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Paboyas nporpamMMa JUCHUIIKMHBI (MOAYJs1) pa3paboTaHa B COOTBETCTBUU C CAMOCTOSITE/b-
HO ycTaHOBJieHHbIM MI'Y ob6pa3oBaTesbHbIM cTaHaapToM (OC MI'Y) aasa peanunsyeMbix oc-
HOBHBIX NPOQeCcCHOHaIbHbIX 00pa3oBaTe/IbHbIX NPOrpaMM BBICIIEr0 06pa30BaHUs IO Ha-
npaBJjieHU0 noArotoBku 02.04.02 "®dynjpamMeHTanbHasgd MHPOpMaTUKa U HHGOpMaLMOHHbIE
TEeXHOJIOTUM" MPOrpaMMbl MarucTpaTypbl B peAakiuu npukasa MI'Y or 30 mexabpst 2020 r.
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1. HAUMEHOBAHMUE JUCIHUITJIMHBI
[TapamiensHOE IPOrpaMMUPOBAHUE
2. YPOBEHbD BBICHIEI'O OBPA30OBAHMUA
[ToaroroBka Hay4YHO-IIEIArOrMYECKUX KaJPOB B MATUCTPATYPE.
3. HAITPABJIEHUE ITIOATI'OTOBKHU, HAITPABJIEHHOCTD (ITPO®UJIb) ITIOAI'OTOBKHU

Hamnpapnenune 02.04.02 "®dynnamentanpHas uHpopmaruka u uHbopMamoHHble TexHosorunn". Hanpasnennocts (npoguis) CynepkoMibio-
TEpHbIE TEXHOJIOTHH U (yHAaMeHTalbHast HH(OpMATHKA.

4. MECTO JUCHUILIUHBI B CTPYKTYPE OCHOBHOM OFPA30OBATEJIBHOM ITPOT'PAMMBI

JucuumirHa BXOAUT B BapUaTHUBHYIO 4acTh MarucTepckoil oOpa3zoBarenbHOI mporpaMmbl «CynepKOMITBIOTEPHBIE TEXHOJIOTHH MaTeMaThye-
CKOTO MOJIEJIMPOBaHUsI U 00pabOTKU JaHHBIX», U3y4yaeTcs B 1-M cemectpe.

5. AHHOTALUS

CoBpemeHHas HayKa, [1epe/l0Bble HHHOBAIMOHHBIE TEXHOJIOTUH HE MOTYT pa3BUBAThCs 0€3 UCIOJIB30BAaHUS BHICOKOIIPOU3BOIUTEIBHBIX BBIYH C-
JTUTENbHBIX cucTeM. Ha nepesHeM (GpoHTE 3TUX CUCTEM HaXOMAATCS CUCTEMBI C PEKOPIHOM MPOU3BOAUTEIBHOCTBIO - CYIEPKOMITBIOTEPHI. Y MEHHE cTa-
BUTb U PEATTM30BbIBATH 33/1a4U JJIsl TAKUX CHCTEM SIBJISIETCSI HEOTHEMIIEMOM YacThIO MPO(ECCHOHAIBHON MOArOTOBKY CHEIMATMCTOB BO MHOTUX obJiac-
TSX, U, B TIEPBYIO OYEpe]lb, JJIs CIIEUATUCTOB MO HAaNpaBJIeHUIO NOAroToBKU «lIpukinagHas MatemaTtuka u uHpopmarukay. llocTosHHOE pa3BUTHE
anmnapaTHBIX BO3MOXKHOCTEH BBICOKOIPOU3BOIUTEIBHBIX CHCTEM AUKTYIOT aKTyaJbHOCTb 33Jaud M3Y4YEHHUS U OCBOCHHS METOJOB pa3padOTKH Ipo-
rpaMMHOT0 obecriedeHus i Takux cucteM. Kypc «IlapamienbHoe mporpaMMupOBaHHe» MOCBAIIEH W3YUYEHHIO U OCBOCHHUIO HA MPAaKTUKE 0Aa30BbIX
TEXHOJIOTUI MapaieIbHOr0 MPOrpaMMUPOBAHMSI 111 BHICOKOIIPOU3BOIUTENBHBIX BBIYMCIUTENBHBIX CUCTEM. PaccMaTpuBaloTCs OCHOBHI Mapasuiesb-
HBIX BBIYMCIIEHUH, 0COOEHHOCTH apXUTEKTYp COBPEMEHHBIX BBICOKONPOU3BOAMTENBHBIX BBIYMCIUTENBHBIX CUCTEM, TEXHOJIOIUH MapalIeIbHOTO MPO-
rpammupoBanus MPI, OpenMP, OpenACC. Ocoboe BHUMaHUE B Kypce yaensercs npobdieMam 3pGeKTUBHOCTH U HA/AEKHOCTU MapasuleIbHBIX MPo-
rpamm. TeopeTHueckue 3aHATUS 110 KypCy COMPOBOXKAAIOTCS MPAKTUKYMOM, B paMKaxX KOTOPOTO CTYACHTHI pa3pabaThIBAIOT MapaulebHbIE IPOTrpam-
MBI U UCCIENYIOT 3()h(PEKTUBHOCTD UX BBHIITOJIHEHUS.

6. IEPEYEHb IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHUS
JucuumuiiHa y4acTByeT B (JOPMHPOBAHUU CIEAYIOMIMX KOMIETEHIIUI 00pa30oBaTeIbHOM MPOrpaMMBbl:



@opMupyemMble KOMIIETEHIIUH

Ilnanupyemblie pe3yabTaTbl 00y4eHUs

CIIOCOOHOCTH MPEJICTABIISATH PE3YIIbTAThI MPOPECCUOHATBHOM Jesi-
TEJILHOCTH B COOTBETCTBHH C HOPMAaMH M TIPABUIIAMHU, IPHHSATHIMH B
npodeccroranbHOM coobrrectse (OITK-5).

31 3HaTh:

COBPEMEHHBIEC CYIIEPKOMITBIOTEPHBIC TEXHOJIOTHUHU JIsl IPOBEICHUS KPYII-
HOMACIITAaOHOTO MAaTEMATHYECKOTO MOJICIIUPOBAHMS U 00pabOTKU JaH-
HBIX Ha COBPEMEHHBIX BBICOKOIIPOM3BOIUTEIBHBIX BEIYUCIUTEIBHBIX CHC-
TeEMax;

V1 Ymerts:

MIPUMEHSITh B HCCIICIOBATEIILCKON U MIPUKIIAIHOMN JIeITEIHHOCTH COBpE-
MEHHBIE CYIIEPKOMIBIOTEPHBIE TEXHOJIOTUH IJIsi IPOBEACHUS KPYITHO-
MacCIITa0HOTO MaTeMaTUIECKOT0 MOICTUPOBAHUS U O0PaOOTKH JTaHHBIX
Ha COBPEMEHHBIX BBICOKOIIPOU3BOAUTEIIBHBIX BHIUMCIUTEIBHBIX CUCTE-
Max;

B1 Bnanets:

HaBBIKaMH pa3pa0OTKH MMapalIeIbHBIX MTPOrPaMM IS TPOBEICHUS KPYTI-
HOMAcIITaOHOrO MaTEeMAaTHUYECKOTO MOJICITUPOBAHUS U 00pabOTKU JaH-
HBIX Ha COBPEMECHHBIX BBICOKOIPOW3BOIUTEIHHBIX BBIYUCIUTEIIBHBIX CHC-
TeMax.

CIIOCOOHOCTH pa3pabaThIBaTh U PEAIM30BBIBATH MACIITAOUpPyEMBbIE
napajuiebHbIE METO/IbI U AITOPUTMBI, YUaCTBOBATh B MEXKIUCIIUILIN-
HApHBIX UCCIICIOBAHUSAX C IPUMECHEHHUEM CYITePKOMITBLIOTEPHBIX CHC-
tem (MIIK-2);

32 (MIIK-2) 3Harts:

MaciTabupyemsle napaieabHble METOJIbI U allTOPUTMBI, HCIIOJIb3yeMbIe
MIPH TIPOBEICHUH KPYITHOMACIITAOHOTO MaTeMaTHYeCKOTO MOJICITUPOBa-
HUS 1 00pabOTKM JaHHBIX Ha CYNEPKOMIBIOTEPHBIX CUCTEMAX;

Y2 (MIIK-2) Vmers:

pa3pabaTbIBaTh U peaIM30BbIBATH MacIITA0UpyeMble MapauieibHbIe Me-
TOJIBI ¥ AJITOPUTMBI JIJIS IIPOBEICHHUS KPYITHOMACIITAOHOTO MaTeMaThuye-
CKOT'0 MOJICIMPOBAHUS U 00paOOTKM JaHHBIX HA CYNEPKOMITBIOTEPHBIX
crcTeMax;

B2 (MIIK-2) Bnanets:

HaBBIKAMH TIOCTPOCHUS, TAPAJUICTHHON pean3aliiil U UCCIIETOBAHMS MO-
Jiesieil 1 MeTO10B pacnpeieIeHHON 06paboTKH HH(OpMAIIHH.

