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1 Hean 1 3a0a4u M3YyYeHHUs TUCHUILIMHBI (MOAYJIs1)

1.1 Ilean ocBOEHHS JUCHUILIHHDI
dopmMupoBaHUE Yy CTYICHTOB 3HAHUHA U MPAKTUYECKUX HABBIKOB Pa3paO0TKA MHOTOIOTOYHBIX U
BBICOKOIIPOU3BOIUTENbHBIX NPUIIOKEHUH Ha s3bike CH++ ¢ ucnoib3zoBanueM TexHosoruii POSIX
Threads, OpenMP, CUDA, ROCm wu OpenCL. OcBoeHHe apXWUTEKTYPHBIX TPHHIIHUIIOB
napawiensubix BoeluuciaeHuit Ha CPU um GPU, a Takxke HU3KOYpPOBHEBOW ONTHUMHU3ALMU IO
coBpemeHnHsbIe mpoieccopsl (SSE, AVX).

1.2 3agauu AUCHUIINHBI

1. U3y4nuTh OCHOBHBIE IPUHLIUIIBI TAPAIIIEIIBHOTO MPOTPaMMHUPOBAHUS U CUHXPOHU3ALIUN
ITOTOKOB.

2. Ocouts API POSIX Threads u cpeacrsa napamnenuzma C++.

3. Hayuuthcs ucnonb3oBath OpenMP i pacniapanienvBaHusl BBIYUCIEHUN Ha YPOBHE
MTOTOKOB U ITUKJIOB.

4. V3yunTh OPUHLMIBI BEKTOpU3aLMU BbIUMCIEHUN c npumeHenneM SSE u AVX-
WHCTPYKLUH.

5. OcBoutb ocHOBbI GPU-niporpammupoBanus Ha CUDA, ROCm u OpenCL.

6. Pa3BuTh HaBBIKM MPOMUIMPOBAHUS M ONTUMM3AIMK Koja noj apxutrektypy CPU u
GPU.

1.3 MecTro qucuuninHbl (MOayJisl) B CTPYKTYpe 00pa3oBaTe/ibHON NPOrpaMMbl
Hucuunnuna «llapannenbHoe M HU3KOYPOBHEBOE INPOTPaMMHMPOBAHHME» OTHOCHUTCSA K
«Yactp, ¢popMupyemasi ydacTHHUKaMU 00Opa3oBaTelbHBIX OTHOIICHM» bioka 1 «/lucuumimHb
(MomynH)» y4eOHOTO TJIaHa.
JInst n3ydeHus: IUCUMILIMHBI CTYICHT JOJKEH BIIAJETh 3HAHUSIMUA, YMEHUSAMH U HABBIKAMU
no aucumiuinHaMm: lIporpammupoBanue, AJNTOpUTMBI M CTPYKTYpBl JaHHBIX, OmnepalnroHHbIE
CUCTEMBI, C KOTOPBIMH IMCLUIIJIMHA CBA3aHA JOTMYECKHU U COJIEPKATEIIbHO -METOINYECKH.

[[I/ICHI/IHJ'II/IHa B 3HAUYUTEIILHON CTCIICHH B3aHMOﬂeﬁCTByeT JJIA (bOpMI/IpOBaHI/IH
KOMITIETSHITUH C JUCHUITIIMHAMM

- Texnonoruu 06pabOTKU OOJIBIITUX TAHHBIX;
- CoBpeMEHHBIC METO/IbI KOMIIBIOTEPHOTO 3PCHHUS;
- IloaroroBka TaHHBIX MAIIUHHOTO OOYYCHUS;

- MU B poOGOTOTEXHHUKE.

1.4 IlpodeccuonanbHbIEe POJIM B CTPYKTYpe 00pa3oBaTeibHOM NPOrpaMMbl

Ponw 1: Data Analyst (Ananumuk 0anmwix)

3aoauu:

1. Cmamucmuyeckuil ananus, 6u3yaiu3ayus OAHHbIX, NPeosapumenbHas
obpabomka.

2. Coz0anue npocro3nvix mooerell

3. Ilocmpoenue anarumuieckux mooenel 0Jis1 NOOOEPAHCKU OU3HeC-peuleHU.
Ponv 2: MLOps (Cneyuanucm no sxkcnayamayuu MH)

3aoauu:

1. DevOps ona ML.

2. Asmomamusayus, monumopune ML-cucmem.

3. Onepayuonnoe ynpasnenue sHcusHeHHoviM yuxkiom ML-mooenetl.

Ponv 3: AI PM (Meneoowcep npoexmog HH)



3aoauu:

1. Ynpasnenue HH-npoexmamu om uoeu 00 HeopeHus
2. Ananusz dusnec-mpebosanuili U NOCMAHOBKA 3a0ay

3. Oyenxa s¢pgpexmusnocmu u ROI UH-pewenuii

1.5 Ilepeuenb MJaHMPyeMbIX Pe3yJbTATOB 00yUeHHs] MO JUCHUIIMHE (MOLYJII0),
COOTHECEHHBIX C IVIAHUPYEMbIMH Pe3yJIbTATAMHU 0CBOeHHsI 00pa30BaTeIbHOM MPOrpaMMbl

N3yuenne panHHOW yueOHOW AMCHUIUIMHBI HAMpaBieHO Ha (GOpMHUpPOBAHUE VY
00yJaromuxcs CIEAYIOMNX KOMITETCHIINN:

OIIK-4

OIlK-4.1

OIlK-4.2

OIIK-5

OIIK-5.1

OIIK-6

OIIK-6.1

OIIK-6.2

PL-15b

PL-1.4

Cnoco0eH HAX0UTh, AHAJIM3UPOBATh, PeaTU30BbIBATH IPOrPAMMHO U
HCMOJb30BATH HA MPAKTHKE MATeMATHYeCKHE AJITOPUTMBI, B TOM YHCJIE €
NpUMeHEeHHEM COBPEMEHHbIX BbIYNCIANTENbHBIX CHCTEM

PazpabarbiBaeT 1 ONTUMUBHPYET ATOPUTMBI C YIETOM BBIUYHUCITUTEITHHON
CJIO’)KHOCTH | amlmnapaTHBIX OrPaHUYCHUM

3HaeT MPUHIMITBI PA0OTH COBPEMEHHBIX TEXHOJIOTHH MapalljIeIbHOTO
nporpammupoBanus (pthreads, std::thread, OpenMP, CUDA).

TecTupyeT 1 BHEIPSET aITOPUTMBI B peajbHbIC 33/1a4H, OIICHUBASI UX TOUHOCTh U
MIPOU3BOIUTEITHLHOCTD

YMeeT UCroIp30BaTh COBPEMEHHBIE TEXHOJIOTHH TSI peaTu3alliy MapauieIbHBIX
MIPUJIOKEHUH B X0JI€ TaOOpaTOPHBIX paboT, apryMEeHTHPOBAHHO OOBSCHSS BEIOOD
METO/IOB paclapauieIMBaHUs U CTPYKTYPBI TPOTPaMMBI.

Crnoco0eH MOHUMATH MPUHIMIIBI PA00THI COBPEMEHHBIX HH(POPMALMOHHBIX
TEeXHOJIOTHH U MCI0JIb30BATh UX JIA pellleHus 3a1a4 NpPodeccuoHaIbHOM
AeAITeIbHOCTH

[IpuMeHsieT COBpeMEHHBIE S3bIKH IPOTPAMMHUPOBAHUS U TEXHOJOTHH JUISI PEILIEHHUS
MAaTE€MaTHYECKUX U BBIYUCIUTENBHBIX 3aa4

YMmeeT pazpabaTbIBaTh AITOPUTMBI U IPOTPaMMbI C IPUMEHEHUEM COBPEMEHHBIX
TEXHOJIOTHI MapauIeIbHOTO MporpaMmMupoBanus u ontumusammu 111 CPU/GPU.
YMeer ucnonb30BaTh OTEYECTBEHHBIE U MEKIYHAPOIHBIE HHCTPYMEHTBI
(koMITUIIATOPBI, OUOTMOTEKH, TIPO(daiisIepsl) 1 000CHOBBIBAET BEIOOP TEXHOJIOTHI
Ui 1a00PaTOPHBIX PabOT U MPOEKTOB.

Cnoco0eH pa3padaTbiBaTh aJIrOPUTMbI U KOMIIbIOTEPHbIE POTrPaMMBbl,
NPUTOAHBbIE /ISl MPAKTUYECKOr0 IPUMEHEeCHHU S

Pa3pabarbiBaeT 3peKTUBHBIE ANTOPUTMBI U pEaIU3yeT UX B BUJIE IPOTPAMMHOIO
KOJIa C YYETOM BPEMEHHOM U MPOCTPAHCTBEHHOM CII0KHOCTH

3HaeT U 000CHOBBIBAET MPUMEHEHHE OTEUECTBEHHBIX M MEXKTYHAPOTHBIX
MHCTPYMEHTOB (KOMIWISITOPBI, ONOINOTeKH, podaiinepsl) 11 1abopaTOPHBIX
paboT U MPOEKTOB.

[IpumeHsieT MeToAbl CTPYKTYPHOT'O U 00BEKTHO-OPUEHTHPOBAHHOTO
MIPOrpaMMHUPOBAHMS, CO37]a€T MOAYJIbHBIE U MACIITAOUpyeMble TPOTrPAMMBbI
YMmeeT pazpabaTbIBaTh AITOPUTMBI U TIPOTPAMMBI, IPUMEHSISE OCHOBBI HH(POPMATUKHI
Y IPOTrpaMMHUPOBAHUS K MPOEKTUPOBAHUIO, KOHCTPYUPOBAHUIO U TECTUPOBAHUIO
NapajuieIbHbIX IPOTPAMMHBIX POAYKTOB.

