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1. rIEJrr4 OCBO.EHTTfl 4uc\rrrrJllrHbr
Ilorpe6uorlrb peIrIeHI4t cJIoxHbIX rlpli:KJra.qHbrx 3araqc 6onrururvr o6rerrolur nrrq[cre'zft

u tr]p]IHIlaIIraJrE.Hafl' orpaHl'IqeHHocrl' MaKcI,IIvItuIbnoro 6rrcrpo4efictnna "KfiaccuqecKr,rx" - ,,o
cxeMe (fon Heftrvra:aa - 3BM [p]IBeJIv K rloflBJreHrrro MHoronpoqeccopHbrx Bbrrrr,rcJrr.rreJrbHbx
cllcreM (MBC). Zcnonrsosanze raKllx opeAcrB BbrqrlcJrurenurofi TexHlrKrr rro3BoJure,r
cylqecrBeHHo yBenl4r{I{Barb [pol,I3BoAr.rreJrbHocrb 3BM tpn nro6oM cyrqecrByrorqeM ypoBHe
pa3EI4TI4s KoMrlbrorepHoro o6opy4onanux, flpu oToM, oAHaKo, ueo6xoAuuo "ilaparrerbHoe"
o6o6rqeHue rpaAnlluonnoft - nocneAoBatenruofi - TexHoJrorun pe[reHr,rtr 3aAarr ra OBM, Tar,
tII'IcJIeHHbre Mero.nFI B cJlfrae MBC AoJIxHbI flpoeKTr4poBarbc.fl KaK cr{creMbr [apanJreJrbHbrx r4

nsalauo4eftcrByrorqux MexAy co6ofi rrpoqeccroB, AorrycKaroulrax ucrroJrHeHr.re Ha He3aBr.rcr.rMbrx
fipoqeccopax' flpuuenreurte aJIropI,ITMI{qecKr{e ff3brKr.r v cr4creMHoe nporpaMMHoe
o6ecueqenr4e AoJDKI{rr o6ecneql4Barb co3Aaril}re [apanneJrbHblx nporpaMM, opraHkr3oBhrBarr,
cr4HxpoHrr3arluro I{ B3aI,IMO}rCKJrroqeHI{e ac}IHxpoHHbrx npoqeccoB r4 T"fr.

flpe4rvretovr paccMorpeul{t Hacroslqefo Kypca kr sBlrflerc . u3yqenrue .,epeq,ucreHHofo
Kpyra lBo[pocoB. I{enr Kypca cocroI4T B rI3JIoxeHIaI{ MareMarr{qecKktx uoAeuefi r{ Mero,rloB
lap€IIIJreJrbHoIo [porpaMMI{poBaHLIs. AII[' MlrtolonpoqeccopHblx BbIqIrcJILITeJrbHbrx c}rcTeM, a
TaKXe [paKTuqecKoe ocBoeHze rIp]IeMoB v rexHr4K parpa6orr<vr[apurnenbHbrx rrporpaMM.

2. MECTO AI4CrIlIrrJItrHbI B cTpyKTypE OrIorI BO
,[r'rcqr'runnua dlaparuleJlbHoe [porpa\rMr.rpoBaHr.re)) HaxoAr{Tcs B Bapr,rarr{nnofi .racrrr

ocuonnoft npo(pecovOnanurofi o6pasonarenrnofi [porpaMMbr r,r orHocr,rrcr K AzcrltrlJrr,rgaM rro
nn6opy.

,{r.cqunnurra JIor[qecKLI 14. coAepxareJrbHo-MeroAr{qecKr4 cBfl3a*a c prAoM
Teoperur{ecKrlx ALIcqpxIIwIH rI rIpaKTIrK rrpeArrrecrr}yroqero rep}roAa o6yueHux (Apxzrer<rypa.
KoMnbrcTepon, Annopr'ITMbI I,I urnuoprllMrlqecKxe.f,3hrKrr, TeoprEa Bblqr,rcJrr{TeJrbHbx rrpoqeccoB r4
crpylKTyp, Ctpyxtyprr v anropl4TMbr xounrrorepnoft o6pa6orxv AaHHbx, Cucrenanrre rz

MareMarl{qecKl{e ocHoBbI cylepKoMnbrorepHblx rexHoJror[ft). ftx yclerrrHofo ocBoeHr.rr Kypca
cryAeHThr AoJIXHlbr: 3Harb yctpoftcrno v rrplrHllr4rrbr (fyurrluoulrpoBalprs. 3BM, HMerE
IIpeAoraBJIeHI'Ie o 6asosrrx aJIropI,ITMax u ,crpyKTypax AaHHEx, )n{erb [pr4MeHf,Tb r3brKr{
flpor]paMMr.rp oBaldvrfr, EbrcoKofo ypoBHfl .

,flucqunuuua (fopnazpyer 3rtalvIs. u HaBbrKr.r, Heo6xoAuurre B rrpaKT]rqecroft
,4e'f,TeJlbHocrl{ rnarru([rEquponauHoro cleIII{eurr4cra, r,r3yqaerc.f, B KoHrIe reopervqecKoro Kypca.
B panarax yue6nono [poqecca oHI,I Moryr 6r,rrr ncnoJrb3oBaHbr rrpr,r [oAroroBKe nrrnycrnofi
rnanu(f xaxaqraonuoft pa6oru.

3. KOMTTETEHTII4I oBytrAlorllErocfl , ooPMrIpyEMhrE
TI P E3 YJIb TATE O C B OE ]II I4'T TUCWITIJII,IHbI (MOAYJTfl )B pe3yJl6Tare ocBoeHlrf, AI4cII]IIIJII4Hrr o6yvarorqzftcx AonxeH AeMoHcrpr.rpoBarb

CJIeAyIOUUe KOMIeTeIIIII{LI :

' roroBHocrblo aHanll3l4poBarb npo6neurr v Ha[paBJreHr4fl pa3Bnrvrfl rexgonoruft
rporpallMr.rpoBaHran (tlIIK-3 );

o cnoco6Hocrblo npldMeHflTb n rlpo(pecc.aoHanruofi Ae{TeJrbHocrr4 ocHoBHbre Mero,rlbr r.r
(pe.4crBa aBToMarH3arI[u npoeKTllpoBaHr{r, [polr3BoAcrBa, ncnstrannit I,I orIeHKr{ KaqecrBa
rrporl,ar,{MHoro o6ecneqeHr,rr (OnK-4).



B pByJlbrare ocBoeHI4s AlrcIII4rIJrrrHbr o6yraroqrzficx AoJrxeH AeMoHcrpr{poBarb
cneAyrcrqze pe3yJrbrarrr o6pason artvfl:

It. 3narr: rnaccz$zrarlurc pacnpeAeJrenr{brx

IIOBbIIIIoHII' npoIr.3BoAIITenbHOcTI,I BBITII,ICJIHTeJIbHbIX

rapanne,rrbnbrx ilrroplrrMoB (O[IK-3, OIIK-4) ;

2, Yuetr: caMocrosrenbuo LI3BJIeKarb [oJr*Hyro HayqHo-TexHuqecKyro zn(poprrraqr4ro r43

pa3rutlHhrx rlcroqHn'IKoB, IIpI4MeHtrB r.r3rreHHbr:e MeroAhr IIpu [poeKT]rpoBaHur4pac[peAeJreHHbrx
anropr.rrMon (OIIK-3, OIIK-4);

3. B.rra4err: HaBrIKaMI,I llcrloJlb3oBaHr,rfl coBpeMeHHhrx cpeAcrB pexreulrr Bbrqr,IcJrr4TeJrbgbx
3aAaq AJrr clrcreM c pacrpeAenenuoft rraMrrbro (O[IK-3, OnK_4).

4. CTPYKTYPA I4 COAEP}I&4.HIIE AI{CIII4TIJII4HbI (MOAYJIfl)
O6rqat rpyAoeMKocrr At4cIII4rIJII,IHbr cocraBJrrer 5 gaqerHrx eAr.rHlrrl l80.racor.

BbITIIICJIIITeJIbHbD( cIIcTeM, MeTOAbr
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JrElKrltrr4
1. Ile.rrn v sal'asu BBeAeHrrs [apaJrJreJnnofi o6pa6orrcu AaHHbrx
1.1. Heo6xo.urrMocrb

Orpanu'renue uarcr.Irualrnofi npor.r3BoAtrreJrbHocrr4 oAHorrpoqeccopHbrx DBM.
rlocroxnnas Heo6xoguruocrb pelleH'fr garaq, [peBrrrrrtuoqrrx Bo3MoxHocr]r coBpeMegHhrx
3BM (upo6nerrau "6omutoro nrrsona"). Heo6xo4r.rrraocrb KoJrJreKTr,rBHoro pexr.rMa perxeHr.rt
3aAatl. AnroMatrasalprt ytrpaBJleHllfl pacnpg.qeJreHHblx Texnr,rqecKrrx crrcreM" Texnzqecrze
rpe6onauus no cHUXeHr4ro cror,rMocr}t 14 rroBblrueHr,rro HaAexHocrr4.

