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1. HEJIM OCBOEHUS TN CIIUITJIMHBI
IToTpeGHOCTD PEIIEHHUS CIIOKHBIX MPUKIaIHBIX 33714 ¢ GOJIBITMM 00BEMOM BEIYUCIEHUN
U NPUHIUNAAIBHAS OTPAHHYCHHOCTh MAKCUMAJIBHOTO OBICTPOACHCTBUS "KIACCHYECKHX'" - IO
cxeme (o Heiimana - OBM mnpuBenu K IOSBICHHAIO MHOTOIIPOIECCOPHBIX BHIYHCIHTEIbHBIX
cucreM (MBC). Hcmonp3oBaHWE TAaKUX CPEJCTB BBIYUCIUTEIBHOM TEXHUKH I103BOJISCT
CYIIECTBEHHO YBEIHYMBATH HMPOU3BOAUTENBHOCTE OBM 1pH m000M CYIIECTBYIOIIEM YPOBHE
Pa3BUTHS KOMIIBIOTEPHOrO obopymoBanus. IIpu 3ToM, onHako, HeoOxomumo "mapaiensHoe"
0000IEeHre TPAJIUIMOHHON - MOC/IeI0BATeNIEHON - TEXHOIOTHH pelieHus 3a1a4 Ha OBM. Tak,
YHCIEHHBIE MeTOABI B ciy4ae MBC nomxHBI MpOEeKTUPOBATHCS KaK CHCTEMBI Iapalle/IbHbIX U
B3aMMOJICHCTBYIONIUX MEXIy cOOOM IPOIECCOB, JOMYCKAIOMMX MCIIOJHEHNE HA HE3aBUCHMBIX
npomeccopax. lIpuMeHsieMble aNrOPUTMHYECKHE SA3BIKM M CHCTEMHOE IIPOrpaMMHOE
obecrieyenne JO/DKHBI OOECleurBaTh CO3JaHHWE Napa/UIe]bHBIX IPOrpaMM, OPraHM30BBLIBATH
CUHXPOHHU3AIMIO ¥ B3aNMOMCKITIOYEHHE aCHHXPOHHBIX IIPOIIECCOB U T.11.
[TpeqMeToM PacCMOTPEHHS HACTOSINETO Kypca M SIBISAETCA M3YYECHHE IEPEYHUCIIEHHOTO
Kpyra BompocoB. llenb Kypca COCTOMT B M3JIOXKEHHHM MaTeMaTHYECKHX MOJIENCH M METOMIOB
NapaJUIeNIbHOr0 IPOrPaMMUPOBAHMS JJIsi MHOTOIPOIECCOPHBIX BBIYHCIHTENBHBIX CHCTEM, a
TAKKE IPAKTHIECKOE OCBOCHHE ITPUEMOB U TEXHHK Pa3paboTKH MapauieNbHBIX IPOrpaMM.

2. MECTO JUCIIUIIJIMHBI B CTPYKTYPE OIIOII BO

Jucimmmaa «[lapannensHoe mporpaMMUpOBaHHE» HAXONUTCA B BapHaTHBHOM YacTH
OCHOBHOU IpodeccHOHaBHOM 00pa3oBaTeIbHOM MporpaMMbl ¥ OTHOCHTCS K JUCIUIIIMHAM I10
BEIOODY.

JucounivmHa  JIOTHYECKH W COJEPIKATENbHO-METOJAMYECKH CBA3aHA C  PAIOM
TEOPETUYECKUX OUCIMIUIMH M MPAKTHK IPENIIEeCTBYIOWEro nepuoja o0ydeHus (ApXuTeKTypa
KOMIIBIOTEPOB, AJITOPUTMBL ¥ AJITOPUTMUIECKUE SI3BIKU, TE€0pHs BEIMUCIUTENBHBIX MPOIIECCOB U
CTpyKTyp, CTpPYKTyphl U QIrOPUTMBI KOMIIBIOTEpHOU 00paboTku AaHHBIX, CuCTeMHBIE U
MaTeMaTHIeCKHe OCHOBBI CYIIEPKOMIIBIOTEPHBIX TeXHOJIOT ). [ ycremnoro ocBoeHus Kypcea
CTYJIEHTHl JIOJUKHBI: 3HATh YCTPOMCTBO M NpHUHIMIB!I (yHKuMoHupoBaHHs OBM, wumets
npejicTaBieHie O Oa30BBIX aNTOPUTMAX M CTPYKTypaX JaHHBIX, YMETb INPUMEHSTH S3bIKH
MPOrpaMMHPOBAHHUS BBICOKOTO YPOBHSL.

Nucuummaa GOpMHPYEeT B3HAHUS M HABBIKH, HEOOXOJMMBIE B IIPAKTHYECKOH
NeSTeIbHOCTH KBaIM(UIMPOBAHHOIO CHEIMAINACTA, U3yYaeTcsl B KOHIIE TEOPETUUYECKOIO Kypea.
B pamkax yueGHOro mporecca OHH MOTYT OBITh MCHOJIB30BaHBI IPH MOATOTOBKE BBHIIYCKHOM
KBaTM(HKALMOHHOM paboThI.

3. KOMIIETEHIIUU OBYYAIOHIETI'OCSl, ®OPMUPYEMBIE
B PE3YJIBTATE OCBOEHUA JUCHUILJIMHBI (MOAY JI)
B pesynpTare OCBOGHHS JUCHAIUIMHBI OOYYarOIMWiCS MOIDKEH JIEMOHCTPHPOBATDH

CJIC/TYIONTHE KOMITETCHIIUN!

e TOTOBHOCTHIO AQHATM3HPOBATh MNPOOJIEMBI ¥ HANpPaBICHUS Ppa3sBUTHA TEXHOJIOTHH
nporpammuposanus (OIIK-3);

® CIOCOOHOCTBIO TIPUMEHATH B NPO(ECCHOHAIBHOM NEATEIEHOCTH OCHOBHBIE METOIBI H
CpeCTBA aBTOMATH3AIMK IIPOSKTUPOBAHMS, IPOM3BOJCTBA, HCIBITAHMH M OIEHKH KayecTBa
nporpamMmuoro obecnieuenust (OITK-4).



B pesynpraTe OCBOCHHS JMCHMIUIMHBL OOyYaronuicst IOJDKEH JEeMOHCTPHPOBAThH
CIIEYIOIINE pe3yIbTaThl 00pa3oBaHus:

3HaTh:

KJIaCCHlIiHKaHHIO PpacIIpeaciI€CHHbIX  BBIYHCIIATCIIBHBIX

TMOBBIICHUS TPOU3BOJUTEIHPHOCTA BBIYMCIUTENBHBIX CHCTEM,
napamnenbHbix anroputMmos (OI1K-3, OIIK-4);

moaAxoasl

CHCTEM,
K TIOCTPOCHHIO

METOIbI

2. YMeThb: CaMOCTOSTEJIFHO M3BJIEKATh IIOJIC3HYKY HAYYHO-TCXHHUYCCKYIO HHqJOpMa]J.I/IIO u3

PasiIMYHbIX HCTOYHHUKOB, IIPUMEHATE H3YIEHHBIE METOAEI ITPH ITPOEKTHPOBAHHUH PACIIPEACIICHHBIX

anroputmoB (OIIK-3, OIIK-4);
3. Buajaern: HaBBIKAMH MCIIOJIL30BAHMUS COBPEMEHHBIX CPEJICTB PEIICHHS BHIUMCIUTEILHBIX

3azay 1uis cucteM ¢ pacnpenesienHoit namsreio (OIIK-3, OITK-4).

4. CTPYKTYPA U COAEPXKAHUME JUCIHHAIIJIMHBI (MO1Y JIsI)
O6mras TpyI0OEeMKOCTE AUCIMIITHHEI COCTABIAET 5 3aueTHHIX eaunn, 180 gacos.