Brageer coBpeMEeHHBIMU TEXHOJIOTUSMHU MMAPATUIETILHOTO TPOTPpaMMUPOBAHUS U
GPU/CPU ontuMu3zanuu.

CnocobeH npumeHAMb A3bIK NPO2pamMmmuposaHus Python dasa peweHus 3aday 8
obnacmu MU

Mpoekmupyem cucmemeol pacnpeoesnéHHbIX eblvucaeHuli Ha Python 0na agppekmusHoii
06pabomku 6016w 020 Konu4ecmea 3ada4

OnTUMU3UPYET KO/ C UCTIOTH30BAaHHUEM OMOIMOTEK JIIsl HAYYHBIX BHIYHCICHUH.
Cnocoben npuMeHsTh OcHOBHbIE pyHKIIMHU (perimBopka PySpark, moxer



PL-2 11

PL-2.1

PL-3 b

PL-3.1

CaMOCTOSITEIBHO TIOCTPOUTH MPoIiece 00pabOTKU OOTBIINX TaHHBIX C
ucnoib3oBanrem Airflow

(M) CnocobeH npumeHamo JVM-coemecmumeole A3bIKU MPO2PAMMUPOBAHUSA 05
peweHus 3aday 8 obnacmu UN

Paszpabamebieaem u omaaxcueaem npuKaadHble peweHus Ppa3Ho20 YPOBHSA CAOXHOCMU
U 0719 WUPOKO20 Kpyad KOHEYHbIX nosnb3oeameneli ¢ ucnonv3osaHuem JVM-
COBMECMUMbIX A3bIKO8 NPO2PAMMUPOBAHUA, mecmupyem, ucnbimosiédem u oyeHueaem
Kayecmeo makux peweHuli

[Tonumaet MojeNb MaMATH Java U CroCcOOEH MOACPKUBATH MPUIIOKEHUS C
BBICOKHMM MMapaJUISIIM3MOM U KOHKypeHIuel. [lonnmaeT anroputMel COOpKH Mycopa
Y CHIOCOOCH ONTHUMH3UPOBATH COOPKY Mycopa.

(B) CnocobeH npumeHameb A3biKu npo2pammuposaHus C/C++ 0aa peweHus 3a0a4
obaacmu N

Paspabambisaem u omaaxusaem 3¢pheKkmueHblie MHO20MoOMoYHble peweHusa Ha C++,
mecmupyem, ucrnbimosieaem U oyeHuUsdem Kayecmeo makux peuweHuli

3HaeT OCHOBBLI CHHTAKCHCA SI3BIKA.

3HaeT 061111/16 HpI/IHHI/IHbI HapaJ]J]eJ]LHLIX BBI‘-II/IC.HGHI/II\/'I U ITIOHUMACT HpO6HeMBI,
BO3HHUKAIOIIHME ITPpH pacnapalyiICInBaHUX aJITOPUTMOB.

[IpoBomuT pacmapamienBaHue MPOCTOTO aNroput™a ¢ mpuMernearnem OpenMP,
cTanaapTHbIX oubmuorek C/C++ umu mp.

Perraer nmpo0seMbl 0THOBPEMEHHOT'O IOCTYIIA K JaHHBIM U3 HECKOJBKUX MOTOKOB,
TPaMOTHO MPUMEHSIET aTOMAapPHBIE OIEPAIlii K MEXaHN3M OJIOKHMPOBOK.

OreHuBaeT POU3BOIUTENBHOCTD, YMEET IPO(PHUIHPOBATEH KO U YCTPAHsIET HAlICHHbIE
Y3KHE MECTa.

IlornMaeT BO3MOXHOCTH U OrpaHUYCHUSA BCTPOCHHBIX CUCTEM.

Haxoaut u ucrnonb3yer OMOJIMOTEKH, COOTBETCTBYIOIIME PelIacMOi 3a1ave.

3Haer ocHOBBI cHHTaKcuca s3bika C/C++, OCHOBBI mocTpoeHus cucreM M, obrme
TIPUHIUITBI TapalJICIbHBIX BBEIYHCIICHUH.

YMeer UCojib30BaTh CPEICTBA OTIIAKU U IPOPHINPOBAHHUS KO, HAXOAUTh YUaCTKH
KoJa, orpaHMYMBArOIIUE IMPOU3BOAUTEIbHOCTh CUCTEMBI.

2. CTpyKTypa M coaepkaHHe TUCHHUILINHbI

2.1 Pacnpenesienne TPyaA0éMKOCTH IMCIUILIMHBI 110 BUJAaM padoT

OO6mrast Tpy10EMKOCTh AUCIUILUIMHBI COCTaBIIAET 2 3a4. ef. (72 Jaca), uX pacrpeaciieHue
110 BUJIaM paboT IMPEICTaBICHO B TAOJIUIIE

CemecTpnl
Bua yueOHo# padoThI Beero (4acel)
4acoB |,
KonrakTHas padora, B TOM 4HcjIe: 34,2 | 342
AyauTOpHBbIE 3aHATHSA (BCEro): 32 32
3aHATHSA JIEKIIMOHHOI'O THUIA 16 16
JlaGopaTopHbIe 3aHITHS 16 16
3aHATUS CEMUHAPCKOTO TUIA (CEMHHAPBI,
MIPAKTUYECKHUE 3aHITHS)
HNnas koHTakTHas padora: 2,2 2,2
KonTpons camoctoarensHoii pabotsl (KCP) 2 2
ITpomexyrounas arrecranus (MKP) 0,2 0,2
CamocrosiTesbHasi padoTa, B TOM YHCJIE: 37,8 | 37,8
Kypcosas pabota
[TpopaboTka yueOHOTO (TEOPETHUECKOTO) 10 10
Marepuana
BrinonHenue nHANBUYaTbHBIX 3aaHUI 278 | 278
(moaroroBka cooOIIEeHUH, Mpe3eHTaIHi) ’ '




Pedepar

IToaroToBKa K TEKyIEMY KOHTPOJIIO

KonTpoJib: 0 0

IToaroroBka K sK3amMeHy 0 0

Jac. 72 72
B TOM 4HcJIe
OO0masi Tpy10€eMKOCTh KOHTAKTHAasi 34,2 | 34,2

pabora
3a4. e 2 2

2.2 CTpyKTYypa TUCHUILINHBI

Pacrnipenenenne Bu1oB yueOHOM pabOThI U UX TPYAOEMKOCTH MO pa3zesiaM JAUCHUIIINHBI.

Paznensl (TeMBbI) TUCITUTIIINHBL,

u3ydaemsble B 4 cemecTpe

KosmmyecTBo yacos
Bueayn
Ne HaumenoBaHue pa3zesoB (Tem) Beero AynurtopHasi padora "TOJ)Ha
padora
J 113 JIP CPC
1 2 4 5 6 7
BBenenue B mapajiiesibHOE IPOrpaMMHUPOBaHHE.
1. 8 2 2 4
ITotoku u poreccer B OC.
2 POSIX Threads (pthreads): co3ganue, ynpapieHue u 8 5 9 4
) CUHXPOHU3ALIHSI IOTOKOB.
=+ <t
3 IMapamnenusm B C++: std::thread, mutex, future, 8 9 2 4
async.
4 OpenMP: mupeKTHUBHI pacmapauIeTnBaHUs, CEKITUH, 8 2 5 4
" | penyKuuu, mpopuIMpoOBaHNe
5 Bekropuzarus 1 ontuMu3anus Beraucaenuit: SIMD, 3 5 5 4
" | SSE, AVX.
GPU-nporpaMMupoBaHue: OCHOBBI apXUTEKTYPhI
6. 8 2 2 4
CUDA, Mojieab OTOKOB M IIAMSITH.
OpenCL u ROCm: xpoccraTdhopMeHHBIE
7. 8 2 2 4
Beraucienus Ha GPU.
OnruMu3aIys 1 MpoPIIHpOBaHNE TapauICTFHBIX
8. npuitokeruit Ha CPU u GPU. 13,8 2 2 9.8
HUTOI'O no pa3aenam AuCHUNIHMHBI 69,8 16 16 37,8
KonTtposas camoctosarensHoii pabotsl (KCP) 2
ITpomexyrounas arrecranus (MKP) 0,2
[ToaroroBka K TeKylemy KOHTPOJIIO 0
O01masi TPY10€MKOCTD 10 THUCHUIJINHE 12

Ipumeuanue: JI — nexyuu, 13 — npaxmuyeckue sawsmusi/cemunapwl, JIP — nabopamopuvie 3ansmus, CPC —
camocmoamenvras paboma cmyoeHma

2.3 Conepxanue pa3ienoB (TeM) TUCHHILINHBI
2.3.1 3aHATHSA JEKIIMOHHOTO THIIA

®opma
TeKyLIero
Ne HaumeHnoBanue pa3aea (TeMbl) Conep:xanue pa3zjesia (TeMbl) KOHTPOI
b
1 2 3 4
BBejenue B mapasuieibHOE Moens npoueccoB U NOTOKOB. Paznuuue
nporpammuposanue. llotoku u IIOTOKOB U 1mpoleccos. IIpenmymectsa u
1. oC JIP
HPOLECEBL B L. PHUCKHU NAapAJUIETBHOTO UCIIOJHEHUS.
OCHOBBI MHOTOIIOTOYHOCTH U




HaumenoBanue pa3jeJia (TeMbl)

Conep:xanue pa3zjiea (TeMbl)

®opma
TEeKyLLero
KOHTPOJI
b

3

4

pacrpeneIEHHBIX BHIYUCIICHUH.
Apxutektrypsl CPU (SMP, NUMA).
Bsenenue B noustue *race condition® u
*deadlock™.

