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1. HAUMEHOBAHMUE JUCHUITJIMHBI
[TapayurenpHOE IPOrpaMMUPOBAHKE
2. YPOBEHbB BBICHIEI'O OBPA30BAHUSA
[ToaroroBka Hay4YHO-IIEIArOrMYECKUX KaJPOB B MATUCTPATYPE.
3. HAITPABJIEHUE ITIOATI'OTOBKH, HAITPABJIEHHOCTD (ITPO®UJIb) ITIOAI'OTOBKHU

Hamnpasnenune 01.04.02 «IIpuknaanas maremaruka u uHpopmaruka». HampasiaeHHocTs (ipoduib) «CynepKOMITbIOTEPHBIC TEXHOJIOTUU MaTe-
MaTHYECKOI'0 MOJEIMPOBAHUS U 00PaOOTKU JAHHBIX).

4. MECTO JUCHUILIUHBI B CTPYKTYPE OCHOBHOM OBPA30BATEJIBLHOM ITPOT'PAMMBI

JucuumuiHa BXOAUT B BapUAaTUBHYIO YacTh MarucTepckoil oopazoBaTenbHOM nporpaMmbl «CynepKOMIIBIOTEPHbIE TEXHOJIIOTUU MaTeMaTHye-
CKOTO MOJIEJIMPOBaHMsI U 00pabOTKU JaHHBIX», U3ydyaeTcs B 1-M cemectpe.

5. AHHOTALUS

CoBpemeHHas HayKa, [epe/loBble NHHOBAIMOHHBIE TEXHOJIOTUH HE MOTYT pPa3BUBAThCs O€3 MCIOJIB30BaHUs BHICOKOIIPOU3BOIUTENbHBIX BBIUHMC-
JTUTENBHBIX cucTeM. Ha nepenHeM GpoHTe 3TUX CUCTEM HAaXOAATCS CUCTEMBI C PEKOPAHOM MPOU3BOAUTEIBHOCTBIO - CYNIEPKOMITBIOTEPHI. Y MEHHE CTa-
BUTh U PEATM30BBIBATD 33/1a4H I TAKUX CUCTEM SIBJISIETCS HEOTHEMIIEMOU 4acThO0 MPOPECCHOHATBHON MOATOTOBKH CHEIMATUCTOB BO MHOTMX 00Ja-
CTSX, U, B IEPBYIO OYepe/ib, JUIsl CHENMAINCTOB M0 HampaBieHuo noarotoBku «llpukiaanas maremaTtuka u uHdopmatuka». IlocrossHHOE pa3BuTHE
anmnapaTHBIX BO3MOYKHOCTEH BBICOKOIPOM3BOJIUTEIBHBIX CUCTEM JUKTYIOT aKTyaJIbHOCTh 3a/ladll M3Y4YEHHs] U OCBOEHHUS METOJOB Pa3pabOTKH Ipo-
rpaMMHOro obecriedeHus i takux cucteM. Kypce «IlapamnenbHoe mporpaMMupoBaHHE» MOCBAIIEH W3YYEHUIO U OCBOCHHIO HA MPaKTUKE 0a30BbIX
TEXHOJIOTUI MapaiieIbHOr0 MPOrpaMMUPOBAHMS 71l BHICOKOIIPOU3BOIUTENbHBIX BBIYMCIUTENBHBIX CUCTEM. PaccMaTpuBaloTCs OCHOBBI Mapasuiesb-
HBIX BBIUMCIIEHUH, 0COOEHHOCTH apXUTEKTYp COBPEMEHHBIX BBICOKOMPOU3BOJUTEIBHBIX BEIYMCIUTEIBHBIX CHCTEM, TEXHOJIOTHH MapajIeIbHOTO Mpo-
rpammupoBanus MPI, OpenMP, OpenACC. Ocoboe BHUMaHuE B Kypce yaensercsa mpodiemaM 3¢p(EeKTUBHOCTH U HAJEKHOCTH MapajlleNbHbIX Mpo-
rpamm. TeopeTHueckue 3aHATHUS 110 KypCy COMPOBOXKAAIOTCS MPAKTUKYMOM, B paMKax KOTOPOTO CTYJEHTbI pa3padaThiBalOT MapajjiebHble Iporpam-
MBI U UCCIENYIOT 3(PPEKTUBHOCTD UX BBHIITOJIHEHUSI.



6. IEPEYEHD IINIAHUPYEMBbIX PE3YJIbTATOB OBYUEHUSA
JuciumimHa yyacTByeT B ((OPMUPOBAHHUH CICAYIONINX KOMIIETEHIINI 00pa30BaTEIbHON IPOTPaMMBI:

@opMupyeMble KOMIIETEHIIUH Ilnanupyemble pe3yJbTaThl 00yUeHHs
CIIOCOOHOCTH MPENICTABIIATH PE3YJIbTaThl MPO(PECCUOHATBHOM Nesi- 31 3Hatb:
TEIHHOCTH B COOTBETCTBHH C HOPMaMH U MPABUIIAMH, IPUHITHIMU B COBPEMEHHBIC CYNIEPKOMITBIOTEPHBIC TEXHOJIOTHH IS TPOBEICHUS KPYII-
npodeccroranbsHoM coobrnectse (OITK-5). HOMAcCIITaOHOT'0 MaTeMAaTHYECKOTO MOJICTUPOBAHMS U 0OpaOOTKH JTaH-
HBIX Ha COBPEMECHHBIX BBICOKOTIPOU3BOAUTEIHHBIX BHIYUCIUTEIBHBIX CH-
cTeMax;
V1 VYmers:

IPUMEHSTDH B UCCIIE0BATENILCKON U MPUKIIAJHON 1eATEeIbHOCTH COBpE-
MCHHBIC CYIICPKOMIIBIOTECPHBIC TEXHOJIOTHU IJIA IPOBCACHUA KPYITHO-
MacIITaOHOr0 MaTEMaTHYECKOr0 MOJICIHUPOBAHUS 1 00paOOTKH TaHHBIX
Ha COBPEMCHHBIX BBICOKOITPOU3BOANTCIIbHBIX BBIYUCIIUTCIIBHBIX CUCTC-
Max;

B1 Bnaners:

HaBbIKaMH pa3pabOTKU MapauIeNbHBIX IPOrpaMM sl IPOBEICHHS KPYyII-
HOMacCIHITaOHOT0 MaTEeMaTHYECKOTO MOJIETUPOBaHUS U 0OPaOOTKH TaH-
HBIX Ha COBPEMEHHBIX BBICOKOITPOU3BOAUTEIBHBIX BEIUUCIUTEIBHBIX CH-

cTeMax.
CIOCOOHOCTH pa3zpabaThIBaTh U PEATU30BbIBATh MacIITAOUpyeMble 32 (MIIK-2) 3Hatb:
napajuieIbHbIe METO/IbI M AITOPUTMBI, y4aCTBOBATh B MEKIUCITUILITH- MacmTabupyemble mapayuieIbHbIE METO/IBI U alITOPUTMBI, HCITOJIb3yEeMbIe
HapHBIX MCCIEOBAHUAX C IPUMEHEHUEM CYNIEpKOMITbIOTEPHBIX CH- IpY IPOBEIEHUH KPYITHOMACIITAOHOTO MaTEMaTHYECKOr0 MOAEIUPOBa-
crem (MIIK-2); HUS 1 00pabOTKH JITaHHBIX Ha CYNEPKOMITbIOTEPHBIX CHCTEMAX;

Y2 (MIIK-2) YmeTs:

pa3pabarbIBaTh U peain30BbIBaTh MaclITaOUpyeMble apaslieIbHble Me-
TOJIBI ¥ AJITOPUTMBI JJIS IPOBEJCHUS KPYITHOMACIITAOHOTO MaTeMaTnye-
CKOTO MOJIIIUPOBaHUS U 00paOOTKU JaHHBIX Ha CyNEPKOMITBIOTEPHBIX
CUCTEMAX;

B2 (MIIK-2) Bnanerts:

HaBbIKaMU IIOCTPOEHUS, MapaJIENbHON PeaIn3aluy U UCCIEN0BaHUI MO-
Jiesiel ¥ METOJI0B pacnpeielieHHON 06paboTku HH(OPMALIUH.

