MMHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30OBAHM S POCCUMCKOM ®EJEPAITN
benepanbHOE TOCyIapCTBEHHOE 010 IKETHOE 00pa30oBaTesIbHOE YUpPEKICHUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUN TOCYTAPCTBEHHBI YHUBEPCUTET

b1.B.07

(uHOexc OucyuniuHot)

PABOYASA ITPOI'PAMMA JTUCHUIIJIMHBI

Texnomoruu MaCCHUBHO-TIapaJJICIIbHBIX BBIUHCIICHUH

(HaumeHo8aHUE OUCYUNTUHDBL)

10 HAIMPaBJICHUIO MOATOTOBKH (CHEIHAIIBEHOCTH)
02.03.03 Maremarndeckoe 0OeCrieUeHUE U aIMUHUCTPUPOBAHNE HH(POPMAITMOHHBIX CUCTEM

HAIPABICHHOCTH (TIPOQWITB )/CIIeIIU A3
MoOuIbHBIC ¥ CETEBBIC TEXHOJIOTUH

dopma o0ydeHHUs: OUHAS
I'ox mabopa: 2021
O6mrast TpymoeMkocTb: 6 3E

Pacnpe)lene}me YaC0B JUCHUIIMHBI IO CEMECTPpaM

CemecTp 7

®opma koutpous | KP, Hroro
Bun 3ansaTui JK3aMEH
Jlexun 16 16
JlabopaTopHbie 34 34
IIpaxkTrueckue
PykoBOJICTBO: KypcoBbie paboThI (poekts) / PI'P 1 1
ITpoMexxyTodHast aTTeCTAIHS 0,35 0,35
KonraktHas pabora 51,35 51,35
CaMocTosTenbpHas paboTa 129 129
KonTtponb 36 36
HUroro 216,35 216,35




Pabouyto mporpammy coctaBui(u):
cTapwmii npenonasarenb ToHkux Aptém IlerpoBuu

(OondcHocmy, yueHoe 36anue, cmenensb, Pamunus 1.0.)

(OodicHoCmb, yueHoe 36anue, cmenensb, Pamunus 1.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Peniensent

(OoavicHOCmb, yueHoe 36anue, cmenenb, Pamunus 1.0.)

Pabouas mporpamma qucuMInIMHbL coctaBieHa Ha ocHoBaHuu @I'OC BO u yuye6HoOro ruiana
HaIpaBJICHUs MOATOTOBKH (CIEIUATBLHOCTH)
02.03.03 Maremaruyeckoe o0OecredeHrne 1 aIMHHACTPUPOBAaHIE HH(POPMAIIMOHHBIX CHCTEM

Cpoxk aeiicTBusi padoyeii mporpaMMbl JMCHUILIMHBI 10 «31» aBrycra 2025 r.

YTBEPXIEHO

Ha 3acenannu xadenpsi / nemapramenra / HeHTpa

(mporokon 3acemanust Ne 1 ot «28» aBrycra 2020r.).

JOKYMEHT NOANMCAH
QNEKTPOHHOW MOAMUCHIO

CepTtudukat: 0101AEC60064AF94AD41EA4854441FD671
Bnapeneu: NywuHa OkcaHa MuxarinosHa
LevicteuteneH: ¢ 07.12.2022 go 07.12.2023




1. Ilean ocBOEHUN TUCIUILIHHDI

Lenb ocBOEHMS JTUCHUILIMHBI — 00ydeHue pa3paboTKe MPHIOKEHHH IS MPOLECCOPOB C
MaCCHUBHO NapaJuIeIbHOMN BBIYUCIUTEIBHON apXUTEKTYpOit

2. Mecto nucuuminnsl B ctpykrype OIIOIT BO

HNannas gucuumuimHa (yuyeOHbI Kypc) oTHocutTcs K bnoky 1 «Jlucuumiiuzel (Mogyn)»
(Yacts, opMupyemasi ydyacTHUKaM# 00pa30BaTeIbHbIX OTHOLICHHIA).

JIMCUMIUIMHBL M TPAaKTUKH, HAa OCBOCHHHM KOTOPBIX Oasupyercs JaHHas AUCHUILIMHA:
«ApPXUTEKTYpa KOMIBIOTEPOB U OINEPALMOHHBIE CUCTEMBI», «OOBEKTHO-OPUEHTHUPOBAHHOE
nporpamMmupoBasue 1», «O0beKTHO-OpUEHTUPOBAHHOE ITPOIrPAMMHUPOBAHUE 2.

JIMCUMIUINHBI ¥ NIPAKTUKH, AJI1 KOTOPBIX OCBOCHUE TAHHOM TUCIMIIIMHBI HEOOXOAUMO Kak
IPEIIECTBYIONICE: HAITMCAHUE BBHIITYCKHOW KBATM(UKAIIMOHHON paOOTHI.

3. Iliianupyemblie pe3yJibTaThl 00y4eHUs1

KOHKYPEHTOCIIOCOOHOTO
IPOrpaMMHOTO TMPOJIYKTa

IMporpaMMHBIX KOMILJICKCOB,
a TaKKC METOJbI U CPEACTBA

KOHKYPEHTOCIIOCOOHOTO

IPOrpaMMHOTO MPOAYKTa U
POTPaMMHBIX KOMIUIEKCOB,
a TaK)Ke METOJIbl U CPE/ICTBA

dopmupyemMbie U HNuagukaropbl
KOHTPOJINpPYeMbIe JTOCTUKEHH S IInanupyemble pe3yJbTaThbl
KOMIIeTeHIINH KOMIIeTeHIIU I o0yueHust
(K0J1 1 HAMEHOBAHUE) (K0J1 1 HAMEHOBAHUE)

Crnioco6HOCTh 3HaeT OCHOBHBIE METOABI U | 3HATh: TEOPETUUECKHUE OCHOBBI
WCIIOJIb30BaTh  OCHOBHBIE | CPEAICTBA  ABTOMATHU3AIMH | IPOTPaMMHUPOBAHUS TpaduIecKuX
METO/JIbI U CPENICTBA MIPOEKTUPOBAHMUS, npoueccopoB (GPU) NVIDIA
aBTOMAaTHU3AINH peaM3alvy, UCHBITAHUN M | YMETb: HCIOJNb30BaTh  OCHOBHBIE
MIPOCKTHPOBAHWS, OLIEHKM  KadecTBa  IPHU | METOJIbI U CPE/ICTBA
peanu3aiuu, UCTIBITAHUHN U | CO3TaHUU IPOrpaMMUPOBaHUS MACCUBHO-
OIICHKM KadecTBa MPHU | KOHKYPEHTOCTIOCOOHOTO MapajuIeNIbHBIX TPOIECCOPOB,
CO3J]aHUU IIPOrPpaMMHOIO IPOAYKTA U | CIOCOOHBIX BBIMOJIHATH OoJiee uem 64

apupMeTHYECKHUEe Onepaliuu 3a OJIUH
IIUKJI TAKTOBOM Y4aCTOTHI

u MIPOrpaMMHBIX | aBTOMAaTHU3al1H, CBSI3aHHbIE | BirageTs: HABBIKAMHU
KOMIUIEKCOB, @  TakKke | ¢ COITPOBOKCHUEM, | POrPaMMHUPOBAHUS TPAPUUIECKUX
CIIOCOOEH  MCIONB30BaTh | AIMUHHCTPUPOBaHUEM U | mpoueccopos (GPU) NVIDIA
METOBI u CpEeACTBA | MOJAEPHHU3ALUEH
aBTOMATH3AlIHH, IIPOrPaMMHBIX IIPOLYKTOB U
CBSI3aHHBIE C | IPOrpaMMHBIX KOMILIEKCOB
COIIPOBOXKACHHUEM, (UI-1T1K-2)
aIMUHHCTPUPOBAHUEM U
MOJIEpHHU3aLuen Ymeer HCI0JIb30BATh
IIPOTPaMMHBIX IPOIYKTOB | METOJIBI u CpeacTBa
u IIPOrPaMMHBIX | aBTOMAaTH3alu1
komriuiekcos (ITK-2) NIPOEKTUPOBAHU,
peaM3alyy, UCHBITAHUN H
OLICHKM  KadyecTBa  IpHU
CO3/1aHUU




®opmMupyembie U
KOHTPOJINpYyeMble
KOMIIeTEeHI[UH
(Koa 1 HAMMEHOBaHUE)

Nuauxkaropsl
AOCTUKEHUS
KOMIIeTeHIU
(K0J1 1 HAMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

aBTOMaTu3alu, CBA3dHHBIC

c CONIPOBOXKICHUEM,
aIMUHUCTPUPOBAHUEM U
MOJICpHU3ALHEN

MPOTrPaMMHBIX TPOJYKTOB
nporpammubix (M1-211K-2)

Bianeer HaBbIKAMU
UCIIOJIb30BaHUS METOJOB U
CPEXCTB aBTOMAaTU3alUU
IIPOEKTUPOBAHMS,
peanu3auuu, UCObITAHUU U
OLICHKM  KadyecTBa  IpHU
CO3J1aHUU
KOHKYPEHTOCIIOCOOHOT O
IIPOrpPaMMHOTO MPOJAYKTa U
IIPOrPaMMHBIX KOMIUIEKCOB,
a TaKKe MeToJaMu U
CpelacTBaMHu
aBTOMATH3allUM, CBSI3aHHbIC
c COIIPOBOXKACHUEM,
aIMMHHUCTPUPOBAHUEM U
MOZCpHU3aLUEN
MIPOrPaMMHBIX IPOJIYKTOB U
nporpammusix (M/1-311K-2)