POSIX Threads (pthreads):
cOo3JlaHue, yIpaBjieHUe U
CHUHXpPOHHM3al M ITIOTOKOB.

Crpyxrypa POSIX Threads API. Co3nanue
noTokoB (pthread create), 3aBepmienue
(pthread join). MexaHu3mbI
cuaxponu3zaimu (mutex, condition variable,
barrier). [IpumMeps! ucmoIb30BaHMs B
3a7a4ax CyMMHUPOBAHUS, COPTUPOBKH U
TIOMCKA.

JIP

[Mapamrenu3m B C++: std::thread,
mutex, future, async.

std::thread, std::mutex, std::lock_guard,
std::unique_lock. Mexanu3msl niepeaaun
JAHHBIX MCXKAY NOTOKaMHU. std::promise,
std::future, std::async. TTattepHsr
napauienusma: producer-consumer, map-
reduce.

JIP

OpenMP: mupexkTuBsi
pacrapauleTuBaHus, CEKIUH,
PEayKIMH, TPOQHUINPOBAHUE

[Mpuatumer OpenMP. OcHoBHBIE
mupektussl (parallel, for, sections, critical,
reduction). YmpasieHue KOJIHIECTBOM
noToKOB. CHHXpOHU3AIWS U pa3ielIeHUE
nepemeHHbIX (shared, private).
[IpakTuveckre mpuMephbl YCKOPEHUS
MAaTPUYHBIX OTEpaIUil.

JIP

Bekropu3aliis 1 ONTHMHU3ALIUS
Beruncaenuii: SIMD, SSE, AVX.

Apxutektypa SIMD. Monens peructpoB
SSE u AVX. BektopHbI€ TUIIbI JAHHBIX U
OTIEpAINH: CIIOKEHUE, YMHOXKEHHUE,
penykius. cnons3oBanue intrinsic-
(GYHKIIUN U aBTO-BEKTOPU3AIUT
kommuiisaTopa. CpaBHeHHE A(HEKTHBHOCTH
MOCJIEIOBATEILHOTO U BEKTOPHOTO KOJA.

JIP

GPU-nmporpamMupoBanue:
ocHOBBI apxuTekTypbl CUDA,
MOJIEJIb IIOTOKOB U IAMSATH.

Apxutekrypa GPU: 6510ku, Bapmbl, MOTOKH.

Moaens namstu CUDA: global, shared,
local, constant. Hanrcanue mpocTenimx
snep (global  ¢ynkuun). Kondurypanus
ceTku (<<<grid, block>>>). Paznuuus
mexny CPU u GPU-napannenusmom.

JIP

OpenCL u ROCm:
KpoccIiaTgOopMeHHBIE
Berancienusa Ha GPU.

Konnenuus OpenCL: muiatdopmsl,
YCTPONCTBA, KOHTEKCThI, OUepe I KOMaHI.
Hanwucanue u kommuisius sapa OpenCL.
VYnpasienue namsateio (clCreateBuffer,
clEnqueueNDRangeKernel). ROCm —
9KOCHUCTEMA MapAJUIEIbHbBIX BBIYMCICHUN

AMD. CpaBHeHME TPOU3BOAUTEIBHOCTH C
CUDA.

JIP

Onrumuzanud u
npoUIpoBaHKE MapaUICIbHBIX
npwioxkennit Ha CPU u GPU.

HpI/IHL[I/IHLI OIITUMHU3allNN
BBIYUCIIUTCIIBHOTO KOA: YMCHBIIICHUC
HAKJIaTHBIX paCX0J0B CHMHXPOHU3AllNH,

JIP




®opma

TeKYLIero
Ne HaumenoBaHue pa3aesa (TeMbl Conep:xanue pa3jaeia (TeMbl
pasjeda ( ) Aep pasena ( ) KOHTPOJI
|
1 2 3 4

YIy4LIEHUE KAII-T0KaJIbHOCTH,
OanmaHcupoBKa Harpy3ku. Vcnosib3oBanue
UHCTPYMEHTOB TpoduupoBanus (perf,
valgrind, nvprof, Nsight). Pa3z6op peanpabIx
KEMCOB ONTHMH3ALINN.

Tpumeuanue: JIP — omuem/3auwguma nabopamopnoti pabomst, KII - sbinonnenue kypcosozo npoexma, KP - kypcosotl
pabomul, PI'3 - pacuemmno-epaghuueckozo 3adanus, P - nanucanmue pegepama, 3 - scce, K - xomroxeuym, T —
mecmuposarue, P3 — pewenue 3adau.

2.3.2 3aHATHSA CEMHHAPCKOI0 THIIA
He npenycMotpensr
2.3.3 JlabopaTOpHbIe 3aHATHSA

JlaGopaTopHbI€ 3aHITHE COCTOSIT B BBITIOJIHCHUH WHIMBUAYAIBHBIX 3aJaHUN 1
00beTMHEHBI B 8§ MHIUBUIYAIbHBIX 3aJaHUIN

®opma
Ne HanmenoBanue pasgesa (TeMbl) HanmenoBanne n1a6opaTopHbIX padoT Tlf:::;zlo
A
1 2 3 4
Beenenue B mapasiensHoe N3yuenue API notokos. Co3znanue
nporpamMmuposanue. Iorokn u pOorpaMMBbI, KOTOpast HOPOKIAET
npomeccst B OC. HECKOJIBKO IIOTOKOB JJIS1 BBIITOJIHEHUS
L HE3aBUCHMBIX 337a4 (Hanpumep, P
BBIUMCIIEHUE CYMMBI U CPEIHEr0 MacCuBa).
N3mepenne yckopeHus. AHaIN3
KOJINYECTBA IIOTOKOB U BJIUSHUS
KOHTEKCTHBIX MEPEKIIOYCHHH.
POSIX Threads (pthreads): Peanuzanus napamieabHOTO BEIYHCIICHUS
CO3JIaHME, YIIPaBJIICHUC U CYMMBI 3JIEMEHTOB MacCHBa C
CHHXPOHH3ALMs [TOTOKOB. ucnoss3oBanueM pthread create,
2. pthread join. JloGaBieHne CHHXpOHU3ALNH JIP
yepes pthread mutex t u pthread barrier t.
W3mepenune macrabupyeMocTu Ipu
YBEJIMYEHUH YUCIIA TIOTOKOB.
Hapannenusm B C++: std::thread, | Peanusarus mapasiesbHOM COPTHPOBKH JIP
mutex, future, async. MaccuBa (merge sort wiu quick sort) ¢
3. ucnons3oBanueM std::thread u std::async.
W3mepeHne BpeMeHH BBITIOJIHEHUS.
Cpasuenue ¢ POSIX Threads.
OpenMP: mupexTHBBI Hcnons3oBanue nupekTuB #pragma omp JIP
, | PacTapaUICTHBAHHA, CCKLN, parallel for nns pacnapanienuBanus
* | peayKuuu, mpopummpoBaHue MaTpUYHOTO YMHOXKeHus1. JloGaBnenue
reduction u schedule(dynamic). CpaBaeHue




®opma
TEeKyLLero
KOHTPOJI
b
1 2 3 4

MIPOU3BOIUTEIILHOCTH Pa3HBIX CTPATETUN
TUTAHUPOBAHMSL.

Bekropu3ariys U OnTHMHU3ALHS Hcnonw3oBanue intrinsic-pyHKuui JIP
Beraucienuii: SIMD, SSE, AVX. | mm256_add_ps, _mm256_mul_ps,
~mm?256 fmadd ps ans peanuzanuu
BEKTOPHOTO YMHOXCHHSI M CIIOKCHHS
MaccuBOB. CpaBHEHME
MIPOU3BOIUTEIIBHOCTH ¢ OOBIYHBIM ITHKJIOM.
[IpoBepka BIUsSHUS BEIPABHUBAHUS
IaMSITH.

GPU-nporpamMmMupoBanue: Peanuzaruss CUDA-sapa uist yMHOXKEHUS JIP
ocHOBBI apxuTeKTypsl CUDA, BEKTOPOB M MaTpuil. HacTpoiika
MOJIEJNIb ITOTOKOB M ITaMATH. KOH(HUTypaIy cetkn (<<<grid,
block>>>), pabora ¢ rmo6anbHOI
MaMSATBIO, U3MEPEHHUE YCKOPEHUS
otHocutenbHo CPU.

OpenCL u ROCm: Peanuzanus nporpammel OpenCL s JIP
KpOCCITaT(pOPMEHHBIC BEKTOPHOTO cliokeHus. Co3anue

7. | Beramcienns Ha GPU. KOHTEKCTa, OUepeIM KOMaH 1, KOMITFJISIIHAS
anpa. CpaBHEHUE BPEMEHHU BBITIOJTHEHHUS C
CUDA. Tectupoanue Ha CPU u GPU.
OnTuMu3aIms u Hcnonws3zoBanue perf, valgrind, nvprof, JIP
npoGUINpoBaHHe MApaIEIbHEIX | Nsight Systems uis aHAIKM3a «TOPSUHX)»
npunoxennii #Ha CPU u GPU. y4acTKOB Koja. OnTumu3anms

8. BBIUHCIICHUI: KAII-IOKaJIbHOCTD, Pa3Mep
0JIOKOB, OTPaHUYCHUE CHHXPOHU3AIIH.
OT4€T 0 TOCTUTHYTOM YCKOPEHHUHU U

s dexTuBHOCTH.