1.2. VIcr oprrfl BBeAeHrrfl napaJrJreJrrr3rvra

ENIAC, IBM-70 1, 7 04, 7 09, ATLAS, cDC 6600, 7 600,[LIAC IV, cray- l, ons6pyc.
1.3. Par"rrnql{e MHoro3aAarrHblx, [apaJrJreJrbHbrx rr pac[peAeJreHHbrx nrrquc.neHufi
1.4. IlpodneMbr rrcnoJrb3oBaHrrq uap:urJreJrrr3Ma
Cyqecrnonauze rocJleAoBareJlbHbrx irJrlopr,rrMon (saxon Arvr4anx). Ilonrrnrenue

rIpoI43BOAI4reJIbHOCTrI rIOCneAOBareJrbHbrx KoMrrbrorepoB (saron Mypa). florepu Ha
nsantrao4eftcrBl'Ie v [epeAaqy AaHHbrx (ruuoresa Mzucxoro). Brrcor<as croraMocrr,
rIapaJIJreJIbHbx cltcrerrl (sar<ou fpoua). "Ilocne4onareJrbHocrb" cyllecrnyrorq[x ilrropr.rrMoB Lr
lporpaMMHoro odecneqeHllt. 3anr,rcurrlocrr s$(perrvBHocrlr [apanneJrbHbx Bhrrrr4c.nenvfi or
rrera oco6eHnocrefi amlaparypbr. Cnoxuocrr parpa6orxu lapalrJreJrbnbrx aJrropr{TMoB.
Tpyploeunocrb rrpoBepKr.r [paBvJrbHocr'r rrapiurJrenbHbrx [porpaMM.

2. flpunqnrrbl rro crp o eHrrfl rrap aJrJreJrb Hbrx BbrrrncrnreJrbHbrx crrcreM
2. I " Ilyru AocrrrxeHrrq [apaJrJreJrrr3M
(DynxqnouulJlbuhre BbIrIrIcJILITeJrbHbre ycrlloftcrna. MnoroypoBHeBar u MoAyJrbHa,

fiaMtrb. Kouneiiepnrre v BeKTopHbIe BbrqracJreHr.rr. llpoqeccopuue Marpr4rlbr.
Muoronpo{eccoprnbre BbIur4cJII,ITeJIbHbre crrcreMhr c o6ueft u paclpeAeJrenuoft rraMrr'ro
(naynrstnnpoqeccopbr LI MyJlbrlIKoIraurroreprr). .MurponpoqeccopHbre cr{creMbr.

2.2. Cnoco6rr nocrpoeHns MHoforrporqeccopHbrx BbrrrrrcJrrrreJrrHbrx cgcreM
Cxeuu KOMMyTaIIIiI{ (nonHax KoMMyrarl}rr - o6uas rraMf,Tb, nepeKpecrHbre

KoMMyraropbr, noKaJIbHbIe cxeMhr KoMMyra\mu - o6rqas rrrvrma, perrerKr{, rlacrepu). Aganrag
IIapaJIJIeJIbHhIX anfopllTMoB LI TI4IIOBbIe TOIIOIOII4II cXeM KOMMyTarIutr - Konbrlo, Jll{uefixa,
perrrerKra, nonurrft rpa(b, rr,rneprcy6, Top, AepeBo. AunaparHafl, peuuriar\Es. h rrpofpaMMHas
i)MyJr$rrlrur rouonorufi 

"

2.3. Br'4rr nap aJrJr eJrb Hbrx BbrqrrcJrrrr,eJrbHbrx crrcTeM
Cyuep3BM. MuorolpoqeccopHbre Bbrrrr{cJrlrreJrbHbre KoMrrJreKcbr

Mnoronnarul,Ir'Hbre tsErrIlIcJrr,ITeJIbHbre KoMrleKc;br. Ceru OBM.
(MBC).

Ilpr'rueprr coBpeMenHbx BblcoKorlpo?r:3BoAr,rreJrbHbD( BhFrlrcJrr.rreJrbHbrx cr4creM (Cray
'1932,II}M SP2, HP Exemplar, ASCI RED). CyuepronaubrcrepHbre BbrqrdcJrurerrbHbre cr4creMbr
n Poccran.

2.4. Ktacclr$urcaqnr MBC
CncrervlatrExu onzuna ra IIIopa. lloronu AaHHbrx (rorraan4). CrpyrcrypHafl. 11orarJns.

Xoxnn u,{Necxoyua.
2.5. Oqenrca rpor{3BoArrreJrbHocru MIBC
O6qee Br-rpaxeHue Ant oIIeHKLI [pord3BoAr{TeJrbuocrz nlrfl pa3Horo rurra MBC.

Maxcranazurrna-s (nurconax) rpoll3BoArrreJrbHoc'rb. Creneur rapanJreJrr.r3Ma (4nraua
rIoJIyrlpolLI3BoAIareJIbH0cru). Ylenrnax [por,r3BoAr,rreJrbHocrb. 3uaqenzs rroKa3areJreft anx pxaa
MBC.

3. MoAe.nnp oB aHrre n au.ilJr*rs 
''ap 

aJrJreJrbHbrx srrqncr eHn,ft



3. 1. Moae.nrr rr ap aJrJreJrb Hbrx BblrrrrcJrrrreJrbubrx cncreM
Korunrrcrep c HeorpaHvqeHHblM napanJreJrr.r3MoM (uaparonaurrcrep). MoAema

MHoro[poqeccopHblx cl{creM c o6ut:eft u pi}cnpeAenennoft rraMrrbro. Mo4enr xonneftepuoii
CI,ICT'EMbI.

3.2. Moae.ub aJrroprrMa B nuge rpa{fa "onepang - onepaquu"
flpeAcranneHl,Ie €uIropI,ITMa B nu4e rpa(pa rroroKa AaHHbrx. Pacnwcanue [apalrJreJrbHhrx

BbrtII4cJIeHI'Ifi. floragatenb BpeMennofi cuoxttocrll aJrropl4TMa. Oqenra BpeMeHr,r BbrrroJrHeHr4s

aJIropI'ITMa AJrt [apaKoMlblorepa (npe4emuoe paclapaJrJreJruBaHue) u AJUI ct4creM c KoHeqHbrM
KoJIrHecrBoM npoqeccopoB. 3asllcuNlocrr oqer{oK or rorroJroftu4 rpa$a aJrropr.rrMa vr

neodxo4uruoctr oI'I]IMIIBaIIVTI crpyKTypbr rpa$a. Cnoco6rr uonyqeHr,rr onrr{Mrrrrbnoro
pac[[caHr.rr nrr.rlrcleH[ft 

"

3.3. Moqe.rrb rrapaJrJreJrbHbrx BbrrrucfleHnii n nu4e cern [erpn
Ocnosurre roH.srl,n reoplall cerefi fle'rpu. Zcnolrgonasr.re cerefi llerpu rrrfl, orilrcalvnl

lapanJleJlbHbrx Bhrrlt4c:,[lel/'uit. .{erraoucrpaqlat ocno.BHrx upo6neM rrapaJrJreJrbHbrx nrrqucnenufi:
cr4HxpoHrlr3 arfvrfl , B3arrMor{cKJrrosertrve, 6noxuponxa (rynzxu).

3.4. Moqelb frapaJrJreJrbHbrx BbrrrrrcJreHnfi n nuge rpaQa ttupoqecc-pecypctt

llonstrae npoqecca. Cznxpoun3aqr4r [apalneJrbHbD( npoqeccoB" Annapar co6rrrrafi.
flpuruep peaJrrrcarl[r.r B oleparluounofi cr{creMe Unix.

BsaI'IN4o[cKnIoqeHI,Ie [apaflneJrbHbrx [poqeccoB. Kosqenqprs pecypca. Mexanzgrvmr
B3aLIMoI{cKJIIorIeHI'Ifl: uulropllrM ,{exrepa, cerr,ra$oprr ([eftrcrpa), MoHrrroprr (Bzpr). llprrvrepur
pellreHfllfl craHAaprnblx 3aAaq B3tuMor{cKJrroqeHr,r.f,: xonrqenofi 6y0ep, upo6leua ',qvrrarerr4 14

lncareJu,I".

.BsaulaoaeftcrBv e

coo6qedzft. Mexaungurr
r3brKax Alaw OKKAM.