CriocoOHOCTh
HCIIOJIB30BATh
COBPEMEHHBIC METO/TBI
pa3paboTKu U peanu3aiiu
KOHKPETHBIX aJITOPUTMOB
MaTeMaTUYeCKUX MOZCICH
Ha 0a3e SA3BIKOB
MPOrpaMMHUPOBAHUS U
MaKeTOB TPHUKJIATHBIX
porpaMm
mozenupoBanus (ITK-5)

3HaeT COBPEMEHHbBIE
METOJIbI pa3paboTKu U
peanu3anui KOHKPETHBIX
AITOPUTMBI
MaTeMaTHYECKUX MOJeIei

(JI-1TIK-5)

YMeeT UCIoab30BaTh
KOHerTHBIe aJIFOpI/ITMBI
MaTeMaTHYECKUX MoJelIei
Ha 0ase SI3LIKOB
MPOrpaMMHUPOBAHUS U
IIAaKECTOB HpI/IKJ'Ia,Z[HI)IX
MporpaMMm MOJIeJIMPOBAHUS
(UO-2T1K-5)

Bnaneer HaBLIKaMu
HCIIOIb30BaHUA
KOHKPETHBIX aJITOPUTMOB
MaTeMaTHYECKUX MOAEIEH
Ha 0a3e S3BIKOB
MPOrpPaMMHUPOBAHUS U
MMaKETOB MPUKJIATHBIX

3HaTh: TUPEKTUBHOE
nporpamMupoBanue GPU
yckopurenei (ctangaptOpenACC)

YMeTb: mporpaMMHUpOBaTh
rpaduueckue npoueccopsl (GPU)
NVIDIA

Bnaners: ocoOeHHOCTAMU
HCITOJIL30BaHus Heckonbknx GPU
BHJICOKAPT TSI pEIICHUS
COOCTBEHHBIX 3a1a4




®opmMupyembie U
KOHTPOJINpYyeMble
KOMIIeTEeHI[UH
(Koa 1 HAMMEHOBaHUE)

Nuauxkaropsl
AOCTUKEHUS
KOMIIeTeHIU
(K0J1 1 HAMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

IIporpamMm MOACINPOBAHUA
(VJ1-311K-5)




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

Monayab
(pa3nen)

Bun
y4eOHoi
padoThI

HaunMenoBanue TeM 3aHATHH
(yuedoHOM padoTHI)

Cemectp

O0beMm, .

Banasl

HNHTepakTus, 4.

®opMbl TEKYILLEro
KOHTPOJIA
(HaMMeHOBaHUe
OLICHOYHOI0
cpeacTBa)

Monyns 1.
CUDA

Jlexuus

Tema 1. Annapataoe o6ecneuenue GPU u
11a0JI0HBI MAPAJLICIIBHON KOMMYHUKAIIHH.
[Tpumeps! napaienu3anuu
MOCJIEIOBATEIBHBIX aJITOPUTMOB
®ynnamentanbuble anroputmsel GPU:
cBepTka (reduce), ckaHupoBaHue (scan) u
ructorpamma (histogram), yrioTHenue
(compact), cerMEeHTUPOBAHHOE CKAaHUPOBAHUE
(segmented scan), copTupoBKa

BIET

JlabopaTopnas paGora 1.
®yHnamenTanpHble anroputMbel GPU:
cBeptka (reduce), ckaHupoBaHue (scan) u
ructorpamma (histogram)

Otuer no
nmabopaTopHoOi paboTe

JIao

JlaGopaTopHas padota 2.
®yHnameHnTanpHble anroputMel GPU:
yILIOTHEHHE (compact), CETMEHTUPOBAHHOE
cKaHMpoBaHue (segmented scan), COpTUPOBKa

Otuer no
mabopaTopHoii paboTte

Cp

Anmaparnoe obecrieuenne GPU u ma6moHb
napauieTbHO KOMMYHHUKAITUU

16

Tect




Monayab
(pa3nen)

Bun
y4eOHoi
padoThI

HauMenoBanue TeM 3aHATHH
(yuedoHOM padoTHI)

Cemectp

O0beMm, .

Banasl

HNHTepakTus, 4.

®opMbl TEKYLEro
KOHTPOJIA
(HaMMeHOBaHUe
OLICHOYHOI0
cpeacTBa)

Jleknus

Tema 2. Beenenne B CUDA: nporpamMmmHast
MO/IeJIb, afrapaTHasi pean3anus,
onomunoreku CuBLAS u CuFFT,
OpraHu3aIys MOTOKa JTaHHBIX

J1a0

JlabopaTopHas padora 3. bubnuoreku
CuBLAS u CuFFT CUDA

Otuer 1o
nmabopaTopHoi paboTe

Cp

Beenenue 8 CUDA: nmporpammHuas MOZI€Ib,
anmapartHasi peajau3anus, OuoIMoTeKn
CuBLAS u CuFFT, opranu3zanus notoka
TAHHBIX

16

Tect

Jlexuus

Tema 3. Moaens ucnonnenust CUDA
GPU B cocraBe kKoMnproTEPA.
[Tporpammuas moaens CUDA.

JIa6

JlaGopaTopnasi pa6ora 4. [loaroroska u
MHULAAIN3ALMS YCTPOUCTBA, BBIJICICHUE
MaMATH U NIePEChUIKA TaHHBIX

Otuer no
nmabopaTopHoOi paboTe

Cp

Monens ucnionaerauss CUDA
GPU B cocraBe koMnbrOTEpA

16

Tect




®opMbl TEKYLEro

Bun . KOHTPOJISA
Monayab . HauMenoBanue TeM 3aHATHH
y4eOHoi . Cemectp |O0bem, u.| baauabl | UHTepakTHB, 4. | (HAMMeHOBaHHe
(pa3neu) (yueoHoii padoThI)
padoThI OLIEHOYHOI'0
cpeacTBa)
Jlexuus Tema 4. Monens mamstu CUDA. 7 2
Wepapxust maMsaTu: rao0anbHast, JOKaIbHAs U
pEerucTpoBas namsTh, pasjessemMas naMsaTh
Jlab JlabopaTopHas padora 5. Mozens namaru 7 4 3 Otuer no
CUDA. nmabopaTopHoi pabote
Cp Monens mamatu CUDA 7 16 3 Tect
Jlexuus Tema 5. O0benHEHHAS apXUTEKTYypa 7 2
rpadudeckux mnporeccopoB. OCHOBHbIE
COCTaBHBIE JIEMEHTHI allapaTHON
peanmszanuu GPU
JIab JlabopaTopnasi padora 6. AnnapatHas 7 4 3 Otuer no
peamu3zamus GPU nmaboparopHoil pabore
Cp OObennHEHHAs apXUTEKTypa rpapuueckux 7 15 3 Tect
IIPOLIECCOPOB
Jlexuus Tema 6. [Tpuknagasie CUDA 6ubaroTexu. 7 2
bubnuoreka Thrust. bubanoreka CUTIL.
Atomapusie pyakimun. Ontumu3zanus CUDA
IPOTPAMM.
Jlab JlabopaTopnas padora 7. [Ipuknagasie 7 4 3 Otyer mo

CUDA 6u0mauorexu

nmabopaTopHoii pabote




®opMbl TEKYLEro

Bun . KOHTPOJISA
Monayab . HauMenoBanue TeM 3aHATHH
y4eOHoi . Cemectp |O0bem, u.| baauabl | UHTepakTHB, 4. | (HAMMeHOBaHHe
(pa3neu) (yueoHoii padoThI)
padoThI OLIEHOYHOI'0
cpeacTBa)
Cp [Tpuknagueie CUDA Oubnuotexku 7 15 3 Tect
Monyns 2. Jleknus Tema 7. CrangapT TUPEKTUBHOTO 7 2
OpenCL u nporpammupoBanus OpenACC. Mogenb
OpenACC namatu, Mozenb ucrnoiaHenuss OpenACC.
Jla6 JlabopaTopnas padora 8. Monenb 7 4 3 Otuer o
ucnionaeHuss OpenACC nmabopaTopHoOi paboTe
Cp CrannapTt AMPEKTUBHOTO TPOrPAMMHUPOBAHUS 7 15,75 3 Tect
OpenACC
Jlexuus Tema 8. Cpensl pazpabotku OpenCL u GPU- 7 2
YTUIHATHL. JIONOTHUTETBHBIE BO3MOXHOCTH
OpenCL.
Jlab CUDA, OpenCL u OpenACC 7 2 3 Otuer no
nmabopaTopHoOi paboTe
Cp Cpensl pazpabotku OpenCL u GPU-yTuinTsl 7 16 3 Tect
AHKeTa 7 3 AHKeTa
M TOroBeIii ITA 7 0,25 40 Tect
TECT
Dopym 7 4
KP BrimonHeHne KypcoBoii padoThI 7 36 - Kypcosast pabota
Hroro: 216 100




CxeMa pacyera UTOroBOIo 6aJ1J1a: CyMMa BcexX MOJyYeHHbIX 0aJ1J10B.



