degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: Cucrembl TapaniebHOTO IPOrPaMMHUPOBAHUS
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa CUCTEMHOTO MPOrPaMMHUPOBAHUS

Kypc: 1

KBAJM(PUKAIMA: MarucTp

Cemectp, hopMbI IPOMEXKYTOUHOM arTecTanuu: 1 (ocenuuit) - JluddepeHpoBanHbiii 3a4eT

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 15 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBui: A.W. ABerucsH, kauja. Gu3.-MaT. HayK, JOICHT

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadeapsl cucteMHoro nporpamMmMupoBanus 06.05.2024



AHHOTANMA

JlaHHBI Kypc OpPHEHTHPOBAaH Ha MoiydeHHE Oa30BBIX 3HAHHMN B 00NACTH MapajuleTbHBIX BBIYMCIICHUH B
TeueHue onxHoro cemecrpa. I[Ipeamonmaraercs, 4ToO CiymiareJd HMMEIOT 0a30ByI0 MOATOTOBKY B oOiacTu
MIPOTrPaMMHPOBAHUS, APXUTEKTYpPbl KOMIBIOTEPOB M BBIYHMCIUTENIBHBIX METOAOB. Kypc cOCTOMT M3 Tpex
B3aMMOCBSI3aHHBIX 4YacTeil: IapajuleibHblE BBIUUCIUTEIBHBIE CHUCTEMBl U CYIEPKOMIBIOTEPBI, OCHOBBI
TEXHOJIOTHH MapauIeIbHOr0 MPOrpaMMHUPOBAHNSA, aHATTN3a CTPYKTYPBI IPOTPaMM U aJITOPUTMOB.

1. leau u 3apauu

Meap AUCUMNIMHBI

- ¢opMHupOBaHHE Yy CTYIEHTOB TEOPETHMYECKMX 3HAHUH W HABBIKOB pa3pabOTKM M OTIAAKH
napajuleibHbIX IPOTPaMM Ul Pa3JIMYHbIX COBPEMEHHBIX apXUTEKTYP.

3agauu AU CHUILIHHBI

- OCBOGHHE CTYJCHTaMH 0a30BBIX 3HAHWH (TTOHITHH, KOHIETIIMA, METOJIOB M Mojeleil) B obmacTu

napauieJIbHOI'O MPpOrpaMMHUpPOBAHUA;

- HpI/IO6peTeHI/I€ TCOPCTUUCCKUX 3HAaHUU U MPAaKTUYICCKUX YMGHI/Iﬁ M HaBBLIKOB B 00JaCcTH

[apajuleiIbHOIO IPOrPaMMHUPOBAHUS;

- OKazaHHE KOHCYJIBTALIMH M MOMOIIM CTYIAEHTaM B IIPOBEICHUN COOCTBEHHBIX pa3pabOTOK B 00IacTu

napaJuieJIbHOTrO MporpaMMUupOBaHU.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-5 Crioco0eH U roToB K
podeCcCHOHAIILHOMY POCTY U PYKOBOJICTBY
KOJUICKTUBOM B 00JIACTH WH(MOPMATHKH U
BBIYMCIIMTEIILHON TEXHUKH, TOJICPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Cnocoben paboraTb B KOJJIEKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMANIBHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

OIIK-5.2 Bnaneer
KOJUIEKTUBOM B
eI TEIIHbHOCTH

HaBBIKOM
cepe  cBoeit

PYKOBOJICTBA  MAaJIbIM
npodeccroHaIbHON

OIIK-5.3 CrpeMurcsi K TMOJYyYECHUIO HOBBIX 3HAHHUH,
poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

OIIK-5.4
yIpaBjieHue
IIPOEKTOB

Criocob6eH
pa3paboTkoi

OCYLIECTBIIATh
MPOrpaMMHBIX

s deKTHBHOE
CpeACTB W

[1K-2 [MorumMaeT 1 criocobeH MPUMEHUTH B
HAy4HO-HCCIICAOBATEILCKON U PUKIIATHON
JEATEIbHOCTH OCHOBHbIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHBIN
MaTeMaTHYEeCKHi anmapar U aJropuTMBbl,
COBpPEMEHHBIE
MH()OPMALMOHHO-KOMMYHHUKAI[HOHHBIE
TEXHOJIOTHH

