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

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Mo JMCHUIJINHE: MHoronoroussle Beruucienust Ha ocHoe TexHosoruit CUDA u OpenCL
110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpopuJIb NOArOTOBKHU: ®Pu3nKa U NeAaroruka

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
kadenpa nHQOPMATUKH U BBIYUCIUTEIHLHON MaTeMaTHKU

Kypc: 2
KBaJIMpUKALS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 4 (BeceHHul) - nuddepeHunpoBaHHbIil 3a4eT

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 0 yac.
nabopatopHsbie 3aHaTus: 60 yac.

Camocrostensnas padora: 120 gac.
Bcero gacos: 180, Bcero 3au. en.: 4

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

[Iporpammy coctaBui: A.M. Kaz€éHHOB, acCHCTEHT

[Iporpamma obcyxaeHa Ha 3aceqannu kKadenpsl THPOPMATHKH U BRIYUCIUTeNsHONU Maremaruku 06.02.2020



AHHOTANMA

B pamkax naHHOTo Kypca CTyAeHThI OCBOST apxutekTypy GPU, mo3HakoMsTCsl ¢ MpOrpaMMHBIMU MOJIEIISIMU
CUDA u OpenCL, m1y0xe pa3depyTcs ¢ MOHATHAMU I00aibHast U pa3lenseMast HaMsTh, TEKCTypHas IaMATh,
MOJTydaT HPaKTHKY pa3paOdOoTKH MPOrpaMM € HCIIOIb30BaHUEM YKa3aHHBIX TEXHOJIOTHIl.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

dopmupoBanue 0a3oBbix 3HaHWE 1O TexHonorusM CUDA wu OpenCL u mnpumeHeHne ux B
€CTECTBCHHO-HAYYHBIX M MHBIX MPAKTHYECKHUX 3a/1a4aX.

3agauu AUCHUTLINHBI
— dopmupoBanue y oOyuaronuxcs 6a30Bbix 3HaHui 10 CUDA;
— ¢opmupoBanue y ooydarommxcs 6a30Bbix 3Hanmit 1o OpenCL;

- (bOpMI/IpOBaHI/Ie yMeHI/Iﬁ 1 HAaBBIKOB INPUMCHATH IMOJMYYCHHBIC 3HAHUSA JJISI PCHICHUA MHMPAKTUYCCKUX
3aJa4.

2. llepevyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananusupyert 3aaady, BeIJIEsS 3TAIbl €€ pPelleHus,
NeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIIHI0, HEOOXOMUMYIO ISl PEIeHUs! TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, saaan

KPUTUYECKUN aHAIN3 U CHHTE3 HH(POPMAITHIH,
MIPUMEHSITh CUCTEMHBIN MOAXO ISl peLIeHUs
IOCTaBJICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYXKICHHS U OLIEHKH

YK-1.5 Ormpenensier ©u  ONEHUBAaET  MPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABJICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TITH €€ PENICHHs

(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTCCTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

npodeCcCHOHAIBHOMN JIeATeTBHOCTH

OIIK-1.2 CnocobeH CcTpOUTh MareMaTH4ecKhue MOJIeNH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocobeH ompenensiTs TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2.1 Crnocoben MIPUMEHSTh COBPEMEHHBIE
OIIK-2 Cnoco6eH HCIO0Ib30BaTh COBPEMEHHBIC |BBIUMCIUTENLHYIO TEXHMKY M CEPBUCHI ceTH MHTepHeT B
UH()OPMAIIMOHHBIC TEXHOJIOTUH obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a1aq OIIK-2.2 3HaeT W yMeeT MNPUMEHATb YUCICHHBIC
po(heCCHOHATIEHON JNEATENBHOCTH, COOMIONAs | MaTeMaTHYeCKUe METOAbl W MPHUKIAIHOE NPOrPAMMHOE
TpeOoBaHUA MH(POPMALIMOHHON OE€30MACHOCTU  |obecneueHne  JUls  pelIeHMs  HaydHbIX  3a7ad B
npodeccuoHaIbHON 00nacTu