CIIOCOOHOCTH pa3pabdareiBaTh 3(HPEKTUBHOE CHCTEMHOE U TIPUKIIATHOE
nporpaMmMHOC O6€CH€‘-ICHI/I6 AJId CYIICPKOMITBIOTCPHBIX CUCTEM U BbI-
COKOIPOHM3BOIUTENBHBIX KiacTepoB (MITK-3);

33 (MIIK-3) 3HaTs:

OCHOBHBIE METO/IbI ¥ TIOAXO/IBI JJIsi ONTUMU3ALINHU KaK TOCIEI0BATEIb-
HBIX, TaK ¥ MMapauIeIbHBIX IPOTPAMM;

V3 (MIIK-3) Ymers:

OlleHUBaTh Y(PPEKTUBHOCTH PACTIPE/ICTICHHBIX aJITOPUTMOB;




B3 (MIIK-3) Bnagerts:

HaBBIKaMU UCTIOJIb30BaHUSI COBPEMEHHBIX HHCTPYMEHTAIBHBIX CPEICTB
VTS PO HITMPOBAHMS U aHAJIM3a MPOU3BOAUTEIBHOCTH MapaJlIeIbHBIX
MIPOTPAMM.

OueHoYHbIE CpeICTBA AJIs IPOMEXKYTOUHON aTTECTallMU puBeaeHbI B [Ipunoxxenun.

7. OBPBEM JIUCHUIIJINHBI

O0BeM IUCIUIUIMHEI COCTABIAET 3 3aUeTHbIE eQUHUIBI, Bcero 108 vacos.

72 4aca cocTaBisieT KOHTaKTHas paboTa ¢ mpemnojaBareneM — 36 4acoB 3aHATHH JIEKIIMOHHOTO THIA, 36 4acoB 3aHATHN CEMHUHApPCKOTO THIIA
(ceMHHapBl, HAYYHO-TIPAKTUYECKUE 3aHITHSI, TabopaTopHble paboThl U T.11.), 0 4aCOB MHAMBUAYAIbHBIX KOHCYNbTALUN, (0 YaCOB IPYIIOBBIX KOHCYJb-
Tanuii, 0 9acCOB MEPOIPUSITHI TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH, 4 4aca MPOMEXyTOYHOM aTTeCTalUH.

36 4acoB coCTaBJIsET CaMOCTOATEIbHAs paboTa yJalierocs.

8. BXOAHBIE TPEBOBAHUSA AJIs1 OCBOEHUS JUCIUIIJINHbI

VYuyamuecss JODKHBI BIAAETh 3HAHUSAMH 110 MaTeMaTHYECKOMY aHalU3y, JUHEWHOW anredpe, nuddepeHualbHbIM ypaBHEHUSAM, TUCKPETHON
MaTeMaTHKe, IPorpaMMHUpOBaHUIoO Ha si3bike C/C++, anropuTMaM U CTPYKTypaM JaHHbBIX, OCHOBaM NapajuieIbHOTO MPOrpaMMUPOBAHMUS.

9. OBPA3OBATEJIBHBIE TEXHOJIOT'UHN

B nporecce 00y4eHus UCTIONB3YIOTCS SJIEMEHTHI TUCTAHIIMOHHBIX TEXHOJIOTHI 00yUeHHs: BCe MaTepuaia Kypca (IIpe3eHTallu JEKIHHi, Teope-
TUYECKHE 33/1aHus B (OpME TECTOB C aBTOMATUYECKOH MPOBEPKON OTBETOB, MPAKTUIECKHE 33JaHUS TI0 MPOTPAMMHUPOBAHUIO U T.J.) TOCTYITHBI BCEM
cryaentam B cetd MutepHer. [IpakTuyeckue 3a1aHus BBIMONHAIOTCS 1) UCTIONB30BaHUEM TEXHOJIOTMHU MapauieabHoro nporpammupoBanust MPI; 2) ¢
WCTIOJIB30BAaHUEM TEXHOJIOTHUHU MapajlieIbHOTo rporpammupoBanust OpenMP; 3) ¢ ucmonb30BaHueM TEXHOJIOTHN MapalIeIbHOTO MPOTPaMMHUPOBAHUS
OpenACC. Ilo pe3ynbTaTaM NPaKTHUYECKUX 3aJaHUH CTYACHTHI OPOPMIISIOT OTUETHI.




10. COAEP) KAHUE JUCIUIIJINHbI

HaumeHoBaHue U KpaT-
KOe co/iep:KaHue pasje-

JIOB U T€M M CUHUIJIHHBI,
¢popma npomekyTOUHOM

Bcero
("acwi)

B ToMm uncne

KonTakTHasn paﬁoTa (paﬁoTa BO B3aUMO/I€iiCTBHH C npemnoaaBa-

TeJieM), Yachl

CamocrosiTesibHas padoTa y4yaiuero-
csl, Yachl
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ApXHMTEKTypa napauleibHbIX BBIYMCIUTEIbHBIX cucTeM. BBeieHue B pacnpee/ieHHbIC BbIYMCICHUS
Tema 1. ApxuTekTypa na-
paieIbHBIX BHIYHCIH-
TeJabHbIX cuctem. Kiaccu-
¢puxanus. BekTopHo-
KOHBeiiepHbIe KOMIBIOTe-
pol. [TapananenbHbie KOM- 6 2 2 - - - 4 2 - 2

NbITEPHI ¢ 001Iel mamsi-
ThI0. BeIuncIuTe BbHBIC
CHCTeMBI ¢ pacnpeejJeHHO
namMaTei0. 'mopuansie ap-
XHTEKTYPBbI
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Tema 2. PacnipenesieHHbIE H
napajienabHble ¢aiioBbie
CHCTEeMBI

Tema 3. Pacnipenenennas
pasnessieMasi IaMATh
(DSM). Mojaeau KoHCH-
CTEHTHOCTH NAMSTH

Tema 4. IIpoueccbl M HUTH.
B3aumopgeiicTByroniue npo-
neccol. Kanaa nmepegaun
JAHHBIX, €ro cBoiicTBa. Bu-
Abl 00MeHOB. CHHXPOHHbIE,
ACHHXPOHHBIe Oydepuso-
BaHHbIEe U HeOydepu3oBan-
Hble. OTHOCTOPOHHHE KOM-
MYHHMKAIHH

Tema 5. BoruncianrejabHbIe
pecypest MI'Y um. ML.B.
JlomonocoBa. CucremMHoe 1
NMPUKJIATHOE IPOrpaMMHOe
odecmneueHue.

MeHenxepbl ynpaBjieHus
pecypcamu. Cucremsl
yIpaBJieHUsI MPOXOKIEeHUEM
3a;ad.

OcHOBBI NAPAJIIEJIHOTO POrPAMMMPOBAHUS

Tema 6. bazoBblie mapaJi-
JieJibHbIe MeTo/Ibl. MeTon
caBanBaHusi. MeToj reo-
MeTPHYEeCKOro napaJie-
auzMa. MeToa KOHBeiiepHO-

11




ro mapaJjaJjejauiMma

Tema 7. IlapansiesbHbie Me-
TOABI YMHOXKEHUSI MAaTPUIbI
Ha BekTop. [TapanieabHbie
MeTOAbI YMHOKEHHS MaT-
puL.

MapanyenbHbIe METOABI
o0padotku rpagos. Meto-
Abl NAPAJJIeJIbHOI cOpTH-
POBKH JaHHBIX

Tema 8. Yckopenue, 3¢ dex-
THBHOCTH NaPaJIeJIbHBIX
AJITOPUTMOB. 3aKOH AMja-
aa. Cnabast 4 cuJIbHasg
Macmrabnpyemocts. OueH-
KA BpeMeHH BBITIOJTHEHHS
00MeHOB

Tema 9. MeToab! U MOAXOABI
AJ1 ONTUMHU3ALUM TOCIe0-
BaTeJbLHbIX U Napajieib-
HBIX nporpamMm. UHcTpy-
MeHTaJbHbIe CPeICTBA A
Npo(uINpoOBaHUs U AHAJIM-
32 NPOM3BOAUTEIbHOCTH

Tema 10. MeToabl u cpencT-
Ba (PYHKLIMOHAJIBLHOM OT-
JaJKH1 NapajieJIbHbIX MPo-
rpamMm.