[Ipo6neuu nsauuo4eficrBl4s npoqeccoB. Ilonsrue ryrrr{Ka v ycnoBr,rf, ero
Bo3HI{KI{oBeHvrs.. Ilpe4ornpaIqeHl,Ie ryrrLtrcon. Anropr,rrM 6amupa. O6napyNeHr,re ryrrr4KoB 14

BOCC:| arroBJreHr{e cocTo.f, Hr.rr npoqeccoB.

Muorosa4aunrrft pexcr.ru pa6oru 3BM KaK qacrHbr it atyrafr. rapaJrJrenbnoft o 6pa6orKr.
4. rrpnnqnnrr pa:pa6orKrr napaJrJreJrbHbrx aJrropr.rrMoB rr rrporpaMM
4. 1. Oqenrca oQ QercruBHocrrr napaJrJreJrbHbrx nrrqncreHnfr
Iloxasarenr s(f$erra pacraparrJrelrwlalvrfl. (ycxopenue). 3Q$ercrunuocrb

pIcrIoJIb3oBaHI,It BbITII{cJII,ITenHroft cucreMbr. Cnoco6rr orIeHKr4 uor<asarerefi. Ocnosurre
xapaKTepI'IcrlIKLI BbIqI{cJILITeurnofi cl4creMl;r, EJrI{trcrII{e Ha BerurulHbl ycKopegl,rr vt

e$QerxranuocrH (apxrarerrypa, KoJIr,IqecrBo rrpoqeccopoB, Torronofr.rfl KaHarroB [epeAaqr4
,4auurrx).

21.2. Oqenrca KoMMyIrr.rKarIIroHHofi rpygoeMKocrn napaJrJreJrbHbrx aJrroprrrMoB
XapaxrepucrllKll rononorrat oerl,I rreperanilr Aa:a:arrx. Anrop]rrMbr Maprlpyrr43a\vLr,

Mero4rr [epeAarr]r AaHHbrx.

Anzurrag rpyAoeMKocrI4 ocHoBHbrx on:epaqufi neperyaqvr Aarrarx. flepe4aqa AaHHbrx
Mex.nty AByMfl rlpoqeccopaMu cerr.,. O4Ianounax I{ MHoxecrBeHuar paccbrnKa coo6rqenzfi.
Onepaqux rlr4KJrr.rqecKoro cABr{ra.

Mero4rr JlorllqecKoro upeAcraBJreur,rr rorroJrorur{ KoMMyHr.rKaqraonnoft cpeA6r.
Oto6paxeurle KoJIbIIeBoft tononorprvv rorroJrorrrfi peurerKrd Ha rranepr<y6.

41.3. Yponuu pac[apaJrJreJrrrBaHrrfl Bbrqrrc.nenufi

rrapaJrJreJrbrrbx rrpoqeccoB rrocpeAcrBoM MexaHr43Ma nepe.{aqr4
[epeAarrr4: orrepeA]r, [or{ToBbre srrluKrr, [oprbr. llpnuqzn paHAeBy B



PacnapanneJrllBaHrle srr.rlrcreulrft Ha ypoBHe KoMaHA, nrrpaxenzfi, [porpaMMHbrx
Mo4yJreft , orAeJrE nro I] brrr o JrHreM rtx s a1alauill

4.4. 9rauu [ocrpoeHrrfl napaJrJreJrbHbrx aJrroprrrMoB H nporpaMM
Brr6op [apanJrenbHofo anroprrrMa. Pearrasaqur anropr,rrMa B Br.rAe fiapannenr,uoii

lpolpaMMbl. flocrpOeHl4e llcnoJlnser{ofi nporpaMMbr AJrr napaJrlelrnoft Bbrrrr{cJrr,rrenrnoii
cl'IcreMbr" Ilapa.ulelruoe I4crIoJIHeHr{e naarurEnnofi [porpaMMbr. gacrnrre nocraHoBKz: err6op
otITrlMElJIbrIoro aJIropI4TMa AJII roHrperrroft BblqlrcJll{Telrnoft crlcreMbr, HaxoxAeHr4e
uannyurueft ToloJIoFr.II{ BbrrlrlcJll{Telrnoft or{creMbr Ans peueur.rr onpeAeJreHuoit sa1auu,
pacn:apaJrJreJrr,rBaHlre oyqecTByroqero aJrfopr,rTMa.

4.5. TexnoJrornqecKrre acrreKTbr pac[apaJrJrernBaHns

'{er<or"ruosraqfts 
tuIfopLITMa Ha napan.rreJrbno ucloJrHseMbre (fparueutrr nrrqr,rcueuuft.

PacnpeAenenue sarauuit rro [poqeccopaM vr 6a-nauczponxa. CranxpoHra3ar\vrfl, n
B3ar4Mor{cKrroqeHue. Opranrasaqz.f, B3arirMoAeiicrnus.

5. Crlcretmr pa:pa6orKu rrapaJrJreJrblrrbrx rrporpaMM
5.1. cogaaHrre c[eq[aJrril3rrpoBanHbD( ff3brKoB nporpaMMrrpoBaHr.rfl
Alroputturaqecrrafi ssrm OKKAM. O6;rqar xapaKTepr,rcrr,rKa rpaHcnbrorepa. Konqenqran

rpoqecca s OKKAM. Mero4rr KoHcrpyl,Ipo,BaHlrr arperupoBanHbrx rrpoqeccoB. flpuuqznr.r
nepeAa'cll'I AaHHbrx MexAy npoqeccaMr{. Ilprauep [porpaMM Ha aJrropr.rrMrrqecKoM ssbrKe)

OKK:AM.

5.2. PacnrupeHrre cyqecrByroqux q3turKoB nporpaMMnpoBaHrrfl
O6rqas xapaKrepl{crl,IKa rlapaJlJreJrbHhrx pauliupenuft aJrropr.rrMr,rqecKoro .f,3brKa

Oop:rpau" AeroNlatrl.reclcafl BeKTopr,r3artur u pacnapaJrJreJrr.rBan]re. flpo6nevno-
opneHTr{poBaHHbre KoMrrr.rJr{Topbr.

tO6qas xapal(Tepl4crIlra craHAapra OpenMP. Cos4auue raparrnenbHbrx o6uacrefi.
Pas4eueur,re BblLll{cnurenurofi Harpy3Kr,r MeNAy [oroKaMr{. Pa6ora c AaHHbMr4.
Cumtpouzsa\vs. oyunqr.rn u [epeMeHHbre oKpy)KeHils. Cpanur,rrenruax xapaKrepr,rcrr,rKa.
rIoAxoAoB rlapaln:eJlbHoro [porpaMMrdpoBaELrfr IInfr cr{creM c pacnpeAenenuoft \r o6Uefi
rlaMrTblto.

5. 3 " P arp a6 orrca cr eqr{aJrrr3 r.rp oB aHHr,rx 6 u6llrorerc
Cracreua PVM" Kouqeuqu.f, IraparlJleJlbnofi nupryanrnoft Bbrrrr{cJrr.rrenrnoft Marr[.rHbr rr

ee rpeAcraBJreHl{e E EI,IAe paclpeAeneunofi HeoAHopoAnofi czcreubr KoMrrbrorepoB.
flpe4cranneuze nporpauuuofi cr4cleMbr Ha nupryamnofi Marrrr4He. OqrosHrre

[porpaMMHbre rrpr{Mr.trr{Bbr cr.rcreMu PVM. flprnrraep r{crroJrb3oBa1r4s..

Cracreua .MI'I. O6qa.s xapaKTepr{orr{Ka. llo44epxra MoAeJrr{ nsauMoAeftcrBrrt
[apa[JIeJIbHbIX Bbrrlllclrarenefi [pra [oMoIqH ]repeAaqr.r coo6rqenzfi. OcnonHbre rrporpaMMHbre
rrpr,rurr.rrr{Bbr cr,rcreMbr MPI. llpzrr,rep ncrroJrb3ouaHrrrr.

Opranusaql4t BblqlrcJreHLrft na MHoro[poqeccopuofi crzcreMe Parsytec PowerXplorer.
l'lcnorsgosaHlle rexrloJrorrl[ Kpocc gMyfl.f,rruu upz paspa6orKe rraprurneJrbnbrx [porp€lMM.
Kounqenqux BI'IpryaJIbHbIX rpoqeccopoB u KaHirJroB flepeAarrr,r AaHHbx. Bupryaguue
Torlo.flol't4rl ctlcreMbr: KoJIbIIo, rzuefir<a, 3Be3,Aa, pelrerKa, AepeBo. OcnonHrre [polpaMMHrre
rrpr4M r.rTr.r Bbr. flpurraep H cIIo Jrb3 o B al/Ivrs..