5. O6pa3oBaTesibHbIE TEXHOJIOTHH
B pamkax y4eOHOTr0 Kypca nmpeycMOTpeHa TEXHOJIOT I JUCTAaHIIMOHHOTO 00y4YeHus B hopme

MPAKTUYECKHUX 3aHATUH U CAMOCTOSTEIIHbHON PabOTHI CTYACHTOB.

6. MeToauuyecKue YKa3aHusA 110 OCBOCHUIO TUCIHUIIJINHBI
I/I3yquI/Ie JUCHUITIINHBI Tpe6yeT CHUCTEMATHUYCCKOIO M IIOCJIICOAO0BATCIBbHOI'O HAKOIIJICHUS

3H3,HPII>1, CJICAOBATCIIbHO, IMTPOITYCKU OTACJIbHBIX TCM HE ITO3BOJIAKOT FJIY6OKO OCBOUTL NIPCAMCT.

CTy,I[CHT MOXCT JOIIOJIHHUTB CIIMCOK HCITOJIb30BaHHOM JUTepaTyphl COBPEMCHHBIMU

VMCTOYHMKAMHU, HE IIPEJCTABICHHBIMU B CIIUCKE PEKOMEHJIOBAHHOM JIUTEPATYpPBI, U B JAJIBHEUIIEM
UCIOJIb30BaTh COOCTBEHHbIE MOATOTOBJIEHHBIE YUeOHbIE MaTepUaibl IPU HAIMCAHUU KYPCOBBIX U
BBIITYCKHBIX KBAJTU(UKAIIMOHHBIX paloT.

7. OueHOYHBIE CPEICTBA

7.1. IlacopT OLIeHOYHBIX CPEACTB

Cemecrt Kox koHTpOIMpYyeMoii KOMIIeTeHIM T HanMeHOBaHME
b (nim ee yacTH) OLIEHOYHOTI'0 CPE/ICTBA

OTtyeTsl 110 J1a0OpaTOPHBIM paboTam
KypcoBas pabota
OK3aMeH

7.2. TunoBble 3aJaHUS] UJIU HHbIE MATePUAJIbI, HEO0X0IMMBbIe VIl TEKYIIEero KOHTPOJIs

7.2.1. JlaGoparopHas paboTa

(naumenosanue oyeHouHo20 cpeocmsa)

Tunosoii(bie) npuMep(bl) 3aganus(1ii)

JlaGopatopnas padora 1. Dynnamenrtansnblie anroputMbl GPU: cBeptka (reduce),

ckaHupoBaHue (scan) u rucrorpamma (histogram)

Ucnone3ys ¢pynnamentanbubie anroputmbl GPU: cBeptka (reduce), ckanupoBanue (scan) u

ructorpamma (histogram) nprUMEHUTH AITOPUTM COPTUPOBKHU CIUSHUEM K MAaCCHBY JIaHHBIX.

Hcnoanzyemoe IO (cBOGOIHO pacpoCTpaHIEMOE):
CUDA Toolkit or NVIDIA

IDE C++, Fortran, Python

®opma oTuyera 1o 1adopaTopHoii padore

B oTuer 10KHBI OBITh BKIIOYEHBI CIEAYIOIIUE MTYHKTHI:
® TUTYJIbHBIN JIUCT;

11eTb paboTHI,

KpaTKUE TEOPETUYECKUE CBEJICHNUS,

OIMCaHME X0/1a BBIIOJIHEHUS PadoThI;

Pe3yIbTaThl BHITOJIHEHHON PaOOTHI.

TpebdoBanus k oopMiIeHUIO




Otuér odopmiseTcss HMHIUBUAYAIbHO KaXIbIM CTYJICHTOM, BBIMOJHUBLIMM 33JaHMUS.
Crpanuiel 0T4ETA CIIEAyeT MPOHYMEPOBATh (TUTYIBHBIN JIUCT HE HyMEpYyeTcs, Aajee HAeT CTpaHuIa
2uT.0.).

B ordere nomkHBI OBITH IpEICTaBIEHBI JKpaHHBIE ()OPMBI PE3yIHTATOB BBHITOIHEHUS
3a/laHUN.

O0BEM oTuéTa NOKEH OBITH ONTUMATBHBIM [Tl IOHUMAHUS TOTO, YTO M KaK C/IeNal CTY/ICHT,
BBINOJIHASL paboTy. OOs3aTenbHble TPeOOBaHUS K OTYETY BKIIOYAIOT OOINYIO W CIEIHAIBHYIO
IPaMOTHOCTB M3JIOKEHUS, & TAKXKE aKKypaTHOCTh OPOPMIICHUSL.

Onucanne padoTsl (IpUMeEP TEOPETHYECKOH YACTH):

Ecmm nmaner nBe BemiecTBeHHble (yHkiuu f(x) w g(x), mHTerpupyemnle Ha R, To ¢
MaTeMaTU4eCKOW TOUKM 3peHus cBeTka (reduce) mpeacrasiser coOor QYHKIMIO BUAA

(o)) = [, f@g(t—Ddr

[Tycts nana nuHeitHas cuctema h[n], kotopas mpeoOpa3oBbIBACT CAMHUYHBIA UMITYIbC. DTy
JMHEHHYIO CUCTEMY HAa30BEM SPOM CBEPTKH.

JIro00ii cUTHAT MOXKHO PAa3JOXKHTh Ha CYMMY EAMHUYHBIX HMMITYJIbCOB, CIOBHHYTHIX BO
BPEMEHHU M YMHOKEHHBIX Ha HEKOTOBIPH K03 (DUITHEHT.

CaepTka JaHHOW QYHKIMH C SApoM N - 3TO JIMHelHass KOMOMHAIUS OTKJIMKOB CHCTEMbI Ha
BXxoHbIc 3HaucHHS f[i]

Omnepanust CBEpPTKH BBHIMOJIHSACTCS HAJ HEKOTOPHIM MAacCHBOM 3JIEMEHTOB M OIPEENSICTCS
orepaTopoM cBepTKH. OmnepaTop CBEPTKH IOJDKEH OBITh OMHAPHBIM M ACCOIIMATHBHBIM.

Omnepanust ckaHUpOBaHUS (scan) TOXeE BBIIOJHSACTCA HaJ, MAacCUBOM 3JIEMEHTOB, HO
OTIpeNIeNIeTCs ONEePaTOPOM CKAaHMPOBAHUS M €AMHUYHBIM 371eMeHToM (identity element).

JlaGopatopHas pabGora 2. ®ynnamenranbabie anroputMbl GPU: ymiotHenue (compact),
CErMEHTUPOBAHHOE CKaHUpOBaHHE (segmented scan), COpPTUPOBKA

Hcnons3ys (byHIaMeHTalbHbIe aJrOPUTMBI GPU: YIUIOTHEHUE (compact),
CErMEHTHUPOBAHHOE CKaHUpoBaHue (segmented scan), COPTHPOBKA, MPUMEHHUTH aJITOPUTM
COPTUPOBKH CIUSHUEM K MAaCCUBY JAHHBIX.

Hcnoab3yemoe IO (cBO6OIHO pacTpocTpaHsIeMoe):
CUDA Toolkit or NVIDIA

IDE C++, Fortran, Python

dopMma oT4eTa 1o JadopaTopHoii padore

B oTuer 10KHBI OBITh BKIFOYEHBI CIEAYIONIUE MMYHKTHI:
® TUTYJBHBIN JIUCT;

11e1b paboTHI,

KpaTKHE TEOPETUUECKUE CBEACHMUS,

OIHMCaHUE XOa BBITTOIHEHUS pa0OTHI;

PE3yNbTaThl BEINOTHEHHON PaOOTHI.

TpedoBanus k opopmireHHIO

Otuér odopmiseTcss HMHIUBUAYATbHO KaXIbIM CTYIACHTOM, BBIMOJIHUBIINM 3aJlaHMS.
Crtpanuiibl 0T4ETA ClIeyeT IPOHYMEPOBATh (TUTYJIBHBIN JINCT HE HYyMEpYyeTcs, ajiee WIAET CTPaHUIIA
2UT.0.).

B oTuere nOMKHBI OBITH NpEACTaBIEHBl SKpaHHbIE (OPMBI PE3YJIBTATOB BBIIOIHEHUS
3aJJaHuH.



O0BEM 0TUETa TOJDKEH OBITH ONITUMATBHBIM JIJIsl TOHUMAHHUS TOTO, YTO U KaK CJeNaj CTy/ICHT,
BBINOJNHSAS pabory. OOs3aTenbHble TpeOOBaHUS K OTYETY BKIIOYAIOT OOIIYI0 M CIEHUATBbHYIO
TPaMOTHOCTh U3JIOKEHUS, a TAKIKE aKKYPATHOCTH O(hOPMIICHUSI.

JladopaTopnas pa6ora 3. bu6imorexku CUBLAS u CuFFT CUDA
Ucnons3ys oubmuoreku CUDA CuBLAS u CuFFT, Bemonnuts npeobpazoBanne Oypbe u
oTiepaIuy HaJl MaTPUIIAMHU.

Hcnoab3yemoe IO (cBOOOIHO pacpoCTpaHsIeMOe):
CUDA Toolkit or NVIDIA

IDE C++, Fortran, Python

®opma oTuyeTa 1o JadopaTopHoii padore
B oTyer 10KHBI OBITH BKJIIOUEHBI CIEAYIOIINE ITyHKTHI:

TUTYJIbHBIN JIUCT;

1eb paboThI;

KpaTKUE TEOPETUYECKUE CBEJICHNUS,
OIMCAHME X0/1a BHIITOJIHEHHUS PaOOTHI;
pe3yJIbTaThl BHIIOJHEHHON PaOOTHI.