OIIK-4.1 Bmageer weTromaMu Hay4HOrO TIOMCKa |

OIIK-4 CriocoOeH oCyIIecTBIATE COOp U UHTEJUIEKTYaJbHOIO aHalu3a MHPOpPMALMU IPU pEIICHUU
00paboTKy HayYHO-TEXHUYECKOH U (MJIH) 33184 MPO(PECCUOHANBHON NEITENLHOCTH

TEXHOJIOTHYECKON nHpopMaruu 1j1s pemenns  (OITK-4.2 3HaeT 0CHOBHBIE HCTOUYHUKH HAYyYHO-TEXHUYECKOM
(GyHIaMEHTANBHBIX ¥ IPUKJIAIHBIX 33129 u (W1M) TEXHOJOrM4Yeckod uHpopManmuu B oOIacTu

npoecCuoHaTbHON e TEIHHOCTH

OIIK-5.1 CnocobeHn pemarb TMOCTaBICHHbIE 3aJa4dl B
OI1IK-5 Ciocooen y4acTBOBaTh B POBEIACHUH obmactu TCOPCTUYCCKUX H SKCHOCPUMECHTAJIBHBIX
(dyHIaMEHTAIBHBIX U IPUKIATHBIX VICCIICI0BAHNH ¥ pa3paboTOK

uccienoBaHuil u pa3pabotok, camocrosarenbHo |OIIK-5.2 O6mamaeT CnocCOOHOCTRIO K OCBOCHHMIO HOBBIX
OCBaMBaTh HOBbIE TEOPETUYECKHE, B TOM YHCIIE, |3HAHUI Ha OCHOBE M3y4YEHUs JUTEpaTyphl, HAy4YHBIX CTaTeil
MaTeMaTHYCCKUE METOIbI HCCIICIOBAHNM, U Y APYTUX UCTOYHUKOB




paboTars Ha COBPEMEHHOM dKCIIEPUMEHTAITLHON

OIIK-5.3 CnocobeH K TpodeCCHOHAILHOW DKCILTyaTaIuu

Hay4YHO-HCCIICI0BATeIIbCKOM, COBPEMEHHOM 9KCIEPUMEHTAIBHOMN
HU3MEPUTCIIbHO-aHAJIUTUICCKOU U Hay‘-lHO-PICCJ’IeZ[OBaTeJ]LCKOfI
TEXHOJIOTMYECKOI armaparype (M3MEpUTENBHO-aHATUTHYECKOH U TEXHOJIOTUYECKOM)
anmaparypsl
[IK-1.7 Croocoben omeHuBath TpeOyeMble pecypchl

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUIECCKHUE
(aHaTMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

(MaTepuanbHble W BPEMEHHBIC) [UIS IUIAHUPOBAHUS H
IIPOBE/ICHUS HAYYHOI'O 3KCIIEPUMEHTA

[IK-1.3 Bnageer KyasTypoil IOCTAaHOBKH Hay4YHOH 3ala4d U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYUYHBIX OOBEKTOB M CHCTEM

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU U
ONMCAaHUSI W HUCCICAOBAaHMUS INPOLECCOB U SIBICHUA B
COOTBETCTBYIOIINX HayYHBIX 00JACTIX

[IK-1.6 3HaeT OCHOBHBIC MpaBWia TOBEACHUS M PaOOTHI B
COBpPEMEHHOI Hay4YHO# abopaTopun

[IK-1.8 Bnageer HaBblKamMH pPabOTBI C COBPEMEHHBIMH
SI3BIKAMH [IPOIPAMMHPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU
ISl HAYYHBIX PacueToB

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIC B
X0ZIe HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JI€TIaTh HayYHbIE BHIBOJIBI
(3aKTrOueHMS)

[IK-2.1 Bnameer MerogaMu CTaTHCTHYECKOW 0OpabOTKH U
aHaIM3a HayYHbIX JaHHBIX

I[IK-2.2 VYmeer HaxOIUTh
OTIPE/ICIIAIONINE H3y4yaeMoe SIBJICHHE,
YHUCIICHHBIE OIICHKH I10 MOPS/IKY BETHYUHBI

KJIIOUEBblE  IIapaMeTpsbl,
U TPOU3BOIUTH

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh
noaxozsuiee 000pyaoBaHNE, HHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlleHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[IK-3.2 3naer o6macTy W KPUTEPUHU NPUMEHUMOCTH
UCHOJNb3YEMBIX TEOPETUYECKUX IIOIXOJOB U  yMEHHUE
OLICHUBAaTh TOYHOCTh MNPHUOJMKECHHBIX aHAIUTHYECKHUX
METOJOB BBIYUCIICHUH

