MMHUCTEPCTBO HAYKHU U BBICIHIEI'O OBPA30OBAHUS POCCUMCKOM ®EJEPAIIN
deneparbHOE TOCYAAPCTBEHHOE 00 PKETHOE 00pa30BaTEIbHOE YUPEIKICHNUE
BBICIIET0 00pa30BaHUs
«TONMBATTUHCKUHN TOCYIaPCTBEHHBI YHUBEPCUTET)
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PABOYASA ITPOI'PAMMA JIUCHUIIJIMHBI

TexHoaorun MaCCUBHO-IIapa/lICJIbHbIX BBIYHCJICHUH

(HaumeHo8aHUE OUCYUNTUHDBL)

02.03.03 Maremarndeckoe 0OeCrieUeHUE U aIMUHUCTPUPOBAHNE HH(POPMAITMOHHBIX CUCTEM

MoOuIBLHBIE U CETEBBIE TEXHOJIOTUH

dopma 00ydeHus: ouHast
I'on Habopa: 2020
O6mras TpynoeMkocTb:6 3E

Pacnpeneﬂeﬂue JaCoB JUCIHUILIMHBI IO ceMeCTPpaM

Cemectp 7

®opma koutpoas | KP, Hroro
Buj 3ansarui DK3aMeH
Jlexuumn 16 16
JlaGopaTopHble 34 34
IIpakTHueckue
PykoBOJCTBO: KypcoBbie paboThl (rpoekThi) / PI'P 1 1
ITpomMexyTouHas aTTecTanus 0,35 0,35
KonraktHas paboTa 51,35 51,35
CamocrosTenbHas pabora 129 129
KoHTpoan 35,65 35,65
Hroro 216 216
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1. Ilean ocBOEHUN TUCIUILIHHDI

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

2. MecTo aucuuniaunsl B crpykrype OIIOII BO

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

JIMCUMIUINHBL ¥ IPAKTUKH, AJI1 KOTOPBIX OCBOEHUE AHHOM TUCIMIIIIMHBI HEOOXOAUMO Kak
IPEIIECTBYIOIIEe: HAIMCAHUE BHIITYCKHOM KBATM(UKAIIIOHHON paOOTHI.

3. Iliianupyembie pe3yJibTaThl 00y4eHUs1

dopmupyemble U HNuaukaropsl
KOHTpOJIUpYyeMble AOCTHKEHUS
N IInanupyemble pe3yjbTaThbl 00y4eHHS
KOMIIeTeHIUH KOMIIeTeHI Ui
(K0J1 1 HAUMEHOBAHUE) (K01 1 HAMEHOBAHUE)
[1K-7 Cniocoben [IK-7.1 3naer 3HaTh: aCIIEKThl COBPEMEHHOT' O
IIOHMMAThb U COBPEMCHHBIN MaTeMaTUYECKOTO anmapaTa B pelieHuu
OPpUMCHATH MaTeMaTHYeCKHH anmapar 3a/1a4 PO eCCHOHAIBHON JCATEHbHOCTH
COBPEMEHHbIH B PCHICHHHN 33724 YMeETh: IPUMEHSITH COBPEMEHHBIH
MaTeMaTUYEeCKU npodeccCHOHATBbHON MATeMAaTHUECKHii AITAPAT B PENICHUH
alliapat B peicHiH ACATCILHOCTH 3aa4 NpoQecCuOHANIbHOMN NesSTeTbHOCTH
3aad . Brnanets: HaBbIKaMu pellIeHUU 3a7a4
npodeccuoHaIbHON .
eATENbHOCTH npogeccuoHaIbHOM e TeTbHOCTH

[IK-7.2 YmeeT npuMeEHSTh
MaTeMaTUYECKU anmnapar
npu (OpMUPOBAHUU
pelIeHus 3a1a4uu U3
npodeccnoHanbHOMI
NeSITeIbHOCTH

3HaTh: CIIOCOOBI TPUMEHEHHUS
MaTeMaTHYeCKOro anmnapara npu
(hopMHPOBaHUHU PEILIEHUS 3aJa41 U3
npo¢eCCHOHANTBHON IEATETLHOCTH
YMeTh: NPUMEHSATh MAaTEMAaTUYECKUI
anmapat npu GopMUPOBAHUU PEIICHUS
3a/1a4u U3 MpodecCuOHATHHOM
JeSITeNIbHOCTH

Bnaners: HaBbIKaMu (hOpMUPOBAHUS
pelieHus 3aa4n u3 npodeccrnoHanibHON
JIEATETbHOCTH

T1K-7.3 Bnaneer
HaBBIKaMU PELICHUS 3a7a4
n3 podhecCuoHaTBLHON
JEeSTeIbHOCTH

3HaTh: CIIOCOOBI PelIeHNs 3a1a4 U3
npo¢eCCHOHATBHON IEATETLHOCTH
YMeTh: IPUMEHSTh HABBIKU PEIICHHS
3a/1a4 U3 npoecCHOHATHHOU
NESATSIIEHOCTH

Brnanerb: HaBbIKaMU pelIeHUS 3373y W3
PpoECCHOHATBHON e TETHHOCTH




4. CTpyKTYpa U cofepKaHue JUCHUILIHHBI

Monayasb (pa3aea)

Bun
yueOHoM
padoThI

HaumenoBanue TeM 3aHATHIA
(yuedHoli padoThI)

Cemectp

Oo0nemMm,

Banabl

HNuTepakTus, 4.

®opMbI TEKYLIETO
KOHTPOJIA
(HauMeHOBaHME
OLIEHOYHOI 0
cpencrsa)

Monyns 1. CUDA

Jlexuus

Tema 1. Annapataoe o6ecneuenue GPU u
111a0JIOHBI MapajlIeIbHON KOMMYHUKALIUH.
[Ipumeps! napamienu3anuu
[0CJIeI0BATENbHBIX AJITOPUTMOB
®yHnameHTanpHble anroputMbel GPU:
cBepTka (reduce), ckaHupoBaHue (scan) u
rucrorpamma (histogram), yrnjaoTHeHHE
(compact), cerMeHTUPOBaHHOE
ckaHupoBaHue (Segmented scan),
COpPTHPOBKaA

CP

AnmnaparHoe obecnieuenue GPU u
111a0JIOHBI MapajIeIbHON KOMMYHHUKALIUH.
[Ipumeps! napamienuzanuu
IIOCJIE0BATENBHBIX AJITOPUTMOB
®ynnameHnTanpHble anroputMbel GPU:
cBeptka (reduce), ckanupoBaHue (scan) u
ructorpamma (histogram), yrmioTHeHHe
(compact), cerMEHTUPOBaHHOE
ckaHupoBaHue (segmented scan),
COpPTHPOBKa

16

JIao

JlabopaTopnas padora 1.
®yHaameHTanpHble anroputMel GPU:
cBepTka (reduce), ckaHupoBaHue (scan) u
rucrorpamma (histogram)

Otuer no
nabopaTopHoii padoTte

JIa0

JlaGoparopnas padora 2.
®yHnameHTanpHble anroputMsl GPU:
YIUIOTHEHHE (compact),

Otuer no
nabopaTopHoii padote




Monayab (pa3aea)

Bun
yueOHoM
padoThI

HaumenoBanue TeM 3aHATHIA
(yuedHoli padoThI)

Cemectp

Oo0nemMm,

Banabl

HNuTepakTus, 4.

®opMbI TEKYLIETO
KOHTPOJIA
(HauMeHOBaHHE
OLIEHOYHOI 0
cpencrsa)

CEerMEHTUPOBAHHOE CKAHHPOBAHUE
(segmented scan), cOpTHpPOBKa

Jlexuus

Tema 2. Begenune B CUDA: nporpammHas
MO/IeJIb, annapaTHas peaau3aius,
ouomnorexu CuBLAS u CuFFT,
OpraHu3alys MOTOKa JaHHBIX

CP

Bsenenne B CUDA: nporpamMHas
MO/IeJIb, alnapaTHas peaau3aius,
ouomnorexu CuBLAS u CuFFT,
OpraHu3alysl MOTOKa JaHHBIX

16

JIa6

JlabopaTopnasi pa6ora 3. bubnuorexu
CuBLASu CUFFTCUDA

Otyer no
nmabopaTopHoi pabore

Jlexuus

Tema 3. Mogens ucnonnenus CUDA
GPU B cocraBe koMIbloTEpA.
IIporpammuas mogens CUDA.

CP

Mopnens ucnonnenust CUDA
GPU B cocraBe KOMIIBIOTEpA.
ITporpammuas monens CUDA.