Ne HaumenoBanue pa3jesa (TeMbl) HaunmenoBanue 1a60paTopHbIX padoT

Ipumeuanue: JIP — omuem/3awuma rabopamopnou padbomsl, KI1 - eeinonnenue kypcosozo npoexma, KP - kypcosoti
pabomwl, PI'3 - pacuemno-epaghuueckoeo 3adanusa, P - nanucanue pegepama, 3 - scce, K - xomroxsuym, T —
mecmuposarue, P3 — pewenue 3a0au.

2.3.4 IlpumepHasi TeMaTHKA KypPCOBBIX padoT (IIPOEKTOB)
He npenycMoTpensl

2.4 IlepeyeHb y4e0OHO-METOAMYECKOI0 00eceyeHus AJIsl CAMOCTOATEIbHOH PadoThl
o0yvyamuxcst Mo AUCHHUILINHE (MOIYJIIO)

[Tepeuens yueOHO-METOINYECKOTO 0OECTICUSHHSI TUCITUTLIAHBI

Ne Bun CPC IO BBITOJIHEHUIO CAaMOCTOSITEIbHON paboThI
1 2 3
1 |I[IpopaboTka nMeronnueckue ykazaHUS IO OPraHU3allud CaMOCTOSTENBHON
MIOBTOPEHHUE paboThI CTYJICHTOB, YTBEPKACHHBIE Kapeapoil BEIYMCIUTEIbHBIX
JIEKIIHOHHOTO TEXHOJOTUH  (haKkyabTeTa KOMIIBIOTEPHBIX TEXHOJIOTUH U

MaTepuana, Matepuana|npukiagHoi maremMaTuka @I'bOY BO «Ky6I'Y», mpotokon Ne7
yueObHoil u  HayuHoii|oT 07.05.2025 1.
JIUTEPATYPBHI,




IIOJArOTOBKA K
CEMUHAPCKUM 3aHATHIM
2 Pemenue 3anau Meroauueckue ykKazaHus MO OPraHU3alHUd CaMOCTOSATEIbHOMN
paboTHI CTYIEHTOB, YTBEPKJACHHBIE Kadeapoil BEIMHCIUTETbHBIX
TEXHOJIOTUH  (haKynpTeTa KOMIIBIOTEPHBIX TEXHOJIOTUH U
npuxiagHoit mareMatuku @I'BOY BO «Ky0I'Y», npotokos Ne7
ot 07.05.2025 1.

Y4eOHO-MeTOAMYECKUE MaTepHualibl A CaMOCTOSITENbHON padoThl oOydarolmuxcs H3
YHUCJIa UHBAJIUAOB M JIUI C OTPAaHUYECHHBIMHU BO3MOXKHOCTSIMU 3710 poBbs (OB3) npenocraBistoTcs
B (hopMmax, alalTHPOBAHHBIX K OTPAHMUYCHHUSIM UX 37I0POBbS U BOCHPUATHS HH(OPMAIIHH:

JUig U1 ¢ HapyIIEHUSIMU 3pEHUS:

— B IIeYaTHOU opme yBeTMYeHHBIM HIpUdTOM,

— B (hopMe PIIEKTPOHHOTO JOKYMEHTA,

— B (hopMme ayauodaiina,

— B mieyaTHOU gopme Ha sa3bike bpaiiis.

JInst man ¢ HapylmeHUs MM CITyXa:

— B IIe4aTHOM opme,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jljis U1 ¢ HapyIIeHUSIMHU OTIOPHO-JBUTATENILHOTO anmnapara:

— B IIe4aTHOU opme,

— B (hopMe 3IIEKTPOHHOTO JOKYMEHTA,

— B (hopMe ayauodaiina.

JIaHHBIM TepeuyeHb MOXKET ObIThb KOHKPETH3UpPOBAH B 3aBUCUMOCTH OT KOHTHHI'€HTA
00yJaronuxcs.

3. O6pa3oBare/ibHbIE TEXHOJIOTHHU
B cootBerctBuM ¢ TpeboBanusiMu PI'OC B mporpamma AMCHUIUIMHBI PEIyCMaTPUBAET
UCII0JIb30BaHME B Y4eOHOM IIpoIecce CIEAYIOIUX 0O0pa3oBaTeibHble TEXHOJOTHH: YTEHHE
JEKUMHA C HCMOJIb30BAaHUEM MYJIBTUMEIUIHBIX TEXHOJOTHUM; METOJ MalbIX Ipym, pa3dop
MPAKTUYECKUX 3a7a4 U KEHCOB.
[Ipu 06y4yeHnn UCIOIb3YIOTCS CIEIYIOIINe 00pa30BaTeIbHbIE TEXHOJIOTHH:

- TexHonorus KOMMYHUKATUBHOTO OOy4eHHMs] — HampaBlieHa Ha (opMUpOBaHHE
KOMMYHHKaTUBHOM KOMIIETEHTHOCTH CTYIEHTOB, KOTOpas sSBIIsETCS 0a30BOii, HEOOXOIUMMOM AJist
a/IafTalliy K COBPEMEHHBIM YCIOBUSAM MEXKYIbTYPHOU KOMMYHHKAIHH.

- Texnonorus paszHoypoBHeBOro (nuddepeHIUPOBAHHOTO) OO0y4YeHHs] — MpeanoJiaraet
OCYIIECTBIICHHE TIO3HABATECIILHOW JIEATEILHOCTH CTYACHTOB C YYETOM HMX WHIMBHIYaTbHBIX
CIOCOOHOCTEH, BO3MOYKHOCTEH W WHTEPECOB, IMOOIIPSS UX PEaIM30BBIBATH CBOM TBOPYECKUI
noteHuuan. Co3gaHue M HCIOJIB30BAHME JHUATHOCTUYECKUX TECTOB SIBISAETCS HEOTHEMIIEMOM
YaCThIO JJAHHOM TEXHOJIOTHH.

- Texnomorus MOAYJIIBHOT'O O6y‘leHI/I${ — HOpeaycmarpuBacT JOCJICHHUC COACPKAHUA
AUCHUIUIMHBI HA IOCTATOYHO ABTOHOMHBIC pa3J1CJIbl (MO,[[y.]'II/I), HHTCTPUPOBAHHBIC B O6II.[HI>'I KypcC.

-  HuadopmarmonHo-kommyHukanuonusle TexHojoruun (MKT) - pacmwmpstor pamku
00pa30BaTeNLHOTO MPOIIecCa, MOBHIIMIAS €ro MPAaKTUYECKYH) HAMPaBICHHOCTh, CIIOCOOCTBYIOT
WHTEHCU(UKAIMA CAMOCTOSITENIbHON pa0OThl ydYalluXcs | TOBBIIICHUIO T03HABATEIHHON
aktuBHOCTH. B pamkax UKT BeiaenstoTcst 2 Buga TEXHOJIOTHI:

- TexHojorus HCIOJIb30BaHUS KOMIIBIOTCPHBIX MpPOrpaMm — IIO3BOJIACT B(I)(I)CKTI/IBHO
AOIOJIHUTB POHECC 06y‘IeHI/I}I SA3BIKY Ha BCCX YPOBHSX.




- VIHTEepHET-TEXHOJIOTMU — MPENOCTABIISIOT IIMPOKUE BO3MOXHOCTH JUIA IIOMCKa
uHpopManuu, pa3paboTKA HAYYHBIX MPOEKTOB, BEJCHUS HAYYHBIX UCCIICTOBAHHIA.

- Texuonorusi MHAMBUAYaTU3aUK OOydeHHS — TIOMOTAaeT PEalM30BBIBATH JMYHOCTHO-
OPUEHTUPOBAHHBIN TIOJXOJZ, YYWUTHIBas WHIUBHIyalIbHbIE OCOOEHHOCTH M TMOTPEOHOCTH

yUaIIKuXCsl.

- IIpoexTHas TEXHOJIOTMS — OpUEHTUPOBaHAa Ha MOJEIMPOBAHUE COLMAIBHOIO
B3aMMOJICMCTBUS Y4YaIUXCS C LEJIBI0 DPEIICHMs 3aJadd, KOTOpas OIPEAeNseTCs B paMKax
npoheccHoHaTbHON TOATOTOBKH, BBIACTSSA Ty WIH HHYIO IPEMETHYIO 00J1acTh.

- TexHonorus oOydeHUsT B COTPYIHHUYECTBE — PEAU3YET HJICI0 B3aMMHOTO OOYUYCHUS,
OCYIICCTBJIAA KaK HWHAWBUAYAJIBbHYIO, TaK W KOJJICKTHUBHYIO OTBCTCTBCHHOCTbL 3a PCUHICHUC
yueOHBIX 3a/a4.

- HrpoBas TEXHOJOTHs — MO3BOJIIET Pa3BUBATH HABBIKA PACCMOTPEHMS Psiia BO3MOXKHBIX
CHoco00B peleHus: nMpoOieM, aKTUBU3UPYS MBIIUIEHUE CTYJIEHTOB U PAaCKphIBasl JTMYHOCTHBIN
MOTCHIAAJ KaXKI0TO Y4alerocs.

- TexHonorus pa3BUTHS KPUTUYECKOTO MBIIIEHUSI — CIOCOOCTBYET (OPMHUPOBAHHUIO
Pa3HOCTOPOHHEN JIMYHOCTH, CIOCOOHOW KpPUTHMYECKH OTHOCHUTHCA K HH(OpMalUU, YMEHHIO
oTOMpath HH(OPMALINIO [T PEIICHUS TOCTABICHHOM 3a/1a4H.