[IK-3.3 YmMmeer npou3BOAUThH OILEHKY TOYHOCTHU UYHCICHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIOKHOCTH  HCIIONB3yeMBIX  ajJrOPUTMOB U 00beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

[TK-4 CriocoOeH KpUTHYECKH OLIECHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[IK-4.3 Cnocobern 000CHOBaTh MPUYUHHO-CIIEICTBEHHBIE
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEH

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbI

3HAThb!
- OCHOBHBIE TEPMHUHBI Kypca;

- pa3nuume B yCTPOUCTBE LHEHTPAIBHOIO MpoLeccopa 1 rpad)uuecKoro yCKOPUTEIIS;
- ocobennoctH nporpammuoin Mmogenu CUDA;

- IOTIONTHUTEIbHBIE BO3MOKHOCTH Komnmisitopa NVCC;

- pa3IUuuUs MEXIy BCEMU TUIIAMH aMATH IrpaMuecKoro yCKOPUTEIs.

YMETb:

- Komnmnuposars kog Ha CUDA ¢ nomompsto komnmiaropa NVCC;

- IpeoOpa30BBIBATh MTOCIICAOBATEILHOM KOl B TapaienbHbiii Ha CUDA ;

- OLICHUBAaTh BO3MOXHOCTb MCII0JIb30BaHUs PA3JINYHBIX TUIIOB IIAMSITHU;

- ONTHUMU3HUPOBATH KOJ, UCIIOJIb3YSl 0COOEHHOCTH anmapTHOTO YCTPONUCTBA rPpa)uueCcKOro yCKOPUTEIIS.

BJIAJIETh:

- HaBbikamu paboThl B onepaniioHHOM cucteme Linux;

- HaBbIKaMH paboThl ¢ Komnuisitopom NVCC;

- KyJAbTYpOH MOCTaHOBKH, aHAJIN3a U PEIICHHsS MaTeMaTHYeCKuX W MPUKIAJHBIX 3ajad, Tpe-Oyromux
ISl CBOETO PEIIeHHS UCTIONb30BaHMs apauiebHbIX BerauciieHnii Ha CUDA;

- pacmmpenuem sizbika C.

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI




4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUeOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAM Y4E€OHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 Bsenenue B kypce 8 8
2 Apxurextypa CPU u GPU 8 8
3 AnmaparHast peanusanus €IMHON g ]
apXUTEKTYpHI
4 [Iporpammuas moxens CUDA 8 8
5 [Iporpammuas moaens OpenCL 8 16
6 Mogens namsatu GPU 8 16
7 OnTumMu3anysa OCHOBHBIX aJITOPUTMOB 4 12
8 Texctypuas namste GPU 4 12
9 [IpakTuueckoe mpruMeHeHHE 4 32
Nroro yacos 60 120
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2.

Coneprxanue UCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 4 (Becennuit)

1. Beenenue B kypc

Hctopuss pa3BUTUSL BBIUMCIUTENBHBIX cuUcTeM. (OCHOBHAas TEpPMHUHOJIOIMA Kypca. THIbI
napajuienn3ma. O00CHOBaHNE HEOOXOAUMOCTH HCIOJIB30BAHUS PACTIPECICHHBIX BBIYUCIUTEIBHBIX
cucreM. Kpurtepuu npuMeHMMOCTH HapajiesbHbIX BbluMciaeHUH. Ilpumepsl npuMeHeHus
napajuleibHbIX BBIYMCICHUN. PaznuuHble THIBI napaiuieabHbIX cucteM. Kitaccuueckas u rubpuaHas
cxeMa. Kiacteps! u cynepkoMbroTepbl Ha THOPUIHOM cXeMe.