JAnHamMuyeckuii KOHTPOJIb
KOPPEKTHOCTH, CPABHH-
TeJbHAas 0TJIAAKA

12




Moaenu ¥ TEXHOJIOTHH NAPAIEJILHOT0 MPOrPAMMHUPOBAHUS

Tema 11. Moaean oouieii
namaTi. TexHosmorus 6 2 2
OpenMP

Tema 12. Moaean nepexaun

cooOwmenuii. Texnomorus 6 2 2
MPI

Tema 13. Moaesb napaJuie-
Ju3Ma no Ja"HueIiM. TexHo- 6 2 2
Jgoruss DVM

Tema 14. I'mOpuanas mo-
AeJb NPOrpaMMHPOBaHUS 6 2 2
MP1/OpenMP

Tema 15. PazpadoTka rere-
POTeHHBIX MapaieJbHbIX
NMporpamMm C NoMoub10
OpenACC

Tema 16. AnbTepHATUBHBbIE
TeXHOJIOTHH NapaieIbHO-
ro MporpaMMHupoOBaHMS. 6 2 2
Unified Parallel C. Co-array
Fortran. Chapel. X10

Tema 17. ABToOMaTn3anus
pa3padoTKu nmapajieTbHbIX 6 2 2
nporpamMmm

Tema 18. OTka3bl B pacnpe-
AeJeHHbIX cucTeMax. Kon-
TpoJibHbIe ToYkH. OTKAa30-
ycroituuBocth. User Level
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Failure Mitigation

HTroro

108 72 36

11. YYEBHO-METOINYECKHUE MATEPHAJIBI V11 CAMOCTOATEJIbHOM PABOTHI YYAIIIUXCS

CamocrosTenbHas pa60Ta yqamuxcst COCTOUT B U3YUCHUHN JICKIHMOHHOT'O MaTepuraiia, y‘le6HO'MeTOI[I/I‘leCKOI‘/‘I JIMTECPATYpPHhI, IIOATOTOBKH K IIpaK-

THYCCKHUM 3aJJaHUSAM TCKYLICTO KOHTPOJIA U HpOMe)I(YTO‘IHOﬁ aTTeCTanuu.

12. PECYPCHOE OBECIIEYEHUE

OcHoBHast yueOHO-METOIUYECKas IUTeparypa:

1)
2)

3)
4)

SIxo6oBckuiit M.B. Benenue B napansenbHble METO/IbI perieHus 3a1ad. Yueonoe nocoodue. Cepus: "CynepkomnbrorepHoe oopazobanue”. 13-
nmarensctso MIY. 2013.

Jlanme A.O. ITapannensHast 00paboTka JaHHBIX: yueO. mocobue /i cTyA. By3oB. M3narensckuii nentp "Axkagemus". 2010. M3narenscTso:
Axanemus.

Bn. B. Boesoaun, B. B. BoeBoaun. [1apannensusie Beruncnenus - CI16., BXB-IlerepOypr, 2002, 608 c.

AnTtonoB A.C. Texnonoruu napasmiensHoro nporpamMmmupoBanus MPI u OpenMP: Yue6. noco6ue. I[Ipeaucn.: B.A.CapgoBunumii. - Cepus "Cy-
nepKoMIbioTepHOE 0OpazoBanue”. M.: M3narenscTBO MockoBckoro ynusepcutera, 2012.-344 c.

I[OHOHHI/ITCJIBHQJI yqe6Ho-MeT0z[quc1<a${ JuTeparypa:

1)
2)
3)

4)

OpenMP Application Programming Interface. Version 5.1. November, 2020. URL.: https://www.openmp.org/wp-content/uploads/OpenMP-
API-Specification-5-1.pdf

MPI: A Message-Passing Interface Standard. Version 4.0 (Draft). November 15, 2020. URL.: https://www.mpi-forum.org/docs/drafts/mpi-
2020-draft-report.pdf

The OpenACC Application Programming Interface. Version 3.1. November, 2020. URL.: https://www.openacc.org/sites/default/files/inline-
images/Specification/OpenACC-3.1-final.pdf

3. Tanenbaym, M. Ban CteeH. Pacnipenenennsie cucremsl. [Ipunnuns u napaaurmsl - M.: [Tutep, 2003 - 876 c. - Knaccuka computer science;
ISBN 5-272-00053-6

Pecypchbl nHpOpMaIIOHHO-TEIEKOMMYHUKALMOHHON ceT « HTepHeT»

1)
2)
3)
4)

http://dvm-system.org
http://x10-lang.org/
https://chapel-lang.org/
https://fault-tolerance.org
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https://www.openmp.org/wp-content/uploads/OpenMP-API-Specification-5-1.pdf
https://www.openmp.org/wp-content/uploads/OpenMP-API-Specification-5-1.pdf
https://www.mpi-forum.org/docs/drafts/mpi-2020-draft-report.pdf
https://www.mpi-forum.org/docs/drafts/mpi-2020-draft-report.pdf
https://www.openacc.org/sites/default/files/inline-images/Specification/OpenACC-3.1-final.pdf
https://www.openacc.org/sites/default/files/inline-images/Specification/OpenACC-3.1-final.pdf
http://dvm-system.org/
http://x10-lang.org/
https://chapel-lang.org/
https://fault-tolerance.org/
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5) https://upc.Ibl.gov/
6) http://hpc.cs.msu.ru/
7) https://parallel.ru/cluster/lomonosov2.html

.HI/II_IGH?)I/IOHHOG IIporpaMMHOC O6€CH€‘I€HI/I6, B TOM YHUCJIE OTCUCCTBCHHOI'O IIPOMU3BOACTBA
HpI/I pcaim3ann JUCHUIITIMHBI MOXKET OBITH MCITOIL30BaHO CICOYIOUIEC ITPOrpaMMHOC obecneyeHue:

[Mporpammustii mpoaykt Red Hat Enterprise Linux Server for HPC Compute Node for Power, LE, Self-support
[Tporpammusiit mpoaykt Red Hat Enterprise Linux Server for HPC Head Node for Power, LE, Standard
Oneparnmonnas cuctema SUSE Linux Enterprise Server 11 SP4 for x86_64

Oneparnonnas cuctema Red Hat Enterprise Linux Server 5.0 for x86_64

Oneparnmonnas cuctema SUSE Linux Enterprise Server 10 SP3 for ppc64

Omnepannonnas cucrema Ubuntu 18.04,

[Iporpammuoe obecnieuenue ais Bupryanuszanuu Oracle VM VirtualBox

Onepannonnas cucrema ALTLINnUXMATEStarterkit 9 aunen3usGPL

[Mporpammustit mpoaykt JetBrains IntelliJ IDEA Community Edition Free Educational Licenses

. IIporpammusiii mpoaykt JetBrainsPyCharm Community Edition Free Educational Licenses
. IIporpammusrii mpoaykt JetBrainsCLion Community Edition Free Educational Licenses

. IIporpammusriii mpoaykt UPPAAL (http://www.uppaal.org/) akagemuueckas JTUIICH3HSI

. IIporpammusrii poaykt Java 8 (64-bit)Oracle Corporation

[Mporpammustit mpoaykt Java SE Development Kit 8(64-bit) Oracle Corporation

. [Iporpammustit npogykr  NetBeans IDE 8.2 NetBeans.org

. IIporpammusrii mpoaykt Dev-C++ Bloodshed Software

. IIporpammusriii mpoaykrCodeBlocksThe Code::Blocks Team

. IIporpammusrii mpoaykt Free Pascal 3.0.0Free Pascal Team

. Ilporpammusiii mpoaykr  Python 3.5.1 (64-bit)Python Software Foundation
. Iporpammusiii mpoaykt R for Windows 3.2.2 R Core Team
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21. IIporpammustit mpoaykrHaskell Platform 7.10.3 Haskell.org

22. OneparronHas cuctema Microsoft Windows 7 kopriopaTuBHas akajgeMudeckast JUICH3US

23. OnepanmonHas cuctema Microsoft Windows 10 Education akanemudeckast JIUIICH3US

24. IIporpammusiii mpoaykT Microsoft ProjectProfessional 2013 akagemuueckast IMIICH3HS

25. IIporpammusiii mpoaykt Microsoft VisioProfessional 2013 akageMuyeckast JIHIIEH3HS

26. ITporpammusiii mpoayktMicrosoft VisualStudioProfessional 2013 - RUS [Pycckuii (Poccust)] akameMuuecKkas JIAIEH3Us

HudpopmanoHHbIe TEXHOJIOTHH, UCIIOIb3yeMbIE B IIPOIIECCe 00YUEHUS: B MpoLiecce 00ydueH s HCIOb3yIoTes npuioxenns Google Docs, cpena
paspabotku MS Visual Studio, rexnonoruu nmapamienasHoro nporpammupoBanus MPI, OpenMP, OpenACC, DVM.
MarepuaisHO-TeXHHYIeCKas 6asa: [Uis MPeroIaBaHus JUCIAIUINHBI 2y IUTOPHs, 000PYI0BaHHAS IPOCKTOPOM.