6. lapa.rr.ne;IbHble qrrcJreHHble aJrropHTMEr AJrfl pertreHus rrrrroBbrx 3aAarr
BblrrucJrrrre.nrHoft MareMarunrr

6. 1. O6qne crroco6rr pac[apaJrJreJrvBaHrrq aJrroprrrMoB



BrrsnreHlIe (pymquonanruoft He3aBr4cr,rMocrr{ or,qeJrbHbrx QparueuroB rurrop}rrMa
(uaparue:rrcM KoMarrA). feoruerpr{rrecKos piBAeJreHr{e Bbrqr.rcJrenuft (uaparureJrr,r3M 4annsx).
IrlepapxuvecKaJr AeKoMro3r,r{us o6pa6orru AarrHbrx.

6.2. Oprarur3arlrrfl [apaJrJreJrbHoro r{cnoJrHeu[rfl peKypcrrBHbrx nrrqHc.nenufi
Ilpo6neua peKypcuBuoit sanucuMocrrr oTa[oB o6pa6orru AaHHbrx. Kacra4nax cxeMa.

flolxolt AJI.u rloJlfrelrtnfl. acvrMnrorl{qecKr,r HerryJreBofi eQr}errr.rBHocrr{. Mero4 Oyrca. flpnuep
Anr Bbrtrrr4cJreHllt qac'il4qHbrx ra o6qefi cyMM.

6.3. IIap a.uJreJrbHbre rrucJreHHbre aJrroprrrtrcr .rruneft nofi alre6pu
Cnoco6u pat6weuux MarpI{nI (ropusouranbnas., BeprvKrurbHa.fl, 6noqnrre cxeurr).

MeroAtr BbrqLIcJIeHLIf, npol,I3Be1e:nprfl Marpr,rq c r{crroJrb3oBaHr,reM pruHbrx cxeu pas6uenprtr
MarpI,Iq. O6ecueqenue npeAeJlbHo Aonycrr.rMoro napaJrJreJrr,r3Ma. O6paqenre Marpr{q.
llapturnelrHbre MeroAbr pelreHr,rr clrcreM m.rneft urrx ypanueuvfi .

6.4. ilapa.rr.rrelbHbre qrrcJreHHbre aJrroprrrMbr perrreHr.rfl quQrPepeuqrraJrbrrbrx
ypariHeHrlfi n qacrHrrx [polr3BoAHbrx

flapannenruat peurr4garlus. npsMr;D( vr rareparlr{oHHbrx MeroAoB pelreHr.rfl

au(f$epeullutulbHbx ypanueHuft B rlacrubrx [porr3BoAnrrx. Auanr.rs pa3HocrHbD( cxeM AJrr
s([ $exr Hnuoro pff]AeJrenras o6nacrr.r olpeAeJrerHr.rfl peruaeMbrx 3 aAaq.

6.5. IlapaJrJreJrbHbre qrrcJrenHbre aJrropnrMbr MHororrepnoft MHorogKcrpenaaruHoft
orrTHMHSaIIUn

.Xapaxrepracrl,Iqlecnafl cxeMa rrpeAcraBJreHr,rr Mero4on rno6albHoro [or4cKa. O6uufir
rIpI'IFIIII4ITI pacnapanneilprBanrfl. MeroAoB. Orleuxa ef(perrznHocrr{ BBe,qeHus. napurJrreJrr,r3Ma:

e([@errr,rnHocrb I,I 6esrrs6rrroqHocrb. CrEuxprounbre ]r acr4HxpoHnbre Bapr.raHrbr anroprrMoB"
Onpe4eneurle HaI{JIyqruIrx ro[oJrorrafi nrrqracJrr.rreJr]bHoft cucreurr AJrr peaJrr,r3arlur.r MeroAoB.

JIABOPATOIIHbIE PABOTbI
l. Parpa6olrca napaJrJreJrbHbrx nporpaMM c rrcrroJrb3oBaHueM r.rurep{eftca

rrepeAaqu coo6rqeHuft MPI
Mpruz-MPI (c'rapr, Sr.ruuur, lepeAaqa rr trprdeM coo6uleuraft).
flpurrlep 1: Haqanura"f, rlapanJleJrbualr rrporpaMMa (ue.rarr u4enrz(furaropon

npol;eccon) - 3anycK (loxanrnrrfi:, paclpe,4elennrrft). OrIeHxa BpeMeHv BbrrroJrHenr{t
lporpaMMbl, CI,IHXpOHI,I3A\Ufl., KOJIJIeKTLIBHbIe Onepaqun"

J[Iprzuep 2: rlucnenuoe LIHTerpI4poBaHrae- co3AaHrre rrpoeKTa Ha ocHoBe roroBoro
r,rcxoAHoro reKcra rrporpaMMbr, nacrpofixa ouqraft , KoMflr{nrrluf, , 3arrycK.

J[Ipuuep 3: Cnarapnoe [pol{3BeAeur,re EeKTopoB (cauocroareJrbHoe sa4aHue 1).

2. rlparcrurcyM rlo parpa6orrce [apaJrJreJrbHbrx aJrropr.rrMoB rr rporpaMM AJrfl
pelreHuq 3aAarr Bbrr{HcJrrrre.nrnoft MareMarltnrr

06sop 6n6nuoter<u MPI : ycraHoBKa, uacrpofi rca, cxeMa (pynrquoH vrpoBa:aul.

Jllprarrlep 4: Feureuze 3aAaq pacrro3HaBaurlr o6paron (nrrnonnenze sa1arrtrfl, rroA
pyKoBoAcrBoM rrpeno4anarenr).

flpunrep 5. VuruoxeHlle MarpLIIL JIeHToqHrrfi amopum (cauocro.srerbHoe zagartue 2).
flpuuep 6. VntrroNel{rle Marpxul, 6no.+rue oxeMbr pacrpeAeneHr,rr AaHHrrx (arropra:rurr

Qoxca u Kennona).

3. IlpanruKyM no rrcnoJrb3oBaHrrrc 6n6.rrnorerc [apaJrJreJrbHbrx MeroAoB Paralib
AJIn perrlenuq 3aAarl BblrlltcJrr,rTelrHofi

05sop 6z6nlrorenu Paralib: Ha3narreHr{e, KJraccbr peuaeMbrx ga1aq, [pr,rHrlr{rrbr
paspa6orr<2.



flpurraep 7. Oynrquu 6u6nuorexv Paralib ans yMHoxeHHr Marpr.rq rpu 6rovuorr,r
cuoc;o6e paclpeAeJleHllt 4aHHbIX" (arropururr Oorca ra Kennoua): cxeMa peuwrsar\Epr,
TeoperxlqecKil{ oIIeHKa e(f ([errznnocTll, Bbrql,IcJrr,rTenbHbre gKcrrepr,rMeHTbr.

,duailas lIHTeHclIBHocrlr rloroKoB .[epeAarrrr ,qaHHbrx, ocyqecrBlseMbx B xoAe
napaulJlenbHblx Bblql4cnenvrfi B cl,IcreMax c paclpeAenennofi flaMsrbro, c ]rcnoJrb3oBaHr4eM

I,rHclpyMeHra-nuroft 6u6luorerr ParaScope.

4. IlpanurKyM rro oqerrne eQQerctnnnocrrr uapaJrJreJrbHbrx MeroAoB Arq pa3Hbrx
rono.roruft MHoro[poqeccopHbrx Bbrrlncrn:reJrbHblx cltcreM

Xapaxrepncrr4Ka nporpaMMHofi na6oparopuu Paralab rax r4HrerplrposauHofi crcreMbr
Ars rlpoBeAeHplfl Bbrr{I,ICTLITeJIbHbX sKCnepr.rMeHToB c rrapanneJrbHbrMlr MeToAaMn Anf, orIeHKr{
ux s(p (f errr,rBHocrr.r :

o MoAeuI'IpoBaIrlIe MHoronpoqeccopHbrx Bhrqr{cJruTeJrbnbx clrcreM (nrr6op rorroJrorrrr4,
3aAaHI{e KoruqecrBa I{ [pol{3BoA[TeJrbHocrt4 rrpoqeccopoB, nu6op MeroAa uepeAarr?r