TpebdoBanusi Kk 0(popMIIeHUIO
OTtuyér Oq)OpMJISIGTCH HHAUBUAYAJIBbHO KaXIbIM CTYACHTOM, BLIIIOJHUBOIUM 3aJaHHA.
Crtpanuiipl 0T4ETa ClIeyeT IPOHYMEPOBATh (TUTYJIBHBIN JIUCT HE HyMEpyeTcsl, Aaliee UJIET CTpaHHIla

2uT.0.).

B otyere m0JKHBI OBITH NpeaACTaBJICHbI 3KPAHHBIC (1)OpMBI PE3YyJIbTATOB BBIITOJHCHUA

3aJIaHUH.

O0BEM 0TuETa TOIHKEH OBITH ONTUMANIBHBIM /ISl HOHUMaHMSI TOT'0, UTO U KaK CJieNaj CTYACHT,
BBINOJNHAS pabory. OOs3aTenbHble TpeOOBaHUS K OTYETY BKIIOYAIOT OOMIYI0 U CIELUATbHYIO
IPaMOTHOCTh M3JI0KEHUS, a TAK)KE aKKYPATHOCTh O(OPMIICHHSL.

Onucanue paéoTsl (MpUMeP TEOPETHYECKOH YACTH U MCIOJIHIEMOr0 Ko/a):

CUDA Toolkit or NVIDIA Briawuaer cnucox 0uGJIH0TEK

Thrust : Gubnnoreka mabI0HOB

NPP: o6paboTka n300pakeHuil ¥ CUTHAJIOB

CURAND: niceBo- 1 KBa3uciy4aiHbIE ynciIa

LIBM: crannapTHast OubIMOTeKa MaTeMaTHYeCKUX TPUMHUTHBOB
CUSPARSE : nuneiinas anre6pa A pa3pe:KeHHbIX MaTPHUI
CUBLAS: nuneitnas anreOpa A5 INIOTHBIX MaTPHIL

CUFFT: npeobpazoBanue Oypbe

Ocob6ennoctu 0udmorexkn CUFFT
Wutepdeiic monodben FFTW

O}IHO-, JABYX- U TPEXMECPHBIC BEIICCTBCHHBIC
¥ KOMILIEKCHBIE TPpeoOpa3oBaHus
OnunapHas ¥ ABOMHAs TOYHOCTD
OnnomepHoe ipeodpazoBanus A0 128
MUJUTMOHOB 3JIEMEHTOB

[ToTOKOBOE ACHHXPOHHOE BBIYMCICHHE
Henopmanuzosannsiii BeiBog: IFFT(FFT(A))=len(A)*A



Anroputm ucnons3oanue CUFFT Bxitouaer yethipe miara:

1. Brinenenue namsaru sa GPU

2. Co3pmaHue u HacTpoiiKa nmpeodpa3oBanus (pa3Mep, THIL...)

3. Breimonnenue npeoOpa3zoBaHus CTOIBKO pa3, CKOJIBKO HEOOXOAUMO, UCTIONB3Ysl yKa3aTelb
u3 mara 1

4. YHUYTOXEHHE MMPpeoOpa3oBaHus U 0cBOOOXKAeHHE maMsaTH Ha GPU

BozoB CUFFT (¢pparmenr)

#define NX 256
#define NY 128

cufftHandle plan;

cufftComplex *idata, *odata;

cudaMalloc((void**)&idata, sizeof(cufftComplex)*NX*NY);
cudaMalloc((void**)&odata, sizeof(cufftComplex)*NX*NY);

JlabopaTopHas pa6ora 4. [loaroroBka 1 MHUIIMAIM3AIMS YCTPOUCTBA, BBIACIICHUE TTAMSITH
¥ TIEPEChUIKA JaHHBIX
BbIJICJICHUE NTaMATH U NEPECBUIKY JaHHBIX ¢ Ucnoiab3oBaHueM oudianorek CUDA.

Hcnoanzyemoe IO (cBOGOIHO pacpoCTpaHIEMOE):
CUDA Toolkit or NVIDIA

IDE C++, Fortran, Python

®opma oTuera 1o 1adopaTopHoii padore

B otuer JOJIZKHBI OBLITh BKJIFOUEHEI CJICOAYIOIIUEC ITYHKTBI:
® TUTYJBHBIN JIUCT;

11e7b PaboTHI;

KpaTKUEC TCOPECTUICCKHUEC CBECACHUA,

OITMCaHUEC XO0/Jda BBIIIOJTHCHU pa60Tr,1;

pe3yIbTaThl BHITOJTHEHHOM PaOOTHI.

TpebdoBanus k opopmiIeHHIO

Otuér odopmisieTcs HMHIUBUIYaTbHO KaKIbIM CTYJEHTOM, BBIIOJHUBIINM 3aJaHMsL.
Crpanuls! oT4éTa ciaelyeT NPOHYMEpPOBAaTh (TUTYJBbHBIHN JUCT HE HyMepyeTcs, ajlee UIET CTpaHHUIA
2uT.0.).

B oTuere n0MKHBI OBITH NpEACTaBICHBl SKpaHHbIE (OPMBI PE3YJIHTATOB BBITOJTHEHHS
3aJaHuH.

O0BEM 0TuETa TOIDKEH OBITH ONTUMANIBHBIM JIJIs1 HOHUMaHMS TOTO, YTO U KaK CJieNaj CTYACHT,
BBIMOJNHSAS pabory. OOs3aTenbHble TpeOOBaHUS K OTYETY BKIIIOYAIOT OOMIYI0 M CIEHUATbHYIO
IPaMOTHOCTB M3JI0KEHUS, a TAK)KE aKKYPATHOCTh O(OPMIICHHS.

Onucanue padoTsl (IpUMep UCHOJTHIAEMOIr0 KOJIA):

Nuauuunanu3anus ycTpoucTBa:
cudaGetDeviceCount, cudaSetDevice, cudaGetDevice

Brinenenne mamatu
cudaMalloc
if(cudaMalloc((void**)&bvCU,(size_t)neurs*sizeof(FLT32))!=cudaSuccess)



throw Unsupported(this->Name,"CUDA has failed to allocate BV.");

cudaMallocPitch

if(cudaMallocPitch((void**)&wmCU,(size_t*)&wm_pitch,ins*sizeof(FLT32),neurs

)!=cudaSuccess) )!=cudaSuccess) throw Unsupported( Unsupported(this->Name,"CUDA
has failed to allocate CUDA has failed to allocate

WM.");

HCPCCLIJIKa JAHHBbIX?

KonmpoBanue Mexay XOCTOM U yCTPOUCTBOM

cudaMemset

if(cudaMemset(ldCU,0,ns*sizeof(float))!=cudaSuccess)

throw Unsupported(this->Name,"CUDA has failed to zero-init LD.");

cudaMemcpy
if(cudaMemcpy(bvCU,bvF32,ns*sizeof(FLT32),cudaMemcpyHostToDevice)!=cudaSucc
ess) throw Unsupported(this->Name,"CUDA failed to upload BV.");

OcBOOOXKIEHUE TaMATH

cudaFree

if(cudaFree(wmCU)!=cudaSuccess)

throw Unsupported( Unsupported(this->Name,"CUDA has failed to de CUDA has failed to
de-allocate WM allocate WM.");

JlabopaTopnas padora 5. Moaenbs namstu CUDA.

Omnucatp criocoObl OTIAAAKK U TPOJEMOHCTPUPOBATH IPUMEPHI UCTIOIB30BAHUS pa3IesieMO
namMsTH TPH OMNepaluud TPAHCIOHUPOBAHUS MATPHUIBl, B Ta0nuile OTOOpa3uTh BIUSHUE
WCTIOJIb30BaHUS Pa3IesieMON MaMsATH Ha CKOPOCTh BBIYMCIECHUI

Hcnoanzyemoe IO (cBOGOIHO pacpoCTpaHIEMOE):
CUDA Toolkit or NVIDIA

IDE C++, Fortran, Python

®opma oTuyera 1o 1adopaTopHoii padore

B otuer JOJIZKHBI OBIThH BKJIFOUEHEI CJICOAYIOIIUEC ITYHKTBI:
® TUTYJBHBIN JIUCT;

1e7b paboTHI;

KpaTKUEC TCOPECTUICCKHEC CBECACHUA,

OIIMCaHUEC XO0/Jda BBIIIOJTHCHUA pa6OTI)I;

pe3yIbTaThl BHITOJTHEHHOM PaOOTHI.

TpebdoBanus k opopMiIeHUIO

Otuér odopmisieTcs HHIUBUIYaTbHO KaKIbIM CTYIEHTOM, BBIIOJHUBIIUM 3aJaHMUsL.
CrpaHuls! oT4€Ta CIelyeT MPOHYMEPOBATH (TUTYJBHBIHN JUCT HE HyMEpyeTcs, lajiee UIET CTPaHHUIA
2uT.0.).

B otuere nomKkHBI OBITH NpEACTaBIEHBl SKpaHHbIE (OPMBI PE3YJIbTATOB BBIIOIHEHUS
3aJaHuH.

