®denepajibHOE TOCYyIaPpCTBEHHOE AaBTOHOMHOE 00pa3oBaTeibHOe

o JUCHMUIIJIMHE:

110 HANIPABJICHUIO:
Nnpo¢uJIb NOATOTOBKH:

KYpC:
KBaJupuKaAnus:

YupeikaeHnue BbICHIETo 06pa303a1mﬁ

«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
MeTonabl MacCHBHO-TIapalieIbHOTO porpammupoBanus B cpene CUDA nns pemeHus
3a/1a4 TEOPETUUECKOM U MaTeMaTu4ecKo (pr3uKu

®DoToHUKa 1 ONTOMH(pOPMATHKA

@DOTOHNKA, KBAHTOBBIE TEXHOJIOTUH U IByMEPHBIE MAaTEPHAIIBI
OusTex-mkona GU3NKUA U ucciaeaoBanuil uM. Jlanaay
®usrex-KJIacTep akaIeMUYECKON U HAyYHON Kaphepbl

1

MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOM arTectanuu: 1 (oceHuuit) - JluddepeHpoBannblii 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:

nexkuuu: 30 gac.

cemuHapsl: 30 gac.

naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.

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

[Iporpammy cocrasuin:

E.E. IlepenenkuH, n-p ¢pu3.-Mat. HayK

[Iporpamma obcyxnena Ha 3acegannn Ousrex-KiacTepa akageMUueckon 1 HayqHoll kapeepbl 04.04.2022



AHHOTANMA
Kypc nexmuii paccuntan Ha MUPOKUN KPYT CTYIEHTOB, aCIIUPAHTOB, TIpernoaasareneit BY30B u cnernuanicToB
B pa3IMYHBIX O0JACTAX MAaTEeMaTHYeCKOTO MOJICIIMPOBAHUS M TEOPETHYECKOW (HU3HMKH, IS KOTOPHIX
NPOrpaMMUPOBAHUE HE SBISIETCS OCHOBHOM CHEUUATBHOCTBIO, @ MCIOJB3YETCS MMM KaK JTONOJHUTEIbHBIN
WHCTPYMEHT B YHCJICHHOM MOJEIMPOBAHHUH UCCIIENYEMBIX 3aad.

B kypce wm3noxkeHsl 0a3zoBble 3HAHHSA, HEOOXOAMMBIE, YTOOBI OBICTPO W 3(PQEeKTHBHO HauaTh NHCATh
nporpamMmbl  Ha rpaduueckom mpoueccope (GPU) 6e3 cnenmanbHOM MOATOTOBKM B oOmacTu
nporpammupoBanua.Kypc npecienyer 1enb U3JI0KUTh MaTepuall Ha IPOCTOM JIOCTYITHOM YpPOBHE, B IIEPBYIO
o4epeib, TOJIb30BATEISAM, 3aHUMAIOIIUMCS PUKIIaHBIMA 33/1a49aMH.

1. leau u 3apauu

eap AUCUMNIMHBI

Llenpt0 OCBOGHWS IUCHUIUIMHBI SABISETCA NpUOOpeTeHre OoOyJaronmMucs MpodeccrHoHaIbHBIX
KOMIIETCHIIMA B 0OONacTH WHQOPMATHKH W BBIYHACIUTEIBHON TEXHUKH, SBISIFOIIUXCS OCHOBOM
Mpo(EeCCHOHANBHBIX ¥ CIENUATbHBIX UCIUIUINH, HEOOXOJUMBIX IS pa3pa0dOTKH MPOrpPaMMHOTO
o0ecrieyeHns U YCIEeIHOW PO eCCHOHANBHON eSITETbHOCTH CIICITUAINCTOB.

3agauu AUCHUILIHHBI

— TIOHMMaHHE IIPOrPaMMHPOBAHMS Ha Tpa(UIECcKUX Mpoleccopax, ero CyuHOCTH U MeCTa B CUCTEME
(hopMHUpOBaHUSI MAaTEMAaTUYECKUX MOZEIICH U METOIOB MOJIEIIMPOBAaHUS (PU3UUIECKUX CHCTEM;

— W3yYeHHE HAyYHBIX (PU3NYECKUX 3a/1a4, NPUBOAALIMX K BHIYMCIUTEIBHBIM METOaM, PEaN3yeMbIX
Ha NapajuieaTbHON apXUTEKType TpaduiuecKkux MporeccopoB;

— BJIaJICHUE NIOJYUYEHHBIMU 3HAHUSMU U IIPUMEHEHUE UX IIPU PEILEHUU 3a/1ad pacnapajuleIMBaHus Ha
MaCCHBHO-TIapaJIJIEIbHON apXUTEKType rpadpuuecKkux mporeccopos;

—  (opmupoBaHHE y CTYIEHTOB CIOCOOHOCTEH K aHAIM3y YUCICHHBIX METOJOB M IMPOTPAMMHBIX
QJITOPUTMOB Ha BO3MOXKHOCTB MX pacliapajjieIMBaHus Ha rpauuecKux MpoLeccopax.