CHOCOOHOCTH pazpabaTbiBaTh dPPEKTUBHOE CUCTEMHOE U TTPHUKIIATHOE 33 (MIIK-3) 3uaTs:
MIPOrpaMMHOE 00eCTIeUeHUE JIJISl CYTTEPKOMITHIOTEPHBIX CUCTEM U BbI- OCHOBHBIC METOJIbI H ITOIXO0JIbI JIJISl ONITHMHU3AINHY KaK ITOCJIeIOBATEIIh-
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COKOIIPOU3BOIUTENBHBIX KiacTtepoB (MIIK-3); HBIX, TaK U [IApAJIEIBHBIX IIPOrPaMM;

V3 (MIIK-3) Ymersb:

OLIEHUBATH F(P(PEKTUBHOCTH PACTIPEICICHHBIX aJITOPUTMOB;

B3 (MIIK-3) Bnagerts:

HaBBIKAMHU UCIIOJIb30BAHUS COBPEMEHHBIX HHCTPYMEHTAIBHBIX CPEJICTB
U1 IpO(QHIMPOBAHMS U aHAIM3a IPOU3BOAUTEIHOCTH MapalieIbHbIX
MIPOrpaMM.

OI_IGHO‘IHBIG cpeacrBa i HpOMe)KYTOqHOﬁ aTTeCTalu MMprUBCACHLI B HpI/IJ'IO)KeHI/II/I.

7. OBPBEM JJUCHUIIJINHBI

O0BeM IUCIUILUIMHEI COCTABIAET 4 3aUeTHBIE eAUHUIIBI, Bcero 144 ydaca.

72 4aca cocTaBisieT KOHTaKTHas padoTa ¢ mpernogaBaresneM — 36 4acoB 3aHSATHH JIEKIIMOHHOTO THIa, 36 9acoB 3aHATUH CEMHUHApPCKOTO THIIA
(ceMHHapBl, HAYYHO-TIPAKTUYECKUE 3aHITHSI, TabopaTopHble paboThl U T.11.), 0 4acOB MHANBUAYAIbHBIX KOHCYJIbTalMiA, ) 4acOB IpyNIOBBIX KOHCYJIb-
tarui, 0 9acOB MEPONPUITHHA TEKYIIET0 KOHTPOJISI YCIIEBAEMOCTH, 4 Yaca MPOMEKYTOYHON aTTeCTaIUH.

72 daca cocTaBJsIeT caMOCTOATEIbHAs paboTa y4yamierocs.

8. BXOJAHBIE TPEBOBAHUS AJ151 OCBOEHUS JUCHUIIJINHbI

VYyamuecss JOMKHBI BIAJAETh 3HAHUSIMU [0 MaTEMAaTUYECKOMY aHajIu3y, JIMHEHHOW anreOpe, nuddepeHInaibHbIM ypaBHEHUSAM, TUCKPETHON
MaTeMaTHKe, TPOrpaMMHUPOBaHNUI0 Ha s3bike C/C++, anroputMaM M CTpyKTypam JaHHBIX, OCHOBAM HapajljieIbHOTO IPOTpaMMUPOBAHUS.

9. OBPA30OBATEJIBHBIE TEXHOJIOT'MHN

B nporecce 00yueHus UCTIONIB3YIOTCS JIEMEHThI TUCTAHIIMOHHBIX TEXHOJIOTUI 00yUeHHs: BCce MaTepuana Kypca (Ipe3eHTaluu JeKIul, Teope-
TUYECKHE 331aHus B (OpME TECTOB C aBTOMATUYECKON MPOBEPKOI OTBETOB, MPAKTUYECKHE 3aJaHUs TI0 TMPOTPAMMHUPOBAHHIO U T.J.) IOCTYITHBI BCEM
cryaentam B cetd MutepHer. [IpakTuueckue 3aanus BBIIOIHAIOTCS 1) UCIIONB30BaHUEM TEXHOJIOIMHU MapajuleabHoro nporpammuposanust MPI; 2) ¢
WCTIOJIH30BAaHUEM TEXHOJIOTHHU TApajlIeIbHOTO MporpammupoBanus OpenMP; 3) ¢ ucmonbp30BaHueM TEXHOJIOTHN MapalIeIbHOTO MPOTPaMMHUPOBAHUS
OpenACC. Ilo pe3ynpTaTaM NPaKTUYECKUX 3aJaHUH CTYJEHTHI 0(OPMIISIOT OTUYETHI.
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10. COAEP KAHUE JUCIUIIJINHbI

HanmenoBanue u kpar-
KOe co/iep:KaHue pasjie-

JIOB M TeM 1M CHUIIHHBI,
¢opma npome:kyTOUHOM

Bcero
(uachi)

B ToMm uucie

KonTakTHasi padora (padoTa BO B3auMO/IeliCTBHH C NPenoaaBa-
TeJeM), 4achl

CamocrosiTesibHAsi padoTa y4yaiiero-
csl, 4achl

aTrecTaluM 1o JucCIm- U3 HUX U3 HUX
IJINHE
° . . VuebOHrle 3auaTusg, | Beero Brmmonnenne | Iloaroroska | Beero
g e = HAaIpPABJICHHBIE Ha JIOMAaITHUX pedeparon
% § ? % IIPOBEJICHUE TEKY- 3aJaHuH U T.II..
= = S T = | mMero KOHTPOJIS
& = o § c% yCIIEBAEMOCTH:
E E - é =t E KOJUIOKBUYMBI,
E o & E E E 2 2 | TIPAKTHYCCKUE KOH-
=l o & 2= = Z | TpoNbHBIE 3aHATUS
SE |82 |EEEC o
ApXuUTeKTypa napajulejibHbIX BBIYMCJIUTEIbHBIX cUCTeM. BBegeHue B pacnpeae/ieHHbIe BbIYUCICHUSA
Tema 1. Apxurtekrypa na-
panieIbHBIX BHIYMCIIH-
TeJbHBIX cucTeM. Kiaccu-
¢puxanus. BekropHo-
KOHBeliepHble KOMIbIOTeE-
pol. [TapajuiesibHbIE KOM- 8 2 2 - - - 4 4 - 4

NbITEPHI ¢ 001Iel mamsi-
ThI0. BeIuncIuTEeIbHBIC CH-
CTEeMBI € pacnpeaeaeHHOH
namMAaTe0. 'mopuansie ap-
XHTEKTYPBI
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Tema 2. PacnipeneneHHbie 1
napajienabHble ¢GailioBbie
CHCTEeMBI

Tema 3. Pacnipenenennas
pasnessieMasi IaMATh
(DSM). Mojaeaun KOHCH-
CTEHTHOCTH NAMSATH

Tema 4. IIpoueccbl M HUTH.
B3aumopgeiicTByromue npo-
neccol. Kanaa nmepegaun
JAHHBIX, €ro cBoiicTrBa. Bu-
Abl 00MeHOB. CHHXPOHHbIE,
ACHHXPOHHBIe Oy(pepuso-
BaHHbIEe U HeOy(depUu3oBaH-
Hble. OIHOCTOPOHHME KOM-
MYHHMKAIUH

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

Menenxepbl ynpaBjieHus
pecypcamu. CucremMbl
ynpaBjieHUs NPOXO0KIeHHEM
3aJad.

OcHoBBI apaN/Ie/bHOT0 NPOrPAMMHPOBAHUS

Tema 6. bazoBble mapaJi-
JeabHble MeToabl. MeTon
capauBanusa. Metoj reo-
MeTPHYECKOr0 mapasJe-
au3Ma. MeToa KOHBeiiepHO-
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ro mapaJjaJjejauiMma

Tema 7. IlapansiesbHble Me-
TOABI YMHOKEeHUSI MAaTPUIbI
Ha BekTop. [TapanieabHbie
MeTOAbI YMHOKEHHS MaT-
puL.