I1K-2.1 3Haer OCHOBBI Hay4HO-UCCJIEe10BaTEIbCKON
NeSITETLHOCTH B 001acTH MH()OPMAIIMOHHBIX TEXHOJOTHIA,
BIIAJICET 3HAHUEM OCHOB (PMI0CO(OUU U METOJOJIOTHH HAYKH;
3HAHMEM METOJIOB HAayYHBIX HCCJIENOBAaHUI M HaBBIKAMU WX
MPOBEACHUS

[IK-2.2 YMmeeT npuUMEHATH MOMyYEHHBIC 3HAHUS B 00JacTu
(byHIaMEeHTaJIBHBIX HAYYHBIX OCHOB TEOPUH MH(POpMALNHU U

peaThb CTaHZapTHBIE  3aJadd B COOCTBEHHOM
Hay4YHO-HUCCIIEI0BATEIBCKON IEATEILHOCTH

[IK-2.3 Nwmeer MIpaKTUYEeCKUN OTIBIT
HAy4YHO-HCCIIEOBATENIbCKON  EATENIbHOCTH B 00JacTu

MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOT Ui

[1K-2.4 BnageeT MeToAaMu U alropuTMaMu pELICHUS 3a1a4
nuppoBoii 00pPabOTKM CHTHAIIOB, WCIONB30BAHUS CETU
UnTrepner, AHHOTHPOBAHUS, pedepupoBanus,
oubnmorpadUIecKoro MOMCKa, OMBIT PabOThl ¢ HAYYHBIMU
HUCTOYHUKAMHU

[IK-3.1 3HaeT OCHOBHI BEJCHUS HAYYHAHCKYCCUU W
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS




11IN-3 DBJIdACCT HABbIKAMMU y4dC1UiA B HAY4HbIX
TMCKYCCHUSIX, BBICTYTUICHUS C COOOIECHUAMH U
JOKJIaJIaMU YCTHOTO, MINCBMEHHOTO H
BUPTYaJIbHOI'O (pa3MelleHHE B

uHdop

MPECTaBICHHS MAaTePHaiOB COOCTBEHHBIX
HUCCIEeN0BaHUN

[MK-3.2 Ymeer BecTH KOPpPEKTHYIO JHMCKYCCHIO B 0O0JacTH
WH(POPMALIMOHHBIX TEXHOJOTWM 3aJaBaTh BOIPOCH U
OTBEYaTh Ha IIOCTABJIIEHHbIE BOIPOCHI N0 TEME HAy4YHOU
pabotbl

MAaIMOHHBIX CETSIX) XapaKTepa, —
[IK-3.3 MMeer mpakTHYECKUH OMNBIT Y4acTHsl B Hay4HBIX

CTyI€HYECKHX KOH(EpeHUUSAX, OYHBIX, BUPTYAJIbHBIX,
3a0UHBIX OOCYXIEHHUSIX Hay4YHbIX MpoOieM B objactu
MH(OPMAIMOHHBIX TEXHOJIOTHl

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUsI N0 JUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI

3HATb.

YMETb:

- (yHAaMEHTAIbHbIEC TOHATHUS 1 OCHOBHBIEC 3aKOHBI MApaJIJIEIbHOTO IPOTrPaMMHUPOBAHHS;

- COBpPEMEHHbIE TPOOIEMBI COOTBETCTBYIOIINX PA3AEIOB CHCTEMHOTO IIPOrpaMMUPOBAHNS;

- OCHOBHBIE TPYOHOCTH MapaIeIbHOTO IPOrPaMMUPOBAHUS, IPUYUHBI UX BOZHUKHOBEHUS U IyTH UX
IIPEOIOJICHMS];

- OCHOBHBIE CBOMCTBA COOTBETCTBYIOIIEIO CUCTEMHOTO IIPOrPaMMHOI0 00eCTICUeHuS;

- KJIaCChI MapaJuIeNbHBIX APXUTEKTYP U 0COOCHHOCTHU pa3pabdOTKH MapajuiebHbIX IPOTrpaMM Ul 3TUX
KJIaCCOB;

- (yHnameHTanbHBIE TOHATHSA U OCHOBHBIC 3aKOHBI ApAJIEIBHOTO IPOrPaMMUPOBAHNS;

- COBPEMEHHBIE MPOOIEMBI COOTBETCTBYIOIINX Pa3AeJIOB CUCTEMHOTO IPOTPaMMHPOBaHUS;

- OCHOBHBIE TPYJHOCTH IapaJlJIeIbHOIO IIPOrPaMMUPOBAHUs, IPUUUHBI UX BOZHUKHOBEHUS U IIyTH UX
MIPEOAOIEHMS;

- OCHOBHBIE CBOMCTBA COOTBETCTBYIOILEI0 CUCTEMHOIO IIPOIPaMMHOI0 00€CIIeUEHus;

- KJIacChl MapaJJIeNIbHBIX apXUTEKTYP U OCOOCHHOCTH Pa3padOTKU NMapajlieNbHBIX IPOTPaMM JUIS 3THX
KJIACCOB.