AaHHbrx u SaAaHrae KOMMyHr,rKarIr{OHHbX XapaKTepr.rctr,rx cerr.r),

" onpeAeJreHr,re KJracca peuaeMbrx 3aAar{ v gaAalne rrapaMerpoB gara.clu,

o Br6op napaJlJlenbHoro MeloAa pemeHr,rs garavix v. nacrpofina sHa.reHzft erc)
rrapaMerpoB,

o Ycrauonxa rpaQr.rqecrllx I,IHALIKaropo.B AJnr ua6nro4entrs. ga rrpoqeccoM rrapiurJrenbHbrx
BbrtII'IcJIeHI4ft (cocroxHlIe AaHIrbx Ha npoqeccopax cr{creMbr, [epeAaqa zusoprvraqvfir no
cerl,I, TeKyIrIatr oIIeHKa pemeHr,rr r,rcxop,noft Bbrrrr{cJrr{Tenrnoft sagauu),

o flposeAeHue gKcrIepLIMeHToE B pens.rMe uvruraukrkr nrr.rzcnenuft; [oruaronufi,
rlocJleAoBarenrurrfi (neupeprmnrrfi) n Ilr{KJrr4qecKufi (cepufturrfi) cnoco6rr npone4enrarr
9KC[IepI'IMeHTOB; OAHOBpeMeHITOe BbrrroJrHeHr{e HecKoJrbKr.rx gKc[epvMeHTOB B pexr{Me
pa3.4eJleHlls EpeMeHLI AJI' pa:tHbD( Bapr4aHToB TorroJrorlru Bbrqr.rcJrr{Telrnoft ct4creMbr,
rrapaMeTpoB 3aAarru, KoJrr4qecTBa rrpoqeccopoB H T.[.,

o Analra3 pe3ynbraroB c LIcfIoJIb3oBaHr.reM cne4ennft lr3 xypHaJra gKcneplrMeHToB; orIeHKa
BpeMeHLI pelreHl,If, 3aAaq B 3aBVCr.rMOCTr,r OT pa3MepHocrr{ gal.a'sir4 r.r KoJrr.rqecrBa

fipoqeccopoB; rlocrpoeHlIe 3aBucr,ruoc:refi ycKopeHr.rtr ra e$$errzBHocrr{ [aparrJreJrbHhrx.

arruzcreuzft,
o .[IposeAeHla:e sKcrIepLIMeHToB B pe)Kr,rMe peuurbnbrx rraparrJreJrbHbx nrrvracnenr.rfi;

BbI[OJIHeHI4e rrapaJIJIeJIbHbIX [pOrpaMM B Br.rAe MHOXeCTBa He3aBr,rcr4Mbrx rrpoqeccoB Ha.

rOAHoM rlpoqeccope; y4aneunufi Aooryn K MHoroflpoqeccopuoft Bbrqr.rcJrr{Tenrnofi
crlcreMe (xnacrepy); cpaBHelrlle reoperr4,rrecKr.rx orIeHoK r4 pe3yJrbraroB peaJrbHbrx

tsbIqI{cJII,ITeJIbI{bX gKCnepI4MeHTOB.

5. Paspa6o'rKn [apaJrJreJrbHbrx [porpaMM c rrcnoJrb3oBaHr{eM TexHoJrorun OpenMP
O6qa.s xapaKTepucrl4Ka rexHoJIorI4I{ OpenMP: rroroKr{, rap€uneJrbHbre o6racru,

pacnlpeAeJreHlre Bbrrrurcneur.rft MexAy rroroKaMr,r.

flpunrep 8: Cxanxpnoe npo[:]BeAeH]re BeKTopoB. fno6anrurre r,r JroKiurbHbre AaHHbre
rloro.Koll. Kpr,Irr.ruecrcae oeKIILIII Aocryrra K pa3AeJr{eMbrM AaHH6rM. Cunxponu3ar\vg.

Ilpunrep 9. YvtroNeHLIe Marpzq (naprnaurbr pacnapaJrJreJrr{BaHr,rr BJro)KeHHbx rIr.rKJroB,

caMooro.rrreJrbHoe sa4anue 3).

6. ffparcurnynr rro pa:padorrce rapaJrJreJrbHbrx aJrroprrrMoB r.r rporpaMM AJrs
peltreHr{fl 3aAarr Bblqucrurelruofi MareMartnKrr



flpurr,rep 10. Iapalnelruar: coprI4poBKa: anropr,rrMlr uysrrprronofi coprrlpoBKrr,
coplt{poBKrl Illeura u 6rrcrpoft coprllporlKr,r (nrruonnenue sa4Lalvs. rtoA pyKoBoAcrBoM
npeuo4ararelr).

flpzrr,rep 11. 3a.qa.ru o6pa6orru rpa(D,on: rocrpoeHr,re MlrHrlMrrJrbHoro oxBarbrBarorlero
.qepeBa, rror{cK rparuafiurux uyrcft (carrlocroxtreJrbr{oe zagauue 4)

7. rlparcrurcyu rto MeroAaM rlapaJrJreJrbHbrx srr.rucneHnft AJrfl perrreHnrr
qnQ$epeHrlnaJrbHbrx ypaBneH[fi n qacrnux [porr3BoAHbrx

O6rqa xapaxTepl,IcrllKa MeroAoM KonrerrHbrx pasuocrefi (uerog ceror) Arr quc;reHHoro

perrreHrrr auQ$epeurlnanbHbx ypannenrafi .

MeroArr lpacrraparlJleltlzrBaHvr$. Mero.n;a KoHeqHhrx pasnocreft 4na Bbrrrr.rcJrr.rreJrbHbD(

cI'IcreM c o6rqeft rlaMtrrlo (opranursaqr4r B3ar{Mor,rcKlrorreHr,rr Ars orleHKra rrorpeuHocrr.r
peIIreHI{t, ug6rrrox cllHxpoHld3auvru, upo6reua cep}raJrr.r3arlvrvt v 6nornponxu, o6ecne.reuue
TOXAeCTBeHHOCTLI [OCJIoAOBaTeJIbHOIO V napaJIneJIbHOrO BapI,IaHTOB paCqeTOB, BOJIHOBbT0

cxeMbl BbrqrIcJIeHI,Ift, 6no.rHax cxeMa pacilpe,4eJleHl,rr AaHHrx, 6alaucl{poBKa, ucrloJlb3oBaHLre
oqepeAr4 zagauuit).

Mero4rr pacnapaJrJlelrnBa:avltt Merona KoHerrHbrx pasHocreft 4ux BbrrrrrrcJrrrreJrbHbrx

cl4creM c pacnpeAenennofi rIaMflTbIo (neHto.+rax ra 6noquas cxeMbr pacnpeAeJreHlrs AaHHbrx,
BOJrHrOBbre cxeMbr BbrrrrlrcJreHllft, oqenxa rpgoreMKocrr,r [epeAaqz 4anurx).

Ilpaxrtxyrt ro pelrreullro auQ$epeHng.raJrbHbx ypanuenr.rfi B qacrubrx npor43BoAHbx c
I{crIoJIb3oBaHI{eM yre6no-uccJreAoBareJrrcroft ct4creMbr ParaGrid (uocrauonra sa1aqfi,
BbInoJIrIeHue BhrtlllcJreuuft, nuzy8firu3arlvg. AaIrHbx, aHarIH3 pe3yJrbraroB pacrreroB, I{3MeHeHr,re
lapaMerpoB r{ [poAoJrxeHr4e nrrrucleuuft).

8. rlparcurrcynr rro ncrloJrb3oBaHrro 6n6.nnorerc napaJrJreJrbHbrx MeroAoB AJrrr
pemeHlIfl CJIOIKHbIX HayqHo-TexHlrrrecKHx 3aAarl

O6sop 6z6m'roreru PLAPACK: crpyK:rypa, o6rexrrr, MeroAbr, r.rcnoJrb3oBaHze. flpuuep
12: YuuoNeur.re uatpirq - I{crroJrb3oBarrrde PLAPACK (nrrnonuenrEe sa1arrtrs. [o/t
pyKoBo"{crBoM rrperoganarenx).

9" IfparcurnyM no MeroAaM rlapaJureJrr,Hbrx BbrrrrrcJreHufi 4.un perneglrs 3aAarr
MHoroMepnofi trnorogKcrpeMaJnnoft onrlrvrrrrarlrru

tO6qas xapaKTepl,IcrrlKa upe4lreruofi o6nacru (nocranonr<a salrarru rno6arnnofi
onrl'IMa3aIII4I,I, peAyKIIIUI pEMepHOCTr{ AJrr cBeAeHr{r MHOfOMepHbx 3a!la's K oAHOMepHbrM
rlocraHoBKana, uuQopMalluoHHo-crarl{crllqecKr.re aJrropr{TMbr rno6alruoro [or{cxa, npzrvrepu).

lZcnonrgosaHue MnoxecrBeHl{brx pa3rBeproK Tr{rra rpznofi fleauo AJrf, rrocrpoeHu.f,
pa3rlilqHbx ceroK n o6lacrra pemeHlrt onrr{Mr43arlzonnoft ga1aqv. Cne4euze npo6leuu
MHoroMepHofi onrraunsarJlru x ceiueftcrny oArtoMepurrx uu([opMarl]roHHo-coBMecrr.rMbrx 3aAaq.
flapa-nnelruoe pertretwle 3alaqrlopoxqqaeMoro cerrreficrBavr cxeMa raH$oprraaq?roHHbx o6uenon.