2. llepedyens popmMupyemMbIX KOMIETeHUMH
OcBoeHMe TUCIUIUIMHBI HAlIPaBJICHO HAa (JOPMUPOBAHUE CIEAYIOINX KOMIICTCHITNH:

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HAThb!
0a30BbIC TOHATHUS APXUTEKTYPHl IpaUuecKuxX MPOLECCOPOB M JIEMEHTOB HMPOTPaMMHOM Cperbl
CUDA.

YMETh!
HCIOJIB30BaTh 0a30BbIC 3HAHMS M0 MporpammHo-anmaparHoMy creky CUDA st pacnapaiiienuBaHus
nporpamMmHoro koga Ha GPU.

BIIAJICTh!

HaBbIKAMH aHaJIM3a MPOrPAMMHOIO KOJa Ha BO3MOXKHOCTB €r0 pacliapajijiejMBaHus Ha rpaduieckom
nponeccope GPU.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTh 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora




ApxuTekTypa M  IIpOrpaMMHpPOBAaHUE
MaCCHBHO-TIapaJlIeIbHBIX
BBIUUCIIUTEJIBHBIX CUCTEM

['ubpunmHass mMozens BeUUCHCHHHA. THITBI
BBIYMCIIMTEIBHBIX ApPXUTEKTYP.
ApxutexTypa rpadudeckoro mporeccopa
(GPU)

[Iporpammuas MOJIENb CUDA.
I'ubpuaHas MoJeNb TPOrPAMMHOTO KOJA.
Ilonste moroka, Og0Ka, CETH OJIOKOB.
OyHKIUA — AP0, KaK MapaslIeIbHbIA KO
Ha GPU

Uepapxus namsatu Ha GPU. Peructpsl u
JIOKaJbHAs MaMATh. [7100anbpHas MaMsTh.
[IIa610H paboTHI ¢ TIIOOATBHON MAMSTHIO.
Ucnone3oBanne pinned-namsTu.
CUDA-22n0otoku

OObeauHeHHe 3ampocoB. MaccuBbl ¢
BBIPABHUBaHHUEM

Paznensemas mamsats. 1llabnon paboTh! ¢
paznenseMor mamAThio. OnTUMH3AIHSL
PpaboTHI ¢ pa3aensseMon MaMsThiO

Crarndeckue nepemennble. KoHcTaHTHas
namsTh. TeKCcTypHas namsTh

Bormpocsl onTuMu3anuy OpUI0KEHUN Ha
CUDA

Pemenne T hepeHITnaIbHBIX
ypaBaenuii Ha CUDA Ha npumepe 3aaau
a3pO-TUJIPOANHAMUKYI

10

Pemenune 3amaum MarHUTOCTAaTHMKH Ha
GPU

11

Meron MacCHBHO-IIAPAJIIENBHOTO
nporpammupoBanuss Ha GPU B 3amadax
JUHAMUKH ITyUyKa

12

Onenka mnorepp nyuka Ha GPU kak
3a71a4a TPACCUPOBKHU Jy4er

13

Pacuer oddekra mpocTpaHCTBEHHOTO
3apsiaa nmyuka Ha GPU

14

3anaua TpaccupoBkH mydka Ha GPU

15

HeperymnsapHblii napajuiennsM B 3agadax
obpabotka nudposoro curaana va GPU

16

Pexxum  Multi-GPU.  HeifipoceteBbie
anroputmel Ha GPU

17

CpaBHeHHE peaJM3aluii  MOJEIBHBIX
3anad Ha OpenMP, OpenACC, CUDA

Wtoro wacos

30

30

30

HO,I[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2.