HOHSTH [TOCTABJICHHYIO 33/1a4y;
UCIIONIb30BaTh CBOU 3HAHUS JUIA Pa3paboTKH d((EKTUBHBIX MapaUIeIbHBIX IPOTPaMM;

OLICHUBATh KOPPEKTHOCTH MIPOTrPAMMBI, €€ MAaCIITa0UPyeMOCTb;

- CaMOCTOSITEIBHO ~ NPOCKTUPOBATh,  PEAIM30BBIBATh, OTIAXHBATh M  CONPOBOXKIATH
BBICOKOA()(DEKTUBHBIC TTApAIIIENIbHBIC TIPOTPAMMBI.

BJIAJIETh:

- HaBBIKAMH OCBOCHHUSI OOJBIIOro oObeMa HWH(OpMALMU W pEIICHHs 3a1ad IapajuiebHOTO
MPOrpaMMUPOBAHUS (B TOM YHCIIE, CIIOKHBIX);

- HaBBIKAMU CaMOCTOSITEIILHON PadOTHl M OCBOCHHUSI HOBBIX JHCIUILINH;

- KYJIBTYPOH NOCTaHOBKH, aHAJIN3a U PELICHHS MaTeMaTHYCCKUX M IPHKIAIHBIX 33Ja4, TPeOyIOmuX
JUISL CBOETO pELICHUS WCIOJIb30BAaHHS MAaTEMaTH4YeCKHUX TIOIXOAOB W METOIOB I1apauIeIbHOTO
pOrpaMMHUPOBAHUSL.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 Anmaparypa. MynbTHIIPOIIECCOPHBIE 1 ’ 3
CHCTEMBI C O0ILEeH MaMsTHIO.
) Amnmaparypa. Cucremsl c 1 5 3
pacIpeneneHHON MaMIThI0. YCKOPUTEIIU.
bubmuoreka  Pthreads.  bubGnmoreka
3 4 8 8
OpenMP.




Monenu [1apajuIesIbHOr0
MIPOrpaMMHPOBaHUS.

OcHoBHBIE mOHATHA OuOMMoreku MPI.
5 [TapannenbHO€ TPOrpaMMUPOBAHHE C 4 8 10
HCIIOJIb30BaHneM onoimorexu MPI.

[TapannensHoe MPOrpaMMHUPOBAHUE C

6 HCIIOJIB30BaHNEM YyCKOpHTene. MeTtoasl 4 8 14
U Cpe/CTBa OTIAKU U HACTPOUKH.

Hroro yacos 15 30 45

Iloaroroska k sKk3aMeHy 0 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. Annaparypa. MynbTHIIpOLIECCOPHBIE CHCTEMBI C 00IIEH MaMsIThIO.

[TapannenbHOCTh Ha BCEX YPOBHSX: Ha YPOBHE KOMaHJI, HA YPOBHE MOTOKOB, HA YPOBHE IPOIECCOB.
CuHXpOHHAs ¥ aCHHXPOHHAs! [1apaJljIeIbHOCTb.

MynbTHIIPOLIECCOPHBIE CUCTEMBI C OOIIEH MaMsAThIO, B TOM YHUCIIE OCOOEHHOCTHM MHOTOSIIEPHBIX
npoueccopoB. OOmIas apXUTEeKTypa U MOAXOABI K MapajieabHOMy IporpamMmmupoBanuio. [Ipobnemst,
BO3HHUKAIOIIKE IPU OPraHU3aLlH JOCTYyTa K OOIINM pecypcam.