O0BEM 0TuETa TOIDKEH OBITH ONTUMANIBHBIM JIJIs1 HOHUMaHMS TOTO, YTO U KaK CJieNaj CTYACHT,
BBIMOJNHSAS pabory. OOs3aTenbHble TpeOOBaHUS K OTYETY BKIIIOYAIOT OOMIYI0 M CIEHUANbHYIO
IPaMOTHOCTh M3JI0KEHUS, a TAK)KE aKKypaTHOCTh O(OPMIICHHSL.

Onucanue padoTsl (MpUMep TeOPeTHYECKOH YaCTH)



Knaccudukanus

* Cucrewmsl ¢ o0meit (shared) mamsaTero

» Cucremsl ¢ pactupenenénnoii (distributed) mamsTeio
* T'ubpuansie (hybrid) cuctembr

Tunel namaru B CUDA

Tun namsaru Hocryn Yposens Boiaenenns | CKopocTh paboThI
Peructpbl R/W Per-thread Bricokasi(on-chip)
JlokajabHasi R/W Per-thread Huskasa (DRAM)
Shared R/W Per-block Bricokasi(on-chip)
I'1o6anbHas R/W Per-grid Huskasa (DRAM)
Constant R/O Per-grid Bricokas(L1 cache)
Texture R/O Per-grid Bricokas(L1 cache)

» Cawmas Obictpas — shared (on-chip) u peructpsr
* Cawmas memennas — rmodanbaas (DRAM)

* Jlng psga ciaydaeB MOXKHO HCIOJIb30BaTh KAIIMPYEMYIO KOHCTAHTHYIO U TEKCTYpPHYIO
namsTh

*  Jloctyn x namsatu B CUDA uzer oTaenbHo 1is
o Kaxmoi mososunbl warp’a (half-warp) Tesla 10
o warp’a (Tesla 20)

JlabopaTopnasi padora 6. AnmapatHas peanu3anus GPU
[IpousBecTu ciokeHUue BEKTOPOB C Uctoyb3oBanueM TexHonoruun CUDA

Hcnoab3yemoe IO (cBOGOIHO pacTpocTpaHsIeMoe):
CUDA Toolkit or NVIDIA

IDE C++, Fortran, Python

®opma oTuera 1o JadbopaTopHoii padore

B oT4er 10KHBI OBITH BKJIIOUEHBI CIEAYIOIINE TyHKTHI:
® TUTYJIbHBIN JIUCT;

11e7b PaboTHI;

KpaTKUE TEOPETUYECKHE CBEJICHNUS,

OIMCaHUE XOJa BBIIOJHEHUS pabOThI;

Pe3yIbTaThl BBHITOJIHEHHON PaOOTHI.

TpedoBanus k opopmireHHIO

Otuér odopmiseTcss HMHIUBUAYAIbHO KaXJbIM CTYJICHTOM, BBIMOJHUBIIMM 33JaHHUS.
Crtpanuiibl 0T4ETa ClIeyeT IPOHYMEPOBATh (TUTYJIBHBIN JIUCT HE HyMEpYyeTcs, ajiee UIAET CTPaHULIA
2HUT.0).

B ordere nomKkHBI OBITH MpENCTaBICHBI SKpaHHbIE (DOPMBI PE3YIbTATOB BBHIMOIHEHHS
3a7laHUN.

O6bEM 0TUETa T0JKEH OBITH ONITUMAJIBHBIM JIJIsl TOHUMAaHMSI TOTO, UTO U KaK CZieJiaji CTYIeHT,
BBINOJIHASL paboTy. OOs3aTenbHble TPeOOBaHUS K OTYETY BKIIOYAIOT OOINYI0 M CIEIHATbHYIO
rPaMOTHOCTb U3JIOKEHUS, a TAKXKEe aKKYPaTHOCTh 0(hOpMIICHUS.

Onucanue padoTsl (MpUMep TeOPEeTHYECKONH YaCTH)

AnnaparHasi peaJu3anms:




Haoop SIMD myasTHnponeccopos
e  GPU npencrapnser u3 cedst HAOOP MyJIbTHIIPOIIECCOPOB
e Kaxnapiii mynbrumnporeccop ssisgercs SIMD-nabopom ckansipHbIX 32-X OHUTHBIX
IIPOLIECCOPOB
e Ha kaX/10M TaKTe MYJIbTUIIPOLIECCOP UCIIONMHSET OHY U TY K€ HHCTPYKLIUIO HaJ
®  TIpyINIOH MOTOKOB, HA3bIBAEMOU warp
e  Yucio noToKOB B warp — Warp size

Kaxabiii MyJsTHIIPOLIECCOP 00J1a/1a€T:
o  dailioM JOKaNBHBIX 32-X OUTHBIX PETUCTPOB
e PasnmengseMoil maMATHIO
e Kbsmewm koHCTaHT
e TekcTypHBIM K3IIEM

Kaskapblii 6,10k MIOTOKOB COCTOMT M3 Warp’oB
Warp — SIMD-rpyrina mnoTokoB pUKCHPOBAHHOTO pa3Mepa, COCTOSIIAS H3 CKASIPHBIX TTOTOKOB
C TMOcJeI0BaTeIbHBIMU KOOPINHATAMH.

JlabopaTopuas padora /. [Ipuknagusie CUDA 6ubnuorexu
Ucnone3ys texnomorun CUDA, mpousBecTH omepanuy HaJ MaTpULAMH: CJIOXCHHE,
BbIYUTAHUE, YMHOXKEHUE.

Hcnoab3yemoe IO (cBOGOHO pacnpoCcTpaHsieMoe):
CUDA Toolkit or NVIDIA

IDE C++, Fortran, Python

®opma oTuera 1o JadopaTopHoii padore

B oT4er 10KHBI OBITH BKJIIOUEHBI CIEAYIOIINE TyHKTHI:
® TUTYJIbHBIN JIUCT;

11e7b paboTHI;

KpaTKUE TEOPETUYECKUE CBEJICHNUS;

OIMCaHUE XOJa BBIIIOJHEHUS pabOThI;

Pe3yabTaThl BHIOJIHEHHON PaOOTHI.

TpebdoBanus k oopmMiIeHUIO

Otuér odopmiseTcss HMHIUBUAYAIbHO KaXIbIM CTYJCHTOM, BBIMOJHUBLIMM 33JaHMUS.
Crtpanuiibl 0T4€Ta ClIeyeT IPOHYMEPOBATh (TUTYJIbHBIN JINCT HE HyMEpYyeTcs, ajiee WIAeT CTPaHUIIa
2HT.0).

B ordere nommkHBI OBITH MpENCTaBICHbI SKpaHHbIE (OPMBI PE3yNbTATOB BBITOJIHEHUS
3aJJaHuH.

O6bEM 0TUETa 10JKEH OBITH ONITUMAJIBHBIM JIJIsl TIOHUMAHUS TOTO, YTO M KaK CAeJal CTYJEeHT,
BBINOJIHASL paboTy. OOs3aTenbHble TPeOOBaHUS K OTYETY BKIIOYAIOT OOIIYI0 M CIEIHAIbHYIO
rPaMOTHOCTb U3JIOKEHUS, a TAKXKEe aKKYPaTHOCTh 0(hOpMIICHUS.

Onucanue padoThl (IpUMep TeOpeTHYECKOH YacTH U UCIIOJIHSAEMOro Koia)

bubimorexa thrust 8 CUDA

Thrust - aTo 6ubaKOTEKA, OCHOBAaHHAsI HA UCIIOJIB30BAHUH 11a0JIOHOB (template) si3bika C++.
Bce ximaccsl u yHKIMH B 3TON OMOJIMOTEKH — IIAOJIOHHBIE.

bubnuoreka mpenocTaBiseT B - paclopsikeHHE — pazpaboTumka HAa0Op  pa3iMyHBIX
napajuieIbHBIX TPUMUTHBOB, TAKUX KaK pa3IHYHbIC TPeoOpa3oBaHusi, COPTHPOBKA, orepanuu reduce



u scan. [lpumensis thrust, MHOTME MAEWCTBHS MOTYT OBITh 3alMCaHBl C HCIOJIB30BAHUEM
MUHHUMaJIbHOTO 00BheMa kona. Bee mocneanaue Bepcun CUDA Bkito4aroT B ce0s thrust, Tak uTo mis
paboThI ¢ thrust HUKaKUX JTOMOJHUTEIFHBIX YCTAHOBOK HE MOHATO0HUTCS.
e HeT HeoOXoauMocTu padoTaTs ¢ ssapamu GPU;
STL-nono06HbIi 1u3aitH (KOHTEHHEPHI/UTEPATOPBI/AITOPUTMBI);
IIpo3payHble onepanuu ¢ JaHHbiMu B amsti GPU;,
Ha0Op YTWIIMTHBIX (QYHKIIUH U alNTOPUTMOB;
noctasisercs ¢ CUDA SDK 4.0.

DYHKTOP MJIsl TeHEePAllUN CJOYy4YaiiHOro Yyucja B auamna3one 0..10
class random {

public:

int operator() () {

return rand() % 10;

} 37

IMoacuer cymmbl kBagpaToB 3jieMeHTOB Ha GPU
nt final_sum = thrust::transform_reduce(gpudata.begin(), gpudata.end(),
square<int>(), 0, thrust::plus<int>());

JlabopaTopnasi pa6ora 8. Mozens ucnonuenust OpenACC
PeanuzoBath airopuT™M nocTpoeHus JepeBa npuHATus pemeHuid [D3 ¢ ucnonbpzoBaHuem
texHosnoruu CUDA.