16

JIa6

JlabopaTopnasi padora 4. [loarotoBka u
WHUIMAIU3alus YCTPOMCTBA, BbIICITICHHE
MaMsITH U NEePEChUIKa JAHHBIX

Otuer no
nmabopaTopHoO paboTe

Jlexmus

Tema 4. Moaens mamsatu CUDA.
Hepapxust maMaTu: r1odanpHasl,
JIOKaJbHAs U PETUCTPOBAs TAMSATb,
paznensieMas MamsTh

CP

Mogpens namsatu CUDA.
Hepapxwst maMaTu: r100anpHasl,

JIOKAJIbHad U pECrucTpOBas MaMsThb,

16




Monayab (pa3aea)

Bun
yueOHoM
padoThI

HaumenoBanue TeM 3aHATHIA
(yuedHoli padoThI)

Cemectp

Oo0nemMm,

Banabl

HNuTepakTus, 4.

®opMbI TEKYLIETO
KOHTPOJIA
(HauMeHOBaHHE
OLIEHOYHOI 0
cpencrsa)

paznenseMas naMsiTh

J1a0

JladopaTopnasi padora 5.Mojenb nmamsaTi
CUDA.

Ortuer no
mabopatopHoO# pabote

Jlexuus

Tema 5. O0beAMHEHHAS APXUTEKTYpa
rpaduueckux mporeccopoB. OCHOBHEIE
COCTaBHBIE JIEMEHTHI arinapaTHON
peamnzanuu GPU

CP

OObeuHEHHAs apXUTEKTypa
rpadudeckux npoueccopoB. OCHOBHbIE
COCTABHBIE JIEMEHTHI alllapaTHON
peanmszaunu GPU

16

JIao

JlaGopaTopHnasi pa6ora 6. AnmapaTtHas
peanuzanus GPU

Oruer o
nmabopaTopHOii pabote

Jlexuus

Tema 6. [Ipuknagusie CUDA Oubnuotexwu.
bu6nuoreka Thrust. bu6nmuorexa CUTIL.
Atomaphbie GpyHKUIMN. ONTUMH3AIMS
CUDA mporpamm.

CP

[Mpuknagasie CUDA OuGnuoTrex.
bu6muoreka Thrust. bubanorexa CUTIL.
Atomaphbie QyHKUIKUU. ONTUMH3AIMS
CUDA nporpamm.

16

JIao

JladopaTopnas padora 7.[lpukiiagaeie
CUDA 6ubnuotexku

Otuer no
nmabopaTopHOii pabote

Monayns 2.
OpenCLuOpenAC
C

Jlexmus

Tema 7. CTangapT AMPEKTUBHOTO
nporpamMmupoBanust OpenACC. Mogaens
namsiTv, MoJieb ucnojgHenus: OpenACC.

CP

Cranmapt AMPEKTUBHOTO
nporpammupoBanusi OpenACC. Monenb

16




®opMbI TEKYLIETO

Bun N KOHTPOJIA
Monayasb (pa3aen) | yueOHOi HaHMeHOBaHIEe Tem sarsrtun Cemectp Obn.em, banabl | UHTEepakTHB, 4.| (HAMMeHOBaAHME
(yuedHoli padoThI) u.
padoThI OLICHOYHOI'0
cpencrsa)
namsT, Mojiesb ucrnoiHeHus OpenACC.
Jlab JlabopaTopnasi padora 8. Mozens 7 4 Otuer no
ucnonHeHust OpenACC mabopatopHoO# pabote
Jlexums Tema 8. Cpensl pazpabotku OpenCL u 7 2
GPU-ytunutel. JlonoaHUTEIbHEIC
Bo3MOkHOCTH OpenCL.
Jlab CUDA, OpenCLuOpenACC 7 2 Otuer no
nmabopatopHoO# pabote
CpP Cpenpl pazpabotku OpenCL u GPU- 7 17
YTHIUTHL. JIOTTOTHUTETHHBIE BO3MOKHOCTH
OpenCL.
ITA [TpomexxyTouHas arrecrarus 7 1,35 Kypcoas pabora
DK3aMeH
KoHTpob 35,65
Hroro: 216

Cxema pacyera UTOroBoro 6ajia



5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

B pamkax w3ydeHHs TUCHHIUTMHBI «TE€XHOJOTMH MacCHBHO-TIAPAUICIbHBIX BBIYMCICHUI
MPEeyCMOTPEHO HCIIOJNIb30BAHUE CIICAYIOMUX OOpa30BaTENbHBIX TEXHOJIOTHHA: TEXHOJOTHS
TPATUIIMOHHOTO OOYYCHUS: JICKIIUU 1 Ta0OpaTOPHBIEC 3aHATHS, KypcoBasi padboTa.

6. MeTonuyeckue yKa3aHus M0 OCBOECHHUIO U CIUTIIHHbBI

HSY‘IGHH@ JOUCIHUITIINHBI TpeGyeT CUCTCMATHUYCCKOI'O M ITIOCJIICAO0BATCIBbHOI'O HAKOIIJICHUSA
3HAHWH, CJICIOBATEIHHO, IPOITYCKH OTACIBHBIX TEM HE MO3BOJISIIOT TNIYOOKO OCBOUTH IIPEIMET.

B xone neKuMOHHBIX 3aHATUHN 3a7aBaTh MPEMNOJIaBATENI0 YTOUHSIOIINE BOIMPOCHI C LIEJIbIO
YSICHEHHUS TEOPETHYECKUX MOJI0KECHHM, pa3peIieHus] CIOPHBIX CHTYaIUH.

CTYI[GHT MOXET HOOIIOJIHUTHL CIIMCOK I/ICHOJIBSOBaHHOfI J'II/ITepaTypBI COBpeMeHHBIMI/I
HMCTOYHHKAMHU, HE MPEJCTABICHHBIMH B CIIUCKE PEKOMEHIOBAHHOW JIUTEPATYPHl, U B JAJIbHEHUIIIEM
UCIIOJIb30BaTh COOCTBEHHBIE MOATOTOBJICHHBIE YUeOHbIE MaTepUabl PU HAIMCAHUU KYPCOBBIX U
BBITTYCKHBIX KBaTU(UKAITMOHHBIX PaOOT.

7. OneHoYHbBIE CPeACTBA

7.1. IlTacopT OLIEHOYHBIX CPEACTB

Cemectp Koa koHTpOIMpYyeMoii KOMIIeTeHIM U HaumenoBanue
(1M ee yacTH) OLICHOYHOI0 CPeACTBA
7 ITK-7 KomruiexT otyeToB 1o 1abopaTopHbIM
paboram 1-8
Bonpocsl k 3x3ameny

7.2. TunoBble 3aJaHUS] MU HHbIE MATePUAJIbI, HEO0X0IMMBbIe VIl TEKYLIEero KOHTPOJIs

7.2.1. JlaGoparopHas paboTa

(naumenosanue oyeHouHo20 cpeocmsa)

Tunosoii(bie) npumep(bl) 3aganus(1il)

JlaGopatopnas padora 1. dynnamenrtansnblie anroputMbl GPU: cBeptka (reduce),
ckaHupoBaHue (scan) u rucrorpamma (histogram)

Ucnone3ys ¢pynnamentanbubie anroputmbl GPU: cBeptka (reduce), ckanupoBanue (scan) u
ructorpamma (histogram) npuMEHUTH AITOPUTM COPTUPOBKHU CIUSHUEM K MAaCCHBY JIaHHBIX.

Hcnoanzyemoe IO (cBOGOIHO pacTpoCTpaHIEMOE):
CUDA Toolkit or NVIDIA

IDEC++, Fortran, Python

®opma oTuyera 1o J1adopaTopHoii padore

B oTuer 10KHBI OBITh BKIIOYEHBI CIEAYIOLIUE TYHKTHI:
® TUTYJIbHBIN JIUCT;

11e1b paboTHI,

KpaTKUE TEOPETUYECKUE CBEJICHNUS,

OIMCaHME X0/1a BHINOJIHEHHS padoThI;

Pe3yabTaThl BHITOJIHEHHON PaOOTHI.

TpebdoBanus k opopmiIeHUIO



Otuér odopmisieTcs HMHIWBUIYaTbHO KAXKIBIM CTYICHTOM, BBITIOJHUBIINM 3aaHMsL.
CrpaHunpl OT4€Ta CJEIyeT NPOHYMEPOBaTh (TUTYNBHBIA JIMCT HE HyMepyercs, najee HICT
cTpaHuua 2 u T.1.).

B otuere mOMKHBI OBITH TPEACTABICHBI SKpPaHHBIE (OPMBI PE3YJIBTATOB BBITIOJHECHUS
3a1aHUM.

OO0BEM oTuéTa JODKEH OBITh ONTHUMAIBHBIM JUISI MOHMMAHHUS TOTO, YTO M KaK CJeial
CTYICHT, BBINOJNHAS padory. OOs3arenbHbie TpeOOBaHUS K OTYETY BKIOYAIOT OOIIYI0 U
CHEHATBHYIO TPAMOTHOCTD U3JIOKEHHS, @ TAKXKE aKKypaTHOCTh O(hOpMIICHHSI.