13. AA3BIK IIPEIIOJJABAHUS
Pycckuit
14. PABPABOTYMK ITPOT'PAMMBI, ITPEINIOJABATEJIN

K.().- M.H., gorieHT baxtun Brnagumup Anekcanaposud (bakhtin@cs.msu.ru)
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OIIeHO‘lHLIe cpeacrea nJisd HpOMe)KyTO'lHOﬁ aTTeCTallui 10 TMCHHUIIJIMHE «Hapa.m]e.ﬂbﬂoe MMporpaMMHupoOBaHHUEC»

pnioxenne

HpOMe)KYTO‘-IHaSI arrecranus COCTOUT U3 ABYX 3TAIIOB — OHJIAMiH TCCTUPOBAHWA U UHAUBUAYAJIbHOI'O CO6€CGI[OB3.HI/ISI, MMPOBEPAOLICTO HpI/IO6-

PETCHHBIC 3HAHUA.
CpeI[CTBa JJI1 ONCHUBAHUA MJIAHUPYCMBIX PE3YJIbTATOB O6y‘-ICHI/I$I, KPUTCPHUH 1 1TOKA3aTCJIM OLUCHHUBAHUA ITPHUBCICHBI HUXKC.

PE3YJIBTAT KPUTEPUMU u IOKA3ATEJIN OHUEHUBAHUS PE3YJIbTATA OBYUYEHUSA OLEHOYHBIE
OBYYEHUSA M3 COOTBETCTBYHIIUX KAPT KOMIIeTeHIHI CPEJICTBA
1 2 3 4 3)
Heynose-
HeynoBiierBopure/ib-
TBOPHUTEJIb- Ho YoBiaeTBOPUTEIBLHO Xopowo OT1auyHo
HO

31 (OIIK-5) OtcyrctBue | ®@parmentapusle npea- | B nemom chopmupo- Cdopmuposannsie, HO | CdhopMUpOBaHHbBIE OHJIAlH TECTHU-
3HaTh:! 3HaHU CTaBJICHHSI O COBpE- BaHHbIE, HO HETIOJIHBIE | COJIEpIKAlllie OT/eNb- | CUCTEMaTU4YeCcKHe pOBaHMe,
COBpPEMEHHBIC MEHHBIX CYNEPKOMITb- | 3HAHHS O COBPEMEHHBIX | HbIC MPOOEIbI 3HAHUST | 3HAHUS O COBPEMEH- | DK3aMeH
CYNEPKOMIIbIO- IOTEPHBIX TEXHOJIOTUAX | CYNEPKOMIBIOTEPHBIX | O COBPEMEHHBIX CY- HBIX CYIIEPKOMIIbIO-

TEpHBIE TEXHO- JUTSL IPOBEICHUS KPYTI- | TEXHOJIOTHSIX IS TIPO- | MIEPKOMITBIOTEPHBIX TEPHBIX TEXHOJIOTHIX

JIOTHHM JUIS TIPO- HOMAcCIITaOHOro MaTe- | BEAEHUs KpyImHOMac- TEXHOJIOTUSIX IS JUIS IPOBE/ICHUS

BEJICHUS KPYTI- MaTHYECKOTO MOJIENIU- | IITa0HOTO MaTeMaTH- IIPOBEJCHUS KPYITHO- | KpYITHOMAacIITaOHOTO

HOMacIITabHo- poBaHUs U 00pabOTKM | YECKOTO MOJETUpPOBa- | MacIITabHOro MaTe- MaTeMaTH4eCKOTo

ro MaTeMaTH- JAHHBIX Ha COBPEMEH- | HUS U 00pabOTKHU AaH- | MaTUYECKOTO MOJIe- MOJIETTUPOBaHUS U

4EeCKOr0 MOJie- HBIX BBICOKOIIPOM3BO- HBIX Ha COBPEMEHHBIX | JMPOBaHUsS U 00pa- 00paboOTKH JaHHBIX

JTMPOBAHUS U JUTETHHBIX BEIYUCIN- | BEICOKOTIPOM3BOIH- OOTKM TaHHBIX HA CO- | Ha COBPEMEHHBIX BBI-

00paboTKH TEJIbHBIX CUCTEMAax TEJIbHBIX BBIYMCIIH- BPEMEHHBIX BBICOKO- | COKOTIPOU3BOIH-

TaHHBIX HA CO- TEIIbHBIX CHCTEMAax MIPOU3BOIUTEIEHBIX TEJbHBIX BBIYHCITH-

BPEMEHHBIX BBIYHCIUTENBHBIX TETbHBIX CHUCTEMAX

BBICOKOITPOU3- cucTemax

BOJUTEIHHBIX

BBIYHCITUTEINb-

HBIX CHCTEMax

VY1 (OIIK-5) OrcyrctBue | @parmentapasie yme- | B memom chopmmupo- Cdopmuposannoe, Ho | ChopmupoBaHHOE JIOMAIITHHE 3a-
YMeTh: yYMEHUH HUS B IPUMEHEHHUHU B BaHHOE, HO HE CHCTe- coJiepKallee OT/eNb- | CHCTeMAaTH4YeCKOe JaHMs,
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MIPUMEHSATH B
HCCIICI0BA-
TEIBCKOHN U
MPUKIATHON
JIEeITEILHOCTU
COBPEMEHHbBIC
CYNEPKOMITbIO-
TEpHBIE TEXHO-
JIOTUH ISl TIPO-
BEJICHUS KPYII-
HOMacIITaOHO-
ro MaTeMaTu-
YeCKOIro Moje-
JTUPOBAHUS U

HCCIIEN0BATENLCKOM U
MPUKJIAJHON ESITENb-
HOCTH COBPEMEHHBIX
CYMEePKOMITBIOTEPHBIX
TEXHOJIOTHH JIJIs1 TIPO-
BEJICHUS KPYITHOMAC-
mTabHOrO MaTeMaTH-
YECKOT0 MOJICIINPOBa-
HUS 1 00pabOTKH JaH-
HBIX Ha COBPEMEHHBIX
BBICOKOTIPOU3BOIH-
TEJbHBIX BBIUKCIIH-
TENBHBIX CHUCTEMAX

MaTH4ecKoe yMEHHE B
MPUMEHEHHUH B UCCIIe-
JOBAaTENbCKOM U MPH-
KJIaTHOH JESTEIBHOCTU
COBPEMEHHBIX CyIIep-
KOMITBIOTEPHBIX TEXHO-
JIOTUH JUTS IPOBEICHUS
KpYITHOMACIITaOHOTO
MaTeMaTu4ecKoro Mo-
JeTUpOBaHMS U 00pa-
OOTKH JJaHHBIX Ha CO-
BPEMEHHBIX BBICOKO-
MPOM3BOANUTEIBHBIX
BBIUUCIIUTENILHBIX CHC-

HBIE MTPOOEIIBI YMEHUE
B IIPIMECHECHUU B UC-
CJIeIOBATENIbCKON U
MPUKJIAIHON IESITENb-
HOCTU COBPEMEHHBIX
CYMEePKOMITBIOTEPHBIX
TEXHOJIOTHI1 ISl Ipo-
BEJICHUS KPYITHOMAC-
mTabHOTO MaTeMaTu-
94eCKOTr0 MOJAETHPOBa-
HUS 1 00pabOTKH
JTAHHBIX HA COBpE-
MEHHBIX BBICOKOIIPO-
W3BOJUTEIILHBIX BbI-