Hcnoab3yemoe IO (cBOOOIHO pacTpocTpaHsIeMoe):
CUDA Toolkit or NVIDIA

IDE C++, Fortran, Python

®opma oTuera no JadopaTopHoii padore

B oT4er 10KHBI OBITH BKJIIOUEHBI CIEAYIOIINE TyHKTHI:
® TUTYJIBHBIN JIUCT;

11e7b paboTHI;

KpaTKUe TEOPETUYECKUE CBEJICHNUS,

OIMCaHME XO/1a BHINOJIHEHHsI paboThI;

Pe3yIbTaThl BBHIOJIHEHHON PaOOTHI.

TpedoBanus k opopmireHHIO

Otuér odopmiseTcss HMHIUBUAYAIbHO KaXIbIM CTYJCHTOM, BBIMOJHUBIIMM 33JaHMUS.
Crtpanuiibl 0T4€TA ClIeTyeT IPOHYMEPOBATh (TUTYJIbHBIN JINCT HE HyMEpYyeTcs, ajiee WIAeT CTPaHUIIa
2HT.0).

B ordere nomkHBI OBITH MpenCTaBICHbl SKpaHHbIE (OPMBI PE3YNIHTATOB BHIOJHEHUS
3aJJaHuH.

O6bEM 0TUETa T0JKEH OBITH ONITUMAJIBHBIM JIJIsl TIOHUMAHUS TOTO, YTO M KaK CAeJal CTYJeHT,
BBIMOJIHASL paboTy. OOs3aTenbHble TPeOOBaHUS K OTYETY BKIIOYAIOT OOINYI0 M CIEIHAbHYIO
rPaMOTHOCTb U3JIOKEHUS, a TAKXKE aKKYPaTHOCTh O(hOpMIIEHUSI.

Onucanue padoTsl (IpUMep UCHOJIHAEMOI0 K0J1a)
IIpumep SAXPY na C: OpenACC

void saxpy(int n, float a, float *x,



float *restrict y){
#pragma acc parallel
for (inti=0; i <n; ++i)
}y[i] =a*x[i] + y[i;

.s.éxpy(1<<20, 2.0,%,Y);

OpenACC API

JIupeKTUBBl KOMITUJISATOPY YKa3bIBAIOT 00JAcCTH MapalyIeIbHBIX BbIYKMCIICHUM B si3bikax C u
Fortran
® BBRITPY)KaeT 00JIaCTU C MHTEHCUBHBIMU BhIuuciaeHus MU Ha GPU.
e xox He 3aBucut ot OC, CPU, yckopuTens, 1 KOMIWIATOpA
Bo3moxHOCTB cO3/1aBaTh BEICOKOYpOBHEBbIe rubpuanbie (CPU+yckopurens) nporpamMmbl
e (0e3 SBHOU MHHIIMATN3AIUN YCKOPHUTEIIS
e 0e3 sBHOTO KonupoBaHus AaHHbIX Mexay CPU u yckopurenem

[IporpaMMHasi MOZAENb MO3BOJISIET MPOTPAMMHUCTY JIETKO HauyaTh mporpammupoBats GPU,
obecrieunBasi KOMITHIISITOP TIOJICKa3KaMu:
® JIaHHBIC JJIsl pa3MEIICHUS Ha YCKOPHUTENE U UX XapaKTePUCTUKU
® PEKOMEHJIAIUH 10 OTOOPAKEHUIO IIMKIIOB HAa YCKOPUTEIh
® U JIpyrue, CBSI3aHHBIC C IPOU3BOIUTEILHOCTHIO, ICTAIIH
CoBMecTuM ¢ qpyrumu s3bikamu nporpammupoBanust GPU u Oubnmorexkamu:
e BiaumojeiictBue ¢ CUDA C/Fortran u GPU 6ubnnorexamu
e Hanpumep CUFFT, CUBLAS, CUSPARSE, u T.x1.

KpuTtepun oneHku 3a OTYETHI 1O JIaOOPATOPHBIM paboTaM:

® MaKCHUMaJIbHBII Oal1 BBICTABJISIETCS CTY/IEHTY, €CJIM OH BBIIOJIHMIII paboTy B ITOJIHOM 00beMe
¢ coOmoieHneM HeoOXOJIMMOM IMOCIIeI0BaTeIbHOCTH JEHCTBUI; aKKypaTHO, 4eTKo U 0e3
OLIMOOK BBIITOJHUII OTYET, BHIBOJI MCUEPIIBIBAIONIUI U JOKA3aTENIbHBIH;

e 2 Oamra BBICTABISIETCS CTYICHTY, €CIM OH BBIOJHHI pPadOTy B TOJHOM oOBEME C
CcOoOII0ACHIEM HEOOXO0AUMOM ITOCIIEIOBATEIFHOCTH JSHCTBHIL; 0€3 OIMOOK BEITTOJHMII OTYET,
BbIBOJ McuepnbiBaonuil. CiocoOHOCTh K O0OOIIEHHIO MPUYMHHO-CIIEICTBEHHBIX CBS3eH
BaXHEHIINX (PAKTOPOB BBIpAKEHA HEJTOCTATOYHO;

e | OGamn BBICTAaBISETCS CTYAEHTY, €CIIM OH BBINOJHWI pabOTy HE IMOJIHOCTBIO, HO 00bEM
BBITTOJIHEHHOM YacTH TAaKOB, YTO MO3BOJISET MOJTYYUTh MPABUIIbHBIE PE3YJIbTATHl U BHIBOIBI;
BBITIOJITHEH C HECYHICCTBCHHBIMU 3aMCYAHUSAMM. BBIBOJI 110 pa60Te HC pacCKphIBa€T CYTH
paboTbl. Biasenue noHATUIHHBIM annapaToM TEMbl HEJOCTATOUHO;

e (0 OayiIoB BBICTABISETCS CTYJAEHTY, €CJIM OH BBIINOJHUI padOTy HE MOJHOCTHIO WM 00beM
BBITTOJIHEHHOM 4YacTH paOOThl HE MO3BOJSAET CeNaTh MPaBUIbHBIX BBIBOJOB. Her 3HaHuA
MPUHIUITHAIBHBIX TCOPETHUICCKUX MMOI0KEHUH TEMEL.

Tembl NMCbMEHHBIX Pa00T

Ne i/ Tempbl
1 Peanmaupm O6Y‘ICHI/I$I HCﬁpOHHOﬁ CECTHU C HUCIIOJIB30BAHHUCM TCXHOJIOI'MHU
CUDA




Ne ni/n

TeMBI

2 | Peanu3aiusi ajqroputMa IOCTPOCHHS JEpPEeBa TPUHITUS PEIICHUNA C
ucnosb3zoBanueM ainropurma ID3 u texnonorun CUDA

3 | Peanm3anusi anroputMa TMOCTPOCHHS JEpPEeBa NPUHITUS PEIICHUNA C
ucnoas3oBanueM aniroputma C4.5 u texnonorun CUDA

4 | Peanu3anus aJiropurMa IIOCTPOCHHS JepeBa NPUHATHS pEIICHUN ¢
ucnonb3oBanueM anroputma CART u texnonorun CUDA

5 Peanmmzanus anroputma KNN ¢ ncnons3opanuem texHoiaorun CUDA

6 Peanuzanms anroputma kmeans ¢ ucnonb3oBanueM texHosornn CUDA

7 | Peasm3anusi anropuTMa TIOCTPOCHHUS JEpeBa TNPUHATHA PEIICHHHA C
MCIoJIb30BaHueM anroputma Apriori u texHosoruu CUDA

8 | Peanu3aiusi T€HETUYECKOTO aJrOPUTMa C HCIOJIBb30BAaHUEM TEXHOJIOTHH
CUDA

9 | Peanm3aius aHaamM3a U300pakKeHUs C HCIOIb30BaHKEM MeToaa Viola-
Jones u Texnonoruu CUDA

10 | Peanmuzanus ananmsa n300pa)keHus ¢ ucmoiab3oBanueM metoga HOG SVM
u TexHosioruu CUDA

11 | Peanuzanus anroputMa nmoucka ycedeHHbIx nepeBbeB CART u TexHOMOTHH
CUDA

12 | Peanu3anusi 0Oy4YeHUsT HEHpPO-HEUETKOW CETH C HCIOJIb30BaHHUEM
texHosiornu CUDA

13 Peanuzanysi MoeIu TEHUTOP € MCnoJib3oBaHueM TexHonorun CUDA

14 | [Touck cymMMBI BCEX DJIEMEHTOB JEpeBa C HCIOJIb30BAHUEM TEXHOJOTHH
CUDA

15 | YMHOXeHHs MaTpPUIlBl HA BEKTOD ¢ Mcnosib3oBaHueM TexHosiorun CUDA

16 | Paspaborka amropurmMa 1o 3amade «OOemaromme Quaocode» ¢
ncnoap3oBanueM texHojgornn CUDA

17 | HaxoxaeHust 0OpaTHOM MaTpUIlbl ¢ Mcrosib3oBaHueM TexHosorun CUDA

18 | CxanspHOEe MPOM3BEICHHE BEKTOPOB C WCIIOJIL30BAHUEM TEXHOJIOTHH
CUDA

19 | Pemienuss CJIAY MeTomoM TMPOCTBIX WTEpaldii C HCIOJIb30BaHUEM
texHonoruu CUDA

20 | CroskeHHre BEKTOPOB ¢ ucnojbp3oBanneM TexHogorun CUDA

21 | HaxoxaeHusl ONpEACIHUTENII MaTPHUII C HMCIOJb30BAHUEM TEXHOJOTHU
CUDA

22 | PemieHne CHCTEMBI JIMHEHHBIX aireOpanuecKuX YpaBHEHHH MPSIMBIM
MetoJioM ["aycca ¢ ucnonb3zoBanrem texHosoruu CUDA

23 | [lowck moarpada B HEOPHMEHTHPOBAHHOM Tpade C HCIOIb30BaHUEM
texHonoruu CUDA

24 | TTouck nukioB B rpade ¢ ucnoab3zopanuem texHogoruu CUDA

25 | Yucnennoe auddepeHimpoBanme ¢ ucnoab3oanrueM Textonorud CUDA

26 | BelunciaeHue wWHTErpajga MetogoM Monrte-Kapio ¢ Hcmnoip30BaHHEM
texHosnoruu CUDA.