Onucanne padoTsl (IpUMeEP TEOPETHYECKOH YACTH):

Ecnm nmaner nBe BemiectBeHHble (yHkiuu f(x) m g(x), mHTerpupyemnie Ha R, TOo ¢
MaTeMaTU4eCKOW TOUKM 3peHus cBeTka (reduce) mpeacrasiser coOor QYHKIMIO BUAA

(o)) = J, 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 JMHelHass KOMOMHAIUS OTKJIMKOB CHCTEMbI Ha
BxoHbIc 3HaucHus f[i]

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

Omepanysi CKaHUPOBAaHUS (SCan)TOXE BBIMOJIHACTCS HAJ MAaCCHBOM 3JIEMEHTOB, HO
OTIpeNIeNsIeTCs ONepaTOPOM CKAaHHPOBAHUS M €AMHUYHBIM 37eMeHToM (identity element).

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

Ucnonb3ys  ¢ynnamentampHbsle  anroputMel  GPU:  ymotHeHume — (compact),
CErMEHTHUPOBAHHOE CKaHUpoBaHue (segmented scan), COPTHPOBKA, MPUMEHHUTH aJTOPUTM
COPTUPOBKH CIUSHUEM K MAaCCUBY JAHHBIX.

Hcnoab3yemoe IO (cBO6OIHO pacTpocTpaHsIeMoe):
CUDATOoolkitorNVIDIA

IDEC++, Fortran, Python

®opma oTuera 1o JadopaTopHoii padore

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

11e1b paboTHI,

KpaTKHE TEOPETUUECKUE CBEACHMUS,

OIMCaHME X0/1a BBIIOJIHEHUS PadoThI;

Pe3yIbTaThl BBHITOJIHEHHON PaOOTHI.

TpedoBanus k opopmireHHIO

Otuér odopmisieTcs HMHIUBUAYaTbHO KAXKIBIM CTYICHTOM, BBITIOJHUBIINM 3aaHMsL.
Crpanunpl oTuéTa CIEIyeT NPOHYMEPOBAaTh (TUTYJIBHBIA JUCT HE HYMEpyeTcs, najiee HACT
cTpaHuua 2 u T.1.).

B otuere nomkHBI OBITH MPEACTABICHBI IKpaHHBIE (OPMBI PE3yJIbTATOB BHITIOJHEHHS
3aJaHUM.



OGT:GM otuéTa JOJI’KEH 6BITI: ONITUMAJIbHBIM [1JI1 IIOHHMMAHHWA TOro, 4TO M KaK CJACJIall
CTYJICHT, BBINOJHAA paboTy. OOs3aTenpHbIE TpeOOBaHUS K OTYETY BKIIOYAIOT OOIIYI0 |
CIEIHAIHYIO TPAMOTHOCTD M3JIOKEHHUS, a TAK)XKE aKKypaTHOCTh OPOPMIICHUS.

JladopaTopuasi pa6ora 3. buoimorexku CUBLASu CuFFTCUDA
Ucnons3ys 6ubmmoreknu CUDACUBLASu CuFFT, BemonHuth npeobOpazoBanue Oypbe u
oTiepaIuy HaJl MaTPUIIAMHU.

Hcnoab3yemoe IO (cBOOOIHO pacpoCTpaHsIeMOe):
CUDA Toolkit or NVIDIA

IDEC++, Fortran, Python

®opma oTuyeTa 1o JadbopaTopHoii padore

B oTuer 10KHBI OBITH BKJIIOUEHBI CIEAYIOIINE ITYHKTHI:
® TUTYJIbHBIN JIUCT;

1eb paboThI;

KpaTKUE TEOPETUYECKUE CBEJICHNUS,

OIMCAHME X0/1a BHIITOJIHEHHUS PaOOTHI;

pe3yJIbTaThl BHIIOJHEHHON PaOOTHI.

TpebdoBanusi Kk 0(popMIIeHUIO

Otuér odopmisieTcs HMHIUBUIYaIbHO KaXKIbIM CTYAEHTOM, BBIIIOJIHUBIIUM 3aJIaHUS.
Crpanunpl ordéra ciexyeT NPOHYMEpoBaTh (TUTYNIBHBIM JIMCT HE HyMepyercs, Jajnee HUIeT
cTpaHuna 2 u T.1.).

B otuere no/mKHBI OBITH NpEACTaBIEHbl SKpaHHbIE (OPMBI PE3YJIbTATOB BBIIOJIHEHUS
3a1aHUM.

OO0BéM oTuéra AOJKEH OBITh ONTUMAIBHBIM JUISI TIOHUMaHMUA TOTO, YTO M Kak ciemal
CTYIEHT, BBINOJNHAS pabory. OOs3arenpHble TpeOOBaHUS K OTYETY BKIIOYAIOT OOIIyI0 U
CHeLHaIbHYIO TPAMOTHOCTb U3JI0KEHHUs, a TAKXKe aKKypaTHOCTh O(hOpMIIEHUSI.

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

CUDA Toolkit or NVIDIA Bk/JII04YaeT CIUCOK OMOIMOTEK
e Thrust : 6ubnuoreka mabIOHOB
NPP: o6paboTka n300pakeHuil U CUTHAJIOB
CURAND: niceBo- 1 KBa3uciy4aiHbIE ynciIa
LIBM: crannapTHast OubIMOTeKa MaTeMaTHYeCKUX TPUMHUTHBOB
CUSPARSE : nuneiinas anre6pa ais pa3pe:KeHHbIX MaTPHUI
CUBLAS: nuneiinas anreGpa AJ1s INIOTHBIX MaTPHIL
CUFFT: npeobpazoBanue Oypbe

Ocodennocru oudanoreku CUFFT
Wntepodeiic nonoden FFTW
e OJHO-, ABYX- U TPEXMEPHBIC BEIIECTBEHHBIC
¥ KOMILIEKCHBIE TPpeoOpa3oBaHus
OpnunHapHasi ¥ IBOHHAs TOYHOCTh
OnnomepHoe ipeodpazoBanus A0 128
MUJUTHOHOB AJIEMEHTOB
[ToToKOBOE aCHHXPOHHOE BHIUUCIICHHE
Henopmanuzoanusiii BeIBOI: IFFT(FFT(A))=len(A)*A



Anroputm ucnons3oanue CUFFT Bxitouaer yethipe miara:

1. Brimenenune namsaru sa GPU

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

3. Brimonnenue npeoOpa3zoBaHus CTOJIBKO pa3, CKOJIBKO HEOOXOAMMO, UCIIONB3Ys yKa3aTelb
u3 mara 1

4. YHuuTOXEeHHE NpeodpazoBaHus HOCBOOOKAeHUE mamsaTH Ha GPU

Boi13oBCUFFT (pparmenT)

#defineN X 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
BbIJIEJICHUE MTaMATH U NEPECBUIKY JaHHBIX ¢ Ucoiab30BaHueM oubanorek CUDA.

Hcnoanzyemoe IO (cBOGOIHO pacpoCTpaHIEMOE):
CUDA Toolkit or NVIDIA

IDEC++, Fortran, Python

dopMma oT4eTa 1o JJadbopaTopHoii padore

B otuer JOJI?KHBI OBITH BKIIFOYEHBI CJICOAYIOIIUEC ITYHKTBI:
® TUTYIBHBIN JUCT;

11e7b PaboTHI;

KpaTKUEC TCOPECTUICCKHUEC CBECACHUA,

OITMCaHUEC XO0/Jda BBIIIOJTHCHU pa60TI>I;

pe3yIbTaThl BHITOJTHEHHOM PaOOTHI.

TpebdoBanus k opopmiIeHHIO

Otuér odopmisieTcs HMHIUBUIYaTbHO KaKIbIM CTYJEHTOM, BBIIOJHUBIINM 3aJaHMsL.
Crpanunpsl OT4€Ta ClEeIyeT NPOHYMEpPOBaTh (TUTYJIBHBIM JIMCT HE HyMEpPYETCs, Hajlee HAET
cTpaHuna 2 u T.1.).

B otuere n0MKHBI OBITH NPEACTABIEHBl SKpaHHbIE (OPMBI PE3YIbTATOB BBINOIHEHUS
3aJaHuH.

OO0BéM oTuéra AOKEH OBITh ONTUMAIBHBIM JUIS TOHHUMAHUS TOTO, YTO M KakK CJaeial
CTYIEHT, BBINOJNHAS pabory. OOs3arenpHble TpeOOBaHMS K OTYETY BKIIOYAIOT OOIIyI0 U
CHeHaTbHYIO TPAMOTHOCTb U3JIOKEHHUS, a TAKXKe aKKypaTHOCTh O(hOpMIICHHUS.