YMEHHE B IPUMEHE-
HUU B UCCIIE0Ba-
TEJIbCKOM U MpHU-
KJIaJTHOM JESTEIIBHO-
CTH COBPEMEHHBIX
CyNEepKOMIBbIOTEP-
HBIX TEXHOJIOTUH AJIs
MIPOBEICHUS KPYTI-
HOMAacIITabHOroO Ma-
TEMaTUYeCKOr0 MO-
JETUPOBAHUS U 00-
pabOTKHU JaHHBIX HA
COBpPEMEHHBIX BBICO-
KOIPOU3BOIUTETb-

MPAKTUYECKHE
3aJlaHus 10 na-
pajIeIbHOMY
MporpaMMHUpoO-
BaHUIO

00paboTKH TeMax YUCIUTENbHBIX CHC- HBIX BBIYUCIUTENb-

TaHHBIX HA CO- TeMax HBIX CHCTEMax

BPEMEHHBIX

BBICOKOTIPOM3-

BOJIUTENIBHBIX

BBIYUCITUTEIb-

HBIX CHCTEMax

B1 (OIIK-5) OrcyrctBue | dparmentapHoe Bia- B nenom chopmupo- Cdopmuposannoe, Ho | ChopmupoBaHHOE JIOMAIIHHE 3a-
Bnanets: HaBBIKOB JICHUE HaBBIKAMU pa3- | BaHHOE, HO HE CHCTe- coJiepaKallee OT/eNb- | CUCTeMaTH4YeCcKoe JaHus,
HaBBIKAMH pa3- pabOTKH MapajuIebHBIX | MATHYECKOE BIIAJICHHE | HbIC IPOOEINHI BlIajie- | BJIAJCHUE HABBIKAMH | IPAKTUYECCKHE
paboTkH mna- porpaMM JJisi IpOBe- | HaBBIKAMU pa3pabOTKH | HUE HAaBbIKaMM pas3pa- | pa3paboTKH mapaj- 3aJjaHMs 110 Ma-
pauTeTHHBIX JICHHS KPYITHOMAC- napajuiebHBIX TPO- OOTKM MapauIebHBIX | JIENBHBIX MPOTPAMM | paJICIEHOMY
Iporpamm Jist MmTabHOTO MaTeMaTu- rpamMM Ui IPOBEACHUS | IPOrpamMM JUis IpOBe- | JJIsl IPOBECHUS IpOrpamMMHUpO-
MIPOBEICHUS YEeCKOTr0 MOJICTTUPOBa- | KPYITHOMACIITAOHOTO JeHHST KPYITHOMAC- KPYITHOMACIITaOHOTO | BaHUIO
KpyIHOMac- HUS 1 00pabOTKM AaH- | MAaTEeMaTHYECKOro MO- | IITAOHOTO MaTeMaTh- | MaTeMaTHYeCKOTro

MTabHOTO Ma- HBIX Ha COBPEMEHHBIX | JCTUPOBAHHS U 00pa- YEeCKOT0 MOZCTUPOBA- | MOACITHUPOBAHUS U

TEMaTH4ECKOI 0 BBICOKOITPOU3BOIU- OOTKM JIaHHBIX Ha CO- HUS 1 00pabOTKU 00pabOTKU JaHHBIX

MOJIETTHPOBa- TENBHBIX BBIYHCIIH- BPEMEHHBIX BBICOKO- JAHHBIX Ha COBpe- Ha COBPEMEHHBIX BBI-

HUS 1 00paboT-
KU JJAHHBIX Ha

TCJIBHBIX CUCTEMAX

MMPOU3BOAUTCIIBHBIX
BBIYHUCIINTCIIBHBIX CHUC-

MCHHBIX BBICOKOITPO-
HU3BOAUTCIBHBIX BbI-

COKOIIPOU3BO/IU-
TEJbHBIX BBIYHCITH-
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COBPEMEHHBIX TeMax YUCIUTENbHBIX CHC- TEJIbHBIX CUCTEMAX

BBICOKOTIPOU3- TeMax

BOJIUTEIIbHBIX

BBIYUCIIUTEIb-

HBIX CUCTEMax

32 (MIIK-2) OtcyrctBue | @parmenTaphslie npea- | B menom chopmupo- Ccdopmuposannsie, Ho | ChopMHUpOBaHHBIE OHJIAH TECTHU-
3HaTh:! 3HaHU CTaBJICHUSI O MacIITa- BaHHbIC, HO HEIIOJIHbIE | COJEpIKAllle OT/eNb- | CUCTEMaTH4YeCKHe poBaHue,
Maciraoupye- OMpyeMbIX Mapaielib- | 3HAHUS O MacIITaOu- HbIE MPOOEIIbI 3HAHUS | 3HAHUS O MacIITabK- | HK3aMEeH

Mbl€ Tapail- HBIX METOJIaX U ajro- PYEMBIX MapajuledbHbIX | O MACIITAOMPYEMBIX | PyeMbIX Hapajielib-

JeNTbHBIE METO- PUTMaXx, UCTIOJIB3YEMBIX | METOJAX U aJiTOPUTMaXx, | MapauIeIbHBIX METO- | HBIX METOJax M aj-

16l ¥ aJITOPUT- IPU IPOBEIEHUH KPYII- | UCIOJIb3YEMbIX NIPH Jlax ¥ ajJropuTMax, ropuTMax, UCIMoJib-

MBI, UCTIOJIb- HOMAcCIITaOHOTO MaTe- | MPOBEIECHUH KPYITHO- UCTIOJIB3YEMBIX IIPH 3yeMbIX IIPU TPOBE-

3yeMble MpH MaTHYECKOI'0 MOJIENIU- | MaclITaOHOro MaTeMa- | IPOBEIEHUH KPYIHO- | I€HUM KpyITHOMAcC-

IIPOBEJICHUU poBaHus M 00pabOTKH | THYECKOTO MOJAETHPO- | MacIiTabHOTO MaTe- mTabHOrO MaTeMa-

KpyIHOMac- JTAHHBIX Ha CYNepKOM- | BaHUS M 00pabOTKH MaTHYEeCKOIr0 MOJIe- TUYECKOT0 MOJIENIH-

MTaOHOTO Ma- NBIOTEPHBIX CUCTEMAaxX | JaHHBIX HA CYIEPKOM- | JINPOBaHUS u 00pa- poBaHus 1 00paboT-

TEMaTU4YeCKOTro NBIOTEPHBIX CUCTEMaxX | OOTKHU JaHHBIX HA Cy- | KU JJAHHBIX Ha CY-

MOJIETTUPOBa- MEPKOMIIBIOTEPHBIX MEPKOMITBIOTEPHBIX

HUS 1 00paboT- cucTemax cucTemax

KW JaHHBIX Ha

CYNEPKOMIIbIO-

TEPHBIX CHCTe-

Max

V2 (MIIK-2) OrcyrctBue | ®parmentapuele yme- | B nemom chopmupo- Cdopmuposannoe, Ho | ChopMupoBaHHOE JIOMalIHue 3a-
YMmerb: yMEHU# HUS B pa3paboTKe U BaHHOE, HO HE CHCTe- coJiepaKallee OT/eNb- | CUCTeMaTH4YeCcKoe JaHus,
pa3pabarbIBaTh pean3al MacIiTa- MaTHYECKOE YMEHHUE B | HbIC TIPOOEIBI YMEHHE | YMEHHE B pa3paboTKe | MPaKTUIECKHE
U peaJn30BbI- OupyeMbIX Mmapajuieib- | pa3paboTKe U peajus3a- | B pa3paboTke U pea- U peasin3aluy Mac- 3aJjaHMs 110 Ma-
BaTh MacIIITa- HBIX METOJIOB U aJIrO- [IUY MAaCIITAaOMPYEMBIX | JM3AIlMX MacTabu- | ITaOUPyeMbIX Ia- payuIeTbHOMY
Oupyemble mna- PUTMOB JUTSI TPOBEIE- napajieNIbHbIX METO- PYEMBIX Mapajuieb- paJUIeTIbHBIX METO- IpOrpamMMHUpO-
payuieTbHBIe HUS KPYITHOMAcIITad- | OB M aJlTOPUTMOB ISl | HBIX METOJIOB U QJITO- | JIOB M QJITOPUTMOB BaHUIO

METOJBI U aJl-
TOPUTMBI JJIA
MIPOBEICHUS
KpyIHOMAcC-

HOI'0 MaTEMaTHYECKOTO
MOJICIIUPOBAHUS U 00-
paboTKU JaHHBIX Ha
CYIEePKOMITBIOTEPHBIX

IIPOBEAEHUS KPYIIHO-
MacmTabHOro MaTrema-
TUYECKOTO MOJIETTUPO-
BaHMS M 00pabOTKH