Bungr yaeGHoii paboTsl, DopMBI TeKyILIero
BRITIOYAA O6bem KOHTpOJIS
CaMOCTOATeNIbHYI0 paboTy 6HOi
o J—r— yuebHoii YCIEBAEMOCTH (HO
g %E- paboTsl, ¢ Hedensm
Ne Pazpen g 5 | u TpymoeMkocTh (B Hacax)
W = 5 Q NMpHMEHEHHEM ceMecmpa)
m IOHUCIHILIMHBI ) =
O|=F 8| = E = & HHTEPaKTHBHBIX @opma
E E g% B 8 FS MeTonOB (B NPOMEKYTOYHOH
s |SERB © 5 dacax / %) aTTecTalMK (1o
all =k e cemecmpam)
1. | Hemu u 3amaun
napaulebHOM 6 1 4 |—|—| 6 2/50
00paboTKH NAaHHBIX
2. | IlpuHIums: Peittunr-
OCTPOCHHS KoHTpob Nel
napaIeabHbIX 6 2 |4 |—|—| 10 2/50
BBIUHCIIATEIHHBIX
CHCTEM
3. | Mogenu
A 6|34 [8|—|8]16 8/50
BBIYHCIUTENBHBIX
CHCTEM 5
Pelitunr-
4. | IlpuHIune!
KOHTPOJIb Ne2
pa3paboTku
napajuieIbHbIX 6|56 |6 |—|6|14 6/50
ITOPUTMOB U
nporpamMm
5. | CucreMsl pa3paboTKu
HnapajIeIbHBIX 6|68 | 8 |— | 6|20 6/42
porpaMm
6. | [lapannencHble
YUCJICHHBIC Pelitunr-
AJTOPUTMEI JUIS KOHTpOJIH Ne3
PeIICHHS THITOBHIX 6|89 |6 |—|7|24 7/53
3aja4
BBIYHCIIUTEIIEHOMN
MaTEeMATHKH
Bceero: | 6 9 |36|—|27]| 90 | KP 31/49 Ox3ameH (27)




JIEKIIA

1. e 1 3a1a4M BBEJeHHS APAJLIEIbHO 00paboTKH JaHHBIX

1.1. HeobxoaumMocTh

OrpaHuyeHne MaKCHMAlbHOH IIPOM3BOJMTENIPHOCTH  OIHONPOLECCOPHBIX OBM.
[locrosinHas HEOOXOJMMOCTH pelleHMs 3ajad, IPEBBIIAIOIMUX BO3MOXXHOCTH COBPEMEHHBIX
9BM (mpobGnembl "Gompimoro Be3oBa'). HeoOX0AMMOCTh KOJJIGKTUBHOIO PEXHUMa PELICHH
33/1a4. ABTOMATH3allUs YIPABICHUS PACIpENEICHHBIX TEeXHHYECKHX CHCTEeM. TexHudeckue
TpeOGOBaHUS 10 CHHIKEHUIO CTOMMOCTH U MOBBIIICHHIO HAEKHOCTH.

1.2. Ucropus BBeieHUs Napa/jieM3Ma

ENIAC, IBM-701, 704, 709, ATLAS, CDC 6600, 7600, ILLIAC IV, Cray-1, 9nsbpyc.

1.3. Paziimyue MHOr03aIa4HbIX, apAJLIeJbHBIX H pacnpefAeSeHHbIX BhIMHCICHHH

1.4. IIpoGsreMbI HCOIB30BAHAS MAPAJLIETH3MA

CylecTBOBaHME IIOCHEI0OBATENIEHBIX  AIrOPUTMOB (3akoH Awmpans). [loBenmenue
NPOM3BOUTELHOCTA  IIOCIIENOBATENIbHBIX KOMIBIOTEPOB  (3akoH Mypa). Ilorepu Ha
B3aUMOJiciicTBME M TIepejadyy JaHHBIX (rumore3a MuHckoro). Beicokas cTomMocTh
napamueNnsHeIx cucteM (3akoH ['pomma). "[locienoBaTebHOCTE" CYIIECTBYIONIUX aITOPUTMOB U
nporpaMMHoOro obecredenus. 3aBHCUMOCTh 3(PQPEKTHBHOCTH MapaUIeNbHBIX BBIYHCICHUH OT
yuera ocobenHocreid anmaparypbl. CHOXHOCTb pa3pabOTKH TapajuiebHBIX alTOPUTMOB.
TpyaoeMKoCTh IPOBEPKH IPABHIILHOCTH HapaJlIeIbHEIX IPOrPaMM.

2. IIppHOMIIBI MOCTPOECHMA NMAPAJLIEIbHBIX BEIMHCINTEIbHBIX CHCTEM

2.1. IlyTa pocTiiKeHHs Mapajieau3smMa

QyHKIMOHANIBHEIE BBIYUCIMTENBHBIE yCTpoHcTBa. MHOroypoBHeBas W MOJYJIbHAS
namiaTh.  KoHBeliepHble W BEKTOpHBIE  BbluMcieHus. [lpomeccopHele  MaTpHIbL.
MHoromnporeccopHble BBIMUCIUTENbHBIE CHCTEMbI ¢ OOIIEH W paclpelelleHHOH NaMsThIO
(MyJIbTHIIPOLIECCOPEI M MYJIBTUKOMITBIOTEPEBL). MUKpPOIIPOIIECCOPHEBIE CHCTEMBI.

2.2. CiocoObI MOCTPOCHHA MHOTONIPOLIECCOPHBIX BHIYHCIUTEIbHBIX CHCTEM

CxeMbl xoMMmyTtanuu (HOJHAs KoMMyTanus - oOmias mnamsaTh, M[E€pPeKPeCTHbIE
KOMMYTATOPBI, JIOKAJILHBIC CXEMbl KOMMYTALUH - o0mias [IMHA, PEHIeTKH, KiIacTepbl). AHau3
NapajUleNIbHBIX alTOPUTMOB M THUIIOBHIE TOIOJIOTHMM CXEM KOMMYTallMd — KOJIBIO, JIMHEHKa,
pelneTkH, MOJHBIHA rpad, rumepkyl, Top, JepeBo. AnmaparHas peaju3aliys ¥ IporpaMMHast
OMYIISIUS TOIIOJIOTHIA.

2.3. Bujisl napauiesibHBIX BHIYHCIUTEIbHBIX CHCTEM

Cynep3BM. MHuoronponeccopasle  BeMHCIMTENbHBIE — KoMiuiekcel  (MBC).
MHoroMauriHHbIe BEIMHCIATEbHBIe KoMIUIeKCEL Cetin DBM.

[TpumMepsl COBPEMEHHBIX BBICOKOIIPOU3BOAUTEIBHBIX BBHIYHCIUTENbHBIX cucteM (Cray
T932, IBM SP2, HP Exemplar, ASCI RED). CynepkoMIbIOTepHbIe BEIMHCIUTENBHBIC CHCTEMbI
B Poccun,

2.4. Knacenpuxamua MBC

Cucremarukun @nuana u Illopa. [lortoku nanHpix (komanm). CTpyKTypHas HOTAIHAS
Xoknu u J>kecxoymna. _

2.5. Onenka npoussoautTeabHocTH MBC

OOmee BeIpaXKeHUe JUIS OLEHKH IPOW3BOAUTEILHOCTH IS pajﬂoro tuna MBC.
Makcumanbhaass ~ (MHKOBas)  NPOM3BOJAUTENbHOCTh.  CremeHb — mapawienusMa  (JUmMHA
TIOJIYIIPOU3BOIUTENILHOCTH). Y IelibHAs IIPOU3BOJUTEIBHOCTD. JHAUSHUS MTOKa3aTeleil Ui psja
MBC.

3. MoaenupoBaHHe H aHAJIN3 NAPAJLIEILHBIX BHIYHCICHUH



3.1. Moaean napa/uie/ibHbIX BBIMHCIHTEIBLHBIX CHCTEM

KoMmbloTep ¢ HEOrpaHWYEHHBIM [apajuienu3MoM (mapakoMneiotep). Mogjenn
MHOTOIIPOLIECCOPHBIX CHCTEM C OOIIEH M pacIpesielieHHOH maMaTeio. Mojels KOHBeHepHO!
CHCTEMBI.

3.2. Moaeas ajropurMa B Bue rpada "onepanj - onepanun''

IIpencrasieHue anroput™Ma B Bue rpada moToka JaHHBIX. Pacmucanue napajulelbHbIX
BeIuKciennii. TlokaszaTens BpeMEHHOM cioXHOCTH anroputMma. OmeHKa BPEMEHH BBIMOTHCHHUS
aNropuTMa IS IIapaKoMITbIoTepa (TpeiefIbHOE pacnapajuleIMBaHue) U JIJIS CHCTEM ¢ KOHEYHBIM
KOJMYECTBOM IPOLECCOPOB. 3aBUCHMOCTh OICHOK OT TOmoJorHu rpada airoputva u
HEOOXOMMOCTh ONTHMHU3AIMKM CTPYKTYyphl rpada. CmocoObl NOMy4eHHs ONTHMATBHOTO
pacnycaHus BHIYHCICHUM.