ITapajiejbHbIE METOABI
o0padotku rpagos. Meto-
Abl NApPaJJIeJIbHOI cOpTH-
POBKH JaHHBIX

Tema 8. Yckopenue, 3¢ dex-
THBHOCTH NaPaJIeJIbHBIX
AJITOPUTMOB. 3aKOH AMja-
aa. Cnabast 4 cuJIbHasg
Macumradupyemoctsb. OueH-
Ka BpeMeHH BBITOJTHEHHS
00MeHOB

Tema 9. MeToabI U MOAXOABI
AJI ONTUMU3ALUM TOCIe0-
BaTeJbHbIX U Napajieib-
HBIX nporpamm. UHcTpy-
MeHTaJbHbIe CPeCTBa A
npoGUIHPOBAHNS U AHAJIU-
32 NPOM3BOAUTEILHOCTH

Tema 10. MeToasbl u cpef-
CTBa (PYHKIMOHAJIBLHOI OT-
JaJKM NapajjieJIbHbIX MPo-
rpamMm.

JAnHamMuyeckuii KOHTPOJIb
KOPPEKTHOCTH, CPABHHU-
TeJbHas 0TJAAKA
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Moaenu ¥ TEXHOJIOTHH NAPAIEJILHOTO MPOrPAaMMHUPOBAHUS

Tema 11. Moaean oouieii
namatu. TexnoJyorus 8 2 2
OpenMP

Tema 12. Moaean nepexaun

coo0menuii. TexHoaorus 8 2 2
MPI

Tema 13. Moaeas napaJuie-
Ju3Ma no Ja"HueIiM. TexHo- 8 2 2
Jgoruss DVM

Tema 14. I'mOopuanas mo-
AeJb NPOrpaMMHPOBaHUS 8 2 2
MP1/OpenMP

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

Tema 16. AnbTepHAaTHBHbIE
TeXHOJOTHHU NMapaiieTbHO-
ro MpPorpaMMHupOBaHMS. 8 2 2
Unified Parallel C. Co-array
Fortran. Chapel. X10

Tema 17. ABTOMaTH3anus
pa3padoTKu nmapajieTbHbIX 8 2 2
nporpamMmm

Tema 18. OTka3bl B pacnpe-
AejieHHbIX cucTemax. KoH-
TPoJbHbIEe TOUYKU. OTKa30-
ycroituuBocth. User Level
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Failure Mitigation

IIpoMe:xyTOuHas aTTECTa-
M — NPAKTHYeCKoe KOH-

30 - - - - - 4 26 - 26
TPOJILHOE 3a7aHue + HHAN-
BHyaJIbHOE cobecel0BaHue
Hroro 144 72 72

11. YYEBHO-METOIAYECKHAE MATEPHUAJIBI JIJISI CAMOCTOSITEJIBHOM PABOTHI YUYAILIIUXCS

CamocTosTenbHas paboTa yqaluxcs COCTOUT B U3yUYEHUH JIEKIIMOHHOTO MaTepuaia, ydeOHO-METOUUECKON JTUTepaTyphl, IOATOTOBKH K IIpaK-

THUYCCKHUM 3aJJaHUSAM TCKYILICTO KOHTPOJIA U HpOMe)KYTOqHOﬁ aTTeCTalluu.

12. PECYPCHOE OBECIIEYEHUE

OcHoBHas y‘le6HO-MeTOI[I/ILICCKa$I JaTeparypa:

1)
2)

3)
4)

Sxob6oBckmit M.B. BBenenue B mapajuiebHbIe METOABI peHIeHUS 3a1a4d. YueoHoe nocooue. Cepus: "CynepkomMmnbioTepHOe oOpazoBanue'. M3-
nmarensctBo MIY. 2013.

Jlane A.O. ITapannenbHast 00paboTKa JaHHBIX: y4eO. mocodue i cTy 1. By3oB. M3narensckuit nentp "Akanemus". 2010. M3natenbcrBo:
Axanemust.

Bi. B. Boeonun, B. B. BoeBonun. [Tapannensubie Beruucienus - CI16., BXB-IletepOypr, 2002, 608 c.

AntoHOB A.C. Texnonoruu napamuienabHoro nporpammupoBanus MPI u OpenMP: Yue6. noco6ue. IIpenucn.: B.A.Cagoanunii. - Cepus "Cy-
nepKoMITbIoTepHOE 0OpazoBanue". M.: M3narensctBo MockoBckoro ynusepeurera, 2012.-344 c.

JlononHurenbHas yaeOHO-METOAMYECKas JIUTepaTypa:

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 Creen. Pactipenenennsie cuctemsl. [Ipunuuns! u mapagurmel - M.: ITutep, 2003 - 876 c. - Knaccuka computer science;
ISBN 5-272-00053-6
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Pecypchl nHpOpMAIOHHO-TEICKOMMYHUKAIMOHHOU ceTH « THTepHeT
1) http://dvm-system.org

2) http://x10-lang.org/

3) https://chapel-lang.org/

4) https://fault-tolerance.org

5) https://upc.lbl.gov/

6) http://hpc.cs.msu.ru/

7) https://parallel.ru/cluster/lomonosov2.html

JInneH3noHHOE MPOrpaMMHOE 0OecrieueHre, B TOM YHCIIe OTEYECTBEHHOTO MPOU3BOACTBA
[Tpu peanm3anuu TUCIHUIUIMHBI MOXKET OBITH UCTIOJIB30BAHO CIISAYIONIEe MPOTrPaMMHOE O0eCIICUeHHE:

[Mporpammusiii npoaykt Red Hat Enterprise Linux Server for HPC Compute Node for Power, LE, Self-support 4 mr. Ne5540331
[Mporpammusiii npoaykt Red Hat Enterprise Linux Server for HPC Head Node for Power, LE, Standard 1 mr. Ne5540332
Onepanuonnas cucrema SUSE Linux Enterprise Server 11 SP4 for x86_64 16 mur.

Onepanuonnas cuctrema Red Hat Enterprise Linux Server 5.0 for x86_64 14mt.

Omneparmonnas cucrema SUSE Linux Enterprise Server 10 SP3 for ppc64 7 .

Onepanuonnas cucrema Ubuntu 18.04.

[Tporpammuoe obecnieuenue it BupTyanusamnuu Oracle VM VirtualBox

Onepanuonnas cucrema ALTLInUXMATEStarterkit 9 nunensusGPL

[Mporpammusiii npoaykt JetBrains IntelliJ IDEA Community Edition Free Educational Licenses

. IIporpammusrit mpoaykt JetBrainsPyCharm Community Edition Free Educational Licenses
. IIporpammusrii npoaykt JetBrainsCLion Community Edition Free Educational Licenses

. IIporpammusrit mpoaykt UPPAAL (http://www.uppaal.org/) axagemuueckast TUIICH3HS

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

[Mporpammusiii npoaykt Java SE Development Kit 8(64-bit) Oracle Corporation
[Tporpammusnii mpoaykt NetBeans IDE 8.2 NetBeans.org

. IIporpammusrii mpoaykt Dev-C++ Bloodshed Software
. IIporpammusrit mpoaykrCodeBlocksThe Code::Blocks Team
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18. ITporpammmusrii mpoaykt Free Pascal 3.0.0Free Pascal Team

19. ITporpammusrii mpoaykt Python 3.5.1 (64-bit)Python Software Foundation

20. IIporpammusiii mpoaykt R for Windows 3.2.2 R Core Team

21. Iporpammusiii mpoaykrHaskell Platform 7.10.3 Haskell.org

22. Omneparmonnas cucrema Microsoft Windows 7 kopriopatuBHast akageMUYeCcKast JTHIECH3US

23. Omneparmonnas cucrema Microsoft Windows 10 Education akagemudeckast THIIEH3HS

24. TIporpammusiii mpoaykt Microsoft ProjectProfessional 2013 akagemudeckas JIAIIEH3US

25. IIporpammusiii mpoaykt Microsoft VisioProfessional 2013 akamemuueckast JIHIECH3US

26. TIporpammusiii mpoaykrMicrosoft VisualStudioProfessional 2013 - RUS [Pycckwuii (Poccust)] akameMudeckas JTUIEH3Us

[Tpodeccnonanpabie 0a3bl JAHHBIX U HH(OPMAIIMOHHBIE CITPABOYHBIE CUCTEMBI
http://www.edu.ru — nopran MunucrepcTBa 00pa3oBanus 1 Hayku PD
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OueHoYHBIE CpeICTBA AJ IPOMEKYTOUYHOM aTTecTaluy Nno gucuumiune «[lapasienbHoe mporpaMMupoBaHne»

Ipunoxenune

HpOMe)KYTO‘-IHaSI arrecranus COCTOUT U3 ABYX 3TAIIOB — OHJIaMiH TCCTUPOBAHUA U MHAWBUYAJIBHOI'O CO6€C€I[OB21HI/I$I, MMPOBCPAOLICTO HpI/IOG-

PETCHHBIC 3HAHUA.
CpGI[CTBa AJI1 OICHUBAHUA IJNIAHUPYCMBIX PC3YyJIbTATOB 06yqu1/1;1, KPUTCPUHU U TOKA3ATCIIN OLUCHHUBAHUSA NPHUBCACHBI HHUKC.