PUTMOB [J1d IPOBCAC-
HUS KpYITHOMACIITa0-
HOTO MaTeMaTU4eCKO-
r'0 MOACITHUPOBAHUS U

JJI IPOBEIECHUS
KpyITHOMACIITaOHOTO
MaTEeMaTHYECKOTO
MOJICIIUPOBAHMSI U
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Ta0HOIO Ma-
TEMaTUYCCKOrO
MOJICJTUPOBa-
HUS 1 00paboT-
KM JaHHBIX Ha
CYIIePKOMITBIO-
TEPHBIX CHCTE-
Max

CHUCTEMax

JaHHBIX Ha CYIICPKOM-
NBOTCPHBIX CUCTCMAX

00pabOTKH JaHHBIX Ha
CYMEePKOMITBIOTEPHBIX
cucTeMax

00paboTKH JaHHBIX
Ha CYIEPKOMITbIO-
TEPHBIX CHCTEMaX

B2 (MIIK-2) OtcyrctBue | @parmeHTapHoe Biia- B nenom chopmupo- CcdopmupoBannoe, Ho | ChopmMHupoBaHHOE JIOMaIllHUE 3a-
Brnaners: HaBBIKOB JICHHE HaBBIKaMH T10- BaHHOE, HO HE CHCTe- coJiepKaIlee OT/IeNb- | CHCTEMAaTH4YeCKOe JaHUs,
HaBbIKAMU T10- CTpOEHUS, Mapajuledb- | MAaTUYECKOE BIIAJICHUE | Hble MPOOeIbl Biaje- | BJIAJCHUE HABBIKAMHM | IPAKTUYECKHE
CTpOCHHUSI, Ta- HOU peajM3alyy 1 UC- | HAaBBIKAMHU MIOCTPOCHUS, | HUE HAaBBIKAMH I10- MOCTPOCHHMS, Tapal- | 3a/laHus I10 Ma-
pajuieabHON CJIEZIOBaHUS MOJIEIeH U | mapallieIbHON pealnu- | CTPOEHUs, napaj- JIeIbHON pealu3aluy | pajaelbHOMY
peauzanuu u METO/IOB paclpeAeieH- | 3allii U UCCIENOBAaHMS | JISTIbHON pealln3alliil | M UCCIICAOBAHMS MO- | IPOTPaMMHUPO-
HCCIIE/I0BaHUS HOW 00pabOTKU UH- MoJiesielt 1 METOJIOB U MCCJIEIOBAHUS MO- | Jieiel M METOJI0B BaHUIO
MoJIeliel U Me- dbopmaru pacrpesiesieHHON oOpa- | Jenel 1 MEeTO/IOB pac- | pacrpeaesieHHON 00-

TOJZIOB pacIpe- 60TKH HH(OpMaIH npeseneHHon oopa- paboTku nHpopma-

JIeJIEHHOM 00- 00TKH MH(pOpMaLUU UU

paboTKH HH-

dbopmarun

33 (MIIK-3) OtcyrctBue | @parmeHTapHsle npea- | B nenom chopmupo- Ccdopmuposanssie, Ho | ChopMHUpOBaHHBIE OHJIAliH TECTHU-
3HaTh! 3HaHUH CTaBIIeHHsI 00 OCHOB- BaHHBIC, HO HETIOJTHBIE | COJIEPIKAIUE OT/ENb- | CHCTEMAaTUYECKHE poBaHmue,
OCHOBHBIE Me- HBIX METOJaX U MOJX0- | 3HAHHU 00 OCHOBHBIX Hble Ipo0ebl 3HaHUsL | 3HAHUA 00 OCHOBHBIX | SK3aMEH

TOJIBI ¥ TIOJIXO- Jax ISl ONTHMU3ANMN | METOAAX M MOJX0Aax 00 OCHOBHBIX METO/IaX | METOJIAaX U TOJX0IaX

b 17151 OIITH- KaK I0cJIe10BaTeb- JUIs ONITUMM3AIMY KaK | U MOAX0JaX JJIsl Oll- JUIS OITUMU3ALIH

MU3aIUH KaK HBIX, TaK ¥ MapajiieNb- | TMOCIe0BATENbHBIX, TUMU3AIHAH KaK I0- KaK ITOCTIeI0BATEIh-

nocje0Ba- HBIX NIPOrpaMM TaK M MapajuieIbHbIX CJIEZIOBATENIbHBIX, TAK | HBIX, TAK U Hapa-

TEJBHBIX, TaK U porpamMm Y TTapaJUIeTbHBIX TIPO- | JISIBHBIX MPOTPaMM

napaiebHbIX rpamm

porpamMm

V3 (MIIK-3) OtcyrctBue | @parmentaphsie yme- | B menom copmupo- Ccdopmuposannoe, Ho | ChopMHupoBaHHOE JIOMalIHUE 3a-
VYMmers: yYMEHUM HUS B OLIEHKE Y ek- BaHHOE, HO HE CHCTe- coJiepKallee OT/IeNb- | CUCTEMATHYECKOe JaHu,
OLIEHUBATh - TUBHOCTH pacrpesie- MaTHYECKOE YMEHHUE B | HbIE IPOOENbl YMEHHUE | YMEHHE B OLIEHKE MPAKTUYECKHE
(hEeKTUBHOCTh JICHHBIX aJITOPUTMOB orieHke I PpeKTUBHO- B o1ieHKe dpdekTuB- | 23HEKTUBHOCTH pac- | 3aJaHusI 1O Ta-
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pacnpezeneH-
HBIX JITOPUT-
MOB

CTH paclpeesIeHHbIX
JIITOPUTMOB

HOCTH paclpeCaciICH-
HBIX aJITOPUTMOB

IIPEEIICHHBIX AJIr0-
PUTMOB

pajIeIbHOMY
IIPOrpaMMHUpO-
BaHUIO

B3 (MIIK-3)
Bnaners:
HaBBIKAMH HC-
MMOJIb30BAHHUS
COBPEMEHHBIX
UHCTPYMEH-
TaJIbHBIX
CPEICTB st
npouIMpoBa-
HHS U aHAJIN3a
MIPOU3BOIH-
TEIIbHOCTH T1a-
paIeNTbHBIX
porpaMm

OrtcyrcTBUE
HaBBIKOB

®parMeHTapHOE BIIa-
JICHUE HaBbIKaMU HUC-
I10JIb30BAHUA COBPE-
MEHHBIX UHCTPYMEH-
TAJIBHBIX CPCACTB JJIA
npopUINPOBaHUS U
aHaJIN3a IPOU3BOJIH-
TEIBHOCTH Mapajlieib-
HBIX IIPOrpaMM

B nenom chopmupo-
BaHHOE, HO HE CHCTe-
MaTU4ECKOE BJaJICHNE
HaBBIKAMU UCII0JIb30-
BaHUs COBPEMCHHBIX
UHCTPYMEHTAJIbHBIX
CPEICTB AJ1sl IPOPUIH-
POBaHUS M aHAJIN3A
MMPOU3BOAUTCIIbHOCTU
napaiesIbHbIX MPo-
rpaMm

CdhopmupoBanHoe, HO
coJiepxallee OT/1eNb-
HbI€ [TPOOEIbI BiIaje-
HUE HaBbIKaMU HUC-
H0JIb30BaHMS COBpE-
MEHHBIX HHCTPYMEH-
TAJIBHBIX CPEJICTB IS
npodUIMpOBaHUs U
aHaM3a MPOU3BOIU-
TEJIbHOCTU Mapall-
JIETBHBIX IPOrpaMM

CdhopmupoBanHoe
CHUCTEMaTHYECKOE
BJIaACHNUEC HaBbIKaMU
UCIIOJIb30BaHUS CO-
BPEMEHHBIX UHCTPY-
MEHTAaJIbHBIX CPEJICTB
1u1st mpodumpoBa-
HUS M aHAJTU3a Tpo-
U3BOJUTCIIBHOCTHU
napajuieNIbHBIX MPO-
rpamMmm

JIOMaIIHHE 3a-
JaHus,
MPaKTUYECKHE
3aJaHus 10 ma-
pajIeIbHOMY
POrpaMMHUpPO-
BaHUIO
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®DoHIBI OLIEHOYHBIX CPEICTB
IMpumepnsiii online-Tect 115 TeKyIEro KOHTPOJIs yCEBAEMOCTH.