Onucanue padoTsl (IpUMep UCHOJTHIAEMOIr0 KOJIA):

Nuauuunanu3anus ycTpoucTBa:
cudaGetDeviceCount, cudaSetDevice, cudaGetDevice

Brinenenne namMaTu
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 JAHHbIX:

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.");

OcBOOOXKIEHUEIAMATH

cudaFree

if(cudaFree(wmCU)!=cudaSuccess)

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

JlabopaTopHas padora 5.Mozenb namstu CUDA.

Onucarb cnocoObl OTJHaAKM UM NPOAEMOHCTPUPOBATH  MPUMEPHI  HCIOJbB30BaHUS
pa3zenseMoil maMsITH TpU OIepalud TPAHCIIOHUPOBAHUS MATpPULbI, B TaOJHIle OTOOPa3UThH
BIWSAHHNE UCIIOJIB30BaHUA paBILGHﬂCMOﬁ maMsTU Ha CKOPOCTb BBEIYUCIICHUN

Hcnoanzyemoe IO (cBOGOIHO pacpoCTpaHIEMOE):
CUDA Toolkit or NVIDIA

IDEC++, Fortran, Python

®opma oTuyera 1o 1adopaTopHoii padore

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

1e7b paboTHI;

KpaTKUEC TCOPECTUICCKHEC CBECACHUA,

OITMCaHUEC XO0/Jda BBIIIOJTHCHU pa60Tr,1;

pe3yIbTaThl BHITOJTHEHHOM PaOOTHI.

TpebdoBanus k opopMiIeHUIO

Otuér odopmisieTcs HHIUBUIYaTbHO KaKIbIM CTYIEHTOM, BBIIOJHUBIIUM 3aJaHMUsL.
Crpanunpl oT4€Ta ClenyeT NPOHYMEpPOBaTh (TUTYJBHBIM JUCT HE HyMEpyercs, Jajnee HUIET
cTpaHuia 2 u T.1.).

B otuere nOMmKHBI OBITH NpEACTaBIEHBl SKpaHHbIE (OPMBI PE3YJIHTATOB BBIIOIHEHUS
3aJaHuH.

OO0BéM oTuéTa AOJKEH OBITh ONTUMAIBHBIM JUIS TOHHUMAHUS TOTO, YTO M KakK CJAenal
CTYIEHT, BBINOJNHAS padory. OOs3arenpHble TPeOOBaHMS K OTUYETY BKIIOYAIOT OOMIYI0 H
CHeLHATbHYIO TPAMOTHOCTb U3JI0KEHHs, a TAKXKe aKKypaTHOCTh O(hOpMIIEHUSI.

Onucanue padoTsl (MpUMep TEOPeTHYECKOH YaCTH)



Knaccudukanus

* Cucremsl ¢ o0meit (shared) mamsaTeio

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

Tunel namaru B CUDA

Tun namaru Hoctyn Yposens Boiienenuss | CKopocTh paboThI
Peructpsr R/W Per-thread Bricokasi(on-chip)
JlokajabHasi R/W Per-thread Huzkas (DRAM)
Shared R/W Per-block Bricokasi(on-chip)
Iao6anbHas R/W Per-grid Huzkas (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 k namsatu B CUDA uner otnensHoO aiis
o Kaxmoi mososunbl warp’a (half-warp) Tesla 10
o warp’a (Tesla 20)

JlabopaTopnasi pa6ora 6. AnmnaparHas peanu3sanus GPU
[IpousBecTu crnoxkeHue BEKTOPOB € Ucmoyib3oBanueM Texnonoruu CUDA

Hcnoab3yemoe IO (cBOGOIHO pacTpocTpaHsIeMoe):
CUDATOoolkitorNVIDIA

IDEC++, Fortran, Python

®opma oTuera 1o JadopaTopHoii padore

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

11e7b PaboTHI;

KpaTKUE TEOPETUYECKHE CBEJICHNUS,

OIMCaHUE XOJa BBIIOJHEHUS pabOThI;

Pe3yIbTaThl BBHINOJIHEHHON PaOOTHI.

TpebdoBanus k oopMiIeHUIO

Otuér odopmisieTcs HMHIUBUAYaTbHO KAXKIBIM CTYICHTOM, BBITIOJHUBIINM 3aaHMSL.
Crpanunpl oTuéTa CJEIyeT NPOHYMEPOBAaTh (TUTYJIBHBIA JUCT HE HYMEpyeTcs, najee HACT
cTpaHuua 2 u T.1.).

B otuere nmomkHBI OBITH MpEACTaBIEHBI AKpaHHbIE (OPMBI PE3YIHTATOB BHITIOJIHEHHS
3aJJaHuH.

OO0BéM oTuéTa NOJDKEH OBITh ONTUMAJLHBIM JJIS IIOHMMAaHUS TOrO0, YTO M Kak craenan
CTYIEHT, BBINONHAS pabory. OOs3arenbHbie TpeOOBaHUS K OTYETY BKIIOYAIOT OOIIYyI0 U
CIENUATLHYIO TPAMOTHOCTh HU3JIOKEHHSI, a TAK)KEe aKKYpPaTHOCTh 0(hOPMIICHHS.

Onucanue padoTsl (MpUMepP TEOPETUYECKOH YACTH)

AnnaparTHasi peaju3anms:



Haoop SIMD myJasTHnpOLECCOPOB
e  GPU npencrapnser u3 cedst HAOOP MyJIbTHIIPOIIECCOPOB
e Kaxnapiii mynbrumnporeccop ssisgercs SIMD-nabopom ckansipHbIX 32-X OHUTHBIX
IIPOLIECCOPOB
e Ha kaX/10M TaKTe MYJIbTUIIPOLIECCOP UCIIONHSET OJHY U TY K€ MHCTPYKIIMIO HaJl
®  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-rpynma moTokoB ()MKCHPOBAaHHOTO pa3Mepa, COCTOSIMIAs H3CKAISPHBIX
MOTOKOB C MOCJeI0BaTeIbHBIMU KOOPINHATAMH.

JlabopaTopuas padora /.Ilpuxnanusie CUDA OubnuoTtexu
Ucnone3ys texnomorun CUDA, mpousBecTH omepanuy HaJ MaTpULAMH: CJIOXCHHE,
BbIYUTAHUE, YMHOXKEHUE.

Hcnoab3yemoe IO (cBOGOHO pacnpoCcTpaHsieMoe):
CUDA Toolkit or NVIDIA

IDEC++, Fortran, Python

®opma oTuera 1o JadopaTopHoii padore

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

11e7b paboTHI;

KpaTKUE TEOPETUYECKUE CBEJICHNUS;

OIMCaHUE XOJa BBIITOJIHEHUS paOOTHI;

Pe3yabTaThl BHIOJIHEHHON PaOOTHI.

TpebdoBanus k oopmMiIeHUIO

Otuér odopmisieTcs HMHIWBUAYATbHO KaXKIBIM CTYIEHTOM, BBIMIOJHUBIINM 3aJaHMUSL.
Crpanunipl oTuéTa ClEIyeT NPOHYMEPOBAaTh (TUTYJIBHBIA JUCT HE HYMEpyeTcs, najee HAET
cTpaHuua 2 u T.1.).

B otuere nmomkHBI OBITH MpENCTaBIEHBI SKpaHHbIE (POPMBI PE3YJIHTATOB BBHITTOJIHEHUS
3aJaHUM.

OO0BéM oTuéTa NOJDKEH OBITh ONTUMAJLHBIM JJIS IIOHMMAaHUS TOrO0, YTO M Kak craenan
CTYIEHT, BBINONHAS pabory. OOs3arenbHbie TpeOOBaHUS K OTYETY BKIIOYAIOT OOIIYyI0 U
CIENUATEHYIO TPAMOTHOCTh MU3JIOKEHHS, a TAKKE aKKYpPaTHOCTh O(POpMIICHUSI.