2. Apxurextypa CPU u GPU

CpaBHeHue knaccuueckoil apxutektypsl Intel 1 AMD. [IpuHuunuansHoe oTInYHe KJIacCUYeCKOl 1
GPU apxurektypel. HeoOXomauMble maru K eIWHOW apXUTEKType BBIYMCIHUTENBHBIX YCTPOWCTB.
Cpasuurenbnble xapakrepuctuk yunos G 280, G 295, G 480, NVIDIA.

3. AnmaparHas peaJn3anys €IUHON apXUTEKTYPbI

OObenuHEéHHAs apxUTEKTypa Trpaduueckux mpoueccopoB. OCHOBHBIE COCTaBHBIE 3JIEMEHTHI
anmaparHoii peanuzanuu GPU. [IpenmyniectBa yHUDUITUPOBAHHOM apXUTEKTyphbl. COCTaBHBIC YaCTH
anmaparHoir peamuzauuu: TPC, SM, SP. bydep wmnctpykumii SM. PeructpoBbiii ¢aitn SM.
Kongeiiepsl ncnosnHeHns KoMana. Betsinenue BHyTpH Bapna.

4. TIIporpammuas mogens CUDA

OcnoBHble Moaudukaropsl sizbika C. BBenmenne B ocobenHocTn mporpammupoBanus noa GPU.
[onsarus Thread, Warp, Block u Grid. IIporpammusiii crek CUDA. Onurcanue mojib30BaTeinbcKOro
uHTepdeiica pazpaboTunka, OCHOBHbIE KOMIIOHEHTHI. KomMaH b paboThl ¢ maMsThio. [IpumMep BbI30Ba
CUDA.




5. lIporpammuas mozaens OpenCL

[Monsrus Host u Device. [Tnardopmsr OpenCL, koHTeKCT B odepes ucnonaenus. COopka u 3amyck
sJiep Ha YCTPOWCTBAX.

6. Monens namsatu GPU

[moGanbHasg, KOHCTAaHTHAsA, TEKCTypHas, JIOKalbHAas, pas3lensieMass W PETUCTPOBAas IaMSTh.
OcoOeHHOCTH HCIIOIB30BaHMUS KaKIOTO THIMA MaMATH. Pa3MelneHHe pasauyHbIX JaHHBIX B
paznuuHoi mamsATH. CpaBHEHHUS MPOW3BOIMTENBHOCTH IIOOAIBHOM M TEKCTypHOW MaMsATH Ha
3a/1a4ax MPOU3BOJIHHOTO YTEHHA. XapaKTepHble pa3Mephl Kaxkaou mamsatu Ha npumepe uumna G200.
KorepentHoe oOrieHue ¢ 1100anbHON TAMATHIO.

7. OnTuMu3anusi OCHOBHBIX aJITOPUTMOB
Ucnonb3oBanue Scan, Reduce, Histogram, Bitonic sort.
8. Texcrypnas namsate GPU

Hcnons3oBanne TekcTypHOM namatd. CrocoObl pa3MellieHHs [JaHHBIX B TEKCTYPHOH MaMSTH.
Hcnonb3oBanue anmaparHoil HHTEpHOMAuUd. OTAMYUs MOJENN UCIIOJIHEHUs, pabOThl C TEKCTypaMmH,
coopku u kommusiiuu nporpamm OpenCL ot CUDA. [TocTaHOBKa MPaKTHUECKUAX 3aIaHUH.

9. IlpakTH4eckoe NpUMeHEHHE

[MocranoBka m pazbop mpoekTHhIX 3amaHuii. Koncynmeranmu mo mpoekram. [lpuem 3amanuii u
MIPOEKTOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlICHHAs! MYJIbTUMEANA IIPOEKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI
OcHoBHas nuTeparypa
1. Mapannensubie Boruncienus: Ha GPU. Apxurekrypa u nporpammuas moaens CUDA [Teker] : yue0.

nocobwue /st By3oB / A. B. bopeckoB [u ap.] ; Mock. roc. yH-T uM. M. B. JlomoHocoBa .— M. : 131-BO
Mock. yH-Ta, 2012 .— 336 c.

JomnonHutenbpHas auTeparypa

1. IlocnenoBarenbHO-nIapaiuienbHble Berunciaenus [Texcr] / E. Bamsx ; mep. ¢ aam. U. A. Hukonaesa,
A. M. CrenmanoBa .— M. : Mup, 1985 .— 456 c.