KommnekcHoe ucnonbp3oBaHHe B y4eOHOM MpOIIECCE BCEX BBHIIMICHA3BAHHBIX TEXHOJIOTHM
CTUMYJIUPYIOT JIUYHOCTHYIO, WHTEJUIEKTYaJbHYI0 AaKTHBHOCTb, DPa3BUBAIOT IIO3HABaTEJIbHBIE
MIPOLIECCHI, CMOCOOCTBYIOT (HOPMHUPOBAHHIO KOMIIETEHIIMM, KOTOPBIMU JOJKEH o01anaTh
OyIylui CIIeIIMAIIUCT.

OcHOBHBIE BUIbI HHTEPAKTUBHBIX 00PAa30BaTENIbHBIX TEXHOJIOTUI BKIFOUAIOT B CEO0SI:

- pabota B MajbIX Ipymmnax (KOMaH/e) - COBMECTHAs JeSTeIbHOCTh CTYJICHTOB B IPYIIIE MO/
PYKOBOJICTBOM JIMJIEpa, HAMIpaBJIeHHAsI Ha peleHue 001eH 3a1a4u MyTéM TBOPUYECKOTO CIIOKEHUS
pe3yNbTaTOB HHIUBUAYAIbHONW pabOThl YJIEHOB KOMAHIbl C JEJIEHUEM [OJIHOMOYUN U
OTBETCTBEHHOCTH;

= IPOCKTHAA TCXHOJIOTHA - UHANBUAYAJIbHAaA WK KOJUJICKTHUBHAA ACATCIbHOCTD 110 0T60py,
pacnupeaciCHu0 1 CUCTEMAaTHU3allu MaTepuajia 110 onpeneneHHoﬁ TEMEC, B pPC3YyJIbTAaTC KOTOpOﬁ
COCTaBJIACTCA ITPOCKT,

= adHaJIu3 KOHKPCTHBIX CI/ITyaHI/Iﬁ - aHaJIn3 pEaJIbHBIX HpO6J'IeMHHX CHTyaHHﬁ, HUMCBIINX
MCCTO B COOTBeTCTBYIOHICﬁ oOmactu HpO(i)eCCHOHaHBHOﬁ ACATCIIBHOCTH, M IMOMCK BapUaHTOB
JIydHimx pemeHHﬁ;

- pa3BUTHE KPUTHUUYECKOI'O MBIIJICHUS — 00pa30oBaTeNbHast JesITeIbHOCTb, HAallpaBJIeHHAs Ha
pa3BUTHE y CTYJEHTOB Pa3yMHOT0, Pe(IEKCUBHOIO MBILUIEHUS, CIOCOOHOIO BBIABUHYTH HOBBIE
UJIeU U YBUJIETh HOBbIE BO3MOKHOCTH.

Ilonxon pa3bopa KOHKPETHBIX 3a7ady M CHUTyallMid IIMPOKO HCIOJIB3YEeTCS Kak
IpernojiaBaTesieM, TaKk U CTyIE€HTaMHM BO BpeMs JIEKLUH, JaOOpaTOpHBIX 3aHATHM M aHanu3a
pe3yabTaTOB CaMOCTOATENBHOW paboThl. JTO O0YCIOBIEHO TEM, YTO MPHU HUCCIENIOBAHUU HU
pelIeHNH KaXJI0i KOHKPETHOH 3a1a4 UMeeTcsl, Kak MPaBuiIo, HECKOJIBKO METOJIOB, a 3TO TpeOyeT
pa3dopa 1 OLEHKH 11e10}1 COBOKYMHOCTH KOHKPETHBIX CUTYAIHH.

Tembl, 3aaHus ¥ BOMPOCHI Al CaMOCTOSATENbHOM pPabOThl MpHU3BaHbl CHOPMUPOBATH
HaBBIKM IOMCKAa WH(POPMALMU, YMEHHUS CAMOCTOSITENIbHO DACHIMPSATh W YIIyONsATh 3HAHMA,
MIOJIy4EHHBIE B XOJI€ JEKIIMOHHBIX U MPAKTHUECKUX 3aHATHH.

IMonxoxa pa3dopa KOHKPETHBIX CUTYaIU IIUPOKO UCTIONB3YETCA KaK MpernojaBaTeieM, Tak
U CTyJIEHTaMHU IIPU IPOBEICHUH aHAIIN3a PE3YJIbTATOB CAMOCTOSATEIILHONU PaOOTHI.

JUig M ¢ OrpaHUYEHHBIMH BO3MOXHOCTSMHU 3J0POBbs IPELYCMOTPEHA OpraHu3alus
KOHCYJIbTAIMM C UCIIOJIb30BAHUEM DIIEKTPOHHOM MOYTHI.

Jlist U1 ¢ HapyIIEeHUSIMU 3PEHHUSL:



— B 11e4aTHOM (hopMe yBenTu4eHHBIM HIPUPTOM,

— B pOopMe AIEKTPOHHOTO JIOKYMEHTA.

JUist U1 ¢ HApyIISHUSIMU CITyXa!

— B miedaTHou (opme,

— B popMe AIEKTPOHHOTO JIOKYMEHTA.

JUiist U1 ¢ HapyIIEHUSIMHA OTIOPHO-/IBUTATEIBHOTO amapara:

— B miedaTHou (opme,

— B opMe AIIEKTPOHHOTO JIOKYMEHTA.

Jist I ¢ OrpaHUYEHHBIMH BO3MOXKHOCTSIMH 3/I0POBBSI TIPEAYCMOTPEHA OpraHU3aIUs
KOHCYJIbTAIM C UCTIOJIb30BAaHUEM DIICKTPOHHOM ITOYTHI.

JlaHHBI TIepeYeHb MOXKET OBbITh KOHKPETH3MPOBAH B 3aBUCHUMOCTH OT KOHTHHI'CHTA
00yJaronuxcs.

4. OueHOYHbIEe U METOAMYECKUE MATEPHUAJIbI
4.1 OueHoyHble cpeacTBa sl  TEKYHIEr0 KOHTPOJISA  YCIEeBaeMOCTH M
l'lpOMe)KyTO‘IHOﬁ aTTrecrammmn

OneHouHble CpeACTBa IMpeAHa3HAueHbl JJIS KOHTPOJS M OLEHKH 00pa3oBaTeIbHBIX
JNOCTHKEHUM 00ydJaroluXxcsi, OCBOMBIIMX MpOrpaMMy Yy4eOHON JHMCHUUIUIMHBI «HAa3BaHHE
JTUCHMUILTUHBDY.

OneHouHbIe CpeACTBA BKIIOYAET KOHTPOJBHBIE MaTEPHUAIbl IJsl MPOBEACHHS TeKYylIero
KOHTpPOJIA B (OpMe TECTOBBIX 3aJlaHUM, KEHCOB U NMPOMEKYTOYHOI aTTecTanmum B (opme
BOIPOCOB U 3aJIJaHUI K IK3AMEHY.

OneHouHble CpeAcTBa Ul MHBAJIMAOB M JIMII C OTPAaHUYECHHBIMH BO3MOXKHOCTSIMHU

3JI0pOBbsI BEIOUPAIOTCS C YUETOM UX MHAWBUIYAIBHBIX MCUX0(U3NIECKUX OCOOEHHOCTEH.

— IIpY HEOOXOAMMOCTH MHBAIMIAM U JINLIAM C OTPAHUYEHHBIMU BO3MOXHOCTSIMU 3710POBbS
IIPEIOCTABIIACTCA JOMOJHUTENBHOE BPEMsI JUIsl IOATOTOBKH OTBETA HA DK3aMCHE;

— IIpY IPOBEICHUH IPOLEIYPbl OLIECHUBAHUS PE3yIbTATOB OOYUEHHs MHBAIMJIOB U JIMIL C
OTPaHUYEHHBIMH BO3MOXHOCTSIMU 3I0POBbS IIPENYCMATPUBAETCS UCIOJIb30BAHNE TEXHUYECKUX
CPEeACTB, HEOOXOIUMBIX UM B CBSI3U C UX UHAUBUAYAIbHBIMU OCOOEHHOCTIIMY;

— IIPU HEOOXOUMOCTH 111 00yJarOIUXCsl ¢ OTPaHUYEHHBIMUA BO3MOKHOCTSAMH 37J0POBbS
U UHBIMAOB IMIpolelypa OLEHUBAHHUA pPE3YyIbTaTOB OOY4YEHUS IO JUCLHUIUIMHE MOXET
IIPOBOJUTHCS B HECKOJIBKO JTaIlOB.

IIpouenypa oueHHBaHUS PE3yIbTaTOB OOy4YEHUs MHBAIMUJOB U JIUI| C OTPaHUYEHHBIMU
BO3MOJKHOCTSIMH 3/I0pPOBbSI 110 JUCHMIUIMHE (MOJYJI0) IpeaycMaTpuBaeT IpeloCTaBICHHUE
uHbopmanuu B (Gopmax, aJanTUPOBAHHBIX K OrPAaHUYEHHUSIM MX 3J0POBbS U BOCIPHUATHA
nH(pOopManuu:

JUia U1 ¢ HapyIIEHUAMU 3PEHHUS:

— B I1€4aTHOM (hopMe yBeTUUYEHHBIM HIPUPTOM,

— B (popMe FIIEKTPOHHOT'O IOKYMEHTA.

JUi U1 ¢ HapyLIEHUsAMH CIyXa:

— B reyatHoi dopme,

— B (popMe FIIEKTPOHHOTO JOKYMEHTA.

JUia 1 ¢ HapyIIEeHUsAMH ONIOPHO-BUTaTEJIbHOTO anmapara:

— B reyatHoi dopme,

— B (JopMe FIIEKTPOHHOTO JIOKYMEHTA.