3.3. MoaeJib mapaJuieIbHBIX BbIYHC/IeHuil B Bue ceTu Ilerpu

Ocnosusle nousaTus Teopun cerei [lerpu. Mcnons3osanue cereii [lerpy Juis onucanus
HapauIebHBIX BBIYUCICHUH. JIeMOHCTpaIHsl OCHOBHBIX ITPOOJIEM IapauIe/IbHbIX BEIYHCIICHHH !
CHHXPOHHU3AIMS, B3aUMONCKIIIOYeHUE, OIIOKMPOBKA (TYITHKH).

3.4. Mopaeas napajuieIbHbIX BRIYHCICHUI B BHe rpada "'mponecc-pecype”

IMonsarue nporecca. CHHXPOHU3AIMS NAapAUIENBHBIX IIPOLECCOB. Ammapar COOBITHH.
[Tpumep peanu3sanuu B orepannoHHo cucreme Unix.

B3auMouckiIoueHHe mapavieNbHbX mpoueccoB. Konmemmus pecypca. MexaHH3MBI
B3aUMOMCKIFOUeHus: anroput™ Jlekkepa, cemadopst (Jleiikctpa), MoruTOPH! (BupT). IIpHMmeps!
peleHns CTaHIAPTHEIX 3a/[ad B3aNMOKMCKIIIOYeHHs: KojbleBoit Oydep, mpobnema "durarenu u
nucatenu”.

BzaumojeiicTBie TapajulebHBIX IIPOLECCOB IIOCPEACTBOM MeEXaHH3Ma [epeaavu
coo0menuit. MexanusMbl IIepeiaun: O4Yepeu, OYTOBBIe SIUKH, MOPTHL. [IpuHIUNI panaeBy B
s3pikax Ana u OKKAM.

[lpoGnemsr  B3aumozelcTBUs nponeccoB. [loHdrWe Tymuka M YCJIOBHS — €ro
Bo3HMKHOBeHHs, IIpenoTBpanieHue TYNUKoB. Anroput™M Oanxupa. OOGHapyXKE€HHE TYIHKOB M
BOCCTQHOBJICHHE COCTOSIHUS IPOLIECCOB.

MHuoro3aga4ysslii pexxum padborsl 9BM kak 4acTHBIN ciTydaid mapauebHol 00paboTKH.

4. IIpuHUUNBI pa3padoTKH NapaiebHBIX AJITOPHTMOB M NIPOrpaMM

4.1. Onenka 3¢ peKTHBHOCTH NAPAIIETbHBIX BbIYHC/ICHHI

[Tokazarens sbdexra  pacnapajuleNUBaHUs (yckopeHue). A¢dexTHBHOCT
MICIIOJIL30BAHMS  BBEIYMCIHUTENBHOM cucTeMbl. CrocoObl oneHku mokxasareneid. OCHOBHEIE
XapaKTEpPUCTHKH BBIMHCIATEIHHON CHCTEMBI, BIHUSIONIME HA BEIMYMHBI YCKOPEHHS H
s dextuBHOCTH (APXUTEKTYpa, KOJIUHYECTBO IIPOILECCOPOB, TOIOJIOTHS KaHAJIOB Iepe/aun
JaHHBIX).

4.2, OueHKa KOMMYHHUKAIHOHHOH TPYI0eMKOCTH NAPa/LIeIbHBIX AJITOPHTMOB

XapakTepUCTHKU TOMOJOTHHA CETH Iepe/iadd JaHHBIX. AJTOPUTMBI MaplIpyTH3aIHH.
Merons! nepeauu JJaHHBIX.

AHanu3 TPYIOEMKOCTH OCHOBHBIX oOmnepanuii nepenadd naHHeIX. [lepenada paHHBIX
MeXIy AByMs Iporeccopamu cetd. OQMHOYHAS W MHOXKECTBEHHAS DACCBUIKA COOOIIEHHIH.
Omneparust IAKIMYECKOTO CABUIA.

MeToapl  JIOTHYECKOTO IPEJCTABICHHS TOMOJOIMM KOMMYHHKAIMOHHOW  CpPEIbL.
Otobpaxenue KOJIbIIEBOM TOIIOJIOTHH U TOIOJIOTHH PEIIETKH HA THIEPKYO.

4.3. YpoBHH pacnapa/uieIMBAHNA BbIYHC/ICHHIT



PacmapainenuBanie BBIYHCICHUN Ha YPOBHE KOMAaHJ, BBIPAXKEHHM, IIPOrpaMMHBIX
MOZIyJIeH, OTAETHHO BBHIIOIHSIEMBIX 33 JaHUH.

4.4. ITanbl NOCTPOEHHA NAPAJICNBHBIX AJITOPHTMOB H IPOrpaMm

BeiGop mapauiensHOTO auroputMa. Peanusanus anroputMa B BHIE apajlIeNbHOM
nporpaMmbl. [ToCTpoeHHe WCIONHAEMOM MpOrpaMMbl JJis HapauIeNbHOH BBIMHCIHTEIBHOM
cucreMsl. [lapaiiensHOe WCIIONHEHHEe MAIIMHHON IporpaMMbl. YacTHBIE IOCTaHOBKH: BBEIOOD
ONTHMAJIBHOIO &ITOPHTMA JUISI KOHKPETHON BBIYUCIUTEIBHON CHCTEMBI, HaxO0XICHHE
HAWJIy4Illed TOIMOJIOTMM BBIMUCIMTENBHON CHCTEMBI JUIS pEIIEeHHs OINpPENeNeHHOM 3aJiavy,
pacrapasuieIiBaHie CyIECTBYIOLIET0 aJllOPUTMA.

4.5. TexHomoru4ecKue acleKThbl pacnapauieJMBaHHs

JIEKOMIIO3HIUS alrOPHUTMa HA MAPAUICIBHO HCIOJHSAeMble (ParMEHTHl BBIYMCIICHUH.
Pacmpenenenue 3ajaHuii mo  mpoueccopaMm M OamaHcupoBka. CHHXpOHM3alMA  H
B3auMoMCKIIoueHue. Opranu3zanys B3auMOJEHCTBU.

5. Cucrempl pazpaboTku NapaieJbHBIX IPOrpaMm

5.1. Co3panne cnenuHAIH3HPOBAHHBIX SI3BIKOB NPOrPaAaMMHEPOBaHUS

Anroputmudeckuit 1361k OKKAM. O6mas xapakrepuctrka Tpadcnsiorepa. Konnennus
npornecca B OKKAM. Meroasl KOHCTPYMPOBaHHS arpeTHpOBAaHHBIX IpoueccoB. IIpuHiumer
mepeaYd TaHHBIX MeXay npoueccamu. [Ipumep mporpamMm Ha aJropuTMHYECKOM S3BIKE
OKKAM.

5.2. Paciuupenue CymecTBYIOIHX S3bIKOB NPOrPAMMHPOBAHMS

OOmrass XapakTepucTHKa IapajUIeNbHBIX PpACIIMpPEHHN aJrOpUTMHYECKOrO  S3BIKa
@oprpaH.  ABTOMaTHYeckas ~ BEKTOpW3alUs W  pacnapawienuBanue.  [IpoGrnemHO-
OPHEHTHPOBAHHBIE KOMIIUJISITOPEL.

Obmas xapaktepuctuka cragapra OpenMP. Cozmanme mnapamnenpHbIX o0acTei.
Pasmenenne  BBIYMCIMTEILHOW HAarpy3KH Mexay ImoTokamu. PabGora ¢ JaHHBIMA.
Cunxponmzamusa. OYHKIUMH M NOepeMeHHble OKpyxeHus. CpaBHHUTeNbHas XapaKTepUCTHKA
IIOJIXOZIOB TMApaJUIEIFHOTO MPOrPAMMHUPOBAHUS JUII CHCTEM C paclpeneleHHoH M oOmen
HaMSTBIO.

5.3. PazpaGorka crienHaIn3upoOBaHHBIX OUOINOTEK

Cucrema PVM. Konnernnus napajuiepHOH BHPTYalIbHON BBIYHCIUTEIBHON MAIlUHBI U
ee MPeJICTaBJICHUE B BHJIE pacipesie/ieHHON HEeOTHOPOIHON CHCTEMBI KOMIIBIOTEPOB.

IIpencraBieHne MOpOrpaMMHOM CHUCTEMBI Ha BUpTyalbHOW MamuHe. OCHOBHEIC
nporpaMMHbIe TpUMUTHBEI cucteMbl PVM. Ilpumep ucnonb3oBaHust.

Cucrema MPIL. O6mas xapaxktepuctuka. Ilomgepikka wMojenn B3aUMOIECHCTBUS
MapauTebHBIX BBIYUCIUTENICH MMPU MOMOIIM Iepeadyu cooOmeHnii. OCHOBHEBIE IPOrpaMMHLBIE
npuMHTHBEI cucteMbl MPILL IIpumep ucnoas30BaHusl.