Coneprxanne TUCIUIUIAHBI (MOMYJIsl), CTPYKTYPUPOBAHHOE MO TeMaM (pa3iernam)

Cemecrtp: 1 (Ocennwii)

1. Apxutektypa 1 IpOrpaMMHPOBAHNUE MACCUBHO-IIAPAJIIEIIbHBIX BBIYMCIUTEIbHBIX CUCTEM




Beenenne. Hactpoiika mnporpammHoi cpensl B MSVisualStudio. Kommumsiius mpocTtedmx
MIPUMEPOB. JUTSt paboTh c CUDA.Ouenka XapaKTEePUCTHUK BHJICOKapPTHI.
ComputeCapabilityBuneoxapTsl.

2. T'mbpupnas wmopens BblYMCICHMNA. THIBI BBIYUCIUTENBHBIX apXUTEKTYp. ApXHUTEKTypa
rpaguueckoro mponeccopa (GPU)

Hanucanus mociieoBarebHOTO KO Il BBIYUCICHUS CyMMBI psifa. OLleHKa BpeMEHH BBIYUCIICHUSL.
[IpoexrCUDABMS VisualStudio.

3. [Iporpammuas mogens CUDA. I'mOpunnas monens mporpaMmmHoro kozaa. [lonsrue noroka, Oioxa,
cetr O5okoB. DYHKIHSA — PO, KaK Napajuie’abHbli koq Ha GPU

Hanmcanne mocnenoBarebHOTO KoJa JUIsl alTOpUTMa TEPEMHOKEHHSI KBaJIPaTHBIX MATPHIL.
Ucnonb3oBanne auHamuaeckoit mamstu. OreHka BpemeHH BoiroHeHus. Pa6ora ¢ CUDAToolKit.

4. Uepapxus namsaru Ha GPU. Peructper m nokanpHas mamsath. [noOanbHas mamate. lllaGmon
pabotsl ¢ mobansHOU naMsiTeo. Mcnonb3oBanue pinned-namsaru. CUDA-22notoku

Hactpoiika mnpoekta CUDAB cpene  MSVisualStudio. Kommumsnus  npumepoB  u3
CUDASDK . IIpumMeps! napaJiieTbHON peain3aiuy 3a/1a9d MHOTUX TeJl U TUAPOIUHAMUKH.

5. O6bpenuHeHne 3anpocoB. MaccuBbl ¢ BRIpaBHUBAHUEM

Hanucanne mapaniienbHOro airopuTMa CIOXKEHHS BEKTOpoB M cymmupoBaHue psiga Ha CUDA.
Ornenka BpeMeHH BBITIOJIHEHHUS U CpaBHEHHE C TIOCNeoBaTeNbHON peanu3anueid Ha CPU.

6. Pazmensiemass mamste. Illabnon pabGoTel ¢ pasgensieMod mamsThio. OnTUMH3anus padoOTHl ¢
pasnenseMoi maMsTbo

Hanucanue mnapauielbHOTO alfOpUTMa TEPEMHOXKEHHUs] MAaTpPHIl C HCIOJIb30BaHHE ITI00ATbHON
namsaTi Ha CUDA. OrnieHka BpeMEHHU BBITIOTHCHUS M CPAaBHEHHUE C MOCIICAOBATEIBHON pean3aiueii
Ha CPU.

7. Crarndeckue nepeMeHHble. KoHcTanTHas namsaTh. TekcTypHas naMsTh

Hanucanne u ontumuzamus nporpammuoro koma Ha CPU um GPU ans paGoTel ¢ pa3inuyHBIMU
tunamu namsatd Ha GPU. [mobanbuas namste, L2 kam, Read-OnlyDataksm.

8. Bompocsl ontTumuzannu npunokenuit Ha CUDA

Hanucanne u ontumumzanus nporpammuoro koxa Ha CPU um GPU g paGoTel ¢ pa3inuyHBIMU
tuniamu namsiti Ha GPU. Paznensiemas mamsite, peructpbl. Kondiukr 6aHkoB.

9. Pemenne nuddepenimansabix ypaBaenuit Ha CUDA Ha npumMepe 3aj1ad a3po-THAPOIUHAMHKH

Hanucanne u ontumuzanust nporpaMmMuoro koaa Ha CPU/OpenMP. 3anaua cymmupoBanue psijia u
MEPEMHOXKECHHUSI MaTPHIL.

10. Pemenne 3agaun Marauroctatuk Ha GPU

Hanucanne wu ontumumsanusi mnporpammuoro koga Ha CPU/OpenMP. 3apgaua wmHOrmx
B3aUMOJCUCTBYOIIUX TEJL.