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

http://www.hpc.mipt.ru

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha 3ansTusx HCIIOJIB3YIOTCA MyHBTHMeHHﬁHLIe TEXHOJIOI'MH, BKIIIOYad JEMOHCTPALIMIO SKpaHa.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)



Crynent, n3yvaromuii Kypc ocHoBbl TexHonorun CUDA, nomkeH ¢ oqHOH CTOPOHBI, OBIaAETh OOLIHM
MOHATHHHBIM aIapaToM, a ¢ APYroi CTOPOHBI, JOJKEH HAYYUTHCS IPUMEHITh TEOPETHUSCKUE 3HAHUS
HAa MPaKTHKE.

B pesynbrare u3y4deHusT OUCHMIUIMHBI CTYACHT JOJDKEH 3HAaThb OCHOBHBIC ONPENEICHUS U TIOHSTHA,
HaBBIKU MTporpaMMmupoBanus Ha TexHonoruun CUDA.

VYenenrHoe 0ocBoeHHE Kypca TpeOyeT HapsbKEHHOW caMOCTOSTEIbHOM paboThl cTyeHTa. B mporpamme
Kypca NpUBEICHO MHUHHMAJIbHO HeoOXoanmoe Bpemst s paldoThl CTyIeHTa Haj TEeMOM.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

— YTEHUE U KOHCIICKTHPOBAHNE PEKOMEH/IOBAHHOM JIUTEPATYPHI,

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

— pelieHue 3aj1ad, MpeAsaraeMbIX CTYIEHTaM Ha MPAKTHYECKUX 3aHATUSX M B KaueCTBE KypCOBOTO
3a7aHus,

— MOJTOTOBKY K MPAKTHYECKUM 3aHATHAM, TrddepeHpoBaHHOMY 3a4ETy.

PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSTENbHOW pPabOTOil CTyneHTa OCyIecTBIseTcss B (opme
WHIMBUyaJIbHBIX KOHCYJIBTALIUH.

ITokazaTteneM BiaJieHUs] MaTepUaOM CIYXKHUT YMEHHUE pelarh 3agadd. g dopMupoBaHus yMeHUs
NPUMEHSATh TEOPETUYECKHE 3HAHUS HA MPAKTHKE CTYyACHTY HEOOXOIMMO peliaTh, KaKk MOKHO OOJIbIIe
3amad. [Ipu pemennu 3a1a4 Kaxaoe qeicTBHE HEOOXOAMMO apryMEHTHPOBAaTh, CChUIAsICh HA U3BECTHBIC
TEOPETUUECKUE CBEICHHS.

BaxHo 100UTHCA NMOHMMAHUS HW3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [lpu
3aTPYIHCHUU W3Y4YCHUS OTIENBHBIX TEM, BOIPOCOB, CIEAYeT OOpaIarbcsi 3a KOHCYJIBTAlUSAMH K
JIEKTOPY WJIH ITPENOAABATEINI0, BEAYIEMY IPAKTHUECKUE 3aHATHS.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: ®u3nKa U MeAaroruka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa MHOOPMATUKU U BBIYUCIUTEIHLHON MaTeMaTHKU
Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A.M. Ka3éHHOB, acCUCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenensier ©u  ONEHUBAaET  MPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CnocobeH aHanM3upoBaTh MOCTABJICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH CcTpOUTh MareMaTH4ecKhue MOJIeNH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensTs TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
UH(OPMAIIMOHHBIE TEXHOJIOTUH U

OIIK-2.1 Crnocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIFHYIO TEXHUKY W CEpBHCHI ceTh VIHTepHeT B
obnactu (cdepe) npodeccnoHaNbHON AEITETBHOCTH

NPOTPpaMMHBIC CPEACTBA IIPH PCIICHUH 3a1aq OIIK-2.2 3HaeT W yMeeT MNPUMEHATb YUCICHHBIC
po(heCCHOHATIEHON JNEATENBHOCTH, COOMIONAs | MaTeMaTHYecKue METOAbl M MPHUKIAIHOE NPOrPAMMHOE
TpeOoBaHUA MH(POPMALIMOHHON OE€30MACHOCTH  |obecneueHne  JUls  pelIeHHMs  HaydHbIX — 3a7ad B
npodeccuoHaIbHON 00nacTu
OIIK-4.1 Brnageer weTromaMu Hay4HOrO TIOMCKa |