Opranusanys. BBMACIEHUN Ha MHOToIporeccopHoit cucreme Parsytec PowerXplorer.
Hcmonp30BaHie TEXHOJOIMH KpOCC AMYJSAIUHM HpU pa3paboTke MapajuleNbHBIX IIPOTrpaMM.
KoHrenust BUPTY&IBHBIX IIPOIECCOPOB M KaHAJIOB Iepeladyd JaHHBIX. BHpTyaabHbBIE
TOIOJIOTHH CHCTEMBI: KOJIBIIO, JIMHElWKa, 3Be3/a, pelierka, jepeBo. OCHOBHBIE NpPOrpaMMHBIE
npumMuTUBEL [IpuMep ucnonbp30BaHus.

6. IlapajuielbHbIe YHCJICHHBIE AJTOPHTMBI ISl pelleHHs THIOBBLIX 3a4a4
BBIMHC/IUTEILHON MATEeMaTHKH

6.1. O6mue crocodn1 pacnapajieJMBaHAA AJITOPHTMOB



BrisBlieHne (YHKIMOHATBHOW HE3aBHCHMOCTH OTHACIBHBIX (DPParMEHTOB anropuTMa
(napamienusmM KoMmaHm). I'eoMeTpryecKoe pa3fielieHHe BBIMMCICHHH (apajuiesu3M JaHHBIX).
Hepapxudeckas JeKOMITO3UIUSA 00paboTKU JaHHBIX.

6.2. OpraHu3anus NapayiIeJbHOr0 HCIOTHEHHS PEKYPCHBHBIX BhIYHC/ICHHI

[Ipo6GiemMa peKypCHBHOM 3aBHCHMOCTH 3TaloB oOpaboTku jJaHHbIX. Kackanmas cxema.
[Moxox A1 MOJyYeHUs] aCUMIITOTHYECKH HeHyeBoll addexrusroctr. Merox Oyrca. IIpumep
IS BRIYMCIICHUS YaCTHUHBIX U 00LIEH CyMM.

6.3. IlapajnenbHbIe YHC/IEHHbIE AITOPHTMBI JHHEHHO# ajaredpol

Croco6sl pasbumenns MaTpul (TOPH3OHTATbHAS, BEPTHKANbHAs, OJOYHBIE CXEMBI).
MeTo/(6l BEIYMCIIEHHS TPOU3BENCHUS MATPUIl C HCIONB30BAHHEM pasHBIX CXeM pasOHeHHs
marpun, ObecmeueHwe [pefeNbHO JONMycTHMOro mapamienusma. OOpalieHue MaTpul.
[MapamielibHbIE METO/IBI PELICHUS CUCTEM JIMHEHHBIX YPABHEHHM.

6.4. TMapauienbHble YHCIEHHbIE AJArOPHTMBI pemenus auddepennuanbHBIX
YPABHEHMii B YACTHBIX NPOH3BOJIHBIX

INapannensHas  peajusanysi HOpSAMBIX M UTEPALMOHHBIX ~ METOJMOB  PCIICHHS
nuddepeHIManbHbIX YpaBHEHUH B YaCTHBIX IPOM3BOJAHBIX. AHAIHM3 Pa3HOCTHBEIX CXEM JUIA
s dexTrBHOrO paszeneHus o0IacTi ONpee/leHHs PelaeMbIX 3aad.

6.5. Tlapa/uie/ibHbIe YHCIECHHBIE ANTOPHTMbI MHOTOMEPHOH MHOI03KCTpPEMAaJILHON
ONTHMM3AIHH

XapakTepucTUUecKasi cXeMa IIPEACTABICHUS METOJOB IIoOaibHOro momcka. OOmui
IPUHLHEI pacrapauieauBanus MetonoB. Onenka 3(Q@eKTHBHOCTH BBEJEHUS Iapajlleu3Ma:
s¢dextuBHOCTE M 0€3b130bITOUHOCTE. CHHXPOHHBIE U ACHHXPOHHBLIE BapHAHTBI AITOPHTMOB.
Onpeenenne HAWIYYIIMX TOIOJIOTHI BEIYUCIUTEILHONR CUCTEMBI IS peaiu3aliid METOIOB.

JIABOPATOPHBIE PABOTBI

1. PaspaGorka mnapa/uieJIbHBIX HPOrpaMM ¢ HCIOJb30BaHHeM HHTepdeiica
nepexaun coodmennii MPI

Munu-MPI (ctapt, ¢unum, nepeaya U npueM cooOIIEeHHi).

Ilpumep 1: Havanenas mnaparenbHas mnporpamMma (me4aTb HASHTH(HKATOPOB
IPOLECCOB) - 3amyck (JIOKaJbHBINH, pacnpenencHHbii). OIEHKa BpPEMEHH BBITOJHEHHUS
IpOrpaMMbl, CHHXPOHU3AIMS, KOJUIEKTUBHEIE OIIEPAIUH.

[Mpumep 2: YucieHHOE HWHTETPUPOBAHHME- CO3JAHUE IIPOEKTA HAa OCHOBE T'OTOBOTO
HCXOMHOT'O TEKCTa IIPOrpaMMBb], HACTPOMKA OMNIUHM, KOMITHIIALHA, 3aI1yCK.

[Ipumep 3: CxanspHoe IpOU3BEJCHUE BEKTOPOB (CaMOCTOATENRHOE 3a/laHKe 1).

2, IIpakTukym mno paspafoTke napalieJbHBIX AJTOPHTMOB W MPOrpamMm st
penieHHst 32124 BHIYHCINTEIbHOH MATEMATHKH

0630p 6ubmorexku MPI: ycraHoBKa, HacTpoiika, cxema (QyHKITMOHHPOBAHMSL.

[lpumep 4: Pemenme 3ajmay pacrno3HaBaHHs 00pa3oB (BBIIOJIHEHHE 3aJ@HUS II0]
PYKOBOJICTBOM IIPEIIOIABATEIIS).

[Mpumep 5. YMHOXEHIE MATPHUIL, ICHTOYHBIH alrOPUTM (CaMOCTOSTEIbHOE 3aaHue 2).

[Tpumep 6. YMHOXeHHE MaTPHI], OJIOYHBIE CXEMbI pacIpe/ie/ieHUs] JaHHBIX (AIrOPHTMEI
®oxca u Kennona).

3. [IpakTUKYM [0 MCHOJIL30BAHHI0O OHO/MOTEK MapajuieJbHbIX Meroaos ParaLib
ISl pelieHHsl 32124 BHIYUCIHTEIbHOMH

O630op Oubimorexu Paralib: HasHayeHwe, Kiacchl pelIaeMbIX 3a/ad, IIPUHIMIIEL
pa3paboTKH.



[Ipumep 7. @yuxumum Oubmuorexu Paralib mus yMmMHOXEHHS MaTpull Npu OJ0YHOM
ciocobe pacnpenenenust AaHHeIX"' (anroputmel ®okca u KenHoHa): cXxema peaM3alvy,
TeopeTH4ecKas oreHKa 3(GpHeKTUBHOCTH, BEIMUCIUTENBHBIE SKCIIEPHMEHTBL

AHanu3 WHTCHCHUBHOCTH TIOTOKOB MEpeNayd JMAaHHBIX, OCYIIECTBISEMBIX B XOJ€
napajulebHBIX BBIYUCICHUH B CHCTEMAax C pPacHpelle]IeHHON NaMATBIO, C HCIOJIL30BAaHUEM
UHCTpYMeHTaNbHOI 6nbmmorexu ParaScope.