JlaHHBIM TepeueHb MOXKET ObIThb KOHKPETH3MPOBAH B 3aBUCHUMOCTH OT KOHTHHI'€HTA
oOyJaronuxcs.

CTpyKTypa OLlEHOYHBIX CPEACTB /sl TeKylIeil U MPOMeKYyTOYHOM aTTecTaluu

| | | | HaunmenoBanue




Kog

OLCHOYHOI'0 CpCACTBA

Jr\s KonTposnunpyembie pa3zes KOHTpPOJIUPYEMOi [MpomesxyrouHas
I (TeMbI) IUCIUTUTUHBT* KOMIIETEHINH Texymuii KOHTPOJIb aTTecTalus
(nnm ee yacTh)

Beaenue B mapamiensHoe OIIK-6 Jlabopamopnas
1 | nporpammupoBanue. [Toroku u padoma Nel Bonpocei k 3auemy

niportecchl B OC.

POSIX Threads (pthreads): OIIK-4, OIIK- | Jlabopamopnas Bonpocei k 3auenty
2 CO3laHuE, YIIPABJICHUE U 6, PL-1 paboma Ne2

CHHXPOHHU3AIMS TTIOTOKOB.

[Mapamnenusm B C++: PL-3, OIIK-6, | Jlabopamopnas Bonpocwi k 3auemy
3 | std::thread, mutex, future, OIIK-5 paboma Ne3

async.

OpenMP: nmupexTunsi PL-2, OIIK-6, | J/labopamopnas Bonpocwr k 3auemy
4 | pacnapauieIMBaHMsI, CEKIIUH, OIIK-5 paboma Ned

peayKiuu, npoduupoBaHue

Bekropuzanusa u ontuMu3anus PL-2, OIIK-4, | Jlabopamopnas Bonpocwt k 3auemy
5 | eraucnenuit: SIMD, SSE, OIIK-5 paboma Ne5

AVX.

GPU-niporpamMmmupoBanue: OIIK-6, OIIK- | Jlabopamopnas Bonpocei k 3auemy
6 | ocuosbl apxurextypsl CUDA, 4, PL-3 paboma Ne6

MOJIENb TOTOKOB ¥ MaMSATH.

OpenCL 1 ROCm: PL-3, OIIK-6 | Jlabopamopnas Bonpocul k 3auemy
7 | kpoccrutathopMeHHbIE paboma Ne7

Beruncienns Ha GPU.

Onrrumuzanus 1 PL-3’ OIIK-6, | Jlabopamopnas Bonpocwt k 3auemy
8 npodurpoBaHue OIIK-5 paboma Ne§

MapaieIbHBIX IPUIIOKEHIH Ha
CPU u GPU.

pe3ysibTataM OOydCHHUS M KPUTEPUSAM HX OIICHUBAHUS (OI[CHKA: YIOBJETBOPHUTEIHLHO /3aYTEHO):

IToka3zaTenu, KpUTEPHH M MIKAJIA OLEHKH C(POPMUPOBAHHBIX KOMIIETEH Ui

COOTBETCTBUE

IHOoporoBoMy  YPOBHIO

OCBOCHUA

KOMIIETEHIINI

Crnoco0eH HAXOANTh, AHAJTU3HUPOBATD, PEAJTU30BLIBATH POrPAMMHO H

HCII0Jb30BATh HA MMPAKTHKE MATCMATHYICCKHE AJITOPUTMBI, B TOM YHUCJIE C

NPUMEHCHHUEM COBPEMECHHBIX BBIYUC/IHUTECIbHBIX CUCTEM
P33pa6aTBIBa€T " OIITUMU3UPYCT AJITOPHUTMEL C YHECTOM BBIUMCIIMTEILHOU
CJIOKHOCTH U allllapaTHbIX OFpaHI/I‘leHI/Iﬁ

3Haer IIPHUHIUIIbI pa6OTH COBpPCMCHHBIX TEXHOJIOTHI IapaJuiCJIbHOI'O

nporpammupoBanus (pthreads, std::thread, OpenMP, CUDA).
Tectupyer u BHEApsET ATOPUTMBI B pealibHbIC 33]]au, OIICHUBAsI UX TOYHOCTh U

YMeeT ucnonb30BaTh COBPEMEHHBIE TEXHOJIOTUY IS Pean3alui NapaieIbHbIX
MPUIIOKEHUH B X0/1€ JIabOpaTOpHBIX padoT, apryMEHTUPOBAHHO OOBSCHSS BBIOOD
METO/JIOB pachapayieIMBaHus U CTPYKTYpPbI IPOTrPAMMBI.

Crnoco0eH MOHMMATH NPHHIUIIBI PA00THI COBPEMEHHBIX HHPOPMANMOHHBIX

TEXHOJIOTMH ¥ UCIO0/b30BATH UX JJIA pPellleHHd 32124 NPo(peccHOHAIbLHOI

OIIK-4
OIIK-4.1
OIIK-4.2

IIPOU3BOIUTEIBHOCTD
OIIK-5

AeATeJIbHOCTH
OIIK-5.1

MaAaTEMaTUYCCKUX U BBIYUCIUTCIIBHBIX 3aaa4

HpI/IMeHHeT COBPCMCHHBIC A3BIKW NPOTPAMMUPOBAHUA U TCXHOJIOTHU I PCIICHUA

TUTAHUPYEMBIM



OIIK-6

OIIK-6.1

OIIK-6.2

PL-15

PL-1.4

PL-2 1T

PL-2.1

PL-3 b

PL-3.1

YMeeT pa3pabaTbIiBaTh AITOPUTMBI U TIPOTPAMMBbI C IPUMEHEHUEM COBPEMEHHBIX
TEXHOJIOTUH MapauIeIbHOTo MporpaMmmupoBanus 1 ontumusanuu st CPU/GPU.
YMeeT UCronb30BaTh OTEYECTBEHHBIE M MEXKTYHAPOIHBIE HHCTPYMEHTBI
(xoMIuIATOPBI, OMOIMOTEKH, TIpodaiiaepsl) 1 000CHOBBIBAET BHIOOP TEXHOJIOTHIA
Ui 1a00PATOPHBIX PabOT U MTPOSKTOB.

Crnoco0eH pa3padaTbIBaTh AJITOPUTMbI M KOMIILIOTEPHBbIE IPOTPaMMBbl,
NPUTOAHbIE JJIsl MPAKTUYECKOr0 MPUMEHeHU s

PazpabaTsiBaeT 3(h(heKTUBHBIC AITOPUTMBI U PEATN3YET UX B BUJIE TPOTPAMMHOTO
KOJIa C y4ETOM BPEMEHHOM M MPOCTPAHCTBEHHOM CIIOKHOCTH

3HaeT 1 000CHOBBIBACT MPUMEHEHHE OTCUSCTBEHHBIX M MEXKTyHAPOTHBIX
WHCTPYMEHTOB (KOMITWJISATOPEI, OHOIHOTEKH, Tpodaiiepsl) A 1a00paTOPHBIX
paboT U MPOEKTOB.

[IpuMeHsieT METOIbI CTPYKTYPHOTO U 0ObEKTHO-OPUEHTUPOBAHHOTO
MIPOTPaMMHUPOBAHUS, CO3JIAET MOIYJIbHBIE U MaCIITAOUpPyeMbI€ TPOTPAMMBI
VYMmeeT pazpabaTbIBaTh AITOPUTMBI U IPOTPaMMBbl, IPUMEHS OCHOBBI THPOPMATUKU
Y MIPOTPaAaMMHUPOBAHUS K MPOEKTUPOBAHUIO, KOHCTPYUPOBAHUIO M TECTUPOBAHHUIO
MapajuieTbHbIX MPOTPAMMHBIX MPOJAYKTOB.

BrageeT coBpeMeHHBIMU TEXHOJIOTHUSMH MMapauIeIbHOTO TPOTPaMMHUPOBAHUS U
GPU/CPU ontummzanumu.

CnocobeH npumeHAMb A3bIK Npo2pammuposaHus Python 0aa peweHus 3aday 6
obnacmu U

Mpoekmupyem cucmemeol pacnpeoenéHHbIX eblvucaeHuli Ha Python 0aa agppekmusHoii
06pabomku 6016w 020 Konuyecmaa 3a0a4

OnTUMHU3UPYET KO/ C UCTIOIb30BaHNEM OMOIMOTEK JIIsl HAYYHBIX BHIYMCICHUI.
Cnioco6eH npuMeHsITh OCHOBHBIC (DyHKIIMM PpetimBopka PySpark, moxer
CaMOCTOSITEIHHO MTOCTPOUTH TIPOIIECC 00paOOTKU OOJIBIITNX TAHHBIX C
ucnosb3oBanueM Airflow

() Cnocober npumeHams JVM-coemecmumbie A3bIKU NPO2PAMMUPOBAHUSA 05
peweHus 3ad0a4 8 o6aacmu UN

Paspabameieaem u omaaxcueaem npuKaadHble peweHUs pa3Ho20 YPOBHA COHCHOCMU
U 021 WUPOKO20 Kpy2a KOHEeYHbIX nosb3osamerneli ¢ ucnonvsosaHuem JVM-
co8MecmumbiX A3bIKO8 MPO2PAMMUPOBAHUS, mecmupyem, ucnbimbsieaem u oyeHusaem
Kayecmeo makux peweHuii

[Tonumaer moaens namsaTH Java u criocoOeH NOoAePKUBAThH MPUITOKEHHUS C
BBICOKHUM MapajieIn3MoM U KoHKypeHueil. [lonumaeT anroputMsl cOOpKH Mycopa
Y COCOOEH ONTHUMH3UPOBATH COOPKY Mycopa.