PE3YJIBTAT KPUTEPUMU un ITIOKA3ATEJIM OHEHUBAHUA PE3YJIBTATA OBYYEHUSA OIEHOYHBIE
OBYYEHUA U3 COOTBETCTBYIOLIUX KAPT KOMIIETEHLUI CPEACTBA
1 2 3 4 5
Heynose-
Heynosaersopureib-
TBOPHUTEJIb- Ho YaoBi1eTBOPUTEIHHO Xopouro OTian4Ho
HO
31 (OIIK-5) OrcyrctBue | @parmentapusle npea- | B nemom chopmupo- Cdopmuposannsie, Ho | ChopMupoBaHHbBIE OHJIAIH TeCTHU-
3HaTh: 3HaHUU CTaBJICHUS O COBpe- BaHHbBIE, HO HETIOJIHBIE | COJEPKALIUE OTAENb- | CUCTEMAaTUYECKUE poBaHue,
COBpEMEHHBIE MEHHBIX CYNIEPKOMITb- | 3HAHUS O COBPEMEHHBIX | HbIC MPOOENbl 3HAHUS | 3HAHUS O COBPEMEH- | HK3aMeH
CYNEPKOMIIbIO- IOTEPHBIX TEXHOJIOTUSAX | CYNEPKOMIIBIOTEPHBIX | O COBPEMEHHBIX CY- HBIX CYNEPKOMIIbIO-
TEPHBIE TEXHO- JUISl IPOBENIEHUS KPYII- | TEXHOJOTHUAX JUISl IPO- | MEPKOMIIBIOTEPHBIX TEPHBIX TEXHOJIOTUAX
JIOTUY AJIs TIPO- HOMAacIITaOHOIO MaTe- | BEEHUS KpyIHOMac- TEXHOJIOTHSIX JUIs U1 IPOBEJICHUS
BEJICHUS KPYII- MaTHYECKOI'0 MOJIENIU- | IITAaOHOro MaTeMaTh- IIPOBE/ICHUS KPYIIHO- | KpyITHOMAcIITabHOTo
HOMAacCIHITabHO- poBaHUS U 00paOOTKM | YECKOTO MOJIETUPOBA- | MacIITaOHOTO MaTe- MaTeMaTU4eCcKoro
ro MaTeMaTH- JAaHHBIX Ha COBpPEMEH- | HUS M 00pa0OTKM JJaH- | MAaTHYECKOTO MOJie- MOJIETTUPOBAHUS U
YeCcKOro Mojie- HBIX BBICOKOIIPOU3BO- HBIX HAa COBPEMEHHBIX | JJUPOBaHUs U 00pa- 00pabOTKH JaHHBIX
JUPOBaHUS U JUTENIBHBIX BBIYUCIIH- BBICOKOIIPOU3BOJIU- OOTKH JTaHHBIX Ha CO- | HAa COBPEMEHHBIX BbI-
o0paboTKu TEbHBIX CHUCTEMAX TEJbHBIX BHIYUCITHU- BPEMEHHBIX BBICOKO- | COKOIIPOU3BO/IU-
JaHHBIX Ha CO- TENBbHBIX CUCTEMAX IIPOU3BOIUTENBHBIX TEJbHBIX BBIYMCIIU-
BPEMEHHBIX BBIUHCIUTENbHBIX CH- | TEIBHBIX CUCTEMAaxX
BBICOKOITPOU3- cTemax
BOJAMTEIbHBIX
BBIYHCIIUTEIb-
HBIX CUCTEMax
VY1 (OIIK-5) OtcyrctBue | @parmenTapHsie yme- | B nenom chopmupo- Ccdopmuposannoe, Ho | ChopmHupoBaHHOE JOMAILHKE 3a-
YMmeTh: YMEHUI HUSl B IPUMEHEHUH B BaHHOE, HO HE CUCTe- coJiepiKalliee OT/IeTb- | CUCTEMaTHYeCKoe JaHMsL,
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MPUMECHSITh B
HCCIEI0Ba-
TEIILCKOM U
MPUKIaTHON
NESITEILHOCTH
COBPEMCHHBIC
CYNEepKOMIIbIO-
TEpPHBIC TEXHO-
JIOTUH JIJISl TIPO-
BEJICHUS KPYII-
HOMAacIITaOHO-
ro MaTeMaTH-
YeCKOIro MOJie-
JUPOBAHUS U

HCCJICIOBATEIbCKOMN U
MPUKIAAHON JAesATEIb-
HOCTH COBPEMEHHBIX
CYIEPKOMIBIOTEPHBIX
TEXHOJIOTMH IS ITPO-
BEJICHUS KpYITHOMAC-
rrabHOTO MaTeMaTH-
YECKOro MOJIEIMPOBa-
HUS ¥ 00pabOTKH J1aH-
HBIX HA COBPEMEHHBIX
BBICOKOTIPOU3BOIH-
TEIBHBIX BBIYMCIIH-
TEJbHBIX CHCTEMaX

MaTH4YECKOE YMEHUE B
IIPUMEHEHHUH B UCCIIE-
JIOBATEJIbCKOMN U IIPH-
KJIAJHOU AEATEIbHOCTU
COBPEMEHHBIX Cylep-
KOMITIBIOTEPHBIX TEXHO-
JIOTUH IS IPOBEJICHUS
KpPYNHOMACIITaOHOT O
MaTeMaTH4eCKOro0 MO-
JIeTUpOBaHMs U 00pa-
OO0TKM JaHHBIX Ha CO-
BPEMEHHBIX BBICOKO-
IIPOU3BOIUTENBHBIX
BBIYHCIIUTEIBHBIX CHU-

HBbIE [TPOOEIIBI YMEHUE
B IIPUMECHEHUN B UC-
CJIEI0BATEIIbCKOU U
IIPUKIIAHOM eATENb-
HOCTH COBPEMEHHBIX
CYNEPKOMIBIOTEPHBIX
TEXHOJIOIMH IS IIPO-
BEJICHUS KpyITHOMAC-
mTa0HOrO MaTeMaTu-
4EeCKOr0 MOJEINPOBa-
HUS 1 00pabOTKH
JJaHHBIX HA COBpE-
MEHHBIX BBICOKOIIPO-
W3BOJUTEIIbHBIX BbI-

yMEHHUE B IPUMEHE-
HHUH B HCCJICIOBA-
TEJIbCKOU U IIpH-
KJIaJTHOM JIesTeIBLHO-
CTH COBPEMEHHBIX
CYyNEPKOMITBIOTEP-
HBIX TEXHOJIOTHH JIs
MPOBEJICHUS KPYII-
HOMAcCIITaOHOroO Ma-
TEMaTUYECKOI'0 MO-
JETUPOBAHUS U 00-
pabOTKHU JaHHBIX Ha
COBPEMEHHBIX BBICO-
KOTIPOU3BOIUTEIb-