4. IIpakTukyM no ouneHke 3((eKTHBHOCTH NMapa/uIe/IbHBIX METOJ0B /UISl Pa3sHBIX
TOMOJIOTHil MHOTOIIPOIECCOPHBIX BHIYHCINTEIbHBIX CHCTEM

XapaxTepucTHKa MmporpaMMHoii tabopatopuu Parallab xak MHTErpUpOBAHHOH CHCTEMEI
JUIS. TIPOBECHHS BBIYUCIHTEBHBIX 3KCIIEPUMEHTOB € IapajlieIbHBIMU METOJAaMHM JUls OLCHKH
ux 3¢ PEeKTUBHOCTH:

e MoenupoBaHiHe MHOTONPOLECCOPHBIX BBIYUCIUTENBHBIX CHCTEM (BBIOOD TOIIOJIOTHH,
3aJlaHMe KOJIMYECTBA W IPOM3BOJUTENBHOCTH IIPOIIECCOPOB, BHIOOP METOMA Iepeladu
JIAHHBIX U 3aJJaHie KOMMYHUKAIIHOHHBIX XapaKTePHCTHK CETH),

e OnpeneneHue Kiracca pelaeMbIX 3a/1a4 U 3a/laHue 1apaMeTpoB 3a/1auy,

e Bpifop mnapauieNnbHOrO METOJa pEIIeHHs 3aJauyd ¥ HacTpodKa 3HAa4YeHWH ero
napameTpos,

e VYcraHoBka rpapuueckuX MHJIUKATOPOB Ul HAOIMIONCHHUS 3a MPONECCOM NapaiiebHbIX
BBIYUCIICHHUH (COCTOSHME JIAaHHBIX Ha IIpolLieccopax CHCTEMBI, Iepeada HHQopManuu 1o
CeTH, TEKYyIIas OlleHKa PELICHHs HCXOAHON BEIYUCIUTEIbHON 3a/1a9H),

e IlpoBesieHHE DOKCIEPUMEHTOB B pPEXHME WMUTALMN BBIYMCICHHI; IOINArOBBIN,
TOCJIe/IOBATENBHBIN (HEIPEPHIBHBIN) U IUKIHYECKUH (CEpHIHbIN) CIIOCOOHI IIPOBENCHHMS
HKCIIEPUMEHTOB; OJIHOBPEMEHHOE BBINOJIHEHHE HECKOIBKUX SKCIEPHUMEHTOB B PEXUME
pasjeneHus BpeMeHH ISl pa3HBIX BapHAHTOB TOIOJIOTHHM BBIYHMCIMTENBHON CHCTEMBI,
mapaMeTpoB 3a]a4H, KOJUYECTBa IPOIIECCOPOB H T.IL.,

e AHanmH3 pe3yJbTaTOB C UCIOIL30BAHHEM CBEJICHUN U3 XKypHaJa SKCIEPUMEHTOB; OLCHKA
BpPEMEHH peIleHHs 3aJad B 3aBHCHMOCTH OT pa3sMEpPHOCTH 3a/aud M KOJIMYecTBa
TPOLIECCOPOB; IOCTPOSHHE 3aBHCHMOCTEH YCKOPEHHS ¥ 5()(DEKTHBHOCTH MapailieTbHbIX
BBIYUCIICHHH,

e [lpoBe/eHHE OSKCIEPUMEHTOB B DPEXUME pEalbHBIX MapalIeIbHBIX BBIYUCIICHUIA;
BBIITOJTHEHHE TTApPaJUIC/ILHBIX IIPOrpaMM B BHIE MHOXECTBA HE3aBHCHMBIX IIPOIIECCOB Ha
OJTHOM TIpoIieccOpe; YAAICHHBIH JOCTYH K MHOTIOIPOLECCOPHOH BBIUUCIHTEIBHON
cucreMe (KIacTepy); CpaBHEHHE TEOPETUYECKUX OIEHOK M pEe3yJIbTaTOB pealbHbIX
BBIYHUCIIUTEILHBIX 9KCIIEPIMEHTOB.

5. PazpaGoTka napajuiejbHBIX IPOrPaMM ¢ HCIOIb30BaHHeM TexHoJaorud OpenMP

O6mas xapakrepucTrka TtexHonorud OpenMP: motoxu, mapajuienpHble 00J1acTH,
pacrpe/iesieHie BEIYUCICHUN MEX/Ly TOTOKAMH.

[Tpumep 8: CkansipHoe Npou3BeAeHHE BEKTOPOB. [J100aibHBIE U JIOKAIbHBIE TaHHBIC
MOTOKOB. KpuTHUeCcKHe CeKIMU T0CTyNa K pa3ie/iseMbIM JaHHbIM, CHHXPOHU3AITHSL.

[Ipumep 9. YMHOXKEHHE MaTpHI| (BapUaHThl paclapajuie/IiBaHus BIO)KEHHBIX IUKIIOB,
CaMOCTOSITENIBHOE 3aJ1aHue 3).

6. IlpakTukym mno paspaboTke Napa/LIeIbHBLIX AJTOPHTMOB M NpPOrpaMm JUist
pemeHus 3a1a4 BEIYHCIUTEILHOI MaTEeMaTHKH



[lpumep 10. IlapainensHas CcOPTUPOBKA: AITOPUTMEI ITy3BLIPBKOBOH COPTHPOBKH,
coprupoBku Illemma u ObICTpOd COPTHPOBKH (BBIIOJHEHHE 3afaHHsA I0J PYKOBOJCTBOM
IpenoiaBaTens).

[Ipumep 11. 3apaun 06paboTku rpadoB: NOCTPOEHHE MHUHAMAILHOIO OXBaTHIBAIOLIETO
IepeBa, MOUCK KpaTJYaimuX myTei (camocTosTensHoe 3aanne 4)

7. IlpakTHKyM @0 MeTOJAM NAPALIENbHBIX BBLIYHCICHHH I pelieHus
auddepeHUHATLHBIX YPABHEHHI B YACTHBIX MPOU3BOHBIX

O6mas XxapakTepucTHKa METOJI0M KOHEYHBIX Pa3HOCTEH (METOJ CETOK) UL YMCICHHOIO
pemmenus auddepeHInaTbHBIX YPaBHEHHMH.

Meronpl pacmapaUieMBaHUS MeETOja KOHEUHBIX pa3sHOCTEH JUIl BBIYHMCIIUTEIBHBIX
cucteM C oO0med maMaTeio (OpraHu3aiys B3aUMOUCKITIOUCHMS JUIS OLEHKH IIOrPENIHOCTH
peleHus, U30BITOK CHHXPOHM3AIMH, IpobiieMa cepuanu3anud U OIOKUpPOBKH, obecnedeHue
TOXIECTBEHHOCTH IOCJIEOBATEILHOIO U Iapajlie/ibHOrO BApHAHTOB pAacyeToOB, BOJHOBBIE
CXeMBI BEIUMCJIEHHI, OIIOYHAS cXeMa pacIpe/iesieHus JaHHBIX, OalaHCHPOBKA, UCIIOIB30BAHHUE
o4epe]H 3a/laHuii).

Mertonpl pacnapa/UIeIMBaHUs METOJMA KOHEYHBIX pAa3HOCTEH IS BBIYHMCIHATENIBHBIX
CHCTEM C paclpele/ieHHON namsThio (JIeHTOYHass ¥ OJiouHas CXeMBl paclpe/ie/ieHus JaHHBIX,
BOJTHOBBIE CXEMBI BBIYHCIICHUH, OLIEHKA TPYAOEMKOCTH NIepelaytl JaHHBIX).

IpaktuxyMm 1o pemenuo JubdepeHIuanbHbIX YpaBHEHUH B YaCTHBIX MPOU3BOJHBIX C
UCIOJIb30BaHUEM  ydeOHo-ucciieoBaTenbekoit  cucremsl  ParaGrid (mocranoBka 3amaun,
BBINOJIHEHUE BBIYUCIICHUH, BU3yallu3alusl NaHHBIX, aHAJIU3 Pe3yJIbTATOB pacdyeToB, M3MEHEHHE
rapaMeTpoB U MPOJOKEHHE BBIYMCICHHUI).

8. IlpakTHKyM @0 HCHOJb30BAHHI0 OHMOJHOTEK NAPAIeJbHBIX METOA0B JJIf
pemieHHsI CI0KHBIX HAYYHO-TEXHHYECKHX 32124

0630p 6ubmorekun PLAPACK: cTpykTypa, 00B€KTEl, METOMBI, UCIIOIB30Banue., [Ipumep
12: VYmuoxenue wmatpur - wucnons3oBaHue PLAPACK (BeimonHeHHMe 3agaHus I10]
PYKOBOJICTBOM IIPETIOIaBATEA).

9. IIpakTHKYM 110 METOAAM MNAPA/LIEJIbHBLIX BBIMHC/ICHHH /IS pelieHHsl 3aHadq
MHOTOMEPHOii MHOT03KCTPEeMATbHOMH ONTHMH3AIMH

OOmas xapakTepucTHKa IpeaIMEeTHOW oOnacTd ([OCTaHOBKA 3a/adyd II00anbHOM
ONITHMH3AINH, PEAYKIUA PasMEpPHOCTH VIS CBEJACHHS MHONOMEPHBIX 3aa4 K OJHOMEPHBIM
[IOCTaHOBKaM, HH()OPMAIIMOHHO-CTATHCTHYECKHE aITOPUTMBI III00aIBHOTrO IIOMCKA, IIPUMEPEI).