OIIK-4 CriocoOeH ocymIecTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

MHTEJUICKTYaJbHOTO aHajdM3a WH(POpPMAIMUA TPU pEIICHHU
3a7a4 npodeccHoHaIBHOM AesITeNbHOCTH

OIIK-4.2 3naeT OCHOBHbIC UCTOUYHUKH HAYYHO-TEXHHUYECKON
u (WIM) TEXHOJIOTHMYeCKoH uWHpopManuu B o0nacTu
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIIEHO
OCBaMBaTh HOBBIE TEOPETHYECKUE, B TOM YHCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON

OIIK-5.1 CnocobeHn pemarb TMOCTaBICHHbIE 3aJa4dl B
obnactu TEOPETHUECKUX u SKCIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3pabOTOK

OIIK-5.2 OOmagaer CIOCOOHOCTBIO K OCBOEHUIO HOBBIX
3HAHWI Ha OCHOBE W3YYCHUS JIUTEPATyphl, HAYYHBIX CcTaTeit
U IPYTUX UCTOYHUKOB

OIIK-5.3 CnocobeH K TpodecCHOHAIBLHOW DKCILTyaTaIuu

HAYYHO-HCCIICI0BATeIIbCKOM, COBPEMEHHOM 9KCIEPUMEHTAIBHOMN
HU3MEPUTCIIbHO-aHAJIUTUICCKOU U Hay‘-lHO-PICCJ’IeZ[OBaTeJ]LCKOfI
TEXHOJIOTMYECKOI armaparype (M3MEpUTENbHO-aHATUTHYECKOH U TEXHOJIOTUYECKOM)
anmaparypsl
[IK-1.7 Coocoben omeHuBarh TpedyeMbie  pecypchl

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeIMETHOM 001acTH) U (MJIN) TEOPETUICCKHUE
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

(MaTepuanbHble W BPEMEHHBIC) [UIS IUIAHUPOBAHUS H
IIPOBE/ICHUS HAYYHOI'O 3KCIIEPUMEHTA

[IK-1.3 Bnageer KyasTypoil IOCTAaHOBKH Hay4YHOH 3ala4d U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYYHBIX OOBEKTOB M CHCTEM

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU U
ONMCAaHUSI W HCCICAOBAaHMUS INPOLECCOB U SIBICHUA B
COOTBETCTBYIOIINX HayYHBIX 00JIaCTIX

[IK-1.6 3HaeT OCHOBHBIC MpaBWa TOBEACHUS U PaOOTHI B
COBpPEMEHHOI Hay4YHO# abopaTopun

[IK-1.8 Bnageer HaBblkKamMH pPabOTBI C COBPEMEHHBIMH
SI3BIKAMHU [IPOIPAMMHPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU
ISl HAYYHBIX PacueToB




[1K-2 CriocobeH aHanu3upoBaTh MOMTyUYCHHBIC B

XOJIE HAYYHO-MCCIICIOBATEILCKON paOOThI
JIAHHBIC U JIeJIaTh HAyYHbIC BHIBOJIBI
(3aKITrOUYCHMS )

[IK-2.1 Bnangeer merojaMH CTaTHCTUYECKOW OOpabOTKU U
aHaJIM3a Hay4YHbIX JTaHHBIX

[IK-2.2  VYmeer HaxomuTh  KIIOYEBBIE  IapaMeTpBhl,
OIIpEeNeNIAIOIME U3yyaeMoe SIBJIEHHE, U IPOU3BOIUTH
YHUCJIEHHBIE OLIEHKH IO MOPSIIKY BEIUYHNHBI

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELICHHS 3a]1a4 B
M30paHHON NpeMETHOM 00IaCTH

IK-3.2 3naer o0macTy W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX TIOIXOJOB M  yMEHHUE
OLICHMBaTh TOYHOCTh HPUOTMKEHHBIX AHAIUTHYECKHX
METO/I0B BBIYMCIICHHMA