06rquocrl paocMorpeHuoro noAXoAa Anr perrreHufl pflAa Bbrqr4cJrr{TenbHo-TpyAoeMKux
HayqHo-TexHI'IqecKI{x 3aAaq (znrerpupoBanrre, pemeHr,re cr,rcreM nelzuefinrx ypannenuft,
BoccraHoBJIeHI'Ie 3anncuuocrefi, rronlcK perneunfi, orrrrrMaJrbHbx rro Ha6opy Kpr{Tepr.reB
(rrruoroNprarepr.ranbHar orrrr.rMr,r3arlrar) u r.4.).

Ilpaxrmyru [o pe[reHrlro 3aAaI{ MHorosKcrperuanrnoft o[Tr4Mrircarlurr c rrc[oJrb3oBaHraeM
cI4creMLI napanneJrbHblx Bhrrll.Icueurafi A6comor Srcuepr (nocrauonra 3a4Larlu, BbrrroJrHenr{e
BbrtII'lcJIeHrIir,nuzyattuga\krfl, AaHHbIx, aHannlc lle3yJrbraroB pacqeroB, [r3MeHeHr4e rrapaMerpoB I{
lpoAonxeHr{e Bbrrr[cJrenzft ).

5. OEPA3OBATEJIbHLIE TEXHOJI Of:VIn



.JIeKIII{oHHo-ceMLIHapcKat cr{creMa o6y.reuux (rpa4rarlraoHHbre JreKrlr.roHHbre pr

na6oparopuue sanxrur);
o o6yqesue B MaJIbrx rpyrrrrax (nrnomreuue na6oparopHbrx pa6or B rpynrax ils AByx vnu

rp€x uelonex);
oMacrep-KJlacchl (4euouctparJkrfl. Ha rra6oparopHbrx 3aHrruflx nprrurlr,rloB pac'rera pr

[poerKTr.rpoBaEvrfl. orrTrrqecKr,rx 4eraleii ]r orrrlzrrecKux cucrena);
orIplIMeHeHI,Ie MynbrI,IMeAI{a rexnororrfi (npone4euue JreKur{oHHbx gavsruit o

npI'IMerIeH[eM KoMl]brorepHbrx npe3eHTaIIuLi u leMoHcrparlr4ouHbrx poJrr,rKoB c rroMorrlbK)
rrpoeKropa rlr SIIM);

. LIH(bopMaIII{oHHo-KoMMyHuKaIIroHHbre rexHoJroru[ (upuueneuue uu(poprraaqrronHbrx
TexHoJlorvit Atts. MoHLITopI,IHra rerytqefi yc[eBaeMocr]r cryAeHToB r{ KoHTpoJr.f, suanrafi).

6. OTIEHOqHbIE CTDEACTB A AJIfl TEKyTTIEIO KOHTPOJTfl
yCIIEBAEMOCTTT, IPoMEIKI/ToqHofr nrrncTAUIIn IIo r4ToIAM

ocEoEHIIfl ilr[CWrIJII4HbII4yrIEEHO-METOAI,IqECKOE
oEE C ITEqEHI,IE CAMO CTO.fl TEJIbHOfr p.q.n oTbr CTyAEHTOB

a) Boupocrr rc peftrnHr-KoHTpoJrrc:

Peilmune-rcoumponu NbI' 1. (IISC- z RlSC-npoqeccopbr. ocnonune qeprbr rtISC- apxr.rreKrypbr.
2. flosrrmeulle npolI3BoALITeJrbHocr[ rrpoqeccopoB 3a crrer xonnefteprn3arlu[. Vcnonus

orrr rrMrrJrbHoro (f yurquoHr,rpoBanr.rr xonne.ft epa.
3. Cyueprouneftepusre v cylepoKalspHbre rpoqeccopbr. Brr4enenue He3aBr4cr,rMo

pa6omrorqux ycrpoftcrn: IU, FPU, MMU, BU.
4. MeloArr yMeHbrueHLIfl HerarrlBuoro Brrvrfl:avrs rancrpynquft nepexo.4a Ha

lpor,r3BoAr4TeJrbHOCTb rrpoqeccopa.

5. f[onrrnreurae npol,I3BoAureJrbuocrBr rrpoqeccopoB 3a crrer BBeAeHr.rr K9[r-[aMsrr.r. Kslru:
e,4raunrft, fapnap4crzft, c upmaofi san[crrc, c o6pailrofi gauucrro.

6. OpraurEsaIlplt Kgrrl-rlaM.str.r. Anropr.rrMbr 3aMerrbr AaHHbrx B Ksrrr-rraMsrr.r. CneuuaJrbHbre
KSIIIU.

7. CornacoeaHve xgureft B MyJlbrllrrpoqeccopHbrx cr{creMax c o6rqeft naM.f,Tbro.

8. Bra4u Mnororpoqeccopnbrx apxuTeKTyp.

9. Il[opgepNra Muoro3aAaqHocrLt ]r MHororrpoqeccopuocrrr c[eq[aJrbHbrMrr r,rHcrpyKrltrrMr,r
rpolqeccopa. Oprauusa\Lrfl AaHHbrx Bo nnemnefi fiaNrflTvt.

10.I-Jlporpavua, ilpoqeccop, npoqecc. Oqronnrre cocraBnrroq[e rrpoqecca, cocrorHr.rt
lpolqecca. Crer, Bl4pryanbH afr rraMflTb ) Mex aHI,I3MrI TpaHcJrtII[ v a1peca.

ll.MexaHIasrdH nsaumo4eftcrBvrs. nporleccoB. Pas4enxeuax [aMsrb, cerraa(foprr, cr{ru€urbr,
fiotl:toBbre tIqlIKI{, co6rrrr,Is. 3aAa.r[ (threads). Cpannenue c rpoqeccaMr.r. Pecypcrr,
IIpLIopl'ITerbr. flapannenrurre lpoqeccbr. Cnr{grrsauue. CrarrrecKoe u ,U{HaM}rqecKoe
cut3hIBaHr4e.

12.Bulst pecypcoBt arl[aparHble, [porparMMHhre, aKTr,rBHbre, rracclrBHbre, JroKuurbubre,

pa3'nteJuleMble, IIocTotHHble' BpeMeHHEIe, HeKprlluqHble, Kp[TI4qHEre.

Peilmuuz-rcoumpona Nb2
1. Tnnrr nsaranao4elicrBtrs. ilpoqeccoB: corpyAHr{qarcqr{e u KoHKypt4pyrorque rpoqeccbr.

Kpr.rrnuecrrze ceKur{r4, BsatrMHoe rrcxJrroserrr{e rr poqeccon (saaau).
2. flpo6nerrarr, Bo3HrIKiIIoq[e [p]r cr,rHxpoHr.r3al\rtvsaraquLr1enlrx pa3perxe1ng.



3" Cooro.snzg npoqecca rI Mexaull3Mbr nepexoAa H3 oAHoro cocrorH1{s B Apyroe.
4. Crau4aprrr na UNlX-clrcreMbr.
5. Yupauenue npoqeccaMz. oynxquz fork, execl, execv, waitpid. llpuuepu ucrroJrb3oB aH1g.
6. Padora c crrrHaJraMu. (Dyurqua signal. rlpuruep rcrroJrb3oB alprg.
7. l?as4enrenlas.rraMsr:o. Oyurquu shmget, s.hmat, shmctl. Ilpnnaepu vcrroJr63oB a1ug.
8. cervra(foprr. oynrqr,ru semget. semop, semctl. Ilpurueprr rcroJrb3oB aH:as."

9. Co6Hrras. llpznararunHbre oneparJuvr" oprauusaq[s B3araMoAeftcrsus KJrr4eHT- cepBep c
rroMorrlbro co6nrrufi.

10. o.repe.qu coo6u1eHzft. @yHrqrnz msgget, msgsnd, msgrcv, msgctl. flpuuep6r
IICnrOJrb30Ballug'

11. Vnpanneune 3aAaqaMLI (threads). (Dyurcqnz pthread_create, pthreadjoin, sched.yield.
Ilprzueprr IacrroJrr,3oB alvrs.

12. O6rserrbl cllHxpc'Hu3ar\uv rrana mutex. Oynrqrau pthread_mutex_init, pthread_mutex_lock,
pthread-mutex-trylock, pthread_mutex_unlock, pthread_mutex_destroy. llpraueprr
rrcn oJIb30BAIJUrs'

13. O6terrbr cr.rgxpoHvgar\krr4 naua condvar. (DyHKrIru pthread_concl init, pthread_cond_signal,
pthread-cond-broadcast, pthread-cond_wait, pthread_cond_destroy. llpurrrepg
PICIIOJIb3OBAHVIfr,-

I 4. Ilpvuep multithread-nporpaMMbr yMHoxer wrfl. MarpvrJbr Ha BeKrop 
"

Peilmuuz-rcoumpona Nb3
1. Message Passing Interface (MPI). O6rqas crpyKrypa MPl-nporpaMMrr. (Dyurquu MpTJnit,

MPI Finalize. Coo6rqeHvrfl. vrrrx BrrAbr.