2. Anmaparypa. CUCTEeMBI ¢ pacnpeAeCHHON MaMAThI0. YCKOPUTEH.

MaCCI/IBHO—HapaJ'IHeJ'IBHBIe CHUCTCMBI C pacnpe):[eneHHoﬁ nHaMsTBIO (KJ'IaCTGpLI, CynepKOMHBIOTCpLI).
BBICOKOHpOI/ISBO,Z[I/ITCJ'ILHLIG BBIYHUCIIUTCIIBHBIC CUCTCMBbI C UCITIOJIb30BAHNECM YCKOPI/ITGJIeﬁ.

3. bubnmnoreka Pthreads. bubnmuoreka OpenMP.

bubnuorexa Pthreads: ympasneHue moTokamu, ynpaBiI€HUE MIOTEKCAMHM, YNPaBICHUE YCIOBHBIMU
[IEPEMEHHBIMHU.

bubnnorexka OpenMP: mMonens mporpaMMUpOBaHuUs, CHHTAKCHC, TIOHATHE MapaJIeIbHON 00acTh
pexxuma ee BoimonHeHus. JupextuBbl OpenMP. [lapamnensubie nukisl for/DO. TlapameTpsr
mupektuB. upektuBsl OpenMP. [apamiensHbie cekuny, nupektusa single. [lapameTpsl qUpEKTHB.
CucrtemMHble TI€peMEHHbIE M CHCTEMHBIE IOANPOrPaMMbl BPEMEHM BBIMOJHEHUS OHOIMOTEKH
OpenMP. Cunxponuzanuonssie koHcTpykuun OpenMP: critical, atomic, barrier, master, ordered,
flush. OmmOku, BO3HHWKAIOIMIME TPU NPOTPAMMHUPOBAHUHM C OOMIEH MaMATBIO: COCTSA3aHUE U
B3auMOOJIOKUpOoBKa. [IpuBaru3anysi.

4. MOI[CJ'II/I napajiuieJIbHOIO IMMporpaMMUupOBaHUs.

XapakTepuCTUKH TapajllebHOM MPOrpaMMBbl: yCKOpEHHE, MaciuTabupyemocTh, 3((EeKTUBHOCTB.
@opmynsl Amaans u I'ycradeona. IIpobGnemsl pa3paGoTKu U BHEIPEHHS BBICOKOYPOBHEBBIX S3BIKOB.
[IporpammupoBanne B motokax (Mogens OpenMP). MexaHusmbl ymnpaBieHHS JOCTYIIOM K
KPUTHYECKHUM pecypcaM: akKTUBHOE OJKUIaHHE, ceMa(Opbl, MOHUTOPHI.

[IporpammupoBanue B mpoueccax (moxens MPI). IlporpammupoBanue Ha cCHeUATM3UPOBAHHBIX
nporieccopax. Mouxens CUDA (u OpenCL).

5. OcHoBHBIC ToHTHA OuOnMuorekun MPI. TlapaiiensHoe MpOrpaMMHUpPOBAHUE C HCIIOIb30BAHHEM
ouobmnorexu MPI.




[IporpammupoBanne B TepMuHaX oOMeHa cooOmeHusiMA. OCHOBHBIE TOHATHS OuOmuorekn MPI:
WHUIMATU3a0Usl 1 BBIXOJ, HOHSATHE KOMMYHHKaropa, cooOlieHue. biokupyiomuye KOMMYHHUKAaLUU
TOYKA-TOYKa: (YHKIMM MOCBUIKM W npuema. HeOmokupyromue KOMMYHHMKAIlMM TOYKa-TOUYKA!
(YHKUIMHY TIOCBUTKY U IPHEMa, TTOAIPOrpaMMbl OKHIAHHSI/ TIPOBEPKH.

Tumnbl nanaeix MPI (6a30BbIe 1 pousBoaHkie). CooTBeTCTBHE TUNOB JaHHBIX MPI U THIOB qaHHBIX
s3ikoB C m  Fortran. KoHcTpynpoBaHue NpPOWM3BOIHBIX THUIIOB: HENPEPHIBHO pa3MeEILCHHbIH,
BEKTOPHBII, CTPYKTYPHBIN.

KomnexktuBabie onepanuu pacrnpeseneHus ganabix B MPI: MPI Bceast, MPI_Scatter, MPI_Gather,
MPI_Allgather, MPI_Alltoall.

Onepanuu miodansHON peaykuuu: minloc u maxloc; onpeaeneHHbIE MOJIB30BATEICM.
OnHOCTOPOHHHE KOMMYHUKAIUH.