Hcnonp3oBaHre MHOXECTBEHHBIX pa3BepToK Tuma Kpupoi Ileano s moctpoeHus
pa3MYHBIX CETOK B O00JIACTH pEHICHHs ONTHMU3alMOHHOM 3amauu. CBepeHue mnpobiIeMbl
MHOTOMEpHO# ONTHMH3AIMU K CEMEHCTBY OJHOMEPHBIX MH(OPMAITHOHHO-COBMECTHMEBIX 3a/1at.
[MapayuiensHOe pelIeHue 3a/a4 IOPOKAAEMOT0o CeMeicTBa U cXeMa HH(POPMaITMOHHBIX 0OMEHOB.

OGIIHOCTE PACCMOTPEHHOI0 MOAXOJA JJIs PeIleHHs Psa BHIYUCIUTENBHO-TPYJO0EMKHX
HAYYHO-TEXHUYECKUX 3a1a4 (MHTErpUPOBAHHE, PELICHHE CHCTEM HENMHEHHBIX YpaBHEHHH,
BOCCTAHOBJICHHE 3aBHCHMOCTEH, MOWCK pEIICHUH, ONTHUMAIbHBIX 10 Habopy KpUTepHeB
(MHOTOKpHUTEpHATIbHAS ONTUMH3AIMS) U T.1. ).

[IpakTHKyM IO PEINEHMIO 337]a4 MHOTO3KCTPEMAIBHOM ONTUMHU3AIMH C UCIIOJIb30BAaHHEM
CUCTEMBbI IapayUIeJIbHBIX BhIYHMCICHUH AOcoimor DkcmepT (IIOCTaHOBKA 3aJlauyd, BBITIOJIHEHUE
BBIYHMCIICHU, BU3yaIU3alis JaHHBIX, aHAJIM3 Pe3ybTaTOB pacyeToB, H3MEHEHHE I1apaMeTpoB U
NPOAOIKEHNE BEIYUCIICHHIA).

5. OBPA3OBATEJIBHBIE TEXHOJIOT MU



® ICKIIMOHHO-CEMMHAapcKass cucreMa oOydeHHs (TpaAMLMOHHBIE JIEKIIMOHHBIE M
1abopaToOpHbIE 3aHATHS);

e 00y4yeHME B MAJIBIX TPyNIax (BHIIOJHCHUE JIAOOPATOPHBIX pabOT B IpyIax U3 JBYX WK
TpEX YEJIOBEK);

e MacTep-Kiaccel (JeMOHCTpanusi Ha NabopaTOpHBIX 3aHATHUAX HPUHIMIIOB pacyera H
[IPOEKTUPOBAHUS ONITHYECKUX JeTaleH U ONTUYECKUX CHCTEM);

e IPUMEHEHUE MYJbTHMEMA TEXHOJNOTUH (IPOBEACHUE JIEKIMOHHBIX 3aHATHH C
IPUMEHEHHEM KOMIIBIOTEPHBIX IIPE3CHTAlMii M JEeMOHCTPAIMOHHBIX POJHMKOB C IMOMOIIBIO
npoekTopa uwim IBM);

e nHGOPMAIMOHHO-KOMMYHUKAIIMOHHbBIE TEXHOJIOTUY (IpUMEHeHue HH(POPMAIUOHHBIX
TEXHOJIOTHH JIUI1 MOHUTOPUHIa TEKYIEH YCIIeBaeMOCTH CTYACHTOB ¥ KOHTPOJIS 3HAHUH).

6. OHEHOYHBIE CPEJACTBA JJIs1 TEKYIIETI'O KOHTPOJISA
YCIHEBAEMOCTH, IPOMEXYTOYHOM ATTECTAITAU ITO UTOTAM
OCBOEHMUS JUCIUMIIJIMHBI 1 YYEBHO-METOAUYECKOE
OBECHEYEHHUE CAMOCTOSITEJIbHOM PABOTHI CTYJIEHTOB
a) Boripoch! K peHTHHI-KOHTPOJIIO:
Pevimunz-xonmpons Nel

1. CISC- u RISC-npoueccopst. OcHoBHBIE YepThl RISC- apXUTeKTYpHIL.

2. TloBblmeHWe NPOU3BOJUTENFHOCTH MPOLECCOPOB 3a CYET KOHBEHEpH3alUH. Y CIOBHS
ONTHMAIBLHOrO ()YHKIIHOHUPOBaHUS KOHBeiepa.

3. CynepkoHBeiiepHble ¥  CyHEpCKalIsSpHBIE IIPOLECCOPHL.  BhifieieHHe  HE3aBUCHMO
paboratomux ycrpoiicrs: IU, FPU, MMU, BU.

4, Meronpl  yMeHBINIEHHMsS  HEraTHBHOIO  BIMSIHMS ~ HHCTPYKUMiI  mepexoja  Ha
IIPOU3BOAUTENEHOCTH MPOIIECCOpa.

5. TloBelnmenue NpOM3BOJUTENFHOCTU IIPOLIECCOPOB 3a CYUET BBEJACHUS KauI-mamsard. Komm:
euHbIH, ['apBap/ACKuil, ¢ IpAMO¥ 3aNuChIO, ¢ 00PAaTHOM 3aMUCHIO.

6. Opranuzanus K3II-IaMsSTH. AJTOPUTMBI 3aMEHBI JAHHBIX B KomI-namsaTH. CrenuanbHbie
KOILH.

7. CornacoBanue Ko1Ied B MyJIbTHIIPOIECCOPHBIX CHCTEMaXx ¢ 001mel maMAaThIO.

8. Bwujer MHOTOIPOIIECCOPHBIX apXHTEKTYP.

9. Tloanep:kka MHOT03aJa4HOCTH M MHOTOIPOLECCOPHOCTH CHEIHANBHBIME HHCTPYKIIASAMH

nponeccopa. Opranu3anus JJaHHBIX BO BHEIHEH MaMsTH,

[Iporpamma, mponeccop, npouecc. OCHOBHBIE COCTaBJSIOIIAE IIPOIECCa, COCTOSHUS

nporecca. CTek, BUPTyasibHas IaMsATh, MEXaHI3MbI TPAHCIIIUE aIpeca.

11. Mexanu3mMbl B3auMOZeHCTBHS IponeccoB. Paznensemas mnamsarh, cemadopbl, CHTHAIBL
IOYTOBBIe sUIMKH, coObitus. 3amauu (threads). CpaBHenue c¢ mpoueccamu. Pecypcl,
npuopurersl. [lapamnensusle nponeccel. Cpsa3pBanme. CraTHYecKOe H JHHAMHYECKOE
CBSI3BIBAHHUE.
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12. Bumpr  pecypcoB: ammapaTHBIe, INIpOrpaMMHBIE, AaKTHBHEIC, IIaCCHBHEIC, JIOKAIHHBIC,
paszensemMsle, IOCTOSHHBIC, BpEMEHHEIC, HEKPHTUYHEIC, KPUTHYHEIC.
Petimune-xonmpono Ne2
1. Tumsl B3aUMOJEHCTBHS NPOLECCOB: COTPYAHHYAIOUIME M KOHKYPUPYIOILIHE IPOIECCHL.
KpuTtnueckue cekuy, B3auMHOE HCKIIIOUEHHE IIPOIIECCOB (3a1ad).

2. TIpo6Giembl, BO3HUKAIONIHME IIPU CHHXPOHU3AIMH 3a1a4 ¥ UICH UX pa3peIleHMs.



CocrosiHus mporiecca 1 MEXaHU3MBI IEPEX0/ia U3 OJJHOTO COCTOSIHUS B JIPYTOE.

Cranmapret Ha UNIX-cucreMsl.

Vupasnenue nponeccamu. @ynknun fork, execl, execv, waitpid. [Tpumeps! ucnons3oBanus.

Pabora ¢ curnanamu, @ynknus signal. Ilpamep ucnonszoBanus.

Pasznensiemas nmamsts. @yuxuuu shmget, shmat, shmetl. IIpumepsr ncnonszoBanus.

Cemadopsr. @ynkiuu semget. semop, semctl. [Ipumeps! ucnonb30BaHus.

Co6pitusi. IlpumutuBHEIe omepauuu. OpraHuzanms B3aUMOACHCTBHS KJIMEHT- CEPBEP C

MOMOIIBIO COOBITHIA.