2. Kourrayuuraropbr, Oyurquu Mpl_Comm_size, MpT_Comm rank. llpzueprr
I4CfIOJIb3OBAH.VIE,

3. flonapnufi o6uen coo6rqeur.flrar.r. O,yurquu MPI_Send, MPI_Recv. llprarr.reprr
I4:CIIOJIb3OBAIIVI,'."

4. Onepaquu BBoAa*BbrBoAa B MPl-nporpaMMax. Ilpunaeprr.
5. f[onolunreJlbHbre Bo3MoxHocrLI Anfr fiolapHoro o6uesa coo6rqenurrrar,r. OyHr<quu

MPl_Sendrecv, MPl_Sendrecv_replace.
6. ,{onomrzreJlbHble Bo3MoxHocrrl Anfl. nolapHoro o6nrena coo6rqenusNrz. Oynrquu

MPlt_Isend, MPT_Irecv, MPI Test, MPl_Tr:stany, MpI_Wait, Mpl_\[ai1a1y
7. X.onnexrneurrfi o6uen coo6qeuuxul,r. (Dyuruuu MpT_Rarrfer, Mpl_Abort, Mpl_Bcast.
8" K'olnerrunnrrfi o6ueu coo6rqeruExnaH. @ynxqzu MPI_Reduce, Mpl_Allreduce,

MP{-0p-create, MPl-0p-free. flpr,rrraep l\4Pl-nporpaMMbr, Bbrq}rcJrrrorqeft oupe4enennrnl
r.rHTefpIIJI.

9. Bpeux n MPl-nporpaMMax. Oynxquu MPI-Wtime, MPI_Wtick. tlprarrrep rrcrroJrb3oB alvrg.
10. IJtpzrraep MPl-nporpaMMbr yMuoxeHr,rr Marpr,rrlEr Ha BeKrop.
1 1. liononnllTeJlbHbre Bo3MoxHocrl{ AJIf, KoJrJreKTr,rBnoro o6rvrega MaccvBaMrr AaHH6rx. @ynrclzr.r

MPI_Gather, MPl_Allgather, MPI_g sattel,
12. llepecrurra crpyKTyp AarrHbIX. Cor4anrae rroBoro MPI-rzua AaHHbrx c noMorrlbro

MPl-Type-struct. (Dynrquu MPl_Addresrs, MJPl_Type_commit, MPl_Type_free. flpzrraep
I'IICII0JIb3OBaHVIfl.

6) SrcarvreHarlnoHHbre 3aAaqn :
1. Hanfiruure nporpaMMy, IaclroJlb3yr 6norzpyroqlre KoMMynrrKarlproHHbre ([yurquu

(MPI_Send, MPI_Recv), peatusyroqFo cneAyroqufi anroprarru: Ha HyJreBoM rrpoqeccope
pIltrI4III'IaJII'I3Iapyerc.fi rlepeMeHHat (float a); Hynenoft npoqeccop paccbrJraer rrepeMeHHyro a



BceM llpoqeccopaM, BKJIIoqat oaMofo ce6fl; rrocJre [oflyqeHr{s nepeMeHHofi a Bce

rrpoqeccopbl InpLI6aBnsIor K Heft cBofi urr4uBnqyanrbHbrft HoMep r,r nepeAaror Ha HyJreBoft

flpoqeccop; nylenofi rpoqeccop [onyqaer or Bcex [poqeccopoB AaHHbre rr BbrBoAr,rr Ha

sKpaH n (popuate: HoMep rlpoqeccopa, [epecJrar{Hoe r{M 3Haqeu[e neperrleHuoft a.

2. .Hauuurure uporpaMMy, I{crIoJIb3y{ Snorupyroqze KoMMyHr.rKarI}roHHbre (pynrquz
(Ml'}I-Send, MPI-Recv), peanln3ylouyto zuIropfirM [epeAatrr{ AaHHbrx rro Konbrly:
Ouepe4nofi Irpoqeccop .{ox}IAaercx coo6qeu}rfl or npeAbrAyrqero }r rroroM rrocbrJraer
cJreAyroqeMy npoqeccy.

3. Ilanumzre rporpaMMy, klcrorrb3yfl KoMMyHlrKarIroHHbre Qynxqzu (MPI_Isend, MPTJrecv),
ntepeAaloqylo AByrvrepurrft rraaccnB MeXAy AByMs rrpoqecoopaMr,r.

4. Ilanraurzte rporpaMMy, I{crroJrr,3y{ KoMMyHr,rKarI}roHHyro (pynrqr,rro (MPl_Sendrecv),
peail'I3ylorrlyro alropLITM [epeAar]:rr AaHHbx rro KoJrbrly: oqepeAuofi npoqeccop Aoxr,rAaercfi
coo6rqerMs or npeAhrAyrqero u rroroM nocrbrJraer cJreAyrcqeMy npoqeccy.

n') IlpnrvrepHbre reMbr r(ypcoBbrx pa6or:
1. rlucnenuoe pelrronlle cpeAcrBaMa MFI/tSpenMP AByMepHoro nenznefiHoro ypaBueHr{rr

TeuJrorrpoBoAHoclfr4 MeroAoM [pol{oJrbHo-rroflepeqHoft uporonxrn
2. Ilucnennoe perlreHlle cpeAcrBaMu MPI/t)penMP AByMepHoro uennnefiHoro ypaBueurn

TerrJrorrpoBoAHoclf r4 c noMorrlbro cxeMbr pa(lrqelneHus
3. thacneunoe perreHlle cpeAcrBaMz MPI/l)penMP AByMepuoro uernnefiHoro ypaBHeHr4fi

TerrnolpoBoAHocTr4 C [OMOrrIbrO cxeMbr rrpeAr.rKTop-KoppeKTop

4. r{racnennoe perreHl4e cpeAcrBaMr,r MPIt'OpenMP rpexMepHoro lruueftnoro ypaBHeHr.rr:

TerrJronpoBoAHocrn c rroMorrlbro .f, nHoft pa3HocrHofi cxerrlrr
5. rl[ucneusoe perreHl,Ie cpeAcrBaMr,r MP.t/OpenMP ABylrepHoro ypaBHeHr.rs llyaccona

r.rreparlr4oHHbrM MeroAou 3efi4elr
6. Hucneusoe pemenLIe cpeAcrBaMI,I MP.t/OpenMP AByMepHoro ypaBHeHr,r.s llyaccoHa.

r\teroAoM 6noqusrx ur epuluit
7. Mo4enupoBaHl{e cpeAcrBaMz MPVOpenMtP npoqecca Bar{Mo4eficrnna rBepAbrx qacrr.rq c

IIOTOKOM IA3A

8. r{ucneunoe perueulle cpeAcrBaMu MPVOponMP AByMepHoro ypaBHeHr{r repeHoca
9 . BrrrncneuIae paHra npor.r3BoJrbuofi uarpuu br cpeAcrBarvrz Mpl/openMp
10. Mo4ennpoBauue cpeAcrBaMz MPI/OpenlMP Hporlecca rpoxoxAeHur uefirpoHoB qepe3

rrnacTr{Hy

r) CauocroflTeJrbHafl pa6ora cryAeHToB:
1. flo4rotonxa K TeKyrIIeMy KoHTpoJrro tn ilpoMexyrovuoft arrecrarlr4r.r.
2. floAronosKa r na6oparopHblM pa6oranr u o(foprraneHr.re orqeroB rro peynbraraM

I43 BbInoJIHeHI4t. Konrpolr ocylrlecrBJrrercs Ha salflTuflx B Br,rAe ycrHbx orBeroB Ha
Borrllocbr rrpenoAaBaTeJur nO COAepX(aHHro oTqeTa,

3. Pa6ora c Aorlonuztenrnofi :rureparypofi rro BolpocaM, BbrHeceHHbrM Ha
citMocrorreJrbHo e r,r3yqeHr,re. Konrponr ocyrqecrBJr fler c s. Ha gK3aMeHe.