IIPaKTUYECKUE
3aJlaHus 10 Ma-
pajIeIbHOMY
POrpaMMHUpPO-
BaHUIO

00paboTku cTemMax YU CIUTENbHBIX CU- HBIX BBIUUCIIUTENb-

JIAHHBIX Ha CO- cTeMax HBIX CUCTEMAX

BPEMEHHBIX

BBICOKOITPOU3-

BOJAMTEIBHBIX

BBIYHCIIUTEIb-

HBIX CUCTEMax

B1 (OIIK-5) OrcyrctBue | @parMeHTapHOE Bila- B nenom chopmupo- Ccdopmuposannoe, Ho | ChopMHpOBaHHOE JOMAILHKE 3a-
Brnagers: HaBBIKOB JIeHUE HaBbIKAMHU pa3- | BaHHOE, HO HE CHCTe- coJepaKallee OT/eNb- | CHCTEMATUYECKOE JaHu,
HaBBbIKaMU pa3- pabOTKM MapasIeNIbHbIX | MATHUECKOE BIAJICHUE | Hble IPOOebl BIaje- | BJIAJCHUE HABBIKAMHU | IPAKTUYECKHE
paboTku na- IpOrpaMM JJis IpOBe- | HaBbIKaMU pa3padOTKH | HUE HaBbIKAMH pa3pa- | pa3padOTKH mapai- 3aJjaHus 10 Ma-
paJIIENIbHBIX JIEHUS KpyITHOMac- NapajuIeIbHbIX TIPO- OOTKM MapauledbHbIX | JISNIBHBIX POTPaMM | paJIEIbHOMY
IporpaMm JJist mTabHOTrO MaTeMaTH- rpaMM JJis IPOBEJEHUS | IPOTPaMM Ui [IPOBE- | JJIsl IPOBEICHHUS IPOrpaMMHUpPO-
IIPOBEJICHUS YEeCKOT0 MOJIETIMPOBa- | KPYITHOMACIITaOHOTO JIeHUs! KpyITHOMac- KPYITHOMACIITaOHOTO | BaHUIO
KpyInHOMac- HUS U 00pabOTKM JaH- | MAaTEMaTHYeCKOro Mo- | ITaOHOTO MareMaru- | MaTeMaTUYeCKOro

ITaOHOTO Ma- HBIX Ha COBPEMEHHBIX | JETUpOBaHMS U 00pa- 4eCKOT0 MOJIETIUPOBA- | MOJEJINPOBAHUS U

TEMAaTHYECKOTO BBICOKOIIPOU3BOIM- OO0TKM JTaHHBIX Ha CO- HUS U 00paboTKH 00pabOTKH JTaHHBIX

MOJIETTUPOBA- TEJbHBIX BBIYMCIIU- BPEMEHHBIX BBICOKO- JTaHHBIX HA COBpE- Ha COBPEMEHHBIX BbI-

HUS U 00paboT-
KU JIaHHBIX Ha

TCJIBHBIX CUCTEMAX

IIPOU3BOJUTCIIBHBIX
BBIYMCIIUTCIBHBIX CH-

MCHHBIX BBICOKOITPO-
HU3BOJUTCIIBHBIX BbI-

COKOTIPOU3BO/TH-
TEJIbHBIX BBIYHMCITH-
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COBPEMEHHBIX cTemMax YUCJIUTEIIbHBIX CH- TEJBHBIX CUCTEMaX
BBICOKOITPOU3- cTemMax

BOJUTEIBHBIX

BBIYHCITUTEIb-

HBIX CHUCTEMaxX

32 (MIIK-2) OrcyrctBue | ®parmenrtapusie pea- | B memom chopmupo- Cdopmuposannsie, Ho | ChopmupoBaHHBIC OHJIAIH TECTHU-
3HaTh: 3HAHUH CTaBJICHUS O MacIITa- BaHHbBIC, HO HETIOJHBIE | COJEPIKAIIUE OT/AENb- | CUCTEMAaTUYECKUE poBaHue,
Macuiradupye- OMpyeMbIX Mapajljiesib- | 3HaHUA O MacIITabupy- | Hble MPOOebl 3HAHUS | 3HAHUS O MacCIITa0u- | HK3aMeH

MBbIE mapai- HBIX METOJaxX U ajro- €MBIX MapajuIeIbHbIX 0 MacIITadupyeMbIX PYEMBIX TIapaijieib-

JIEJIbHBIE METO- pUTMaX, UCIOJIB3YyEMbIX | METO/IaX U alTOPUTMAX, | MapaJUICIbHBIX METO- | HBIX METOJAaX U aJ-

JIbI U aJITOPUT- MIPU TIPOBEJICHUU KPYII- | UCIIOJIb3YEMBIX MPU Jlax ¥ aJiTOPUTMAX, TOPUTMAX, UCTIOJIb-

MBI, UCIIOJIB3Y- HOMAcIITaOHOTO MaTe- | MPOBEICHUU KPYITHO- UCIOJIb3YEMBIX MpU 3yeMBIX IpU MIPOBE-

€MBbI€ MPH TIPO- MaTUYECKOT0 MOJICJIM- | MACIITa0HOTO MaTeMa- | MIPOBEICHUM KPYITHO- | JIEGHUH KPyITHOMAC-

BEJICHUH KPYII- poBaHUs U 00pabOTKKU | TUYECKOTO MOJEIUPO- | MacuTabHOro mMate- mTabHOTO MaTeMa-

HOMacImTabHO- JTAHHBIX HA CYNIEPKOM- | BaHHS U 00pabOTKH MaTHUYECKOTr0 MOJIe- TUYECKOT'O MOJIEIIH-

ro MaTeMaTH- NBIOTEPHBIX CUCTEMaX | JaHHBIX HA CYMEpKOM- | JTUPOBAHUS U 00pa- poBanus U 00paboT-

YeCKOro Mojie- MBIOTEPHBIX CUCTeMaxX | OOTKM JIaHHBIX HA Cy- | KU JIAHHBIX Ha Cy-

JUPOBaHUS U MEPKOMITBIOTEPHBIX MEPKOMITbIOTEPHBIX

00paboTku cucreMax CUCTEMAX

JTAaHHBIX Ha Cy-

MEPKOMITbIO-

TEpPHBIX CUCTE-

Max

V2 (MIIK-2) OtcyrctBue | @parmentapueie yme- | B nemom chopmupo- Cdopmuposannoe, Ho | ChopMupoBaHHOE JIOMalIlHHE 3a-
YMeTh: yYMEHUN HUS B pa3pabOTKe U pe- | BAaHHOE, HO HE CUCTe- coJiepiKallee OT/AeIb- | CHCTEMaTH4eCKOe JaHUs,
pa3pabaTsIBaTh anu3aiu MacimTadu- MaTH4eCKOe YMEHHE B | HbIe MPOOEIbl YMEHHE | YMEHHUE B Pa3pabOTKe | MPaKTUUYECKHE
Y peaIn30BbI- PYEMBIX NapaulebHBIX | pa3paboTKe U peanusa- | B pa3paboTke U pea- U peajn3aluu Mac- 3aJlaHus 10 Ma-
BaTh MAcCIIITa- METOJIOB M aJITOPUTMOB | [IMM MACIITA0OMPYEMBIX | TU3AlMU MAcIITa0W- | MTaOUPyeMBIX Ma- pajienbHOMY
OupyeMeble ma- JUTSI IPOBEJICHUSI KPYTI- | TTApaJlIeIbHBIX METO- PYEMBIX TTapaiieib- paUIeTbHBIX METO- MpOrpaMMHUpPO-
paienbHbIe HOMAcCIITaOHOTO MaTe- | OB U aITOPUTMOB JIJISl | HBIX METOJIOB | ajro- | JIOB U QJITOPUTMOB BaHUIO

METOJBI U aJl-

MaTH4YCCKOT'O MOJCIIN-

MIPOBEACHUS KPYITHO-

PUTMOB U1 IIPOBCIC-

AJI IPOBEACHU A

TOPUTMBI IS poBaHUs 1 00pabOTKM | MacIITabHOro MaTeMa- | HUS KpyHmHOMaciTald- | KpymHOMacITabHOTo
IIPOBEICHUS JAHHBIX HA CyMEPKOM- | TUYECKOTO MOJENIHUPO- | HOrO MaTeMaTUYeCKO- | MaTeMaTHYeCKOIro
KpyIHOMac- IBIOTEPHBIX CUCTEMAaX | BaHUs U 00pabOTKU IO MOJICJIMPOBAHMUS U | MOJEJIMPOBAHHUS U
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mTabHOro Ma-
TEMaTUYECKOTO
MOJICTTUPOBa-
HUS 1 00paboT-
KW JJaHHBIX HA
CYIIEPKOMIIBIO-
TEPHBIX CHUCTE-
Max