10. Ouepenu cooOmenuit. @ynxkmum msgget, msgsnd, msgrev, msgetl. IIpumepsr
UCIIOJIb30BAHUA.

11. Yopasnenue 3amadamu (threads). ®ynkmum pthread create, pthread.join, sched.yield.
[IpuMeps! HCITOIB30BAHNSL.

12. O0bexTH cHHXpoHU3anuH THia mutex. @ynknun pthread mutex_init, pthread mutex_lock,
pthread mutex_trylock,  pthread mutex_unlock, pthread mutex_destroy.  IIpumepsl
HCTIOJIE30BaHUS.

13. O6bexTH cuaXpoHmM3aiyu THHA condvar. @yrxuuu pthread_cond_init, pthread cond_signal,
pthread_cond_broadcast, pthread_cond_wait, pthread_cond_destroy. ITpumepsr
HCIIOJIE30BaHHUS.

14. TIpumep multithread-mmporpaMMbI yMHOMKEHHS MATPHIIBI HA BEKTOP.

Peiimunz-konmpono Ne3

1. Message Passing Interface (MPI). O6mas ctpykrypa MPI-niporpammer. @yukimmu MPI_Init,
MPI Finalize. CooOmienus u ux BUJBL

2. KOoMMYHUKaTODEL Oynximun MPI_Comm_size, = MPI Comm_rank.  IIpumepsr
HCIIOJIb30BaHMSL.

3. lonapusii ob0men coobmenusmu, @ysxuuum MPI Send, MPI Recv. Ilpumepsr
UCIIOJIb30BAHHU,

4. Onepanuu BBoga-BeiBoga B MPI-tiporpammax. [Ipumeps.

5. JlomonHHATENbHBIE BO3MOXHOCTH M mOomapHoro oOMmeHa cooOmeHusaMu. @yHKIUK
MPI Sendrecv, MPI_Sendrecv_replace.

6. JlomomHWTENBHBIE BO3MOXHOCTH JUIS IomapHOoro obmena cooliieHusMa. DyHKIuH
MPI Isend, MPI Irecv, MPI Test, MPI Testany, MPI Wait, MPI Waitany

7. KomnextuBHeli oOMen coobmenusmu, Oynknuun MPI Barrier, MPI _Abort, MPI Bcast.

8. KomnexktuBHbli oOMen cooOmenusMu. @Dynknuun  MPI Reduce, MPI Allreduce,
MPI Op create, MPI Op free. Ilpumep MPI-iporpaMmsl, BBIYMUCIISIONIEH OIpeeNeHHBINA
HHTETPaL.

9. Bpewms B MPI-nporpammax. ®@yakiun MPI Wtime, MPI Wtick. Ilpumep ucriosis3oBaHusl.

10. TIpumep MPI-niporpaMMbl YMHOKEHHS MAaTPHITBI Ha BEKTOP.

11. lononHUTENBHEIE BO3MOKHOCTH IS KOJUIEKTUBHOTO 0OMEHa MaccuBaMH JTaHHBIX, DyHKIUK
MPI_Gather, MPI_Allgather, MPI_Scatter,

12. Tlepecvinka cTpykTyp HaHHbBIX. Cosganme HOBoro MPI-TMma gaHHBIX € I[IOMOILBIO
MPI_Type_struct. ®yaxuun MPI_Address, MPI Type commit, MPI Type free. I[Ipumep
MICTIONTE30BAHHMSL.

0) Dx3aMeHANHOHHBIE 3aaYH:

1. Hammmmre nporpamMMmy, HCHONB3ys OJOKHPYIOIIHME KOMMYHHKAIMOHHBIE —(yHKIHH

(MPI_Send, MPI Recv), peanu3yiomyio ciaeiyroluil ajropuT™: Ha HYJIEBOM IPOLECCOPE

nHAIHaT3npyercs nepemennas (float a); HyneBoit mporeccop pacchlIaeT MEPEMEHHYIO a
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BCEM IMIpolleccopaM, BKIIfOYas caMoro ce0s; Iocie IONy4eHHs IEPEMEHHOM a BCe
[POLIECCOPEI MPHOABIAIOT K HEl CBOM MHAMBHIYaJbHBIH HOMEp M IEPEealoT Ha HYyIEBON
IPOIIECCOp; HYJIEBOM IpoIeccop MOJIYy4YaeT OT BCeX IMPOLECCOPOB JaHHBIE W BHIBOJUT HA
sKpaH B hopMare: HOMEp Mpoleccopa, IepecianHoe UM 3HaYeHHE IEPEMEHHOM a.
Hanuimure ImporpaMmy, HCIONB3Ys OJIOKUpPYIOIMEe KOMMYHHKAIHOHHBIC (yHKIMH
(MPI_Send, MPI Recv), peamusyollyl0 airopuT™M I€pefadyd JaHHBIX IO KOJBILY:
OYepeHOM IIpOIeccop MOXKUAAETCS COOOINEHHS OT MPEABIAYLIEro W IOTOM IOCHUTAeT
ClIeIyIoIEeMY TPOILECCY.
Hamuimure nporpammy, UCIob3ys KomMyHukanuonase oyrknuu (MPI_Isend, MPI_Irecv),
HepeaolIyio IBYMEPHBIH MacCHB MEXLY JIByMs IIPOIIECCOPaMH.
Hanumure nporpammy, HCIONB3YsS KoMmMMyHuKanuoHHylo ¢yHknuio (MPI_Sendrecv),
PeaTu3yIOIIYyI0 AITOPHTM MEePEeadd JaHHBIX 110 KOJBIY: O9EPEIHOH MPOLECCOP JTOKUIACTCS
c0oO00IIIeH s OT MPEBIAYINETO U IIOTOM ITOChUIAET CIEAYIOMEMY IIPOIECCy.

B) IlpumepHbIe TEMBI KYPCOBBLIX padoT:
Yucnennoe peurenue cpencrsaMu MPI/OpenMP nBymepHOro HEIMHEHHOIO ypaBHEHHS
TEIJIONPOBOJHOCTH METOJIOM TIPOAONBHO-MIONEPEIHON IIPOrOHKH
Yucnennoe pemrenue cpepcrsamu MPI/OpenMP nBymepHOro HENMHEHHOTO ypaBHEHUs
TEIJIONPOBOIHOCTH € IIOMOIIBIO CXEMBI PACIIEIICHUS
Yucnennoe pemenue cpencrsamu MPI/OpenMP nBymepHOro HeIMHEHHOrO ypaBHEHHS
TEILIONPOBOAHOCTH € MIOMOIIBIO CXEMBI IIPEIUKTOP-KOPPEKTOP
Yucnennoe pemrenue cpencrBamu MPI/OpenMP TpexmepHOro JIHMHEHHOIO ypaBHEHHS
TEIUIONPOBOAHOCTH € IIOMOLIBIO SIBHOM Pa3HOCTHOM CXEMBI
Yucnennoe peutenue cpexnctBama MPI/OpenMP  neymepnoro ypaenenus Ilyaccona
HTEpallMOHHBIM MeToA0M 3eiiens
Yucnennoe peuntenue cpeacrBamu MPI/OpenMP nsymeproro ypasnenus Ilyaccona
METOIOM OJIOUHBIX HTEepalui
Mopemuposanue cpeacrsamu MPI/OpenMP mponecca B3auMoielicTBHSI TBEPABIX YacTHI] C
IIOTOKOM rasa
Yucnennoe pemende cpeacrsaMu MPI/OpenMP nBymepHOro ypaBHEHHs ITepeHOCa
Briurciienne palra mpou3BoibHOM MaTpuIrs! cpencrBamu MPI/OpenMP

. Mogenuposanue cpepcreamu MPI/OpenMP mnponecca HpoXoXKAEHHS HEHTPOHOB 4Yepes

IUIACTUHY
r) CamocrosiTenbHasi paboTa CTYACHTOB:
1. TloaroToBka K TeKyleMy KOHTPOJIO U IPOMEKYTOUYHON aTTeCTally.
2. TloaroroBka x maboparopHbeiM pabotam U 0GOPMIICHHE OTYETOB IO pPe3ysbTaTaM
U3 BhIIONHEHHsS. KOHTPOIb OCYIIECTBISIETCS HAa 3aHATUAX B BUAE YCTHBIX OTBETOB Ha
BOITPOCHI IIPETIO/IABATEIIS TI0 COACPIKAHUIO OTHETA.
3. Pabotra c momosHHUTENbHOH JMTEpaTypod II0 BOIPOCAM, BBIHECCHHBIM Ha
camMocTosITeNIbHOe n3yuenne. KOHTpOIb OCyIecTBIsSeTCs Ha S9K3aMEHE.
1)  Jlocromncrea u HepoctaTku SMP- u MPP- apXuTeKTyp BEIYHACIHATEIBEHBIX
CHCTEM.
2)  OtiMyne MOHATHN OpoIecca U MOTOKA B ONEPAMOHHBIX CHCTEMAX.
3) IlpoGnemel cCMHXpOHH3AIMHU 3a]a4 IIPH I1apallIeIbHOM IIPOrpaMMHPOBAaHUH.
4)  Crangapr OpenMP. Ha3nauenue.
5)  CymectBytomue peanusanuu craggapra MPL
6) IIporoxoisl 0OMeHa JaHHBIME MEXKTY ITPOIECCaMHU.