Bonpocel
TexHonorus nporpammuposarus OpenMP

Haingure ownbky B cnefyowem dparMeHTe NporpamMMei:

#define N 10

int A[N];
#pragma omp parallel for
for(int 1 = 1; i < 100; i++) {

A[il= A[i-1] + A[i+1]

TAKOW LUK HENb3A BbINONHATL NAPannensHo, T.K. MeXAy BUTKaMU UMKNa
CYLLECTBYeT 33BUCUMOCTb MO AaHHbIM
He onpegeneH knacc (private unu shared) Ans uHgeKCHON NepeMeHHoN UmKna i

mMaccue A fomkeH BbiTb o6bABneH obmm (shared) ana Bcex HuTeR

B AAaHHOM dparMeHTe NPorpaMMbl OLIMGKY HeT

c a0 @

Hainpute owubky B cnegyouwem dparMeHTe NpOrpammbi:

#pragma omp parallel default(shared)

{
ing 1
#pragma omp for lastprivate(i)
for (i=0; i<n; i++) {
i+=2;
work(i);
}
}

MHAEKCHaA NepeMeHHas UMKNa, BUTKU KOTOPOTO PAcipesensioTes MeXay HUTAMK
npy NOMoLLYM AUPeKTUBDI for, He MOXET BbiTs yKkasaHa 8 knay3e lastprivate

U3MEHEHNE 3HAUEHWUA MHASKCHOM NepemerHoN uvkna for BRYTpM unkna (npu
NOMOLLM OnepaTopa i+=2) He gonyckaeTca

O O O

B AaHHOM parMeHTe NporpaMmbl OLWKMGKHN HeT



Tunosbie foMalIHUE 3aaHUS.
1.

B TpancnproTepHOi MaTpuile pazMepoM 4*4, B KaXKIOM y3Jie KOTOPOH HAXOIUTCS OJUH MPOIeCcC, HEOOXOIUMO BHITIOTHHUTH OINEPAIIHIO TTe-
penaun coobmmenus auHor N 6aiT Bcem nporeccam ot oguoro (MPI BCAST) - mpounecca ¢ koopaunatamu (0,0). [Tonyauts BpeMeHHYO
OIICHKY paboThl asroputMa. ONEHUTH CKOJIBKO BpeMeHU moTpedyercs s BeimonHeHus: onepaiuu MPI BCAST, ecnu Bce mporiecchl Bbi-
Jany ee ogHoBpeMeHHO. Bpems crapra paBHo 100, Bpems nepemauun 6aiita paBHo 1 (Ts=100, Tb=1). [IpoueccopHsie onepamuu, BKIHOYas
YTCHHE U3 MaMSTH U 3aIHCh B IAMSTh, CYUTAIOTCS OECKOHEUHO OBICTPBHIMHU.

B TpancnbroTepHOi MaTpule pazMepoM 4*4, B KaKI0OM y3J1€ KOTOPOH HaXOJIUTCSI O/IMH MPOLECC, HEOOXO0AUMO BBIIOIHUTh ONEPALUIO Ha-
XO0XJIEHUS] MakcuMyMa cpean 16 dncen (KakIplii mpolecc UMeeT cBoe Yuciio). HaliieHHoe MakcuMallbHOE 3HaYSHUE JI0JDKHO OBITH MOJTY-
yeHo Ha npoiiecce ¢ koopanHaramu (0,0). OieHuTh CKOIbKO BpeMeHU notpedyercs /uis BeinonHeHus onepanun MPI REDUCE, ecnu Bce
MPOIIECCHI BBIIANIN 3Ty OINEPAIMIO PEAYKIHH OJHOBpeMeHHO. Bpewms ctapra paBro 100, Bpemst iepenauu Oaiita pasHo 1 (Ts=100, Th=1).
IIponieccopHble oneparuy, BKJIOYasi YTEHUE U3 MaMATH U 3alIUCh B IAMATh, CYUTAIOTCS. OECKOHEYHO OBICTPHIMHU.

B TpancnbroTepHOi MaTpuiie pazMepoM 4*4, B KaKI0M y3Jie KOTOPOW HAXOIUTCS OJMH IPOIECC, HEOOXOAUMO MePecIaTh OYCHb JTHHHOE
coobmienue (qmHou L 6aiiT) u3 y3na ¢ koopaunaramu (0,0) B y3en ¢ koopauHaTamu (3,3). CKoIbKO BpeMEHU MOTpedyeTcs AJisl 3TOro, ec-
JIM Tiepeada cooOIeHUI TOUKa-TOUYKa BhINONHseTcs B Oydepuzyemom pexxume MPI? A ckonbko BpeMeHH OoTpedyeTcs MpU UCHOIb30Ba-
HUHM CUHXPOHHOTO PEeXUMa U pexxuMa rotoBHocTH? Bpewms crapra pasHo 100, Bpems nepeaauu Oaiita pasao 1 (Ts=100, Tb=1). [Ipouec-
COpHBIE Ollepaliy, BKJII04as YTEHUE U3 MaMATU U 3alUCh B MAMSTh, CYUTAIOTCA OECKOHEYHO OBICTPBIMHU.

KoHcucTeHTHOE 1 CTPOro KOHCUCTEHTHBIE MHOXKECTBA KOHTPOJIbHBIX ToueK. /laiiTe OlleHKY HaKJIaIHbIX pacXoJl0B Ha CHHXPOHHYIO (pUKca-
LU0 CTPOr0 KOHCUCTEHTHOTO MHOXECTBA KOHTPOJIBHBIX TOUeK s ceTd u3 10 DBM ¢ mmHHON opranu3anueil (0e3 anmnapaTHbIX BO3MOX-
HOCTEH IIMPOKOBELIaHNs), €CIIM HaKJIaJHbIe pacXo/ibl HA CHHXPOHHYIO (DUKCALMI0 KOHCUCTEHTHOIO MHOXecTBa paBHbI T1. Bpems ctapta
(BpeMs "pasrona" mociue noJaydeHHs 1OCTyla K IHUHE Uid nepenadu cooduienust) paHo 100, Bpemst nepenaun 6aiita pasuo 1 (Ts=100,
Tb=1). Joctyn k mmue 3BM nonydaroT nocie0BaTeIbHO B MOPSAAKE BbIIAYM 3a1poca Ha nepeaavy (Ipu 0JHOBPEMEHHBIX 3arpocax - B
nopske HomepoB OBM). IIpornieccopHble onepanuu, BKJIoYasi YTE€HUE U3 TaMSITH U 3allMCh B MaMATh, CUUTAIOTCS OECKOHEYHO OBICTPHIMHU.

I[IpumepHbIe NpaKTHYECKUE 3aJaHHS 110 MAPA/LIeJILHOMY NPOrPAaMMIPOBAHMIO.
1.

C nomomusio TexHonorun OpenMP[MPI|OpenACC|DVM] pa3paboTtaTh nporpammy AJisi pelIeHus: CHCTEMbI JINHEHHBIX areOpanyeckux
YPaBHEHUM.

C nomomusio TexHoiorun OpenMP[MPI|OpenACC|DVM] pa3paboraTh nporpammy, KOTOpasi BHIIOJISAET YMHOXKEHHUE 2-X-MaTpUIL.

C nmomomipio TexHosorun OpenMP[MPI|OpenACC|DVM] pa3zpabotath mporpaMMmy, KOTOpasi BBIIOJSET COPTUPOBKY OOJIBIIIOTO MacCHBa
JAQHHBIX.
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yCKOpI/ITB BBIIIOJIHEHUE MPI-HpOFpaMMH, 3a CYCT €€ JOINOJIHUTEIIbHOT'O paciapalJyICInBaHus C IIOMOIIbIO TEXHOJIOTHH
OpenMP|OpenACC.

Y CKOPUTH BBHIOJIHEHUE ITPOTPAMMBI 32 CYET MCIOIb30BaHHS apaJUICIbHOTO BBOAA-BBIBO/IA.
Haiitu ommbky B mapauieabHO# mporpamme.

OnTuMH3HPOBaTh BHIIIOJIHEHUE MapauIeIbHON ITPOrPaMMBI.

Peann3oBaTh KOHTPOJIbHBIE TOUKH B MAPaLICIBHON TPOrpamMMe.

C nomomursio ULFM peanuzoBars napaiienbHy0 IporpamMmy, yCTOHUUBYIO K cOOTO.