1) ,{ocror,rucrBa LI HeAocrarK[ SMP- v MPP- apx[TeKTyp BbrrrrzcJrlrreJrbHbrx

CI,ICTEM.

2) Ornra'rve nonsruft [poqecca u rroroKa B oneparluoHHbrx crrcreMax.
3) flpo6lenru cI4HxpoHLI3arJuLr 3araqrrpz rrapanJreJrrHoM nporpaMMr.{poBaHr,ru.

4) Crau4aprOpenMP"HasHa.{eHr.re.

5) CyqecrnyrouuepeaJrrr3arlulrcran4apraMpI.
6) Ilpotoxonrr o6ueua AaHHbrMr,r MexAy rrpoqeccaMv.



7) ?Icnonmonautre yrtrlrptrrr MPIRun.
8) Oua4nalapaJrJreJrbHbrxrrp[non<ennft.

9) Mero4EraoueHKr,re(f$errznuocrrBbrqrcnenrafi.
10) Pealusaqus Marpr4.rtrrbrx anropurMoB cpeAcrnarr,ru MPI
1 1) PacnpegeneHHoe perreHr4e anQ$epeuquaJrbHbx ypanueuuft.

Pacnpe4eueHlre BLIAoB caMocroJrreruroii pa6orrr uo pa3AeJraM Ar4crlulnvHbr:

7. yqEBHO-METOAI4TIECKOE LI AHOOPMAIII4OHHOE OEECTIEqEHI,IE
AIIrCrII4rrJIil HbI

a) ocuonnas flfiTeparypa
1. AutoHon, Anexcan4p CepreenrEu. TexnororvuilapanneJrbHoro [porpaMMr,rpoBaHr{r MpI pr

OpenMP : yre6uoe uoco6ue AIrfl By3oB rro HarrpaBJreHVrM 010400 "flpurcna1uax
vlareMarllKa Lr rauSopuarura" 14 010300 "@yu4aueurarrb*as. nulpopuarura u;,.

un(foplr,raq[oH]trble rexHororuIu" I A. C" AHrouon ; Mocroncxzfi rocyAapcrBennrrfi
yHl4Bepcl4rer I'IMeHn M. B. Jlorraonocona (MI'Y) ; aBr. rpeAr4cJr. B. A. CaAonHll.rrfi.-.
Moonsa : Mocxoscxzft ynznepclrrer (MnD, 2012 .- 339 c. ' w. - (CynepxonarrbrorepHoe
o6paronarure) .- Bu6ruorp. : c. 333 -33 4 .-- ISBN 97 8-5 -2l l -063 43 -3.

2. Ocronu raparlrleJrbHoro rporpaMMr{poBaHrEx [Snerrponnlui pecypc] / Eoraq€n K.IO. - M. :

BI4I{OM,20t3.
3. MoAenu raparneJrbHoro rporpaMMrrpoBaHr-rx [3nerrponnrd pecypc] / (De4oron I4.E. - M. :

COJIOH-IIPECC, 2012,
4. flapan.nenrnoe rporpaMMr4poBanrrrg Ha C++ B 4eitcrnuu, flpaxruxa paspa6orrcu

M:HororloroqHbD( rlporpaMM [3nerctponHuft pecypc] / Suronv VrmsMe ; llep. c aHHr.
CnraHrran A.A. - \4. : .{MK llpecc, 2012.

6) gon o"rrrurreJrbHafl Jrr.rrep aryp a :

1. Kynuron VL}d. Texnonorur.r parpa6orxz [porpurMMHoro o6ecueqeHrs rrrfl
MareMarlltlecKoro MoAenllpoBaHr.rs $usuvecxnx [poqeccoB. Yacrr 1. I4cnonrsonaHue
cy[epKoMrlbrorep'cB, ocHaIrIeHHbIx rpaSu.tecKI,IMI{ ycKopr4TeJrrnrz [Snexrponnrrfi pecypc]:
y're6noe noco6ve/ Kynzron I,I.M.- 3uexrpon. TeKcroBbre AaHHbre.- Honocu6zpcx:
Honocr.r6upcnnft rocy4apcrBeHHbrfi rexsn.recruft ynunepcr{rer, 2013 .- 40 c.

J\!

nln
PagAen Ar{curInJrr4Hbr

Bva CPC

(l) (2) (3)

1. I{enu v sap;a\ilr napaJrJrenbnoft o6pa6orrr,r
.IIAHHblx

2 4

2. flpunqunrr [ocrpoeHr{r ilapannenbHbrx
BLIqIICJII{TeJIbHbD( CLICTeM

4 6

3. Mo4enz [apalJreJlbHbD( Bbr,rrlacJll{TeJrbHbtx

CHCTEM
4 6 6

4. llpunqunrr paspa6orx[ raprurJreJrbHbrx
aJrropr,rTMoB r4 rtpofpaMM

4 4 6

5. Cracrenmr paspa6orxu uapaJrJreJrbubrx
q)orpaMM

6 6 8

6. llapalnelrHbre q[cJreHHbre anropr,rrMhr
AJrfl perrreHr4s Tr,rloBbrx 3aAaq
BbITII,I CJII1ITETTIU Ofi M ATEM ATI,IKII

6 6 t2

Bcero 26q. 22'a. 42't"



2. Mo4enu pacupeAeJleHHrlx BbrqrrcJreur,rft fSnexrponnrrft pecypc] / Tonopron B.B. - M. :

OI,43MATJIVIT,2OII.
3. Texnonorr'rs CIJDA B rlpllMepax: BBe,qeHr{e B nporpaMMr.rpoBaHre rpa$z.recrzx

rpoqeccopon f9nerrpounufi pecypc] I Caw1epa,{x., Ken4por D. - M. : IMK flpecc, 2011.
n) IlporpaMMrroe o6ecueqenne u llHrepHer-pecypcbr:

l. JladoparopIEr flapalneJlbubrx un(poprraaqr4oHHErx rexHoJrorr{fi Hayuno-uccJreAoBareJrbc:Koro
BbrqrrcJrrareJrbHofo rleHrpa Mfy http ://parallel.ru

2. MPICH: a high performance and widely portable implementation of the Message passing

Interface (MPD standard. http s ://www"mpich. org/
3. Opurrana-rrn cral,\apraMPl: http://www.mpi-forum.orgldocs/docs.html"

8. MATEPI{AJIbHO-TEXHTTqECKOE OEECTTEqEHI4E AI,ICqUIJII4HbI
Ilerqr'ronnbre ayAHTopI{r, ocHarq€nnrre 4ocroft (Arx uera r{Jrr,r MapKepa), srpanoM An r

rrpoeKrlrroHHbD( cr{creM, rrpo eKTopoM Lr uoyr6vrou.
Ay4uropzn AIrs, ilpoBeAeHl4{ saytruit, ocnarrl0uurre coBpeMeHHhrM}r [epcoHaJrbHbrMr4

KoMrlbroreparvru, o6regrau€nnrrun B JIoK€uIbHyIo BbrfrIr,rcJItITeJIbHyro cerb LI yKoMrrJreKToBaHHbMLI
ueo6ixo4ulabrM cr{creMHbrM rr [pr.rKJraAHhrM [porpaMMHrru o6ecnerrenneM.



P a6o.rafl rrporpaMMa rr4 crllrnJrr{Hbr coqfaBJreHa B coorBercrBr{rr c rpe6onauvrflvrn O|OC
BO rro HarrpaBJreuriro KIsso@
Pa6o.ryo rrporpulMMy cocraB]rJr: AorIeHT fony6en

Peqengenr (npe4cranzre4r
'H*/2e

C.M. Apaxenxn

Pa6oqarr rporpaMr\4a o4o6peua na

flpororon sace4arrwfl. xaSe4prr No

3 anelyrorquft xa(f e4pofi

Fa6ouaq rporpaMMa o4o6peua na

llpororon sace4a:ar4fl. rca(f e4prr }..lb

3anepyxlrqufi raQe4pofi

l>a6oqas nporpaMMa ogo6peua na

flporoxon sace4alvrs. na(f e.qprr l',lb

(rrrec, o pa6otu, .qoJrxHocrE, <DI4O, noanncr)

y.re6nrrft ro4

/or r rol.a

/"-(,

_ yve6nrrfi ro4

yve6nrrft ro4

3ane4yroqr.rfi ra$eapofi C.M. Apaxenxu

Pa6ouas' [polpaMMa paccMorpena n o4o6peHa Ha 3aceraHr4r4 yve6uo-rraero4nuecrofrr
KOMI{CC}I}I HanpaBIeHI4t .03
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PABOTIEfr IrpoIpAMMbI AIICqUIIJII,IHbI (MOAyJIfl)
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