JTAHHBIX HA CyIIEPKOM-
NBIOTEPHBIX CUCTEMAX

00paboOTKH JaHHBIX Ha
CYIEPKOMITBIOTEPHBIX
cucTeMax

00pabOTKH JaHHBIX
Ha CYIEPKOMITBIO-
TEPHBIX CHCTEMax

B2 (MIIK-2) OrcyrctBue | @parmMeHTapHOE BIIa- B menom chopmupo- Cdopmuporannoe, HO | ChopMupoBaHHOE JOMaITHUE 3a-
Bnaners: HaBBIKOB JIeHHE HaBbIKaMH I10- BaHHOE, HO HE CHUCTe- coJiepxallee oT/eNb- | CHCTEMAaTHYeCcKoe JaHu,
HaBBIKAMH T10- CTPOCHUS, Mapajulelb- | MAaTHYECKOE BIAJICHUE | HbIC MPOOEIbI BlIajie- | BJIQJCHUE HABBIKAMH | IPAKTUYECKHE
CTpOEHUs, Ma- HOM peanu3aluu U UC- | HaBbIKAMU IOCTPOCHHUS, | HUE HABbIKAMHU I10- [OCTPOCHMSL, Tapay- | 3a/aHus 10 Ia-
pauienbHON CJIEOBAaHUS MOJEJIEN U | apaJuIeIbHOW pealin- CTpPOEHUS, Imapall- JIETIbHOW peanu3aluy | paJuIeIbHOMY
peanu3anuu u METO/IOB paclpeAeeH- | 3allUi U UCCIEIOBaHMs | JIETbHOM pealu3allui | U UCCIIEOBAHUS MO- | IPOrpaMMHUpPO-
WCCIICIOBaHHS HOW 00pabOTKM UH- MOJIeNIeH 1 METOIOB Y MCCJICIOBAHUS MO- | JIeJield ¥ METOJIOB BaHUIO
Mojieneit 1 Me- dopmanuu pacripesienieHHON o0pa- | Jesielt U MeTOJIOB pac- | pacupeneseHHOM 00-

TOJIOB pacrtipe- 60TKM HHpOpMAIIH npeeneHHon oopa- pabotku nHpopma-

JeNICHHOM 00- 60TKH HHOpMaLH 07078

paboOTKHU UH-

dbopmanuu

33 (MIIK-3) OtcyrctBue | @parmenTaphsle npea- | B nenom chopmupo- Cdopmuposannsie, HO | ChopMUpOBaHHbBIE OHJIAliH TECTHU-
3HaTh:! 3HaHU CTaBJIEHUsI 00 OCHOB- BaHHbIE, HO HETIOJIHBIE | COJIEpIKAlllie OT/eNb- | CHCTEMaTH4YecKHe poBaHue,
OCHOBHEIE Me- HBIX METOJIaX ¥ MOAX0- | 3HAHH 00 OCHOBHBIX HbIE TIPO0eITBI 3HaHUsT | 3HAHHUS 00 OCHOBHBIX | DK3aMEH

TOJIbI U TIOJXO- Jlax A7 ONTUMU3ALUU | METOAAX M MOJIX0AaX 00 OCHOBHBIX METO/IaX | METOJIaX U MOAX01aX

B IS OTITH- KaK IOCIIeI0BATEb- JUTSL OITUMM3AINY KaK | ¥ TIOAXO0aX ISl Oll- IUTSL OTITUMH3AIIAN

MU3aIUH KaK HBIX, TaK ¥ MapajieNb- | HOCIEeJ0BATENbHBIX, TUMU3AIHMH KaK I10- KakK IocJe10BaTeb-

MocJeI0Ba- HBIX MTPOTpaMM TaK ¥ MapauIeTbHbBIX CJIEZIOBATENIbHBIX, TAK | HBIX, TAK U TIapa-

TEJbHBIX, TaK U porpamMm U MapajuleTIbHBIX IPO- | JICIBHBIX MPOrpaMM

napajuIeIbHBIX rpamm

porpamMm

V3 (MIIK-3) OrcyrctBue | ®parmenrtapasie yme- | B nmemom copmupo- Cdopmuposannoe, Ho | ChopmupoBaHHOE JIOMAIITHHE 3a-
YMmerb: YMEHUH HUS B OLICHKE d(dek- BaHHOE, HO HE CHCTe- coJiepxallee oT/eNNb- | CHCTEMAaTHYeCKOe JaHus,
OLIEHUBATH - TUBHOCTH pacrpesie- MaTHYECKOE YMEHHUE B | HbIC IPOOEITBI YMEHHE | YMEHHE B OIICHKE MPaKTUYECKHE
(EKTUBHOCTD JICHHBIX AJITOPUTMOB olieHKe 2P PeKTUBHO- B olleHKe 2pdexTuB- | apdexTuBHOCTH pac- | 3aaHMs IO Ma-
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pacrpeeneH-
HBIX aJITOPUT-
MOB

CTHU pacIpeIeIeHHbIX
aJIropuTMOB

HOCTHU paclpezesieH-
HBIX JITOPUTMOB

MPEICJICHHBIX aJIr0-
PUTMOB

pajlIeIbHOMY
POrpaMMHUpPO-
BaHUIO

B3 (MIIK-3) OtrcyrctBue | @parmMeHTapHOE Blla- B nenom chopmupo- Cdopmuposannoe, Ho | ChopmupoBaHHOE JIOMaITHHE 3a-
Bnaners: HAaBBIKOB JIeHHE HaBbIKAMH HUC- BAaHHOE, HO HE CHUCTe- coJiepiKalllee OT/AeIb- | CHCTEMaTHYECKOe JaHMs,
HaBbIKaMU HC- M0JIb30BAHUS COBpE- MaTUYeCKOe BJIaJICHUE | Hble MpoOebl Biajie- | BiaJleHUE HaBBIKAMH | IPAKTUYECKHE
MOJIb30BaHUS MEHHBIX HHCTPYMEH- HaBbIKAMH MCIOJIb30- HUE HAaBBIKAMH HC- WCII0JIb30BaHUSI CO- 3a/1aHusl 10 Ta-
COBpPEMEHHBIX TaJbHBIX CPEICTB JUIS BaHUS COBPEMEHHBIX M0JIb30BAHUS COBPE- BPEMEHHBIX UHCTPY- | paJICIbHOMY
WHCTPYMEH- npoQMIMPOBAHUS U WHCTPYMEHTAIBHBIX MEHHBIX HHCTPYMEH- | MEHTaJIBHBIX CPEJICTB | MIPOTPaMMHUPO-
TaJIbHBIX aHaJM3a MPOU3BOIU- CpencTB Ams NpoUIN- | TAIBHBIX CPEICTB AN | s MpoduIupoBa- BaHUIO
CPEICTB 1JIs TEJTLHOCTH Mapajuielib- | POBAHUS U aHATIN3a npoPUIMPOBAHUS U HUS U aHaJIU3a Mpo-

npodunpona- HBIX TIPOTpamMM MIPOU3BOIUTEIBHOCTH aHalnM3a MPOU3BOJIU- | U3BOJAUTEIHHOCTU

HUS U aHau3a MapajuieabHbIX MPO- TEIBLHOCTH Mapal- napajuieIbHbIX MPO-

MIPOU3BOTHU- rpamm JIENIBHBIX MPOrpaMM rpaMm

TEIBLHOCTH Ta-

palIeNIbHBIX

nporpamm
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@oH/IbI OIIEHOYHBIX CPEICTB
IpumepHbIii Online-Tect JIsi TEKYIEro KOHTPOJISI yCIIeBA€MOCTH.