Onucanue padoTsl (IpUMep TeEOPeTHUYECKOH YaCTH U UCIIOJHAEMOro Kojaa)

bubimorexa thrust 8 CUDA

Thrust - sTo OuOIMOTEKa, OCHOBaHHAs HA HWCIOJB30BAHWU IMAOJOHOB (template) s3bIka
C++.Bce knaccel 1 QyHKIMHU B 3TON OMOJIMOTEKH — ITIaOJIOHHBIE.

bubnmoreka mpemocTaBiseT B pacmopsDKeHHE — pa3paboTduMka Ha0Op  pa3iIHuYHBIX
MapajuIeIbHBIX TPUMHTHBOB, TaKWX KaK pa3jIMdHbIC MPeoOpa3oBaHMs, COPTUPOBKA, OIEPAIAN



reduce u scan. [Ipumensisi thrust, MHOrMEe AelicTBUS MOTyT OBITH 3alHMCaHbl C HCIOJIB30BAaHHUEM
MHUHHUMaJIbHOTO 00BheMa koja. Bee mocneanue Bepcun CUDA BkirodaroT B ce0s thrust, Tak uro st
paboThI ¢ thrust HUKaKMX JTOMOJIHUTENIBHBIX YCTAHOBOK HE TIOHAI00UTCSI.
e HeT HeoOXoauMocTu padoTaTs ¢ ssapamu GPU;
STL-nono6HbIi 1u3aitH (KOHTEHHEPHI/UTEPATOPBI/AITOPUTMBI);
IIpo3payHble onepauuu ¢ AaHHbIMU B amsitu GPU;
Ha0Op YTWIIMTHBIX (PYHKIIUH U QJITOPUTMOB;
nocrasisiercsi c CUDA SDK 4.0.

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

public:

int operator() () {

return rand() % 10;

M

IMoacuer cymMmMblI KBagpaToB dj1eMeHTOB Ha GPU
nt final_sum = thrust::transform_reduce(gpudata.begin(), gpudata.end(),
square<int>(), 0, thrust::plus<int>());

JlabopaTopuasi pa6ora 8. Mopens ucnonnenust OpenACC
PeanuzoBath anropuT™M nocTpoeHus JepeBa npuHAtus pemeHud [D3 ¢ ucnonbszoBaHueM
texHosnoruu CUDA.

Hcnoab3yemoe IO (cBOGOHO pacnpoCcTpaHsieMoe):
CUDA Toolkit or NVIDIA

IDEC++, Fortran, Python

®opma oTuera no JadopaTopHoii padore

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

11e7b paboTHI;

KpaTKUe TEOPETUYECKUE CBEJICHNUS,

OIMCaHME X0/1a BHIMOJIHEHHS padoThI;

Pe3yIbTaThl BBHIOJIHEHHON PaOOTHI.

TpebdoBanus k oopMiIeHUIO

Otuér odopmisieTcs HMHIUBUAYATbHO KaXKIBIM CTYJEHTOM, BBITIOJHUBIIUM 3aaHMUSL.
Crpanunpl oTuéTa CiEIyeT NPOHYMEPOBAaTh (TUTYJIBHBIA JUCT HE HYMEpyeTcs, najiee HACT
cTpaHuua 2 u T.1.).

B otuere momkHBI OBITH TpEACTaBIEHBI AKpaHHBIE (POPMBI PE3YIHTATOB BBHITIOJHEHHS
3aJJaHuH.

OO0BéM oTuéTa NOJDKEH OBITh ONTUMAJLHBIM JJIS IIOHMMAaHUS TOrO0, YTO M Kak craenan
CTYIEHT, BBINONHAS padory. OOs3arenbHbie TpeOOBaHUS K OTYETY BKIIOYAIOT OOIIYyI0 U
CIIENUATEHYIO TPAMOTHOCTh MU3JIOKEHHS, a TAKKE aKKYpaTHOCTh O(POpMIICHUSI.

Onucanue padoTsl (IpUMep UCHOJIHAEMOI0 K0J1a)
Ipumep 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, x,y);

OpenACC API

JIupeKTUBBl KOMOWISITOPY YKa3bIBAIOT 00JIACTUIIAPAIICBHBIX BBIYHCICHUNA B si3bikax C u
Fortran
® BBRITPY)KaeT 00JIaCTU C MHTEHCUBHBIMU BhIuuciaeHus MU Ha GPU.
e xox He 3aBucut ot OC, CPU, yckopuTens, 1 KOMIWIATOpA
BosmoxHOCT co31aBaTh BhICOKOYpOBHEBbIE ruOpuHbie(CPU+yckopuTens) nporpaMmsl
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:
e JaHHBIC JJIA Pa3MEIICHUs Ha YCKOPHUTENe U UX XapaKTePUCTUKH
® PEKOMEHJAlMU MO0 OTOOPAXKEHHIO IIUKIOB HAa YCKOPHUTEIb
® U Jpyrue, CBSI3aHHBIE C TPOU3BOIUTEILHOCTbIO, IeTaIIN
CoBMmecTuM ¢ gpyrumu s3bikamu nporpammupoBanust GPU u Oubnnorexamu:
e BiaumojeiictBue ¢ CUDA C/Fortran u GPU 6ubinnorexamu
e Hanpumep CUFFT, CUBLAS, CUSPARSE, u T.x1.

7.3.2. Kputepuu U HOPMbI OLEHKH

®opma
NPOBEACHUSA
Cemectp . Kpurtepuu u HOpMbI OLleHKH
NPOMEKYTOYHOM
aTTecTaluu
7 Otuer mo | «3aureHo» | OTMeTKa «3a4T€HO» CTaBUTCS CTYJICHTY,
nabopaTopHOH KOTOPBII MPOJIEMOHCTPUPOBAJT PE3YJIbTaThI
pabore BBITIOJTHEHUS JTAOOpaTOPHOU padoTHI,

COOTBETCTBYIOINE NIOCTABJICHHBIM 3a/1a4aMm, U
MIPEIOCTaBUII OTUYET, 0OPMIICHHBIN JOTKHBIM
00pa3oM M cosepKaliuil KpaTkoe OMHCcaHue
MOJIYYEHHBIX Pe3yIbTaTOB

«HE OTMeTKa «HE 3aYTEHO0Y» CTABUTCS CTYAECHTY,
3a4T€HO» | KOTOPBIM HE MPOJAEMOHCTPUPOBAI PE3YJIbTAThI
BBITIOJTHEHUS Ta0OpaTOPHON pabOTHI MK HE
MPECTaBUII MO HEM OTYET WK MPEICTABICHHBIN
OTYET HE COOTBETCTBYET TPEOOBAHUSM 1O
0(hOPMIICHHUIO.