6. IlapamnensHOE NPOrpaMMHpPOBAaHUE C MCIOIB30BAaHUEM YCKOpUTENeH. MeToasl M cpencTsa
OTJIAJKU U HACTPOMKH.

Bo3moxxHOocTH TexHonmoruu nporpammuposanust Cuda. CpaBHuTEIbHBIN aHanmu3 TexHonorun Cuda n
crargaproB OpenCL, OpenACC.
O030p COBPEMEHHBIX METOJIOB U CPEJCTB OTIAJIKA M HACTPOHKH MapaIeIbHBIX IPOTPaMM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

HeobxonuMoe obopynoBaHue Jis JISKIUNA: KOMIIBIOTEP B MYJIBTUMEIUITHOE 000pyI0BaHue (ITPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Ananth Grama, Anshul Gupta, George Karypis, Vipin Kumar. Introduction to Parallel Computing,
2nd Edition. Addison-Wesley, Hardcover, 2nd edition, Published January 2003. - 636 pages,
int_par_comp?2. - ISBN 0201648652.

JlononHuTenbHAs TUTEpaTypa
1. David E. Culler, Jaswinder Pal Singh, Anoop Gupta. Parallel Computer Architecture: A
Hard-ware/Software Approach. - Morgan Kaufmann Publishers, 1998. - 1025 pages. - ISBN
1558603433.
2. Peter S. Pacheco. PARALLEL programming with MPI. - Morgan Kaufmann Publishers, 1997. - 420
pages. - ISBN-13: 978-1-55860-339-4.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://www.iso.org, http://www.itu.int, http://www.ietf.org

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

[Iporpammuoe obecnieueHre 1 HHHOPMAIIMOHHBIE TEXHOJIOTUH HE TPEOYIOTCSL.
9. MeTonnueckue yKa3anus /s 00y4al0IIUXCs 110 0CBOSHHIO TUCHMILTHHBI (MOYJIsT)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJAKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.
B pesynbrare u3yyeHUs AUCUUIUIMHBI CTYACHT JOJKEH 3HATh OCHOBHBIE OMNPECICHUS, MHOHSTHS,
aKCHOMBbI, METOJbI JJOKA3aTEIbCTB.



VYenenrHoe 0ocBoeHHE Kypca TpeOyeT HapsKEHHOW caMOCTOSTEIbHOM paboThl cTyeHTa. B mporpamme
Kypca NpUBEICHO MUHHMAJIbHO HeoOXoanmoe Bpems s paldoThl CTyIEHTa Haj TEeMOM.
CamocrosiTenbHas padoTa BKIIIOUAET B ce0s:

— YTEHUE U KOHCIIEKTHPOBAaHNE PEKOMEH/I0BAHHOM JIUTEPATYPHI;

— TpopaboTKy ydeOHOro Marepuaia (IO KOHCIIEKTaM JICKIWiH, y4eOHOH M Hay4dyHOW JHTeparype),
MOATOTOBKY OTBETOB HAa BONPOCHI, IPEIHA3HAUYEHHBIX IS CAaMOCTOSTEIBHOTO — M3Y4CHWUS,
JI0Ka3aTeJIbCTBO OTIEJbHBIX YTBEPKIECHUM, CBOMCTB;

— BBINOJIHEHNE J1a0OpaTOPHBIX paloT, UIA OCO3HAHUS CBA3EH MEXIy TeopHueil W NMPaKTUYECKHMHU
HaBBIKAMU;

— MOJATOTOBKY K AH((epeHIIMPOBAHHOMY 3aUeTy.

PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSTENBbHOW pPabOTOil CTyneHTa OCyIecTBIsercss B (opme
WHIMBUyaJIbHBIX KOHCYJIBTALIUH.

BaxHo 10OWTHCS MOHMMAHUS W3y4aeMOro Marepuana, a He MEXaHHYECKOro ero 3arnoMuHaHus. [Ipu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa CUCTEMHOTO MPOrPaMMHUPOBAHUS

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMbI IpOMEXKYTOUHOH arTecTanuu: 1 (ocenuuil) - JluddepeHupoBanHbiii 3a4eT

PaszpatGoTunk: A.N. ABerucss, kana. Gu3.-MarT. HayK, JOLECHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-5 CriocobeH 1 roToB K
poQecCHOHAIIEHOMY POCTY U PYKOBOJICTBY
KOJUIEKTUBOM B 00JIaCTH WH(POPMATUKH U
BBIYHMCIIMTEILHON TEXHUKH, TOJIEPAHTHO
BOCIIPUHUMAs COLIMAIIbHBIC, STHUUECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