11. Metoa MaccuBHO-TIapajuiebHOTO nporpammupoBanus Ha GPU B 3aayax TuHAMUKY ITy4YKa

Hamucanue u ontumuzanus nporpammuoro koga Ha CUDA g 3amad mapaiienbHOW peayKIuu.
Pabora ¢ paznensiemoii namsiteio. bank konduukTel. BerBnenne Warp.



12. Onenka noteps myuka Ha GPU kak 3agaua TpacCUpOBKY JTydeit

Hanucanne u ontumumzanusi nporpamMmHoro koga Ha CUDA 11 mepeMHOXEHHS Marpuil.
4-BaiitoBbie U 8-baiiToBbie OaHKK B pa3aeisieMoi maMsaTh. bank KOH(IUKTH Ha BUACOKapTax ¢ 16 n
32 6ankamu. Pabora mnanuposumka warp. Anroputmsl [LPu TLP.

13. Pacuer addexra mpocTpaHcTBEHHOTO 3apsiaa myuka Ha GPU

Hamucanme w ontummsarus mnporpammHoro koma Ha CUDA ans CJIAY. Peanuszamus c
WCIOBb30BaHUE IMOO0ATBHOM namsTH. Mconb30BaHme TMHEHHON TEKCTYpHOU TTaMSITH.

14. 3agaua TpaccupoBku myuka Ha GPU

Hanucanue u ontumuzanusi nporpamMmmuoro koga Ha CUDA mins CHAY. Ilpoussognas ®peme u
HeTpepbIBHBIN aHanor Meroga HeioroHa. Mcnonp3oBaHne KOAUIECHHTa IPU JOCTYIE B NIOOATbHYIO
MaMSATh.

15. HeperymnsipHbIii mapamienan3M B 3a1adax oopadorka mudposoro curaana Ha GPU
Hanucanue u ontumu3zanus nporpamMmmuoro koga Ha CUDA muist 3a1aui MHOTHX TeJl.
16. Pexxum Multi-GPU. HeiipocereBsie anroputmel Ha GPU

OcnoBueie  nupektuBbl  OpenACC. Komnumsimusi xoma B cpeae  OpenACC. Hamucanue
nporpammuoro koja Ha OpenMP 1 GPU/OpenACC s 3aj1a4 nepeMHOKEHHS MaTPHII.

17. CpaBHenue peanuzanuit MoaenbHbIX 331249 Ha OpenMP, OpenACC, CUDA

Hanucanne n ontuMuzanust nporpammuoro koga Ha OpenMP u GPU/OpenACC s 3amau 3apa4u
MHOTHUX Tell.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

* DOkpaHs, npoekrop (¢ HDMI Beixomom)

» Jloctyn B MuaTepuer (WiFi noakmoduenue)

» JlazepHas yka3ka

» Komnbrorepnslil kiacc ¢ Bugeokapramu kommanuu NVIDIA.

* Ha xoMIbroTepax JOKHO OBITH YCTAHOBJICHO MporpaMMHoe obecnieuenue st pabotel ¢ CUDA.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas nuTeparypa

1. bopeckoB A.B., XapinamoB A.A. OcaoBsl padotsl ¢ TexHonorueit CUDA, UznarenscTBo:
JAMK-IIpecc I'og: 2010.

®onp nuTeparypsl Kadeapsl:

2. Ilepenenkun E.E., Canosaukos b.1., Mnozemuesa H.I'., Boruncnenus na rpaguieckux
nporeccopax (GPU) B 3aauax MareMaTHueCcKol ¥ TeoOpeTHYECKON Qu3nKH, cepust «Kimaccnueckuit
yueOnuk MI'V», Uzn. URSS Mocksa, ISBN 978-5-9710-6490-9, 2019, 240 ctp.

3. Nnozemuena H.I', [lepenénkun E.E., CanoBuukor b.U., OntuMuzanus anropuTMoB 3aa4d
MareMaTnyeckor Gu3uKu ajs rpaduyeckux mpoueccopos, M3a. MI'Y um. M.B. Jlomonocosa, ISBN
978-5-8279-0107-5, 2012, 256 ctp.