[IK-3.3 YMmeeTr npon3BOANTE OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIUMCIHUTENHHOU
CIIO)KHOCTH  MCIIONb3yEMBIX  aJrOPUTMOB U  o0beMma
TpeOyeMBIX BHIUHCIUTEIBHBIX PECYPCOB

[MK-4 CriocoOeH KpUTHYECKH OLIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.3 CnocobeH 000CHOBaTh NPUYMHHO-CIIC/ICTBCHHBIC
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOJIeNIei

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare msydeHus IUCHUIUIHMHBI «MHOTONOTOYHBIC BBIYHCIEHUS Ha ocHOBe TexHonoruii CUDA wu

OpenCL» oOy4aromuiicst JomKeH:

3HATh:
- OCHOBHbIE TEPMHUHBI Kypca;

- pa3nuyme B yCTPOUCTBE LEHTPAIBHOIO MpoLeccopa 1 rpad)uuecKoro yCKOPUTEIIs;
- ocobennoctH nporpammuoi Mmogenu CUDA;

- IOTIONTHUTEIbHBIE BO3MOKHOCTH Komnmisitopa NVCC;

- pa3IUuuUs MEXIy BCEMU TUIIAMH aMATH IrpaHuecKoro yCKOPUTEIs.

yMeThb:

- Komnmnuposars xog Ha CUDA ¢ nomompsto komnmaropa NVCC;

- IpeoOpa30BBIBATh [IOCIICAOBATEILHOM KO/l B TapaiensHbiii Ha CUDA ;

- OLICHUBAaTh BO3MOXHOCTb MCII0JIb30BaHUs PA3JINYHBIX TUIIOB IIAMSITHU;

- ONTHUMU3HUPOBATH KOJ, UCIIOJIb3YSl 0COOEHHOCTH anmapTHOTO YCTPOHCTBA rPpa)uueCcKOro yCKOPUTEIIS.

BJIad€Th:

- HaBbikamu paboThl B oniepaniioHHOM cucteme Linux;

- HaBbIKaMH paboThl ¢ Komnuisitopom NVCC;

- KyJAbTYpOH MOCTaHOBKH, aHAJIN3a U PEIICHHsS MaTeMaTHYeCKUX M MPUKIAJHBIX 3ajad, Tpe-Oyromux
ISl CBOETO PEIIeHHs UCTIONb30BaHMs apauiebHbIX BeranuciieHnii Ha CUDA;

- pacmmpenuem sizbika C.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

Hepequb KOHTPOJIBHBIX BOIIPOCOB IJId TCKYLICTIO KOHTPOJIA:

. Uem oTiimuaercs I‘pa(bI/ILIeCKI/Iﬁ YCKOPHUTCIIb OT HCHTPAJIBHOI'O ITPpOLECCopa

. IlpuHnunuanpHOE pa3anuue pa3IuyHbIX IOKOJICHUH U Bepcril Tpa@UuecKuX yCKOpUTenen

. IlpuHnunuanbpHas cxemMa yeTpocTBa rpaiuecKoro yCKOPUTEIs

. Paznauume B TMIIAX maMATH rpa(bnqecxoro YCKOPUTCIIA

. KpI/ITepI/II/I HCIOJIb30BaAHUS PA3JIMIHBIX TUIIOB IMAMATHU

. IIpaBuia paboTsl ¢ pa3nensieMoll MaMsIThIO

. IlpaBuna paboTsl ¢ TEKCTYpHON NaMAThIO

. I[aH KOzA, HaAUTH BO3MOXXHOCTb OIITUMH3AalIUH

0. dan xox, HaiTH OMIHOKY

1
2
3
4
5
6. IlpaBuia ureHuUs U3 II00AITBHON MAMSITH
7
8
9
1

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

o0yuyarommxcst




1. Momudukanus napauienbHoi nporpammsel pacuera yncia [T na CUDA

2. Mopaudukanus napamienbHOR nporpammbl niepeMHoxenns: marpul, Ha CUDA ¢ ucnonb3oBaHuem
paszaenseMon maMsTi

3. Peanuzanus napasuiensHoi nporpammel HAa CUDA ¢ ncnosip30BaHuEeM TEKCTYPHOM MaMsTH
4. Peanmzanusi O0JBIIOTO MPOEKTA MO KJIETOYHBIM aBTOMAaTam