B xaxnom 3aganuu tpedyercs:

a) Peanu3oBarh mapauielibHYIO BEPCHUIO IIPOTPAMMBI.

b) HccnenoBars MacmTabupyeMOCTh MOJYYSCHHOHN MapauIeIbHON MPOrpaMMbl: TIOCTPOUTD I'PapUKH 3aBUCUMOCTH BPEMEHH HCIIOTHEHUS
OT YHCIIA AAeP/TIPOIIECCOPOB VIS PA3IIMYHOTO 00BEMA BXOTHBIX JTAaHHBIX. J[JIsl KayK10r0o Habopa BXOHBIX JAHHBIX HAWTH KOJHMUYECTBO
su:[ep/npoueccopOB, IMIpU KOTOPOM BpPEMS BBITIOJITHCHUS IPOTrPaMMBbIL Hep€CTaéT YMCHBIIATHCH. ONTUMAJIEHEIM SIBIISIETCS IIOCTPOCHUC
TpEXMepHOTro rpaduka: mo oJHON U3 oceil BpeMsi padOThI MPOTrPaMMBbl, TIO APYTOH - KOJTUYECTBO SA€P/IIPOLIECCOPOB U MO TPEThel - 00b-
éM BXOOHBIX JaHHBIX.

€) OmpeaenuTs OCHOBHBIC MPUYMHBI HEIOCTATOYHON MacIITAOMPYEMOCTH TIPOrPAMMBbI TP MaKCHMATIBHOM YHCIIEe UCITOIb3yEMbIX
s71ep/TIpoIIeCCOPOB.

d) TToaroTOBUTH OTYET O BHIMOJHCHUH 3aJaHUs, BKIIIOYAIOIINI: OMMCAHUE PEATH30BAHHOTO alrOpUTMa, Tpad)uKH 3aBUCHMOCTH BPEMEHH
MCIIOJTHEHUS OT YHCIa s,Iep/MPOLEeCCOPOB ISl Pa3IMuYHOT0 00bEMA BXOIHBIX JaHHbBIX, TEKCT IPOIPaMMBbI.

IIpumepHBIE BONPOCHI VIS IK3aMEHA HA MPOMEKYTOYHOH ATTECTAIUH.
1.

ApXuTeKTypa napajuleIbHbIX BEIUMCIUTENbHBIX cucTeM. Kitaccudukanus. BektopHo-koHBeliepHble KOMIbIOTEPHI. [lapannenbHbie KoM-
IBIOTEPHI € 00ILEH MaMATHI0. BRIYMCIUTEIbHBIE CUCTEMBI C PACIpeIeIEHHON MaMAThI0. [ MOpHIHBIE apXUTEKTYphI

Pacnipenenennsie n mapawieabHbie GailioBbIe CUCTEMBI
Pacnpenenennas pazaensemas namsate (DSM). Monienu KOHCUCTEHTHOCTH NaMsITH

[Tpomneccrt n HuTH. B3aumoaeicTByromue nporecchl. Kanan nmepenadyu JaHHBIX, €ro cBOMcTBA. Buibl 0OMeHOB. CHHXpOHHBIE, aCHHXPOH-
Hble Oy(epuzoBanubie U HeOyhepr3oBanHble. OTHOCTOPOHHUE KOMMYHUKAIIUN

Brruucnurensusie pecypeslt MI'Y umenn M.B.JIomoHocoBa. CucTeMHOE 1 MPUKIIATHOE MPOrpaMMHOE obecrieueHne. MeHeKephl yIpaBs-
neHus pecypcamu. CUCTEMBI yIIpaBJICHUsI IPOXOKICHUEM 3a/1a4.
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bazoBrie napajaji€iIbHbIC MECTOBI. MeTO,Z[ CABaHMBaHUs. MCTOI[ TCOMETPHUYICCKOro Iapajjieanu3mMa. MCTOII KOHBCflepHOFO mapajuiejim3mMa
HapaJIJIeHLHHe MCTObl YMHOKCHHA MaTpPpUIIbl HA BCKTOP. HapanneﬂLHme MCTOAbI YMHOKCHHA MaTpHUIL]

[TapamnensHbie MeTOIBI 00pabOTKH TpadoB

© o N o

MeTto/1b1 apajiiesIbHON COPTUPOBKHU JAHHBIX

10. Yckopenue, 3pPEKTUBHOCTD MapaUIeIbHBIX aAJITOPUTMOB. 3aKoH AMuana. Ciadast v cuiibHast MacTadupyeMocTh. OlieHKa BpEMEHH BbI-
OJHEHUS] OOMEHOB

11. MeToapbl ¥ MOAXOAbI JJIsl ONITUMU3ALMHU ITOCIEI0BATCILHBIX U IapaJuiCJIbHBIX ITPOrpaMMm. I/IHCTPYMCHTaHBHBIe cpeacTBa 1A HpO(I)I/IJ'II/IpO—
BaHUA U aHAJIM3a NPOU3BOJUTCIBHOCTH

12. Metozsl u cpeacTBa PYHKIHMOHAIBHON OTIAKH MapalljleNIbHbIX MporpaMM. J[MHaMUYECKU KOHTPOIIb KOPPEKTHOCTH, CPABHUTEIIbHAS OT-
naaKa

13. Mogens obmieit mamsatu. OCHOBHBIE BO3MOXKHOCTH TexHosioruun OpenMP

14. Mognens nepenayun coobmenuii. OCHOBHBIE BO3MOXKHOCTH TexHoJoruu MPI

15. Mogenp napamienusma mno faHHeiM. OCHOBHBIE BO3MOKHOCTH TexHOIoruu DVM

16. Twubpumnas moxaens nmporpammupoBanust MPI/OpenMP

17. Pa3paboTka reTeporeHHbIX MapaielbHbIX MporpaMm ¢ moMoibio OpenACC

18. AunbTepHAaTHUBHBIC TEXHOJIOTUH NapaiuieiabHoro nporpammupoBanus. Unified Parallel C. Co-array Fortran. Chapel. X10
19. Asromaruzanus pazpaboTKy mapaiedbHbIX MPOTPaMM

20. Ortka3ssl B pacnpeseieHHbIx cucremax. Kontponshbie Touku. OTkazoycroitunBocts. User Level Failure Mitigation

MeTtoauyeckue MaTepuabl 1Jis1 IPOBeJACHUS NPOLeYP OLCHUBAHNS Pe3y/1bTATOB 00y4eHus!
Jlise KOHTPOJIS 3HAHUK CTYAEHTOB IO JAHHOW JUCIUIUINHE HEOOXOAMMO MPOBOAUTH TEKYIIMHA U MPOMEXYTOUYHBIH KOHTPOJIb. TeKyluid KOH-
TPOJIb BHIMOJIHAETCS B BUJIE 3aIUT MPAKTUUECKUX U MHIUBUIYaJIbHBIX PadOT, MPOBEPKU JOMAIIHUX 3aJaHUN. [[poMexyTOUHBIH KOHTPOJIb TPOBOIUTCS
B BHUJI€ DK3aME€Ha, Ha KOTOPOM OOCYKIAIOTCsl TeOpeTHdecKre BOmpochl Kypca. OleHHBaHHe 3HAHUM, YMEHUN M HaBBIKOB MPOM3BOAMTCS Ha OCHOBE
0a/IbHO-PEUTUHIOBON cucTeMbl. [Ipu pelTHHIrOBON cuUcCTeMe BCe 3HaHMs, YMEHUS U HaBBIKM, IPUOOpETaeMble CTYACHTAaMH B PE3yJIbTaTe U3Yy4eHUs

JIMCLUUIUIMHBL, OLleHUBatOTCA B 6amax. [Ipeamnonaraercs 5 ¢opm KOHTPOIIS, IO KOTOPBIM CTYACHTHI MTOTYYaroT Oalibl:
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1. Ilocemaemocts nekuuii (Makc. 10 6amioB).
2. TlocemraemocTh cemuHapoB (Makc. 10 6amioB).
3. BrImosiHeHHE TOMaNTHUX 3aJaHUH K KK 101 JieKiuu (Makc. 20 6ajioB).
4. BBINOJIHEHHE MPAKTUYCCKHUX 3aJaHHH 110 MapauieIbHOMY MPOorpaMMHUpoBaHuio (Makc. 40 0aioB).
5. Dx3ameHn (makc. 20 6amioB).
NroroBas olieHka 3a Kypc pacCUMTHIBAETCS UCX01A U3 HaOpaHHBIX cTyAaeHToM OamioB (ot 0 mo 100 6amioB). Kpurepuu oneHok:
e «5»2>90 6amnos;
o «4» >70 6amos;
e 3»>5006am10B;

e 2» <50 6amnos.