JomnonHurensHas aureparypa



Pexomenyemas nureparypa Ui CaMOCTOSTEIIEHOTO H3yYSHHUS:
1. David Kirck and Wen-meiHwu’s. Programming Massively Parallel Processors: A Hands-on
Approach. Applications of GPU Computing Series, 2007, ECE 498AL, University of Illinois.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://www.nvidia.com
http://developer.nvidia.com

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUH 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

MS Visual Studio 2019, NVIDIA Driver, CUDA ToolKit, SDK
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHATUHHBIM
arnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT AOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATHA,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;
— BeJICHUS KOHCIICKTA 3aHSITUH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— TpopaboTKy y4ueOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYEHHBIX JUIS
CaMOCTOATEJILHOIO U3yUCHMUS];

— pelieHue 3a/1a4, IpeaIaraeMblx CTyIEHTaM Ha 3aHATUSAX;

— IIOATOTOBKY K BBIIOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

ITokazareneM BiaJeHUs MaTEPHAIOM CIIy)KHUT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOIPOCHI 110 TEMaM
JUCIUTUINHEI.

BaxHo 100UTHhCA NMOHMMAHMS M3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [lpu
3aTPyJHCHUM W3y4YeHHs] OTACIBbHBIX TEM, BOIPOCOB, CIEAYET OOpamiarbCcsl 3a KOHCYIbTAlUSIMHU
[IPENoJaBaTeo.

Bo3MoxeH npoMeKyTOUHbIM KOHTPOJIb 3HAHUM CTyAEHTOB B BUJE PELICHUS 3aJad B COOTBETCTBUU C
TEMaTUKON 3aHSTUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: ®DoToHUKa 1 ONTOMH(POPMATHKA

npopuiIb NOArOTOBKHU: ®DOTOHNKA, KBAHTOBBIE TEXHOJIOTUU U JBYMEPHBIE MaTepHaIbl
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
Du3Tex-KIIacTep aKaJAeMUIECKON U HayuYHO! Kapbephl

Kypc: 1

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

PaszpatGoTunk: E.E. IlepenenkuH, n-p ¢pu3.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare usydeHus IUCUMILIMHBI «MeTOAbl MacCHBHO-NIApajUIEIbHOIO IPOIPpaMMMPOBAaHUS B Cpene
CUDA naiist perienus 3afad TEOPETHUECKON U MaTeMaTHYECKON (PU3UKNY 00yUaroIIUACs TOJKEH:

3HAThb:

0a30Bblc TOHATHA APXUTEKTYpbl IpaHUUECKUX MPOLECCOPOB M 3IEMEHTOB HPOTPAMMHOM Cpenbl
CUDA.

yMeThb:

UCTIONB30BaTh 0a30BbIC 3HAHUS IO MporpaMmHo-anmnaparHoMy creky CUDA s pacnapaienuBaHus
nporpammuoro koga va GPU.
BJa/IeTh:

HaBBIKAMH aHAJHM3a IPOTPAMMHOTO KOZa Ha BO3MOXHOCTBH €r0 paclapajuleiMBaHusl Ha rpad)uuecKoM
npoueccope GPU.

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

1. Hcnonp3oBanne m1o0anbHOW MHaMATH Ha TNpuUMepe IepeMHOkeHus wmarpul. OleHka
MIPOU3BOIUTEIBHOCTH.

2. Pazpensemas namsTh.3anuch, YTeHHE, CAHXPOHHU3ALHMS, CKOPOCTh IOCTYTIA.
3. 3anuch U YTeHHE U3 MIOO0ATBFHON HaMsITH, CKOPOCTb JOCTYIIA.
4. HlabnoHb! goCTyMA K INI00ATBHOMN MaMSITH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

ITepeueHb KOHTPOIBHBIX BOIIPOCOB:

1. TlapannenbHble apXUTEKTypbl Ha 0a3e meHTpanbHOro mporeccopa: IntelCore2 Duo, Quad, Cell,
SMP, BlueGene. OcobernocTti paboTbl

2. TlapannensHast apxuTekTypa Ha 0aze rpaduueckux npoueccopoB GPU: NVIDIATesla 8, Tesla,
Fermi, Kepler, Pascal

Cpena nporpammupoBanusi CUDA mi1st MaccuBHO napasiienbHbix apxutektyp GPU.
I'uGpuanbIi moaxoxn nmporpammuposanus Ha GPU/CPU.

[MonsiTne pyHKIWY siipa, CETKU OJIOKOB, HUTEH.

OcHoBHbIe cnieniudukaTopsl, u nepemeHnbie cpenbl CUDA.