7)  Hcnons3oBanue yrumutel MPIRun.

8)  Ornaaka napauieabHBIX IIPUIOKEHHH.

9)  Meroauka oneHKU 3Q(PEKTUBHOCTH BHIYUCICHUI.

10) Peanu3anus MaTpU4HBIX alrOPUTMOB cpeacTBamMu MPI

11) Pacnpenenennoe pemenue quddepeHnnaibHbIX ypaBHEHHH.
Pacmipenenenue BHIOB CaMOCTOATENEHON pabOTHI IO pa3zieliaM JUCIHUIIIHHEL

Ne Bun CPC
Paspen nucnurmmee!

n/n ) 2 3)

1. | Lemu u 3amaun napawiensHON 00paboTKH 2 — 4
JAHHBIX

2. | IIpuHIMIEB! TOCTPOEHUS NapalIeIbHbIX 4 e 6
BBIYHCIIMTEIIbHBIX CUCTEM

3. | Monenu nmapayutenbHBIX BEIYACITHTEIIBHBIX 4 6 6
CHCTEM

4. | Ilpunuunel pa3paboTKH apaIeabHBIX 4 4 6
JITOPUTMOB U IIPOrpaMM

5. | Cucrems! pa3pabOTKH MapauIeIbHBIX 6 & 8
nporpamMm

6. | IlapayutensHbIe YHCIIEHHBIE AITOPUTMBI
JUIsL peIICHUS TUIIOBBIX 3a1ad 6 6 12
BBIYUCIUTEIBHON MaTeMaTHKH
Bceero 26 4. 22 4, 42 q,

7. YHEBHO-METOJUYECKOE U HH®OPMAIIMOHHOE OBECIIEYEHUE
JUCIHATIJINHBI

a) OCHOBHAs JINTEpaTypa

1. Amnronos, Anexcanap CepreeBuy. TexHONOruYM MapauiebHOro mporpamMmupoBanus MPI u

OpenMP : yuebnoe mocobme st By3oB mno HampaBieHusm 010400 "Ipuxinamgnas
marematnka H uHQopmaruka" u 010300 "®ynmamentanbHas uHPOpPMATHKA U
uHpopmanmonnele Texmonorun" / A. C. AHTOHOB ; MOCKOBCKHI TrOCYyIapCTBEHHBIH
yauBepceurer umenu M. B. JlomorocoBa (MI'Y) ; aBr. npemuci. B. A. CamoBHudmit.—
Mocksa : MockoBckuii yausepcutet (MI'Y), 2012 .— 339 ¢. : uin. — (CynepKOMIIBIOTEPHOE
obpasoBanue) .— bubnuorp.: ¢. 333-334 .— ISBN 978-5-211-06343-3.
OcHOBBI napauIeIbHOro NPorpaMMHpoBanus [DnekTpoHHbl pecype] / Boraués K.IO. - M. :
BHUHOM, 2013.
Mogenu mapannensHoro nporpaMMupoBanust [DnekTpoHHbI pecype] / @emoros ULE. - M. :
COJIOH-ITPECC, 2012.
[Tapamiensroe  mporpammupoBanne Ha C++ B geiictBum. [lpakthka pa3paGoTKu
MHOTONOTOYHBIX IIporpaMM [DnekTpoHHbiii pecypc] / Duronu Yumbsme ; Ilep. ¢ anrm.
Cmunakua A.A. - M. : JIMK Ilpecc, 2012.

0) AonmoHHUTEILHAS JIHTEPATYPA:
Kymukos W.M. TexHomormm  pa3paGoOTKH  HpOrpamMMHOrO  obecredeHus s
MaTeMaTH4eCcKOro MOJENHpOBaHusA ¢u3mdeckux mnpomeccoB. Yacts 1. Hcnmons3oBanue
CYNIEpPKOMITBIOTEPOB, OCHALIEHHLIX IPaQUUecKUMU YCKOPUTENIAME [DIIeKTPOHHBINA pecype]:
yaebnoe mocobme/ Kymukor M.M.— OnekTpoH. TeKcTOBBIe HaHHbIe.— HOBOCHOUPCK:
HoBocubupckwii rocyaapcTBeHHbIH TexHuueckuii yaupepeuret, 2013.— 40 c.




2. Mojenu pacupeIeneHHBIX BbYUCIEHHN [Dektponnsii pecype] / Tomopkos B.B. - M. :
OU3BMATIINT, 2011.

3. Texnmomorms CUDA B mnpumepax: BBe€HHE B IIPOrPaMMHMpPOBAHHME TpadUUecKHUX
npoueccopos [OnexTponHsli pecype] / Carnepe k., Kerapor 3. - M. : JIMK Ilpece, 2011.

B) IIporpammuoe obecniedenne u MaTEpHET-pECypCBI:

1. Jlaboparopus IlapamiensHsix HHPOPMAHOHHEIX TeXHONMOrHH HaydHo-uccie1o0BaTenseKoro
BBIUHMCIATENRHOTO IieHTpa MI'Y http://parallel.ru

2. MPICH: a high performance and widely portable implementation of the Message Passing
Interface (MPI) standard. https://www.mpich.org/

3. Opurunans! craagapra MPI: http://www.mpi-forum.org/docs/docs.html.

8. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUE U CIHHUILINHEBI
JlekuMOHHBIE ayINTOPHH, OCHAIEHHEIC JOCKOH (JUIS Meja MM MapKepa), SKpaHOM s
IPOEKIUOHHBIX CHCTEM, IPOSKTOPOM M HOYTOYKOM.
AynuaTOpUM IS IPOBEJCHHUS 3aHATHIH, OCHAIEHHBIE COBPEMEHHBIMU IEPCOHATHHBIMH
KOMITBIOTEpaMH, OOBETMHEHHBIMHI B JIOKAJIBHYIO BEIYUCIHTENBHYIO CETh U YKOMIIIEKTOBAHHBIMU
HEOOXOIMMBIM CHCTEMHBIM ¥ IIPHUKIIAIHBIM POrPaMMHEIM 06eCIIeueHHEM.



Pa6Gouas mporpamMma JUMCIUIUIMHEL COCTAaBJIeHa B cooTBeTCTBHH ¢ Tpebosanmamu PI'OC
BO mno nampasnenuio 02.03.03 MaremaTtuueckoe oOecneyeHHe W aJMMHHCTPUPOBAHHE

HH!I!O PMAaHOHHBIX CHCTEM

PaGouyro mporpaMMmy COCTaBHJI: HOLEHT Kadeapsl DO

22

PenensenT (mpejicTaBuTeljs paboroaarefs)
VA
7

7
(mecto pabotel, somkHocts, ®HO, noanuce)

[Iporpamma paccMoTpeHa U 0JJ00peHa Ha 3aceJaHuu Kade
poToko Ne 11, ﬁ{ oT « /£ » W 2015 roxa.

v
7

PaGouas mporpamma paccMOTpeHa W ofo0peHa Ha 3acelaHuu Y4eOHO-MEeTOAUYECKOH
komuccun  HampaBineHus 02.03.03 Marematuyeckoe obecneueHue M aJIMHHHUCTPHPOBAHME
HH(QOPMAIHOHHEIX CHCTEM

npotokon Ne_ 7/ A or« 1y W;%W 201 Sroga.

3aBenyronmii kadenpoi C.M. ApaxkensH

[Tpencemarens KOMUCCHI C.M. ApakensH
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JINCT TMEPEYTBEPKIEHUS
PABOYEI IIPOrPAMMBI JUCIATLIMHBI (MOIYJIS])

Pa6ouas nporpamma oo0peHa Ha yueOHBIH roj
[TpoToxoin 3acenanus kadeapsr Ne oT roja
3apenyromuii kadenpoit

Pabouas mporpamma oobpena Ha y4eOHBIH roj
[Ipotoxomn 3acemanust kadeapnl No oT rojia

3aBenyrommii Kadeapoi

Pabouas nmporpamma ojjo0peHa Ha yueOHBIH roj

[TpoToxon 3acemanus kadenpsr N oT roza

3aBenyroumii kadenpoi