Bonpocsl
TexHonorua nporpammuposanns OpenMP

Hainoute ownbky B criegyowem dparmeHTe NporpaMmei:

#define N 10

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

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

TaKOM UWKN HENb3R BbINONHATL NAapannensHo, T.K. Mexay BUTKaMK UMKNa
CYLLeCTBYeT 3aBUCUMOCTD MO AaHHbIM
He onpegeneH knacc (private unu shared) AnA MHASKCHOI NepeMeHHOM UMKNE i

Maccue A fomkeH 6biTb o6bABneH obwmm (shared) Ans Bcex HUTEH

B A3HHOM (parMeHTe NporpaMmbl OLWMEKN HeT

QO O

Hanpwute owunbky B cnegyouem dparMeHTe Nporpammsi:

#pragma omp parallel default(shared)

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

WHAEKCHAA NEPEMEHHEA LNKNA, BUTKU KOTOPOTO PACTIPEAENAHOTCA MEXAY HUTAMM
npu nomoLu AupekTuebl for, He MoxeT BbiTb yKasaHa B knayae lastprivate

M3MEHEeHWe 3HaUEeHWUA WHASKCHOI NepemMeHHoil uukna for BHYTpM uukna (npu
nomoLLy onepaTopa i+=2) He gonyckaeTca

Q O DO

B A3HHOM parmMeHTe NporpaMmbl OLWKGKN HET



TunoBble JOMAIIIHUE 3aJaHUA.
1.

B TpancnerorepHoil MaTpuile pazmepoM 4*4, B KaKJIOM y3j1€ KOTOPOH HaXOJUTCS OJMH MpoIiecc, HEOOXOAMMO BBIIIOJIHUTE ONEPaIUIO Te-
penaun coobmenus uymHoi N 6aift Bcem mpoueccam ot ognoro (MPI BCAST) - npouecca ¢ koopaunatamu (0,0). ITomxydnTts BpeMeHHYIO
OIICHKY paboThl anroput™Ma. OIEHUTh CKOJIBKO BpeMeHU moTpedyercs as BeimosaHeHus onepauunun MPI BCAST, ecnu Bce mporiecchl Bbl-
Jany ee oqHoBpeMeHHo. Bpewmst ctapra paBHo 100, Bpemst nepenaun Oaiita paBuo 1 (Ts=100, Tb=1). [IpoueccopHbie onepaiuu, BKItoYas
YTEHHE U3 MaMATHU U 3aIKCh B IAMATh, CYUTAIOTCS OECKOHEYHO OBICTPHIMHU.

B TpancnbroTepHOi MaTpuiie pazMepoM 4*4, B KaKI0M y37ie KOTOPOH HaXOAUTCS OAMH MPOILECC, HEOOXOAUMO BBITIOIHHUTE OMEPAITUIO
HaXO0XJICHUI MakcuMyMa cpeau 16 uucen (Kaxplil mpoiecc MeeT cBoe uncio). Haiinennoe MakcumanbHOE 3HAU€HUE JOKHO OBITh I10-
JIydyeHo Ha npouecce ¢ koopauHatami (0,0). OueHuTh CKoJIbKO BpeMeHHU notpedyercs ains BbinoiaHeHus onepaunu MPI REDUCE, ecnu
BCE IPOIECCHI BBIIAJIM 3Ty ONEPALUI0 peAYKIIMU OTHOBpeMeHHO. Bpems ctapra paBuo 100, Bpems nepegauu 6aiita pasHo 1 (Ts=100,
Tb=1). [IpoueccopHbic onepanuy, BKIOYas YTEHUE U3 MTAMSTH U 3aIlUCh B TIAMSTh, CHUTAIOTCS OECKOHEYHO OBICTPHIMHU.

B TpancnbroTepHOl Matpuiie pazmMepoM 4*4, B KaKI0M y3Jie KOTOPOM HaXOIUTCSI OJIMH TPOIIECC, HEOOXOAUMO MepeciiaTh OYCHb JITMHHOE
coobmenue (mmHOH L 6aiiT) u3 y3na ¢ koopaunaramu (0,0) B y3en ¢ koopauHaTamu (3,3). CKOJIBKO BPeMEHH MTOTPEOYETCs IS 3TOTO, €C-
JIM Tiepeada CoOOIIeHU I TOUKa-TOYKa BHIIOJHECTCS B Oypepuszyemom pesxkume MPI? A ckosibko BpeMeHH MOTpeOyeTcst IPU MCIIOIb30Ba-
HUU CUHXPOHHOTO peXHUMa U pekuMa rotoBHocTH? Bpemst crapra pasHo 100, Bpemst nepenauu 6aiita pasno 1 (Ts=100, Tb=1). IIpomnec-
COPHBIC OTIepaIlMH, BKJIFOYAsi YTCHUE U3 AMSITH U 3aIKCh B TIAMSTh, CYUTAOTCS OECKOHEYHO OBICTPBIMHU.

KoHcucTeHnTHOE 1 cTpOro KOHCUCTEHTHBIE MHOXKECTBA KOHTPOJIbHBIX TOUEK. /{aliTe olleHKy HaK/IaJHBIX pacX0J0B Ha CHHXPOHHYIO (prKca-
LIUIO CTPOr'0 KOHCUCTEHTHOTO MHOYKECTBAa KOHTPOJIBbHBIX ToUeK JuIst ceTh u3 10 OBM ¢ mmHHOI opranu3anueii (6e3 anmnapaTHbIX BO3MOXK-
HOCTEW HIMPOKOBEIIAHNS), €CIIU HAKJIAIHbIE PACX0/1bl HA CHHXPOHHYIO (PUKCallMi0 KOHCHCTEHTHOIO0 MHOKecTBa paBHbl T1. Bpems crapra
(Bpems "paszrona" mociue Mmoyy4eHus 10CTyIa K IMIMHE s nepegadn coodmienus) paHo 100, Bpems nepenaun 6aiira pasro 1 (Ts=100,
Tb=1). Joctyn k mmue OBM nony4aroT nocienoBaTeabHO B MOPSJIKE BbIAAYM 3allpoca Ha rnepeaavy (IIpu OAHOBPEMEHHBIX 3apocax - B
nopsiike HomepoB 9BM). [IporieccopHble onepanuu, BKIOYas YTEHUE U3 aMATH U 3alUCh B TaMATh, CAUTAIOTCS OECKOHEYHO OBICTPBIMHU.

IIpuMepHble NpaKTHYECKHE 321aHUA 110 NapaJlieJJbHOMY POrPaMMHPOBAHHUIO.
1.

C nomoisio Texnosnoruu OpenMP[MPI|OpenACC|DVM] pa3paboTath nporpamMmy AJisi pelIeHUs] CUCTEMBI JINHEHHBIX alreOpandeckux
YPaBHEHHUH.

C nomoisio Texnosnoruu OpenMP[MPI|OpenACC|DVM] pa3paboTtath nporpamMmy, KOTOpast BHIIOJISIET YMHOKEHHE 2-X-MaTpULL.

C nomomsio TexHonoruun OpenMP[MPI|OpenACC|DVM] pa3paboraTh nporpammy, KOTOpasi BHIIOJISET COPTUPOBKY OOJIBIIIOT0 MacCHBa
JTAHHBIX.
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Yckoputs BoinoaHeHrne MPI-nporpaMmel, 3a CHET €€ JOMOJIHUTEIBHOIO PACIIAPAIIIETMBAHUS C IOMOIIBIO TEXHOJIOTUIA
OpenMP|OpenACC.

Y CKOpHUTH BBITIOTHEHHE MTPOTPAMMEI 32 CUET MCTOIh30BaHUS MApalIeIbHOTO BBOAA-BBIBOA.
Haiitu ommbKy B mapasuieIbHON ITporpamMmme.

OnTUMHU3UPOBATH BHITIOJHEHHE MAPAILICIBHON MPOTPAMMEL.

Peanu3oBaTh KOHTPOJIBHBIE TOYKU B MApaJUIEIBHOM IPOrpaMMe.

C nomomipto ULFM peanuzoBats napamiensHyIo IporpaMmmy, YCTOMYUBYO K COOTO.