OIIK-5.1 Cnocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COLIMAJIbHBIC, STHUYECKHE,
KOH(ECCHOHAIBHBIEC U KyJIBTYpPHbIC Pa3Inyuust

OIIK-5.2 Bmaneer
KOJUIEKTUBOM B
JIESITEIIbHOCTHU

HaBBIKOM
cthepe  cBoeit

PYKOBOJCTBA  MaJbIM
npodeCCHOHATBHOM

OIIK-5.3 Crpemurcs K TMOJYyYEHHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

OIIK-5.4
yIpaBJeHUe
MIPOEKTOB

s pexTHBHOE
CpencTB

Criocoben
pa3paboTkoit

OCYIIECTBIISITH
IIPOrpaMMHBIX

[1K-2 [TorumaeT 1 ciocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHbIH
MaTeMaTHYeCKUI anmnapar U alfOPUTMBI,
COBpPEMEHHbIE
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE
TEXHOJIOTUH

[IK-2.1 3naeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIHCKOMN
JEATEIIFHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;
3HAHHEM METOJIOB HAyYHBIX MCCIEIOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[IK-2.2 YMeeT NMpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H

pelarhb CTaHJapTHbIE 3a1aun B COOCTBEHHOM
HAay4YHO-UCCIIE0BATEIBCKON AESITETBHOCTH
[IK-2.3 Nwmeer MIpaKTU4YECKUN OIIBIT

HAyYHO-HCCIIEZIOBATENILCKON  JICATEIILHOCTH B 00JacTu

I/IHq)OpMaI_II/IOHHO—KOMMYHI/IKaLII/IOHHLIX TEXHOJIOTHI

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH pelIeHns 3a1a4y
uupoBoii 00pabOTKKM CHTHAJIOB, WCIOJNB30BAHUS CETH
Wurepner, aQHHOTUPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOMCKa, OMBIT PabOThl ¢ HAYYHBIMHU
UCTOYHUKAMHU

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaZlaMU YCTHOI'O, IHCbMEHHOI'0 U
BHUPTYaJILHOTO (pa3MelecHHE B
MH(QOPMALIMOHHBIX CETAX) XapakTepa,
MPECTABICHHUS MAaTePHaOB COOCTBEHHBIX
HCCIEeI0BaHUI

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHMCKYCCHIO B 00JacTu
MH(QOPMAIIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCH U
OTBEYaThb HA IIOCTABJIEHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI

[IK-3.3 NmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAy4HBIX
CTyICHYECKUX KOH(PEpPEHIHUSIX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSIX Hay4YHbIX MpoOlieM B o001acTu
MH(POPMAIIMOHHBIX TEXHOJIOTHIA

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pE3yabTaTC HU3YUCHUA JUCHUIIIAHBI «CucreMsl napajuieJIbHOro0 HIpOorpaMMHpPOBAHUS O6y‘IaIOH_H/II\/’IC$I

JOJIKCH:

3HATb:




- (yHAaMEHTAIbHbIC MOHATHUS 1 OCHOBHBIEC 3aKOHBI MApaJIJIEIbHOTO IPOTrPaMMHUPOBAHHS;
- COBpPEMEHHbIE TPOOIEMBI COOTBETCTBYIOIINX PA3AeI0B CHCTEMHOTO IIPOrpaMMUPOBAHNS;
- OCHOBHBIE TPYOHOCTH MapaJIeIbHOTO IPOrPaMMUPOBAHUS, IPUYUHBI UX BOZHUKHOBEHUS U IyTH UX
IIPEOIOJICHMUS];
- OCHOBHBIE CBOMCTBA COOTBETCTBYIOIIEIO CUCTEMHOTO IIPOrPaMMHOI0 00eCTIeUeHuS;
- KJIaCChI MapaJuIeNbHBIX APXUTEKTYP U 0COOCHHOCTHU pa3pabOTKH MapajuiebHbIX IPOrpaMM Ul 3TUX
KJIaCCOB;
- (yHnameHTanmbHBIE TOHATHSA U OCHOBHBIC 3aKOHBI ApaJIEIBHOTO IPOrPaMMUPOBAHNS;
- COBPEMEHHBIE MPOOIEMBI COOTBETCTBYIOIINX Pa3AeJIOB CUCTEMHOTO IPOTPaMMHPOBAHUS;
- OCHOBHBIE TPYJHOCTH IapaJIJIeIbHOIO IIPOrPaMMUPOBAHUs, IPUUUHBI UX BOSHUKHOBEHUS U IyTH UX
MIPEOAOIEHMS;
- OCHOBHBIE CBOMCTBAa COOTBETCTBYIOILIETO CUCTEMHOIO IPOrPAMMHOI0 00eCTIeUeH s,
- KJIAaCChI apaJJICNIbHBIX apXUTEKTYP U OCOOCHHOCTH Pa3padOTKU NMapajlieNbHbIX IPOTPaMM JUIS 3THX
KJIACCOB.
YMeThb:

HOHSTH [TOCTABJICHHYIO 33/1a4y;
UCIIONIb30BaTh CBOW 3HAHUS JUIA Pa3paboTKH d((EKTUBHBIX MapaLIeIbHBIX IPOTPaMM;
OLICHUBATh KOPPEKTHOCTH MPOTrPAMMBI, €€ MAaCIITa0UPyeMOCTb;
- CaMOCTOSITEIBHO ~ NPOCKTUPOBATh,  PEAIM30BBIBATh, OTIAXHBATh M  CONPOBOXKIATH
BBICOKOA()(DEKTUBHBIE TTApAIIIENIbHBIC TIPOTPAMMBI.
BJIaJIeTh:
- HaBBIKAMH OCBOCHHUSI OOJbIIOro oObeMa HWH(OpPMALMU W pEIICHHs 3a1ad MapajuiebHOTO
MPOrpaMMUPOBAHUS (B TOM YHCIIE, CIIOKHBIX);
- HaBBIKAMU CaMOCTOSITEIIHLHON PadOThl M OCBOCHHUS HOBBIX JHCIUILIHNH;
- KYJIBTYPOH TIOCTaHOBKH, aHAJIN3a U PELICHHsS MaTeMaTHYCCKUX M IPHKIATHBIX 33Ja4, TPeOyIOImuX
JUIL CBOETO pELICHUS WCIIOJIb30BAaHUS MAaTEMaTH4YeCKUX IIOIXOAOB W METOIOB I1apajuIeIbHOTO
pOrpaMMHUPOBAHUSL.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1nenplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUSA 110 TeME IPOIUIOHN JIEKIIMK WU B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. OcoOeHHOCTH COBPEMEHHBIX MapajUIeIbHBIX apXUTEKTYp. Buasl mnapamnensHocTH. Monenu
[apajuleIbHOIO [IPOrpaMMMpPOBaHUA. XapaKTEPUCTUKU IapajljIelIbHOW IPOrpaMMbl: YCKOPEHHUE,
MaciuTabupyemMocTb, 3pPEeKTUBHOCTD.

2. MynpTUnponeccopHble CUCTeMbl ¢ oOmeil mamareio. OOmas apXuTekTypa M MOAXOABl K
napajuieIbHOMY IPOTrpaMMUpOBaHuIo. [IpobiemMbl, BOSHUKAIONIUE PH OpraHU3alMy JOCTYya K 00IIIM
pecypcam.

3. MexaHu3Mbl yIpaBieHUs OCTYIIOM K KPHUTHYECKUM pecypcaM: aKTHBHOE OKHAaHHE, ceMadopsl,
MOHHTOPBI.

4. bubmoteka Pthreads: ynpaBneHue morokamu, ynpapieHHE MIOTEKCAMH, YIPABICHUE YCIOBHBIMH
[IEPEMEHHBIMHU.

5. bubmoreka OpenMP: Mozenb mporpaMMUpOBaHUsI, CHHTAKCHUC, TIOHSITHE MapaJljieIbHOW 00JIacTh U
pEeXrMa €€ BBIIOJIHEHHUS.

6. dupexrussl OpenMP. [Tapannensasie nukisl for/DO. [lapaMeTps! 1UpeKTUB.

