuonoluit Hayulro-

Message Fassing

rrccneAoBareJrbcKoro Bbrqr{cJrlrreJrbHroro rIeHTpa Mfy http:llparallel.ru
il.. MPICFII: a high performance and widely portable implementation of the
I nterface (MP D standard. https : i/www.mpich. org/
:\. opraruuannr craHAapra MPI: http://www,rnpi-forum.org/docs/docs.html"

8. MATEPT,IAJIbHO-TEXHI4IIEC KOE OEECTIEqEHITE ATICIU [JII4HbI
Jlerquouuble ayAI4TopI4LI, ocHarqdnurre Aocrofi (Alr ueua trnlr MapKepa), erpauov

IrpoeKrl[orrHbrx cr4creM, rrpoeKTopoM r,r noyr6yxorra.

Ay2lutoputr AIrs, [poBeAeHI{n zaurtrufr, ssHarrleuHrre coBpeMeHHb]rMrr ilepcoHanbHrrMr{
KoMrlblorepanau, o6re4Iauennrruu B JroKanbHyro Bbrrrr4cJILITeJrbH),to cerb z yKoMrrJIeK,roBaHHrIMI,I

ueo6xoAraubrM cr,rcreMHbrM r{ rrp}rKJrfl.,{HbrM rrporpaMMHbrM o6ecue.reH[era.

Anfl



Pa6o.ryro ilporpnMMy cocraBr4Jr : Aox;eHr ra(pe4prr Or.rlIM

(laemo pa6oru, AoJrxHocrb, (DIIO, tognucr)

Pa6oqat nporpaMMa AI,IcqLIrIJnvHbr cocraBJreHa B coorBercrBr,rpr c rpe6on€rHr.r.rrMri Ofllc
IIO uo HarrpaBJreHzro 01.03.02 llpzrnafiraq NaareNaaruKa u uHdopl,rarnra

A.C. fou6pn

3ane4yrorqnfi raQe4pofi

Pa6oqafl IrporpaMMa paccMorpena u o4o6peHa na 3acez'alrrvrv y.re6uo-nrero4uuecrcofi

moMr,rccm Ha[patsJregr,rs 01.03.02 llpprrna,qna.r ruareNaarI,rxa r rn6opMa:r[Ka

Ilpe4ce4arenb KoMr,rcculr C,M. Aparenxn

JIIICT TIEPEYTBEPXNEHII'I
pAEOTIEfr IIPOIPAMMbI ArrCqUIIJII,rHbr (MOAyJrfl )

fta6o.ras rporpaMMa o4o6peua na _/il- /2_yue6nufi ro4

llpororon saceAaHr{s KatbeApbr VZ__ o, og.
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llpororol :]ace1aurprs. xa$e4prr Jllb
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