27 | YucneHHOE UHTETPUPOBAHUE C Mcmob3oBaHueM TexHonoruu CUDA.




Ne i/ Tembl

28 | Pemenue muddepeHInanbHbIX YPaBHECHHH C UCIIOIb30BaHUEM TEXHOJOTHH
CUDA

29 | M3y4yeHue CHOEKTPOB CIYYalHBIX MPOIECCOB C  KCIOJIb30BAHHEM
texHonoruu CUDA

30 | Pemenus CJIAY wuTepaliOHHBIMH METOJIaMH BapHAIIMOHHOTO THIIA C
ucnoJib3oBanueM TexHosorun CUDA.

31 | Ompenenenue COOCTBEHHBIX YHCEN H COOCTBEHHBIX BEKTOPOB C
ucnoJib3oBanueM TexHosorun CUDA.

32 | UtepaltmOHHBIH AITOPUTM YUCJIEHHOTO UHTETPUPOBAHUS c
ucnons3oBanueM Texnojorun CUDA.

33 | [lupamuanbHas COPTUPOBKA ¢ UCMOb30BaHueM TexHojoruu CUDA.

34 | BelmosHeHHME ~— Omepalii  HajJ ~ KpacHO-YePHBIMH  JIEPEBBSIMU  C
ucnonb3oBanueM texnonornu CUDA.

35 | BeimosHeHHEe omepalii Haj OMHOMHAIBHOW Kydell ¢ HCIOJIb30BaHHUEM
texHosnoruu CUDA.

36 | BeimosHeHue ornepanuii Haj (GUOOHAYYMEBON Kydel ¢ MCIOJIb30BaHUEM
texHosiorun CUDA.

37 | Ilouck B mmpuHy B rpade ¢ ucnoab3oBanreM TexHonorun CUDA

38 | Ilouck B riiyOuHy B rpade ¢ ucnoab3oBanueM texHonorun CUDA

39 | Ouepenu ¢ mnpuopuTeTaMH (peanu3alMii Ha MacCHBaX MW CIIHCKax,
COpPTUpYIOIIEE JIepeBO, OWHOMHUATBHAS OYEpe]h) C HCIOIBL30BAHUEM
texHonoruu CUDA

40 | PaboTa co circKaMu POMYCKOB ¢ Mcnojb3oBanueM TexHosorun CUDA

41 | BeimonHeHue onepanuii Haj B-epeBbsiMU ¢ UCTIOIB30BAHUEM TEXHOJIOTUN
CUDA

42 | TIpencraBieHue TMHEHHOTO CIMCKA B BH/IE COATAHCHPOBAHHBIX ICPEBHEB C
rcnoJib3oBanuem texHonoruu CUDA

43 | Peanuzanust (YHKIMHA JTUHAMHYECKOTO PACMpENeiICHUsS MMaMATH C
ucnoib3oBanueM texnonorun CUDA

44 | TlapamienbHble pactpeCIUTeId TaMITH C UCIIOJIb30BaHUEM TEXHOJIOTHUU
CUDA.

45 Brmonnenne onepanuii Hax Trie-AepeBOM C HCIIOJIB30BAHHEM TEXHOJIOTHH
CUDA

46 | BeimonmHeHwe orepanuii  Hang o Patricia-gepeBOM ¢ HCIOJIB30BaHHEM
texHosoruu CUDA

Kparkoe onucanue u perjiaMeHT BbINOJHEHHSA
Hanucanme kypcoBoit paboTel TpeOyeT JE€MOHCTpalM HaBBIKOB  IPUMEHEHUS
TEOPETUYECKUX U NMPAKTHUECKUX 3HAHWU, HAKOIJICHHBIX BO BpeMs JIEKIIMOHHON M J1TaOOpaTOpHOM
paboTHI CTYy/ICHTA.

CTyI[CHT MOXET JOHOJHUTh CIHCOK HCIIOJb30BaHHOM JIATCPATYPhI

COBPCMCHHBIMU

HCTOYHHWKaMH, HC MPEACTABIICHHBIMU B CIIMCKC peKOMeH}IOBaHHOﬁ JIUTEPATYpPhI, U B ,ZIaJ'II)HeI\/'IHIeM
HUCIIOJIBb30BAaTh COGCTBGHHBIG IOATrOTOBJICHHBIC y‘-ICGHBIe MaTCpHaJIbl.

A Takke HCIoab30BaTh Jtoboe pocrymHoe [10, peanusyronye 3a1adyu mporpaMMUPOBaHUS
rpau4ecKux MpoLeccopoB.




Kpurepun oneHku:

«OTIUYHO» - CTYACHT AOJDKCH IMPOACMOHCTPHUPOBATL PC3YJIbTATBI BBIIIOJIHCHUSA KprOBOﬁ
paboThl, COOTBETCTBYIOLIME ITOCTABIEHHBIM 3aJayaM, U MPEJOCTaBUTh OTYET, O(POPMIICHHBIH
JOJKHBIM 00pa30M U COJIEPIKAINi OMUCAaHUE IMOTYICHHBIX PE3yIbTaTOB

«XOpOIIO» - CTYACHT JIOJDKEH IMPOJEMOHCTPUPOBATh PE3yJbTaThl BBHIIOJIHEHUS KYypCOBOMH
pa6OTBI, COOTBCTCTBYIOIIHMEC IIOCTABJICHHBIM 3aJadyaM, W HOpPCAOCTaBUTL OTHYCT, co;[epncamm”l
OIKCaHUE MOMyYECHHBIX Pe3yIbTaTOB

«YIOBJIETBOPUTEIBHO» - CTYAEHT JOJDKEH IPOAEMOHCTPUPOBATH PE3YIbTAThl BBITOIHEHUS
KypCOBOi1 pabOThI, COOTBETCTBYIOIINE TOCTABIEHHBIM 3a/1a4aM, U MPEeIOCTaBUTh OTUYET

«HEYIOBIIETBOPUTEIBHO» - CTYAEHT HE IPOAEMOHCTPHPOBAN PE3YIbTAThl BBHIITOIHEHUS
KypCOBOi1 pabOThI



7.3. OueHo4YHbIe cpeICcTBAa [Jisl MPOMEKYTOYHONH aTTeCTAMM MO HUTOraM OCBOEHMA
JAUCHMILTUHBI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTaluu

CemecTtp 7

I /;-)1 Bonpocsl k 3k3aMeny
1 | Knactep B KOHTEKCTE NapajieIbHOTO TPOTPaMMUPOBAHUS
2 | AcuHXpOHHAasi MOJIENb NAapaJIENIbHBIX BBIYMCICHUN
3 | CHHXpOHHAs MOJIEJNIb NapaJICIbHBIX BHIYHACICHUI
4 | He3aBucumsle onepauuu. Onepanuy, BbIIOIHAEMbIE TapaJlIeIbHO
5 | Konseiiepuzanust u CynepcKaisipHOCTb
6 | CocTosiHuE U CBOWMCTBA MapaJUICIbHON MPOrPaMMBbI
7 | Texnomorust MPI B mapasielbHOM NPOrpaMMUPOBAHUHT
8 | O6men nanHBIME MeXy pasabeiMu MPI-iporpammamu
9 | KomnuectBo nporeccoB B MPI mporpamme
10 | Mopenu napayuienbHBIX BRIYUCICHUN
11 | YckopeHue napajuieabHON NporpaMmsl
12 | DddexTuBHOCTS MapaJUIETHLHON MPOTPAMMBI
13 | CtouMoCTh BBIYUCICHHUN TIO TAPAIJICIIEHON IPOTrpaMMe
14 | CepximHelHOE YCKOpEHUE
15 | Bujpl 1eKOMITO3UINH TTPH Pa3pabOTKe MapauIeIbHBIX TPOTpaMM
16 | AnropuT™Mbl COPTUPOBKH B NApaJLIEIbHOM IPOrPaMMHUPOBAHUN
17 | Unrepdeiic OpenMP 3anyman kak cTaHIapT napajijieIbHOr0 IporpaMMHUpPOBaHUS
18 | Ilpunimnsl opranu3anuu napauienansma B Open MP
19 | Tunsl qupexktuB Open MP
20 | dAupexTuBa for myis pacrpeeneHus BEIYUCICHUN B TApaJUIETbHON 00JIaCTH
21 | JlupexTHBa sections /il pacupeziesIeHHsI BBIUMCIEHUH B apaieNbHOM 001acTu
22 | lmpexTuBa single aiist pacnpeeneHns BEIYUCICHUH B TapauIeIbHON 0071acTH
23 | dupextuBa barrier B Open MP
24 | NupexTuBa atomic B Open MP
25 | dAupexTuna flush 8 Open MP
26 | B3aumuoe uckmouenue B Open MP
27 | Ilepemennrie okpyxenusi B Open MP
28 | AnnaparHoe obecneuenne GPU
29 | IlabnoHBI MapauIeTbHON KOMMYHUKAIIH
30 | ®dyngamenTanbHble anroputMel GPU
31 | bubimotexku CuBLAS u CuFFT CUDA
32 | Ilporpammuas mojaens CUDA
33 | Mognens uctionaenus CUDA
34 | Mognens namsatu CUDA
35 | ApXuTekTypa rpaguuecKux MporeccopoB
36 | OcHOBHBIE COCTaBHBIE 3JIEMEHTHI anmapatHoil peanuzanyu GPU
37 | Hpuxnagusie CUDA 6ubnuorexku
38 | bubmuoteka Thrust CUDA
39 | bubmmoreka CUTIL CUDA
40 | Atomapusie pyakin CUDA
41 | Onrummszanus CUDA nporpamm
42 | Crangapt qupektuBHOro nporpammupoBanust OpenACC