7. HupexruBsl OpenMP. [TapannensHsle cexuu, aupektua single. [lapameTpsl AMPEKTHB.

8. CucreMHBIE NEPEMEHHBIE M CHUCTEMHBIE MOANPOTrPaMMbl BPEMEHH BBINIOJHEHUSI OHWOIMOTEKH
OpenMP.

9. PacnapannenuBanue UUKIOB. 3aBUCUMOCTH TIO JaHHBIM.

10. CunxponuzanuoHHbie KoHCTpykiuu OpenMP: critical, atomic, barrier, master, or-dered, flush.

11. OmuOku, BO3HUKAIONIME IIPH TNPOTPAMMHUPOBAHMHM C OOIIEH TaMATBIO: COCTSI3aHHE W
B3aMMOOJIOKHPOBKA.

12. KnactepHbie BBICOKOIPON3BOAUTEIbHBIC BHIYHCIUTEIbHBIE CUCTEMBI: TPEOOBAHUS K apXUTEKTYpeE.
KomMmyHHKaImmoHHOE 000py/I0BaHHE U allIapaTHO-POrPaMMHBIE MIaT(OPMBIL.



13. Monens BBIUMCIUTENBLHOM CUCTEMBI ¢ pacpeeneHHoi namsaTeio — LogGP.

14. TlporpamMupoBanue B TepMUHAaX oOMeHa cooOuieHusiMu. OcHOBHBIE TIOHATUSI Onbmmoreku MPI:
MHHULUAIIN3AIHS ¥ BBIXOJI, IOHATHE KOMMYHHKATOpa, COOOLICHHE.

15. brokupyronue KOMMyHHKAIUK TOYKa-TOUKa: ()YHKIMHU OCBUTKU U IPHEMA.

16. Hebnokupyronpe KOMMYHHUKAIMM TOYKA-TOYKA: (PyHKIMM MOCBUIKA U MPHUEMA, MOAIPOTPaMMBbI
OXHJIaHUS/TIPOBEPKH.

17. Tunsr nanasix MPI (6a3oBbie n mpomsBoanbie). CoorBercTBUEe TUIOB JaHHBIX MPI u Tumos
naHHbIX s3blk0B C u Fortran. KoHcrpyupoBaHue NpOU3BOAHBIX THUIIOB: HENPEPHIBHO pa3MEILEHHbIH,
BEKTOPHBIHN, CTPYKTYPHBIH.

18. KonnektuBHbIe onepanuu pacnpeaencaus nanasix B MPI: MPI Bceast, MPI_Scatter, MPI_Gather,
MPI_Allgather, MPI_Alltoall. Onepauun rmobansHON penykiuu: minloc u maxloc; ompeneneHHbIe
I10JIb30BATEJIEM.

19. OnHOCTOPOHHME KOMMYHHUKALIHH.

20. OcHOBHBIE KOHCTPYKIMH TexHojoruu Cuda.

21. CpaBuutenbubiit aHanu3 cranaaproB OpenCL u OpenACC.
22. CpencTBa OTIaAKH ¥ HACTPOMKH MapajlIeIbHBIX IPOTrpaMM.

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MpOorpaMMbl AMCHUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PELICHNU KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.
Onenka ommMyHO 8§ OaysioB - BBICTaBISIETCSl CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISETCS CTYACHTY, €CIH OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATh IOIy4YEHHBIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIIBTATHI.
Ouenka xopoo 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
Onenka ynoBieTBOpuTenbHO 4 Oaiia - BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOIO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
OneHka yaoOBIETBOpUTENbHO 3 Oajuia - BBICTABISIETCS CTYACHTY, MOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (GopMynrpoBKax 0a30BbIX HOHSTHH,
HapylIEHUs] JIOTUYECKOH MOCIeq0BaTeIbHOCTH B H3JIOKEHUH NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 0auia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl IUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIMIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.



OueHka HEYIOBIETBOPUTENbHO 1 0aim - BBICTABISAETCS CTYIEHTY, KOTOPBI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue ommOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

Bo Bpems mpoenenus auddepeHUMpPOBAHHOIO 3auyeTra OOydaroluecs MOTYT —II0JIb30BaTbCs
NpOrpaMMOM JUCLHUIUIMHBI, a TAaKXE CHOPABOYHOM JIUTEPAaTypoOMd, BBIYHMCIUATEIBHON TEXHUKOMU,
KOHCIIEKTaMH JIEKIIHH.

HuddepeHMpoBaHHBIA 3a4€T MOXKET MPOBOJUTHCA IO WTOTaM TEKyLIeH YCIEBAaeMOCTH W CHa4H
3aJIaHui, WK ITyTeM OpraHu3alMy CIIELHAIBHOTO OIIPOca, IPOBOIUMOIO B YCTHOH (hopme.