OcHoBnble Tunb Namatu Ha GPU.

e A S

3anuch ¥ YTeHUE 13 NI00AIBHOM MaMSITH, CKOPOCTh JOCTYIIA.

9. IabnoHs! HOCTyMA K MIO0ATBHOM MaMSITH.

10. TTonsitue ComputeCapability. Brmussaue CC Ha paboTy ¢ maMAThIO.
11. O6benuHEeHHE 3aPOCOB MPH JJOCTYIIE B IOOATBHYIO IAMSITh.

12. Hcnonws3oBanne mIo0anbHON TMMaMsATH Ha TpuMepe TmepeMHokeHus Matpull. OrneHka
MPOU3BOIUTEILHOCTH.

13. Paznensemast naMaTh.3auch, YTEHUE, CHHXPOHU3ALUS, CKOPOCTD AOCTYIIA.
14. Tlonsitue 6aHKOB MaMsITH, IIA0JIOHBI TOCTYIA B Pa3AesieMyI0 HaMsTh.

15. Hcnonwn3oBaHue pa3HeHﬁCMOﬁ naMATH Ha OpUMCPEC MNCPCMHOXCHUA  MAaTpHUIIL. OLICHKa
MMPOU3BOAUTCIIBHOCTHU.

16. Ilpumep napaiensHOM peayKIHUU C TIOCIEAYIONEN ONTHUMHU3AINEH.

17. TlonsiTue TeKCTyphI, GUIBTPHI, IpeoOpa3zoBaHue TUIIOB, CIOCOOBI OOpaIIeHusI.

18. Mcnionp30BaHe TEKCTYPBI IIPU AOCTYTIE B INIO0ATBHYIO TaMSTh.

19. 3amaun 06paboTku curHana. HaxoxeHne CBEpTKH.

20. O6paboTka n300paxeHus, NoHsATHE Iyma. [logasnenue nryma

21. I1apannenbHoe peleHrne CUCTEMBI JINHEWHBIX U HeIMHEWHBIX ypaBHeHui Ha GPU



22. Paznuunble TUTBI GUIBTPOB TIPU 00pabOTKE H300paKEeHUSI.

23. Bompock! ontuMuzanuu. Kitaccudukanms 3aa4 1mo cTerneHu pacnapaieTnBaHus.
24. Ucnons3zoBanne CUDART u CUDADriverAPI.

25. OcHoBHbIE I1a0IOHBI PabOTHI ¢ MaMATHIO. [IpuMeps! onTMHU3anKy Koaa.

26. Pabora ¢ mpopuarpoBIIHKOM.

27. OcobenHoctr paboThl ¢ HeckonbkuMu GPU.

28. [Ipumeps! ucnionb3oBanust GPU.3agaua rugporazoquHaMuKy.

29. TpaccupoBka Jgyueil.

30. MonenupoBaHuE TUHAMUKH MTyYKa.

31. IapannenbHbli aITOPUTM PEIIEHHs yPaBHEHHS TETJIONPOBOIHOCTH.

[IprMepbl KOHTPOJIBHBIX 33JIaHUN:

1. Hanmucats B cpeae CUDA nporpaMMHBI Kof peanu3yIoniii napamieabHoe TEPEeMHOKEHNE MaTPHII
C MCIIONIb30BAHKE PA3ACIIIEMON aMITH

2. Hamucarp B cpene CUDA nporpaMMHBIN KO pealu3yIoni napajuieIbHOe NEPEMHOKEHUE MaTPHI
C UCIOJIb30BAaHUE [TI00ATBHON AMATH

3. Hanucars B cpeae CUDA nporpaMMHBIN KO peanu3yIonifi napamuieabHoe TEPEeMHOKEHNE MaTPHII
C UCTOJIB30BaHNE pasfessseMol namMsaTi u anroput™Mom ILP u TLP

4. Hanucars B cpene CUDA nporpaMMHBIN KOZ peatu3yIONIHi apajuieIbHOE BEIYNCICHUE JUHAMUKI
CUCTEMBI MHOTHX YaCTHI] C TPaBUTALIMOHHBIM B3aUMOJEHCTBUEM.