B kaxxnom 3amanuu Tpedyercs:

a) PeanuzoBarh mapamielibHy0 BEPCHIO IPOTPAMMBI.

b) HccnenoBath MacmTabupyeMOCTh MOTYUYEHHOM MapaiebHOM MPOrpaMMBbl: MOCTPOUTh TPa)UKH 3aBUCHMOCTH BPEMEHH UCTIOTHEHHUS
OT YHCJIa SACP/TIPOLIECCOPOB JIJISl PA3IMIHOT0 00bEMA BXOAHBIX JaHHBIX. [[11s1 Kak1oro Habopa BXOTHBIX JIAHHBIX HAUTH KOJIUYECTBO
SIEP/TIPOIIECCOPOB, TIPU KOTOPOM BPEMSI BHIIIOJIHEHHS IPOTPAMMBI ITEPeCcTaéT yMEHbIATHCS. ONTUMATIBHBIM SIBJISIETCS [IOCTPOCHUE
TpEXMEPHOTo TpaduKa: 1Mo OJHOM U3 OCel BpeMst pabOThI ITPOIPaAMMBI, [0 APYTOH - KOJUYECTBO SAEP/IPOIIECCOPOB U 10 TPEThel - 00b-
€M BXOJIHBIX TAHHBIX.

€) Ompenenuts OCHOBHBIC MPUYMHBI HEJOCTATOYHON MacIITAOMPYEMOCTH TIPOrPaAMMBbI IPU MaKCUMAJIbHOM YHCIIE UCTIOIb3yEeMBbIX
A71ep/TIPOIIECCOPOB.

d) TloaroToBUTH OTYET O BHIMOJIHCHUH 3aJaHUs1, BKITIOYAIOIINI: OMMCAHUE PEATM30BAHHOTO aIrOPUTMa, TPadUKH 3aBUCUMOCTH BPEMEHHU
UCTIOJTHEHUS OT YHUCIIA SICP/TIPOLIECCOPOB JIJISl Pa3IMYHOr0 00hEMa BXOIHBIX JTaHHBIX, TEKCT MPOTPAMMBI.

le/IMepH])Ie BOIIPOCKHI IJIA IK3aME€Ha Ha l'[pOMe)KyTO‘-lHOi/i arrecranmu.
1.

ApPXUTEKTypa napajielbHbIX BHIYUCIUTENbHBIX cucTeM. Knaccupukanus. BektopHo-koHBelepHble KoMIbIOTEpHI. [apaienbHbie KOM-
MBIOTEPHI € 001N MaMATHI0. BhruncIuTenbHbIE CUCTEMBI C pacipe/ie]IeHHON NaMAThI0. [ MOpuHbIE apXUTEKTYPBI

Pacrnipenenennblie v nmapaienbHble (ailioBble CUCTEMBI
Pacnipenenennas pazaensemas namsate (DSM). Monenu KOHCUCTEHTHOCTH TaMSITH

[Tponeccrl n HuTH. B3aumoeiicTByromue npoueccsl. Kanan nepenaun 1aHHBIX, €ro cBOMCTBa. Buabl 00MeHOB. CUHXPOHHBIE, aCHHXPOH-
Hble OyepuzoBanHbie U HeOyheprzoBaHHbIe. OTHOCTOPOHHUE KOMMYHUKALIUN

Brraucnurensusie pecypest MI'Y nmenn M.B.JIomoHocoBa. CucTeMHOE 1 PUKJIaIHOE IpOrpaMMHOe o0ecrieueHre. MeHemKephl ypas-
neHus pecypcamu. CUCTEMBI YIIpaBJICHUsI IPOXOKICHUEM 3a/1a4.
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basoBble napamnensHble METOAbl. MeTos ciBanBanusa. MeTo ] reoMeTpuiecKkoro napauuieansmMa. Metoq KoHBEHEpHOTo napaienusma
[TapannenbHble METO/IBI YMHOKEHHUS MaTpHUILIbI Ha BeKTOp. [lapasienbHblie METOABI YMHOXKEHUS MaTPHIL

[MapannensHbie MeToabI 00paboTKH rpadoB

© o N o

MeTO,Z[BI HapaHHeHBHOﬁ COPTHUPOBKHU JJaHHBIX

10. VYckopenue, 3pPeKTUBHOCT MapayUIeIbHBIX AITOPUTMOB. 3aKoH AMana. Crnabast u cuibHas MacmTabupyeMocTsb. OleHKa BpeMEHU BBI-
MOJIHEHUSI 0OMEHOB

11. MeToasl U TOIXOBI I ONITHMH3AIIMH [TOCJICIOBATEIBHBIX U MAPAJUICIBHBIX TporpaMM. MHCTpyMeHTaNIbHBIE CpeIcTBa AT TPOQUIUPO-
BaHUs U aHAJIM3a NIPOU3BOAUTEIBHOCTH

12.  Metozsl u cpencTBa GyHKIIMOHATBHOW OTIAIKH MapalIeNIbHBIX porpaMM. /InHaMuYecKkuii KOHTPOJIb KOPPEKTHOCTH, CPABHUTENIbHAS OT-
JIaaKa

13.  Mogpens o0mei namstu. OCHOBHBIE BO3MOKHOCTH TexHonorun OpenMP

14. Mopens nepenauun coodmeHnii. OCHOBHBIC BO3MOYKHOCTH TexHOJ0oruu MPI

15. Mogens napamienusma 1o JaHHbIM. OCHOBHBIE BO3MOXKHOCTH TexHoyiorn DVM

16. TwuOpunnas mozens nporpammuposanust MPI/OpenMP

17. Pa3paboTka rereporeHHbIX napajienbHbIX nporpaMm ¢ nomoiibio OpenACC

18. AunbpTepHaTHBHBIC TEXHOJIOTHH MapauiensHoro nporpammupoBanus. Unified Parallel C. Co-array Fortran. Chapel. X10
19. Asromarmzanus pa3pabOTKH MapauIeTbHBIX IPOTpaMM

20. Orka3ssl B pacnpe/eneHHbIx cucremax. Kontponbabie Touku. OTkazoycroitunBocts. User Level Failure Mitigation

MeTtoauyeckue MaTepuabl 1Jis1 IPOBeAeHUS MPOLeYP OLleHUBAHNUS Pe3yIbTATOB 00y4eHUs!
Jlise KOHTPOJIS 3HAHUN CTYACHTOB 110 JAHHOW JUCLUUIUIMHE HEOOXOJMMO MPOBOJUTH TEKYIIUH U MPOMEXKYTOUHBIH KOHTPOJb. Tekymuil KoH-
TPOJIb BBHIMOJIHAETCS B BUJIE 3aIUT MPAKTHUECKUX U MHIUBUAYATBHBIX padoT, MPOBEPKU JOMAIIHUX 3aaHui. [I[poMexyTOUHBIN KOHTPOIJIb IPOBOIUTCS
B BHUJI€ DK3aME€Ha, Ha KOTOPOM OOCYKJAI0TCS TEOpEeTUYeCKue BOMpOCkl Kypca. OleHuBaHuE 3HAHWN, YMEHHI UM HaBBIKOB MPOU3BOJUTCS Ha OCHOBE
0aJIbHO-PEUTHHTOBOM cUcTeMbl. [Ipu peHTHHrOBOM cucTeMe Bce 3HAHMS, YMEHHUS U HaBBIKM, IpUoOpeTaeMble CTYJEHTaMH B pe3yJibTaTe MU3y4eHUus

JUCHHUIIIINHBI, OOCHHUBAKOTCS B Oayrax. Hpez[nonar aeTcs 5 q)OpM KOHTPOJIA, IO KOTOPBIM CTYACHTHI IIOJTYy4YarOT OaJlIbL:
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1. Tlocemaemocts nekiuii (Makc. 10 6ayoB).
2. Tlocemraemocth cemuHapoB (Makc. 10 6amioB).
3. BrlnonHeHHE TOMaNTHUX 3aJaHUH K KK 101 JieKiuu (Makc. 20 6ayioB).
4. BBhINOJIHEHHE MPAKTUYCCKUX 3aJaHHH 110 MapauieIbHOMY IporpaMMHUpoBanuio (Makc. 40 0aion).
5. Dx3ameHn (Makc. 20 6amioB).
HToroBas olieHKa 3a KypC pacCUUTHIBACTCS UCXOIs U3 HAOpaHHBIX cTyAeHTOM 0amuioB (ot 0 mo 100 6amioB). Kpurepuu oreHok:
e  «5»>90 6amnoB;
e «4» >70 6annos;
e «3» > 50 6amios;

e 2» <50 6amnos.