5. I'moGanbHasA, KOHCTAHTHAs, TEKCTypHas, JIOKallbHAsA, pasfeisieMas M PEerucTpoBasl MaMsTh.
Oco0eHHOCTH UCTIOJIb30BaHMsI KAXKIOTO THIIA MaMsATH. Pa3MelneHue pa3inyHbIX JaHHBIX B Pa3IU4HOM
HaMATH

6. PemuTh IByMEpHYIO CETOUHYIO HTEPALIOHHYIO 3a/1aqy

7. Tloustus Thread, Warp, Block n Grid. Komanasr paGoTsl ¢ mamMsThio
8. Peanm3zanus mporpaMMebl C HCTIONB30BAHUEM Scan

9. Peanm3zanus mporpaMMel ¢ Ucroiib3oBaHreM Reduce

10. Peanmzanus mporpaMMel ¢ Ucrob3oBanreM Histogram

11. Peanm3arust mporpaMMbl ¢ HCIIOIb30BaHKEM Bitonic sort

12. Hamucath Ko, MOJEMHPYIOMINiA KiIeTouHbIA aBToMaT "Ku3up"

Kpurepun onennBanus

10 - Cnansl Bce 3a/1aHusl, peain30BaH CaMOCTOSTENbHBIN MPOEKT, MPEMoAaBaTeIo He yIajJoch HaANTH
HEIOCTAaTKH B KO/IE

9 - C):[aHBI BCC 3aJlaHusd, pCaJIM30BaH CaMOCTOSTCIIbHBIN MOPOCKT, IIPCIOoAaBaTCIO YyAaJlOoCh HaUTH
HEAOCTATKH B KOAEC, KOTOPLIC ObLIH HCIIPAaBJICHbI CTYACHTOM

8 - Cpanbl Bce 3aJaHMs, pPEaTM30BaH CAMOCTOATEIBHBIM IPOEKT, MPENoJaBaTeNlio yAaloCh HaWTH
HEJ0CTATKH B KOJIE, KOTOPBIC HE OBUIH UCIIPABICHBI CTYICHTOM

7 - C):[aHBI BCC 3aJlaHus, IIPOCKT HC PCAJIM30BaH. CTy,I[eHT OTBCTUJI HA BCC KOHTPOJIbHBIC BOIIPOCHI

6 - ChmaHbl Bce 3alaHMs, NMPOEKT He peann3oBaH. CTYIEHT OTBETHWJI Ha HEKOTOPHIE KOHTPOJIBbHBIC
BOIIPOCHI

5 - Cnassbl Bce 3a/1aHus, IPOEKT He peann3oBaH. CTyICHT HE OTBETUII HA BCE KOHTPOJIbHBIE BOIIPOCHI
4 - Cnano oxHo u3 3agaHuil. CTy/IeHT OTBETHJI Ha HEKOTOPbIe KOHTPOJIbHBIE BOIPOCHI

3 - Cnano onHo u3 3afanuil. CTyIeHT He OTBETHUII Ha KOHTPOJIbHBIE BOIPOCHI

2 - He cnaHo HU OJJHO U3 3a1aHUl

1 - He cnano uHu onHO U3 3aganuil. CTyIeHT HE MOoCcean 3aHsTHS

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Tpu npoBeaeHnn TUdPepeHINPOBAHHOTO 3a4€Ta 00yJAIOIIEMYCs PEIOCTABISICTCS HA TIOATOTOBKY HE
meHee 30 muHyT M He Oomee 60 wmwumHyT. Ompoc oOywaromerocss 1o OHIETY Ha YCTHOM
muddepeHIIMpOBaHHOM 3a4éTe HE JOJDKEH IMPEBBIIATh OJHOIO aCTPOHOMHYECKOro daca. Bo Bpems
npoBejieHus: TU(GGEPEHIIMPOBAHHOTO 3adeTa oOydarommecs MOTYT TOJIb30BarbCs MPOTPaMMOi
JMCUUILIMHBL, @ TAKXKE CIIPABOYHON M PEKOMEHIOBAaHHOW JINTEPATypOi.