5.Hanwmcarps mporpaMMHBIN KO/ WILTIOCTPUPYIONIHN d3PPEKTHBHOCTH paboThI ¢ pinned-maMsaThio

6.Hamucarh mapasuieibHbIA KONl CJIOKEHHUS MAaCCHBOB C HCIOJIBb30BAHHWE ACHHXPOHOIO KOMHPOBAHUS
JTaHHBIX Mexy host/device/

[Tpumepsl buneToB

burer 1.
1. IlonsiTHE TEKCTYpBI, GUIBTPHI, IPeoOpa30BaHKE THIIOB, CIOCOOBI OOpaIIeHUs
2. 3anada Ha paboTy ¢ pinned-naMsATbIO

buier 2.
1. IousTre GaHKOB MaMsATH, MIA0JIOHBI JOCTYIIA B PA3ICISEMYO TaMSTh.
2. 3amaua Ha pabory ¢ CUDA-Stream

burer 3.
1. Ilpumep napamienbHON peAYKIMY € MOCIEIYIOMEH ONTUMHU3aUEN.
2. 3ajada Ha CIIOKEHHUE MATPHIL C UCTIOIB30BAaHUEM TEKCTYPHOU MaMSITH.

burer 4.
1. Ilabnons! moctyna K mobanbHoM namsaTy. [lonaTue koaneccuHra.
2. 3ajaya Ha CIIOKEHHE MAacCHBOB B INIOOAIBHOM MAaMSITH C UCIIOJIb30BaHUE BHIPABHUBAHMS.

burer 5.
1. Opranuzanus pabotsl B pexxume Multi-GPU cpencrteamu OpenMP u CUDA-Stream
2. 3ana4 Ha pabOTy C IMHAMHYECKON pa3aeisieMoi TaMsIThIO.

Kputepun onennBanus
Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHMUE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NMpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.



Ouenka omM4HO 9 0auloOB -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MIPAKTHUKE [PU PEIICHUH KOHKPETHBIX 3/1a4, CBOOOIHOE U MPaBUILHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Ouenka oOmIMYHO 8§ Oa/IOB -  BBICTABISIETCS  CTYACHTY, IIOKAa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIE, TIIyOOKHE 3HAHMs y4eOHOH NpOrpaMMbl JUCLHUILIMHBI U YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHHH, C HEKOTOPBIMU HEIOUYETaMHU.

OtmeHka Xopo1o 7 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HACT MaTepHall, IPaMOTHO H IO
CYLIECTBY M3JIaraeT €ro, ymMeeT IPHMEHATh IOJIYyYCHHBIC 3HAHMS HA INPAKTHKE, HO HEIO0CTATOYHO
IpaMOTHO 0OOCHOBBIBAET MOYYCHHBIE PE3YJIBTATHI.

Ouenka xopomo 6 6ajuioB - BEICTABISICTCS CTYJCHTY, €CJIM OH TBEP/O 3HACT MaTepHal, IPaMOTHO U MO
CYILECTBY M3JIaraeT ero, yMeeT NMPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WY B PEILICHUH 33/1a4 HEKOTOPbIe HETOYHOCTH.

OtreHka XOpoIo 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U 110 CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh IOJydeHHbIe 3HAHUS HA MPAKTHKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 33734 JOCTATOYHO OOJIBIIOE KOJIMYECTBO HETOYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajula - BBICTABISICTCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
Pa3pO3HEHHBI XapaKkTep 3HAHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MOCIIENOBATEIBbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oajula - BBICTABISICTCS CTYIEHTY, IMOKa3aBLIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BBIX HOHSTHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMH y4eOHO MporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeH s U
C TPYAOM IIPUMEHSET MMOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYIOBIETBOPUTEIHHO 2 0ajia - BBICTABISETCS CTYICHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTh
OCHOBHOTO COZAEP)KaHUs Y4eOHOW NporpaMMbl JHUCHMIUIMHBI, JONYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33]1a4.

OneHKa HEYIOBIETBOPUTENBHO | Oaiia - BBICTABISETCS CTYICHTY, KOTOPHIH HE 3HA€T OCHOBHOIO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JTOMMyCcKaeT rpyOeiinie ommoku B (GOPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

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

JuddepenumupoBanuplii 3a4€T MPOBOAUTCS B ycTHOW ¢dopme mo Owieram. B kaxmom Ownete
NpPE/ICTaBICHO JBa TEOpPEeTHUeCKHMX Bompoca. I[lpm mpoBerneHuu 3auéra  oOydaromiemycs
npenocrapisiercs 30 MUHYT Ha moAroToBky. Ompoc oOydaromierocss He JOJDKEH HPEBBINIATh OJHOTO
aCTPOHOMHYECKOTO Yaca.