BbinosiHeHHe KypcoBoii padoThI

Tembl KypcoBbIX padoT

Ne ni/m Tembl

1 Peanm3anus oOyueHust HEMpoHHOM ceTH ¢ ucnoib3oBanueM Texunonoruu CUDA

2 Peanuzanus anropurma IMOCTPOCHMS JI€pEBa INPUHATUSA PEIICHUH C HCIOJIb30BAHUEM
anroputma ID3 u texnomorun CUDA

3 Peanuzanus anropurMa IMOCTPOEHHUsI JI€pEBA IPUHATHSA PELICHUH C HCIOJIb30BAHHEM
anroputma C4.5 u texnonorun CUDA

4 Peanuzanus anroputma IMOCTPOCHMS JI€pEBa NPUHATUSA PEIIEHUH C HCIOJIb30BAHUEM
anroputma CART u rexnonorun CUDA

5 Peanuzanus anropurma kNN ¢ ucnonb3oBanueM texHosorun CUDA

6 Peanuzanus anropurma kmeans ¢ ucnonszoBanrem texHonorun CUDA

7 Peanuzanus anropuTmMa MOCTPOEHMSI J€peBa NMPHUHATHUS PEIIEHUN C HCIOJb30BAHUEM
anroputma Apriori u Texnonoruu CUDA

8 Peanuzanusi reHETHUECKOT0 aJIrOpUTMa € UcTonb3oBanneM Texnosoruu CUDA

9 Peanuzanus ananusa n3o0pakeHus ¢ UCrosb30BaHUeM MeToAa Viola-Jones u TexHOI0rMU
CUDA

10 Peanuzanus ananuza uzo0paxenus ¢ ucnoiab3zoBanueM meroga HOG SVM u texHonoruu
CUDA

11 Peanuzanus anropurma noucka yceueHHbIX gepeBbeB CART u texnonorun CUDA

12 Peanu3zanus oOyueHus Heillpo-HEUeTKOM ceTu ¢ ucnonb3zoBaHueMm texHoiaoruu CUDA

13 Peanuzanus Mmogenu reHuTop ¢ ucnosibzoBanueM texHosorun CUDA

14 ITorck cyMMBI BCEX 2JIEMEHTOB JIepeBa ¢ ucnop3oBanueM rexHosornn CUDA

15 YMHOKEHHS MaTpULIbl HA BEKTOP € ucnoJib3oBaHueM TtexHonoruu CUDA

16 Pa3zpaGotka anropurma mno 3amade «OOenaromue Quaocodsr» € HUCHOIB30BAHUEM
texHojorun CUDA

17 HaxosxneHus oOpatHoi MaTpHIbl ¢ ucnoib3oBanueM TexHonoruu CUDA

18 CxansipHO€ MPOU3BEJIEHUE BEKTOPOB C Mcmoib3oBanneM TexHosornn CUDA

19 Pemenus CJIAY Meronom npocThIX UTepanuii ¢ ucrnoiabizoBanuem texHogoruun CUDA

20 CrnoxeHue BEKTOpOB ¢ ucnonb3zoBanueM TexHoaorun CUDA

21 Haxoxaenus onpenenurenst MaTpuilbl ¢ ucrnoiab3oBanueM TexHojgorun CUDA

22 Pemenue cucrembl TUHEWHBIX anreOpanyeckuX ypaBHEHHH MpsMbIM MeToJoM [aycca c
ucnosb3oBanueM Texnosorun CUDA

23 ITouck noarpaga B HEOPUEHTUPOBAHHOM rpade ¢ ucnonpzoBanueM TexHoiaoruu CUDA

24 ITouck nuknoB B rpade ¢ ucnoib3zoBanuem texHoiaorun CUDA

25 YucnenHnoe auddeperurpoBanue ¢ ucnosnb3oBanueM texsosorun CUDA

26 Brruncnenne narerpana meronoM Monte-Kapio ¢ ucnonbs3oanueM texHosornn CUDA.

27 UYuclleHHOE MHTErpUpOBaHue ¢ ucnonb3zoBanneM texHosiornn CUDA.

28 Pemenune nugdepeHmanbHbIX ypaBHEHHH ¢ Hcnoib3oBanueM TexHojaorun CUDA

29 N3ydeHne CnekTpoB CIydailHbIX MPOIECCOB C HCIIOJIb30BaHUEM TexHosiorun CUDA

30 Pemenus CJIAY wnrepallMOHHBIMM METOJAaMHU BapHallMOHHOI'O THIA C HCIOJb30BAHUEM
texHosorun CUDA.

31 OmnpeneneHnne COOCTBEHHBIX 4YHCET M COOCTBEHHBIX BEKTOPOB C HCIOJb30BAHUEM
texHosorun CUDA.

32 HTepalilnoOHHBIA aJITOPUTM YHCIEHHOTO MHTETPUPOBAHUS C UCIIOJIb30BAHUEM TEXHOJIOTUN
CUDA.

33 IInpamuanbpHas COpTUPOBKA ¢ Ucnonb3oBaHueM TexHosornu CUDA.

34 BeinonHenne omepanuii  Hajg  KpacHO-YEPHBIMH  JEPEBbSIMHM C  HCIIOJIB30BaHHEM
texHosorun CUDA.




Ne i/ Tembl

35 Brimonnenue omnepanuii Haj OWHOMHUANBHOM Kyded C HCIOJIb30BAaHHUEM TEXHOJIOTUU
CUDA.

36 Breimonnenue omnepanuii Haj (UOOHAYYMEBOW Kydeill C HCIIOJIIB30BAHMEM TEXHOJIOTUU
CUDA.

37 [Touck B mupuHy B rpade ¢ ucnoiab3zoBanueM texronornu CUDA

38 ITouck B rimyouHy B rpade ¢ ucrnonabzoBanrem texnonoruu CUDA

39 Ouepenu ¢ npuopuTeTamMu (peaau3aliyd Ha MacCHBAX M CIIMCKAX, COPTUPYIOLIEE JIEPEBO,
OMHOMHAIbHAS OYepe/ib) ¢ ucrosb3oBanueM TexHosorun CUDA

40 PaboTa co crimckamu poITycKoB ¢ ucrosb3oBaHueM TexHonorua CUDA

41 Boinosnnenue onepaumii Hag B-nepeBbsiMu ¢ ucnonb3zoBanuem texHogoruu CUDA

42 [IpencraBieHnne JHMHEWHOTO CHHUCKa B BHUAE CcOaJaHCHPOBAaHHBIX JEPEBHEB C
ucnosyp3oBaHueM texHosorun CUDA

43 Peanuzamus (QyHKUMHA OUHAMUYECKOTO pacHpeleieHuss NamsITH C HCHOJIb30BaHHEM
texunosiorun CUDA

44 [TapannenpHble pacnpeaenuTeNny NaMsITi ¢ ucnosib3oBanueM Texnonorun CUDA.

45 Brimonnenue onepanwmii Hax Trie-gepeBoM ¢ ucnoab3oBanueM TexHonorun CUDA

46 Brimonnenue onepanwmii Haj Patricia-nepeBom ¢ ucronb3oBanueM texaoiaorun CUDA

KpaTkoe onucanue u perjiaMeHT BbINOJHEHHSA

Hanucanue kypcoBoil  paboTel TpeOyeT JOEMOHCTpAllMM  HaBBIKOB  IPUMEHEHUS
TEOPETHUECKUX W MPAKTUYECKUX 3HAHUMN, HAKOTUICHHBIX BO BpEMs JICKIIMOHHOW U J1abOpaTOpHOM
paboThI CTyIEHTA.

CTy,ILeHT MOXET JOIIOJIHHUTH CIIMCOK HCIIOIb30BaHHON JUTCPATypbl COBPCMCHHBIMU
UCTOYHUKAMU, HE MPEJICTABICHHBIMHU B CIIUCKE PEKOMEHJOBAaHHON JIUTEPATyphl, U B JalbHEHIIEM
UCTIOJIB30BaTh COOCTBEHHBIE MOATOTOBICHHBIC YI€OHBIE MaTEPUAIIBI.

A Taxke McIoib30BaTh Jr06oe goctynHoe 10, peanusyrolye 3agaun IporpaMMUpPOBaHHUS
rpauyecKux Mporeccopos.

Kpurepuu onenku:

«OTIUYHO» - CTYJEHT JIOJDKEH MPOJIEMOHCTPUPOBATh PE3YJbTAaThl BHIIOJIHEHUS KypCOBOM
paboThl, COOTBETCTBYIOILME IIOCTABJIEHHBIM 33JadyaM, M IPEJOCTaBUTh OTYET, O(POPMIIEHHBIH
JOJDKHBIM 00pa3oM M coJieprKallliii ONUCaHKe TOTY4YE€HHBIX pe3yabTaToB

«XOpOIMIO» - CTYIEHT JOJDKEH INPOJEMOHCTPUPOBATH PE3YNIbTAThl BBHIMIOJHEHUS KYpCOBOM
palboThl, COOTBETCTBYIOIIME IIOCTABJICHHBIM 3a7ayaM, M THPEAOCTaBUTh OTYET, COEp KalUi
OIHCaHKE MOJYYEHHBIX Pe3yJIbTaToOB

«yIIOBJIETBOPUTEIHHO» - CTYICHT JOJDKEH MPOJEMOHCTPUPOBATH PE3YNIbTATHI BHITIOIHEHUS
KypCOBOH paboThl, COOTBETCTBYIOIINE MOCTABIEHHBIM 33/1a4aM, U MPEeI0CTaBUTh OTYET