(B) CnocobeH npumeHamo A3bIKu npo2pammuposaHus C/C++ 0a1 pewieHUs 3a0a4 6
obnacmu MU

Paspabameieaem u omaaxcueaem sgpgpeKmueHole MHO20MOMOYHbIe peweHUA Ha C++,
mecmupyem, ucneimsigaem u oyeHU8Aem Kayecmeo maKux peweHutli

3HaeT OCHOBBI CHHTaKCHCA SA3BIKA.

3Haer o0Ire MPUHITUIIBI TAPaJUISTbHBIX BEIYMCICHUHN U IOHUMAET TTPOOIIEMEI,
BO3HHUKAIOIHNE ITPU pacliapaiyiICIMBaHUX aJITOPUTMOB.

[IpoBoauT pacnapamienBaHue NPOCTOro anroputMa ¢ npuMmeHenneM OpenMP,
cranfapTHbeIX oubmanorexk C/C++ wim ap.

Pemmraer HpO6HeMBI OIHOBPEMCHHOI'O JOCTYIIa K JaHHBIM N3 HECKOJIBKUX ITOTOKOB,
IrpaMOTHO NPUMCHSCT aTOMApPHLBIC OIICPALIMU U MEXAHU3M 6J'IOKI/Ip0BOK.

OrneHuBaeT NPOU3BOANUTEIBLHOCTD, YMEET MPOPHINPOBATE KOJ U YCTPaHSET HaliIeHHbIC
y3KHE MeCTa.

ITonnMaeT BO3MOKHOCTH B OrpaHUYCHUS BCTPOCHHBIX CUCTCM.

Haxoaut n ucnonp3yer OMOIMOTEKH, COOTBETCTBYIOIINE PEIIaeMOil 3a1a4e.

3Haer ocHOBBI cMHTaKcuca si3bika C/C++, ocHOBHI mocTpoeHus cucteM MU, obmmume
MPUHIMUIIBI ITapaJlUICIIbHBIX BBIYMCIICHUH.



‘YMeeT UCnoab30BaTh CpeacTBa OTJIaaKu U HpO(l)I/IJ'II/IpOBaHI/IH KOJa, HAXOOAUTb Y4aCTKHU
KoJa, OrpaHMYrBArOnUe mMpoOnu3BOAUTCIbHOCTh CUCTEMBIL.

TunoBbie KOHTPOJIbHBIC 3aIaHUs WJIN UHBIC MaTe€pHUaJibl, H606X0)II/IM[>IC AJIsi OHCHKH
3HaHI/Iﬁ, yMeHHﬁ, HaBbIKOB H (I/I.]'[I/I) OonbITa ACATECJIBHOCTH, XAPAKTCPUIYIOIIHUX ITaIllbl

(l)OpMI/IpOBaHI/IH KOMIIeTEHII Ml B nmpouecce OCBOCHUs 06pa30BaTeJ’le0ﬁ MporpaMmmbIl

Ilpumep nadopamopnoi pabomul

Jlaboparopnasi padora Nel: Uzyuyenue API noroxoB B C/C++

«MHOTOIIOTOYHEIC BEIUHMCIICHUS CYMMEI U CPEIHETO MaCCUBa»

3anava: co3aTh IporpamMmy, KOTOpasi HOPOKAAE€T HECKOJIBKO TOTOKOB JJIsl BBITIOJIHEHUSI
HE3aBHUCHUMBIX 3a7a4 (BBIYMCIICHHE CYMMBI U CPETHEro MaccuBa). M3aMeputs yckopeHue.

UTO HYXXHO ClIeNaTh:
- Peanmn3oBath nporpaMmy ¢ UCIOJIb30BaHUEM MTOTOKOB;
- I3MepuTh yCKOpEHHE NPH pa3IndHOM KOJIUYECTBE OTOKOB;

- IIpoaHanu3npoBaTh BIMSHAE KOHTEKCTHBIX EPEKITFOYECHU.

HNuctpymentsr: C/C++, POSIX Threads (pthread), crangapthas 6ubmmoreka C++, Taiimeps,

MS Visual Studio / GCC.

JlaGoparopHasi padora Ne2: [lapa/uie/ibHOe BbIYMCIEHHE CYMMbI 3JIEMEHTOB MacCHBa

¢ CHHXPOHHU3auM el

«CymmupoBanue a5ieMeHToB ¢ pthread mutex u pthread barrier»

3ajaua: peaqn30BaTh MapauieIbHOE BEIYACICHUE CYMMbI MaCCHBA C UCIIOJIb30BAHUEM
pthread create u pthread join, no6aBuTh cuHXpoHU3aLKIO yepe3 pthread mutex tu
pthread_barrier _t.

Yto HYKHO CACJIATh:

- Hanncats MHOT'OIIOTOYHYHO IIPpOTpamMMmy C CHHXpOHHSaHHeﬁ;

- I/ISMepI/ITB MaCI_HTa6I/IpyeMOCTB IIpU YBCJIIMYCHUHU YUCJIa IIOTOKOB;

- C,Z[eJ'IaTL BbIBOJIbI O BJIMSAHUN CUHXPOHU3AlIUU HA IPOU3BOAUTCIBHOCTD.

Wnuctpymentsr: C/C++, POSIX Threads, mutex, barrier, TaiiMepsl, mpogaiiiepsl.

JlaGopaTopHast padora Ne3: IlapanenbHasi COPTHPOBKA MAaCCHBA

«Coptuposka c std::thread u std::async»



3ajaya: peann3oBaTh NapauICIbHYIO0 COPTUPOBKY MaccuBa (merge sort wim quick sort) ¢
ucnoab3oBanueM std::thread u std::async. I3mepuTh Bpemsi BHIIOJTHEHUS M CPABHUTH C
peanmzanumeit Ha POSIX Threads.

UYT0 HYXHO clenars:

- Peanu3oBath anropuTM COPTUPOBKHU C UCIOJIb30BAaHUEM MOTOKOB C++;
- CpaBHUTDH MPOU3BOIUTEIHLHOCTD PAa3HBIX TOJIX0/I0OB;

- Cnenars aHAIUTHYECKUN BBIBOJI.

WNuctpymentsi: C++, std::thread, std::async, POSIX Threads, Taitmepsl, npodaiineps.

Jlaboparopnasi padora Ned: OpenMP 17151 MATPUYHOTO YMHOKEHUSA

«PacnapannenBanue MaTpUYHBIX BEIYMCIICHAN

3aaya: UCIOJIb30BaTh TUPEKTUBHI #pragma omp parallel for nns napannensHoro
ymHOkeHus Matpull. JJo6aButs reduction u schedule(dynamic); cpaBHUTH TPON3BOIUTETHHOCTD
Pa3HbIX CTpaTeruil MIaHUPOBaHUSI.

YUTO HYXXHO ClIeNaTh:

- PeanmuzoBath pacnapaiuienuanue ¢ OpenMP;

- I3MepuTh CKOPOCTH BBINOJIHEHUS;

- [Ipoananu3upoBaTh BIUSHUE CTPATETUi IJITAHUPOBAHUSI.

HNuctpymentsi: C/C++, OpenMP, taitmepsl, ipodaiinepsl.

JlaGopaTtopnas padora NeS: Bekropusanusi u SIMD-BbIuucieHust

«BeKTOpHOG YMHOXCEHUC U CIIOKCHHUEC MACCUBOB»

3ajava: UCroJIb30Bath intrinsic-pynkuuun _mm256_add_ps, _mm256_mul_ps,
_mm256_ fmadd_ps mis peanusanuy BEKTOPHBIX oreparuii. CpaBHUTH IPOU3BOIUTEIBLHOCTE C
OOBIYHBIM IIUKJIOM M TIPOBEPHUTH BIUSHUAE BHIPABHUBAHHS MAMSITH.

UTo HYXHO clenars:

- Hanucate nporpammy ¢ SIMD-uHCTpYyKUIMSIMU;

- [IpoBecTu cpaBHEHHE ¢ OOBIYHON peann3aIueii;

- CaenaTh BBIBOJ O BIMSHUM BHIPDABHUBAHMSI IIAMSITH.

Wuctpymentsr: C/C++, AVX, SSE, taiimepsl, komnuistop ¢ nmoguepsxkkoit SIMD.



JlaGopaTopHas padora Ne6: CUDA-nporpammMupoBanme

«YMHOk€EHHE BEKTOpoB 1 MaTpull Ha GPU»

3anayva: peanuzoBatb CUDA-s1po U1t yMHOKEHUSI BEKTOpoB U Matpull. Hactpouts
koH(purypamnmro cetku (<<<grid, block>>>), ncnons30Barh rI1006aTHHYIO MAMSATH, U3MEPHUTh
yckopeHue otHocutensHo CPU.

YUTO HYXKHO ClIEeNaTh:

- Cozpate CUDA-11p0 U XOCT-IIPOrpaMMy;

- I3MepuTth BpeMs BBITIOTHEHUS U yCKOPEHUE,
- [Ipoananm3upoBaTh MPOU3BOAUTEITHHOCTS.

HNuctpymentsi: CUDA, nvee, Nsight Systems, Taiimepst, GPU.

JladopaTopHnas pa6ora Ne7: OpenCL u kpoccniiargopMeHHbIe BHIYUCTEHUS

«Bekropnoe crnoxenue Ha CPU u GPU»

3agada: peanin3zoBaTh nporpammy Ha OpenCL: co3naTh KOHTEKCT, 0OYepeab KOMaH I,

KOMIUIUpoBaTh sApo. CpaBHUTH BpeMs BbinoJiHeHus: ¢ CUDA, npotectupoBath Ha CPU u
GPU.