Bonpocsl K JKk3aMeH
n/n p y

43 | Mogenb nmamsT, Mojenb ucnoanenus OpenACC

44 | Cpenpl pazpabotku OpenCL u GPU-yTtunuthl

45 | omomuutenpHbie Bo3MokHOCTH OpenCL

7.3.2. Kputepuu 4 HOPMbI OLEHKH

dopma
NpoBeIeHus!
Cemectp N Kputepuu u HOpMBI OLIEHKHU
MPOMEKYTOYHOIM
aTTecTanuu
7 DKk3ameH (1o Crynent Habpan ot 80 mo 100
HAKOMUTEIbHOMY «OTJIMYHOY 0aJI0B MO0 HAKOMUTEIHLHOMY
pEUTHHTY) PEUTHUHTY.
Crynent Habpai ot 60 mo 79
«XOpOLIO» 0aJJI0B IO HAKOIUTEIbHOMY
PEUTHHTY.

Crynent Habpai ot 40 no 59
«YAOBIETBOPUTENIBHO» | OAJJIOB [0 HAKOMUTEIHLHOMY
PEUTHUHTY.

Crynent Habpan 39 unmn meHee
«HEYIOBJICTBOPUTEIHHO» | OAJIJIOB IO HAKOTTUTEILHOMY
pPEUTHHTY.




8. YueOHo-MeTOoqHYecKOe H HH(OPMAIIMOHHOE 00ecneyeHne JUCITUTNINHBI

8.1. Obsi3aTe/ibHAA JTUTEPATYypa

Tun (yueOHuk, yueoHoe

KoaunuyecTBO B

HAY4YHOH
Ne nocooue, y4eoHO-
ABTOpBI, COCTABUTEJIHN 3arsiaBue (3aroJjioBoK) T'ox m3panus ouoaunortexe /
n/n MeToinYecKoe nocooue,
HaumeHoBanue
NPAKTHKYM, JP.) 3EC
1 | bopeckoB A.B. [u np.]. [Tapannensubie Beruncnenus na GPU. ydaeOHoe mocodue 2015 Pexxum nmoctyma:
ApPXHUTEKTYpa ¥ MPOrpaMMHast MOZIeIb http://www.iprbo
CUDA [DnekTpoHHbI# pecypc] okshop.ru/54647.
html.— 5BC
«IPRbooks»
2 | Hekpacos K.A. [u np.]. [TapayieapHbIC BBIYMCICHUS 00IIEro yueOHoe rmocobue 2016 Pexum nocryna:
Ha3HAYCHUS Ha rpa)MuecKHX Mporeccopax http://www.iprbo
[DnekTpoHHBIH pecypc] okshop.ru/69657.
html.— 5BC
«IPRbooks»
3 | I'eprens B.II. Teopus U MpaKTHKa MMapauIeTbHBIX yuebHoe rmocooue 2020 Pexxum noctyna:
BBIYUCIICHUH [ DJIEKTPOHHBIN pecypc] http://www.iprbo
okshop.ru/89478.
html.— 5BC
«IPRbooks»
4 | boraués K.IO. OcCHOBBI IapaJUIETBLHOTO yuebHoe rocodue 2020 Pexum nocryna:

IIPOrpaMMUPOBAHUS [ DIEKTPOHHBIN pecypc]

http://www.iprbo
okshop.ru/20702.
html.— 9BC
«IPRbooks»

8.2. lonosiHMTE/ILHAS JIUTEPATYPA




Tun (yueOHuk, yueoHoe

KoaunuecTBO B

HAY4YHOI
Ne nocooue, yueoHO-
ABTOpBI, COCTABUTEIHN 3arsiaBue (3aroJjioBoK) T'ox m3panus ouodaunortexe /
n/n MeToaHUYecKoe mocooue,
NPAKTHEYM, AP.) HaumeHoBaHue
p y 9 p' BEC
1 Cocuun B.B., banakmun

I1.B.

BBenenue B napajsieibHbI€ BHIYUCICHHS
[DneKkTpoHHBIN pecypc]

ydueOHoe mocodue

2015

Pexxum pgocryna:
http://www.iprbo
okshop.ru/68646.
html.— DBC
«IPRbooks»




8.3. IlepeueHb mpogeccHOHANBHBIX 0a3 JaHHBIX U MH(POPMANMOHHBIX CHPABOYHBIX
cucTeM

SpringerLink https://link.springer.com/

8.4. [lepeueHb MPOrPaMMHOI0 o0ecneYyeHu st

Ne Hanmenopanue IO PexBu3NTHI norOB?pa
n/n (naTa, HOMep, CPOK JIelicTBHUS)
1 | CUDA Toolkit or NVIDIA CBoboaHO pacrnpocrpansemoe 110
2 IDE C++, Fortran, Python CBoboaHo pactpoctpansemoe [10
3 MATLAB&Simulink HoroBop  652/2014 or  07.07.2014
OEeCCPOYHBIN

8.5. Onucanne MaTepHaJbLHO-TEXHMYECKOH 0a3bl, HEOOXOAMMOM JJs OCylIleCTBJIEHUSsI
00pa3oBaTeILHOIO MPoIecca Mo JUCHUILINHE

n/n

HaumeHoBaHue 000PYyI0BAHHBIX Y4EOHBIX
Ka0OMHETOB, J1a00PaTOPHii, MACTEPCKUX U
Ap. 00bEKTOB [IJIsl IPOBEAeHUS
NMPAKTHYECKUX U JIAa00OPATOPHBIX 3aHATHIA,
MOMeIeHU 1JIs1 CAMOCTOATEIbHOMI
padoThl o0y4yaommxcs (HoMep ayJAUTOPHH)

IlepeyeHb OCHOBHOTO 060pPYA0BAHUS

Aynuropus BeO-KOH(GEPEHIIUH.

Y4ueOHast ayAuTOpUS JUIS IPOBEICHUS 3aHATHI
JICKIIMOHHOTO TUMNA. YueOHas ayAuToOpus s
NPOBEICHUS 3aHATHH CEMHUHApPCKOTO THIIA.
VYuyebHast  ayauropus UL KypCOBOTO
NPOCKTHPOBAHUS  (BBITIOJIHEHUS]  KYPCOBBIX
pabot). YuebHas ayauTOpHs AJIs IPOBEIACHUS
TPYIIOBBIX " WHIUBUIYATBHBIX
KOHCYNbTallMii  YueOHas ayauTopus i
NIPOBEICHUS 3aHATHIA TEKYIIErO KOHTPOJIS |
npomexxyrounoit arrecrarmu. (YJIK-807)

DKpaH TEJICBU3UOHHBIM,
MPOKEKTOP Ha ITaTUBE.
IpernoaaBaTeNbCKUiA, CTYJIbs
MpenojaBaTesIbCKUeE. , Tpancnapant-
NepeTsHKKA, CUCTEMHBII OJIOK.

[IUPMBI,
CTOJ

Komnerorepubii  kiacc. Ilomemenune mis
CaMOCTOSITENIbHOM paboTHI. VYuebHas
ayUTOpUsSL  JUISL  TIPOBEICHUS  3aHSATHMA
CEMHUHAPCKOTo TUMNa. YueOHas ayIuTopus s
KYpPCOBOTO TPOCKTHPOBAHUS  (BBIMOTHCHHUS
KYpPCOBBIX Pa0oT). YueOHas ayauTopus JUis
MIPOBEJICHUS TPYIIIOBBIX M WHIWBHIYATbHBIX
KOHCYJbTallMii. Yd4eOHas ayauTopus IUis
NIPOBE/ICHUS 3aHATHHA TEKYIIEro KOHTPOJIS U
npomexxyrouHoii arrecraruu. (I'-401)

CroJibl yueHUYECKHE, CTYIIbSI yYUCHUUECKHE,
IIK ¢ BerxogoM B ceTb MIHTEpHET.



https://link.springer.com/
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