«HEYJOBIIETBOPUTEIBHO» - CTYICHT HE MPOACMOHCTPHPOBAT PE3YJIbTAThl BBHITIOJHEHUS
KypcOBO# paboThI




7.3.0neHOYHbIE CpeacTBa IS NMPOMEKYTOYHOH ATTeCTAllMM IO MTOraM OCBOCHUS

AUCHHUITINHbI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTaluu

CemecTtp 7

Ne
/i Bonpocsl k 3k3aMeHy
1 | Yro Takoe KjacTep B KOHTEKCTE NapaJIeIbHOTO IPOTrPAMMHUPOBAHHUS?
2 | KakoBa acMHXpOHHas MOJIeJIb NapaJIJIeJIbHBIX BBIYUCICHUIN?
3 | KakoBa cHHXpOHHAast MOJIENb MAPAJIICIbHBIX BRIYUCICHUN?
4 | Uro npencTaBiisAOT HE3aBUCUMBIE ONEpALMU, ONIEpallH, BBIIOJIHAEMbIE TAPAJLIETIbHO?
5 | KakoBbI KOHBelepu3alus U CynepcKalsipHOCTh?
6 | Yro co0oif MpeacTaBIsSIOT COCTOSTHUE U CBOWCTBA MAapauIeIbHON MPOrpaMMbl ?
7 | KakoBa TexHonorust MPI B napanieisHoM IporpaMMHUPOBaHUM?
8 | Kak mpoucxoaut oOMeH gJaHHBIMU MeXAy pazHeiMu MPI-nporpammamu?
9 | KakoBo xonudectBo mpoieccoB B MPI nmporpamme?
10 | KakoBbI MOJI€NIN TApAIIICITBHBIX BHIYHACICHUHN?
11 | Yro Takoe yCcKOpeHUE mapajielbHONH IPOrpaMMBbl?
12 | Yro Takoe 3PeKTHBHOCTH MapaLICITBHON MPOrPaMMBI?
13 | KakoBa cTOMMOCTH BBIYUCIICHHUH 0 MAPAJLICIBHON porpaMme?
14 | YUro Takoe cBepXJIMHEHHOE yCKOpeHue?
15 | KakoBbI BUBI IEKOMITO3UITUH MIPH Pa3padOTKe MapajuIeIbHBIX TPOrpamMm?
16 | KakoBbl aJITOPUTMBI COPTUPOBKH B NApAJLIEIbHOM ITPOrpaMMHUPOBAHUU ?
17 | llouemy unTepderic OpenMP 3agyman Kak cTaHAApT NapaJLICIIbHOTO TPOrPAMMUPOBAHUS ?
18 | KakoBbl IpUHIMIBI Opraiu3anuu napauieauzma B OpenMP?
19 | Kakossl Tunb! qupektuB Open MP?
20 | Yto Takoe nupekTuBa for Iuis pactpe/ieIeHrs BRIYHCICHUH B TapauiebHON o0nactu ?
21 | Yro Takoe OUpEKTHBA sections /Ui pacupeieseHHsI BBIUMCIEHUH B apajienbHOM o01acTu?
22 | Yro Takoe nupeKTHBa single s pacnpeeneHns BEIYMCICHUH B MapaluIebHOM 001acTn?
23 | Yro Takoe nupekrtuna barrier B Open MP?
24 | Yro Takoe nupektuBa atomic B Open MP?
25 | Yro Takoe nupektusa flush B Open MP?
26 | Yro Takoe B3auMHoe uckmoueHue B Open MP ?
27 | Yro Takoe nepeMeHHbIe OKpykeHus: B Open MP ?
28 | Yro coOoii mpeacrapisier annapaTHoe obecneuenue GPU?
29 | KakoBbI 1a0I0HBI MapaJuIeTIbHOH KOMMYHHUKAIIAHN ?
30 | KakoBsl (hyHnamenTanbuble anroputMsl GPU?
31 | Yro takoe 6mbmmorexknn CuBLAS u CuFFT CUDA?
32 | Kakosa nporpammuas mojenb CUDA?
33 | KakoBa monens ucrmonmaenus CUDA?
34 | KakoBa mozgens mamsitu CUDA?
35 | KakoBa apxurekrypa rpadu4eckux npoueccopon?
36 | KakoBbI OCHOBHBIE COCTAaBHBIE AJIEMEHTHI anmapatHoi peanmzanun GPU?
37 | KakoBsl npuknaaasie CUDA 6ubnuortexu?
38 | Yro Takoe 6ubmmotexka Thrust CUDA?
39 | Yro takoe 6ubmmorexka CUTIL CUDA?
40 | KaxoBsl aromapublie pynkiun CUDA?
41 | Kaxosa onrtummsanmst CUDA mporpamm?
42 | KakoB cTaHgapT IMpeKTUBHOTO nporpammupoBanus OpenACC?




Ne

u/n Bonpocsl k 3k3ameny

43 | KakoBbl Mosienb TaMATH, MOAEb ucroiaHeHuss OpenACC?

44 | Kaxossl cpensl pazpadbotku OpenCL u GPU-ytunuts! ?

45 | KakoBbl 10TIOTHUTENIBHBIC BO3MOKHOCTH OpenCL?

46 | KakoBo maremarnyeckoe onucanne anroputma GPU creprka (reduce)?

47 | KakoBo maTtematudeckoe onucanue anroputma GPU ckanmpoBanue (scan)?

48 | KakoBo matematndeckoe onucanue anroputma GPU rucrorpamma (histogram)?

49 | KakoBo maremarndeckoe onucanue anroputma GPU ymnotHenue (compact)?

50 | KakoBo marematuueckoe onucanue anroputma GPU cermeHTHpOBaHHOE CKAHUPOBAHHE
(segmented scan)?

51 | KakoBbI OCHOBHBIE MaTeMaTHYECKUE ONIEpaINK NojepkuBaembie Ononrorekoir CUBLAS?

52 | KakoBbl OCHOBHBIE MaTeMaTHUYECKHE ONepanuy nojaepxxuBaemoie Ondauorexoir CUFFT?

53 | KakoBbI OCHOBHBIE MATEMATHUYECKHE ONEPali IO AAepKUBacMbIe OnbOarnoTeKoi Thrust?

54 | KakoBbl OCHOBHBIE MaTEMaTHUYECKUE ONIEpAIH Mo epkuBaembie Onoamorekoir CUTIL?

55 | B pemennn kakux 3a1a4 mpoheCCHOHATBHON AeATENbHOCTH (P PEKTUBHO HCIIOIB30BAHNE
oubmuoreku CUBLAS?

56 | B pemiennu kakux 3a1a4 mpoeCCHOHAIBHOMN IeATeNbHOCTH 3()(PEeKTUBHO NCTIOIB30BAHNE
o6ubmuoreku CUFFT?

57 | B pemiennu kakux 3a1a4 mpoeCCHOHATBHON IeATebHOCTH 3()(PEeKTUBHO NCTIOIB30BAHNE
6ubmmorexku Thrust?

58 | B pemennn kakux 3a1a4 npoeCCHOHATBHON IeATeNbHOCTH 3()(PEeKTUBHO NCTIOIB30BAHNE
o6ubmuoreku CUTIL?

59 | B pemennn kakux 3a1a4 mpoheCCHOHAIBLHON AeATebHOCTH 3()(PEKTUBHO HCIIOTB30BaHHE
anroputma GPU cermenTupoBanHoe ckanupoBanue (segmented scan)?

60 | B pemennn kakux 3a1a4 mpoeCCHOHATBHON eATeNbHOCTH 3()(PEeKTHBHO NCTIOIB30BAHNE
anroputma GPU ymorHenue (compact)?

7.3.2. Kputepuu U HOPMbI OLEHKH
®opma
Cemectp NIPOBELCHHH Kputepuu u HOpMBI OLIEHKH
NPOMeKYTOYHOM
arrecTanuu
7 DKk3aMeH CTyIeHT H0JKEH 3HaTh ONpeeeHus,

«OTJIMYHO» | METOJIbl U TEXHOJIOIUH IPOTrPAMMHUPOBAHMS
rpaduueckux npoueccopon (GPU) NVIDIA

CTyneHT A0KeH pa3oupaTbcs B OCHOBHBIX
TEPMHHAX U MMOHATUAX. 3HaeT OCHOBHBIE
METO/BI U TEXHOJIOTUH NPOrPaMMHUPOBAHUS
rpaduueckux npoueccopon (GPU) NVIDIA

«XOopouo»

CTyneHT A0KeH pa3oupaThcs B OCHOBHBIX

«YOOBJICTBOPU | TCPMUHAX U ITOHATHAX. 3HaeT HCKOTOPBIC
TEJILHOY METO/BI U TEXHOJIOTUH NPOrPaMMHUPOBAHUS

rpaduueckux npoueccopon (GPU) NVIDIA

CTy,Z[CHT HE 3HaeT HanuOoJiee BaXKHbIC
OMpeACIICHUA, HC MOXKET OPUCHTUPOBATLCA B
MaTCcpHrajIc

«HEYIOBJIETBO
PHUTEIILHO




8. YueOHo-MeTOoMYecKOe U MH(OPMAIIMOHHOE o0ecriedeHHne AUCIUNIHHbI

8.1. Obsi3aTe/ibHAA JTUTEPATYypa

Tun (yueOHuK, ydeOHOE

KoanuyecTtBO B

HAYYHOU
Ne nocodoue, yueoHo-
ABTOPBI, COCTABUTEH 3aruaBue (3aroJi0BOK) I'ox n3panus ouoamorexe /
n/n MeToIMYecKoe mocooue,
HaumeHoBaHue
NPaKTHKYM, JP.) 3EC
1 | P. PoGwu, /1. 3amopa Po6wu, P. ITapamiensHbie 1 yaeOHoe mocooue 2022 OBC «Jlanb»
BBICOKOTIPOU3BOIUTEIbHBIC BEIUUCIICHUS / P. Pexwum nocryna
Po0wu, /1. 3amopa ; mepeBo] ¢ aHTIIHICKOTO ‘https://e.lanbook.
A. B. JlorynoBa. — Mocksa : JIMK Ilpecc, com/book/24112
2022. — 800 c. — ISBN 978-5-97060-936- 4
1.
2 | . B. ITapdenos, . A. [Mapdenos, /1. B. [TapamnensHbie u yueOHoe rmocooue 2022 3BC «Jlaub»
[TerpyceBud pacrnpeieneHHble BEIYUCICHNUS | yaeOHOe Pexxum moctyna
nocodue / /1. B. ITapdenos, 1. A. https://e.lanbook.
[TerpyceBnuy. — Mocksa : PTY MUPDA, com/book/26565
2022. — 92 c. 8
3 | I'eprens B.IL. Teopus u npakTHKa napauIeIbHbIX yuebHoe rnocobue 2020 Pexum nocryna:
BBIUUCIICHUH [ DJIEKTPOHHBIN pecypc] http://www.iprbo
okshop.ru/89478.
html.— 5BC
«IPRbooks»
4 | borauér K.1O. OCHOBBI TapaJLICITHHOTO yaeOHoe Tmocooue 2020 Pexxum mocryma:

IIPOrpaMMHUPOBaHUs [ DIEKTPOHHBIN pecypc]

http://www.iprbo
okshop.ru/20702.
html.— 3BC
«IPRbooks»

8.2. lonotHuTEIBHAS IUTEPATYPA




Tun (yueOHUK, yueOHOE

KoanuyecTBO B

HAYYHOU
Ne nocooue, yueoHo-
ABTOPBI, COCTABUTEH 3arsaaBue (3aroJioBoK) I'ox n3panus ounoaunorexe /
n/n MeTOoHYeCKoe Mmocodue,
HaumeHoBaHue
NPAaKTHKYM, JP.) 3EC
1 | CocuuH B.B., banakmmn BBenenue B nmapamienbHbIC BEIYUCICHHS yaebHoe mocooue 2015 Pexum mocryma:
I1.B. [DneKTpOHHBIH pecypc] http://www.iprbo
okshop.ru/68646.
html.— 5BC
«IPRbooks»
2 | bopecko A.B. [u np.]. [TapannensHblie Beunciaenus Ha GPU. yuebHoe mocodue 2015 Pexxum nocryna:
ApXUTEKTypa 1 MporpaMMHast MOJIENb http://www.iprbo
CUDA [DnekTpoHHbI# pecypc] okshop.ru/54647.
html.— 5BbC
«IPRbooks»
3 | Hekpacos K.A. [u ap.]. [TapamiensHbIe BEIYHCICHUS OOIIETO yaeOHoe Tmocooue 2016 Pexxum mocryma:

Ha3Ha4YeHUs Ha rpaduuecKux mporeccopax
[DnexTpoHHbIH pecypc]

http://mwww.iprbo
okshop.ru/69657.
html.— 5BC
«IPRbooks»




8.3. Ilepeuennr mpodeccHoHAIBLHBIX 0a3 TaHHBIX M HMH(POPMAIHOHHBIX CHPABOYHBIX
CUCTEM

1) MHTYUT. HanuoHalbHBIA OTKPBITBIM YHHBEPCUTET [DIEKTPOHHBIA pecypc]|. —
Pexxum moctyma: http://www.intuit.ru/. — 3aru. ¢ skpana.

2) Hayunass snextponnas OuOmmoreka eLIBRARY.RU [Dnekrponnsiii pecypc]. —
Pexxum nocryma: http://elibrary.ru/defaultx.asp. — 3aru ¢ skpana.

3) OtkpeiToe  oOpasoBanme [DnekTpoHHBI  pecypc]. — Pexum  gocryma:
https://openedu.ru/. — 3arux ¢ skpana.

8.4. IlepeyeHb MPOrpaMMHOIo obecnevyeHus

Ne Hammenopanne IO PexBU3UTHI L[OFOB?pa
n/n (nara, HOMep, CPOK JAeHCTBHUA)
1 | Windows: noroBop Ne 757 ot 04.07.2018, cpok
WinPro 10 RUS Upgrd OLP NL Acdmc JIEHCTBUSA — OECCPOUHO;
KoHTpakT Ne 1653 ot 14.12.2018, cpok
JIEHCTBUS — OECCPOYHO
2 | Office Standard:
Office Stdandard 2013 Russian OLP NL koHTpakT Ne 690 ot 19.05.2015, cpok
AcademicEdition JeUCTBHS — OECCPOYHO
Office Stdandard 2016 Russian OLP NL noroop Ne 757 ot 04.07.2018, cpok
AcademicEdition JEHCTBUSA — OECCPOUHO
Office Stdandard 2016 Russian OLP NL koHTpakt Ne 727 ot 20.07.2016, cpok
AcademicEdition JeUCTBHS — OECCPOYHO
3 | CUDA Toolkit or NVIDIA CBobosHO pacnipoctpansiemoe 110
4 IDEC++, Fortran, Python CBoboaHo pacnpoctpansiemoe [10
5 | Mathcad Education - University Edition | koutpakt Ne 469 ot 05.06.2020, cpok
Subscription (25 pack) JEHCTBUS — OECCPOTHO

8.5. Onucanne MaTepHaIbHO-TeXHHYECKOH 0a3bl, HEOOXOAMMOI A5 OCYyLIeCTBJIEHHA
0o0pa3oBaTeIbHOIO MpoLecca Mo JMCUUILINHE

HaumenoBaHue 000py10BaHHBIX Y4eOHBIX

Ka0MHeTOB, 1a00paTOPHii, MACTEPCKUX U

Ne Ap. 00bEKTOB /1JIsl IPOBe/ICHUs!

/Il | MPAaKTHYeCKHX U JJA00PATOPHBIX 3aHATHI,
NMOMeIIeHUH VISl CAMOCTOATEIbHOMI

padoThI o0yqawmmxcsi (HOMep ayJAUTOPHH)

ITepeyenb 0CHOBHOTO 000pYyAOBAHMA

KomnbroTepnsiit knacc. YueOHast ayautopus | Komnbetorep (Monutop 197, cuctemHbIi
JUIS TIPOBEACHUS 3aHSATUH JeKIIMOHHOTO Tuma. | 6mok Pentium (R) Dual-Core E5500 2,8
YueOnass aymutopuss ana  nposeaenus | GHz /4 Gb /500 Gb), ctonsl yueHnyeckue
3aHATUM CEMUHApCKOro Tuma. YyeOHass |, CTOJBI  KOMIIBIOTEpHBIE ,  CTOJ
1. ayIUTOpHUsS JUIS TIPOBENICHHsS JIA0OPATOPHBIX | MPEMOAABATENbCKHMA,  CTYJIbs,  JIOCKA
pabot. YueOHast ayauTopusi Al KypCOBOTO | ayIuTOpHasi(MeroBas)

MPOEKTHUPOBAHUS  (BBITIOTHEHUSI  KYPCOBBIX
pabor). YueOHast ayauTopust Uil TPOBEACHUS

T'pYIIIOBBIX n HHAWBUAYAJIbHBIX




n/n

HaumeHoBaHue 000py10BAHHBIX YUYeOHBIX
Ka0UHEeTOB, JJa00paTOPHii, MACTEPCKUX U
Ap. 00bEKTOB /1JIsl IPOBe/IeHUs!
NPAKTHYECKUX U JIAa0OPATOPHBIX 3aHATHH,
NMOMeNIeHU JJIfl CAMOCTOATEILHON
pa6oThl o0yuarmmxcsi (HOMep ayAUTOPHH)

IlepeyeHb 0CHOBHOTO 000pYy/A0BaAHMA

KOHCYJbTallMii  YueOHas ayauTopus JUIs
IIPOBEACHUS 3aHATUM TEKYILEro KOHTPOJA U
MPOMEXYTOUHOM aTTecTanun., Y JIK-401

YyeOnass  ayauropus

JICKIIMOHHOI'O

JUIL  TIPOBEIICHUS

3aHATHN THoa. YdeOHasg

ayIuTOpUsl s IPOBENCHUS]  3aHATUU
CEMHHApPCKOro TUMna. Y4yeOHas ayIuTOpus JUIs
KYpPCOBOTO TMPOEKTUPOBAHUSA (BBITIOJHEHUS
KYPCOBBIX Pa0oT). YueOHas ayauTopus IS
MPOBEACHUS TPYMIOBBIX U MHAUBUIYATbHBIX
KOHCYNbTAllMi. Y4eOHast ayauTopust IJis
MPOBEACHUS 3aHATUN TEKYILEro KOHTPOJsS U

mpoMexyTouHoit arrectanuu.YJIK-418

CroJbl YYCHHUYCCKUEC

(MOHO0IT0K),

JIBYXMECTHBIC
3-x
CTOII

JOCKa AyJAUTOPpHAasA

CEKIIMOHHAS (MenoBas),
NPETOIaBaTeIIbCKUN , CTYJbBS, IMPOEKTOP

Acer

[Tomenienue 115 caMOCTOSITENIbHOM pabOThI
crynenros (I'-401)

CTOJII)I, CTYJIbsA, KOMIIBIOTCPLI

[Tomenienue 115 caMOCTOSITENIbHOM pabOTHI
obyuatoruxcs (C-401).

[Ixadbr a1 TOKyMEHTAIUU, JOCKU
MarHHMTHBIE, CTOJIBI MUCEMEHHEIC, CTOJIBI
KOMIBIOTEPHBIE
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