UTo HY)KHO clIenaTh:

- Harmucate OpenCL-niporpammy;

- [IpoBecTu TecTUpOBaHUE HA PA3HBIX YCTPOUCTBAX;
- CpaBHutb npousBoautenbHocTh ¢ CUDA.

HNuctpyments: OpenCL, C/C++, GPU/CPU, Taiimepsl, podaiiiepsl.

JladopaTopHas padora Ne§: OnTumu3anus 1 npopuiinpoBanmne napajuieabHbIX
MPUJI0KEeH U

«AHanu3 U yCKOpeHue Haubolee pecypco€MKUX YacTel mporpaMMbh»

3anaua: ucnosib3oBath perf, valgrind, nvprof, Nsight Systems a5 BbIIBI€HHS y4aCTKOB
KOJa, KOTOpbIe MOTPeOIsII0T HauboJiblee BpeMs BbIoJHEHHs. ONTHUMU3UPOBATh BHIYHUCIICHUS:
YAY4IIUTh paboTy C K3IIEM, NOJ00paTh ONTUMAaJIbHBIN pazmMep O0J0KOB, YMEHBUIUTD JHIITHIOK
cUHXpoHH3a1Hi0. COCTaBUTh OTYET O IOCTUTHYTOM YCKOpPEHHH U 3(pekTuBHOCTH.

Yro HYKHO CACJIATh:

- [IpoBecTu npouinupoBanue NporpaMm U ONpeeNIuTh YIacTKH KOJia, TAe MporpaMma
paboTaeT MeJIeHHEe BCEro;

- OHTI/IMI/I3I/IpOBaTB 9TH Y4aCTKU B COOTBCTCTBUU C pCKOMCHAAIUAIMU Hpoq)aﬁnepa;



- CoCTaBHUTb OTYET C U3MEPEHUSIMHU YCKOPEHUS M aHATTU30M 3()(HEKTUBHOCTH.

Huctpymentst: perf, valgrind, nvprof, Nsight Systems, C/C++, OpenMP, CUDA.

Kpurtepnu olieHkH 1a60paTOpPHBIX padoT:

Omauuno: IlonHoe BBIOJIHEHHUE BCEX maiaros, 00BsICHEHHE BCEX OTallOB, OTBCTHI HA BOIIPOCHI.

Xopowo: TlonHOE BBITIOTHEHUE BCEX 11ar0OB, 00BSICHEHNE BCEX ATAMOB, YACTUYHBIC OTBETHI
Ha BOIIPOCHI.

YdoeﬂemeopumeﬂbHoi ITonHOE BEIMOIHEHNE BCEX mararos, 00BSICHEHHE BCEX ATAIIOB.

Heyoosnemsopumenvno: HeBbinonnenue 3aaanuii mo T3, HECIOCOOHOCTH OOBSICHUTH
HaIlMCAHHBIC PEIICHHUSI.

[ToaroroBka kommneroTepHbIX KitaccoB ¢ C/C++ (MS Visual Studio, CMake), OpenMP, POSIX
Threads, SIMD, CUDA/OpenCL, npodunupoanuem u NVIDIA GPU.

[TpoBepka u orieHKa paboT

1. Pyunas mpoBepka:
OO6mieHue co cryaeHTamMu o uroram JIP; BOmpock! 1o Koy ¥ TEOpEeTUYECKUE
BOIPOCHI [0 METOJAM U TEXHOJIOTHSIM KOMITBIOTEPHOTO 3PEHUSI.

2. OOparHasi CBsI3b:
Paz6op ommbok 1 peKOMEHIAITNY TI0 YITYYIIICHHIO

3ayeTHbIE MPOEKTHI HA OCHOBE KelCOB MAPTHEPOB

Keiicol ITAO «CoepbaHKk» ucnojib3yeMble B TUCHUIIMHE

I'enepauus synthetic data nisi 0aHKOBCKHX MojieJei
Onucanme:

Monpenu B Coepe TpeOyroT 601b110r0 00bEMa TPAH3AKIIMOHHBIX U KIIMEHTCKUX JIaHHBIX,
KOTOpBIE HEJIb3s UCIOIB30BaTh HAMPsAMYIO u3-3a TpeboBanuil LIb u @3-152. 3agaua —
pa3paboTaTh METO/ FeHEPalluU CHHTETUYECKIX OAHKOBCKUX JTAHHBIX, MAKCUMAJIBHO OJIM3KHUX K
pEAIbHBIM 10 paclpeAeICHUSIM U MOBEACHUIO.

3aveTHBIH NPOEKT HA OCHOBe Kelica:
BblCOKOl’lpOI/I?.BOL[I/ITeJ'ILHaﬂ resepanus CHHTETUHYCCKUX (l)I/IHaHCOBbIX JAHHbIX

Onucanue IMpOCKTA:

Tpe6yeTc51 pa3pa60TaTb BBICOKOITPONU3BOAUTCIIbBHYIO CUCTEMY I'CHCpALIU CUHTCTHYCCKUX
0AHKOBCKHX JaHHBIX (TpaH3aKI_II/II/I, KIIMCHTCKUC HpO(l)I/IJ'II/I), KOTOPBIC  CTAaTUCTUYCCKU
HCOTJIMYUMBI OT PCAJIbHBIX, HO HC COACpIKAT HCpCOHaHBHOﬁ I/IH(i)OpMaL[I/II/I. H3-3a OT'POMHBIX
00BEMOB JaHHBIX (MI/IJ'IJ'II/IaleBI 3annceﬁ) reHepanusa  JOJIKHaA OBITh  MaKCHMaJIbHO
ONTUMU3UPOBAHA U UCIIOJIB30BATb BCC NOCTYITHBIC BBIYUCIIUTCIIBHBIC PECYPCHI CPU u GPU.

33,[[3‘11/1 B KOHTCKCTC NJUCIUIIIINHBI:



1. Mapannenuzanus Ha CPU: nucnomas3oBats std::thread mmm OpenMP 115t mapasuienbHOTo
TeHEePUPOBAHNUS HE3aBUCUMBIX OJIOKOB JIaHHBIX (HaIpUMep, TPAH3aKIMA Pa3HbIX KIMEHTOB).

2. Bekropuzanus (SIMD): npumenuts wunctpykumu SSE/AVX s yckopeHus
MaTeMaTUYECKUX OTIepaIfii PU TeHEPalluy YMCIIOBBIX JAHHBIX (CYMMBbI TPaH3aKIUH, TPOLIEHTHI,
BPEMEHHBIE METKH), KOTOpBIE CJEIYIOT OIpENeIEHHBIM paclpeAeieHusM (HOpMaJbHOE,
I1yaccoHa).

3. GPU-yckopenme: peammzoBate Ha CUDA wmm OpenCL siapa mns mMaccoBoi
napajyieIbHOW TeHepanuyd HauboJiee PECypCOEMKHMX YacTed IaHHBIX, HAlPUMEp, CO3aHUs
B3aMMOCBSI3aHHBIX TPAH3AKIIMOHHBIX CETeH WM TPUMEHEHHUS CIOXKHBIX CTOXaCTUYECKHX
MOZEIEN.

4. Ontumuszanus U npodunuposanue: ¢ nomoulbio perf, nvprof mmm Nsight Systems
BBISIBUTH "y3KHe MecTa", OITUMU3UPOBATh padOTy € MaMAThIO (K3LI-JIOKAJIbHOCTH) U 00eCeUnTh
OamancupoBKy Harpy3ku mexay sapamu CPU u GPU.

[lens mnpoekTa: TPOAEMOHCTPUPOBATH yMeHue co3aaBaTh rudpunneie (CPU+GPU)
MIPUJIOKEHHUS], CHOCOOHBIE PEIIaTh PECYPCOEMKHE 3a/1a4H B CKAThIE CPOKH 32 CUET IPPEKTUBHOTO
MCI0JIb30BAHUS MapauIeIu3Ma.

Keiicbl or <KABAJIAB» ucnosib3yembie B IMCHUIIMHE

AHaau3 oOpamennii kiueHToB 1 CRM-nepenucku
Onucanue:

B cnyx0e KIMEeHTCKOTO cepBrCca 3aCTPOMIINKA €XKETHEBHO 00padaThIBAIOTCS IECATKH
oOparenuii (e-mail, 3BoOHKH, MecceHpKepbl). TpedyeTcs peann3oBaTh CUCTEMY CEMAaHTHYECKOTO
aHanu3a u kinaccudukanyuu NLU: BBISIBISITE CyTh 0OpaIlieHuii, ypOBEHb YAOBJICTBOPEHHOCTH,
OTCIIEKUBATh MOBTOPSIOLUIUECS 3aITPOCHL.

3adeTHBIN NPOEKT HA OCHOBE Kelica:
IMapajeabHasi 00padoTKa U ceMaHTHYeCKHid aHaIu3 M0TOKOB CRM-o00pamennii
[TapannensHas 06pab0oTKa U cCeMaHTUYECKUI aHau3 MOoTokoB CRM-o0pamenuit

Omnucanue IIPOCKTA:

H€O6XOI[I/IMO pe€alin30BaThb AAPO CUCTEMbI JIA Hpe):[06pa60TKI/I M aHaju3a OOJBIIOro
IIOTOKa TCKCTOBBIX 06paIJ_IeHI/II71 KIIMCHTOB (BJ'IGKTpOHHLIe II1McbMa, ‘{aTBI). 38.,[[8.‘13. BKJIFO4YAcCT
OTaIlbl, KOTOPBIC MOXXHO paclnapalIiCInTb: KOAUPOBAHHC TCKCTAa B BCKTOPbLI, H3BJICUCHHC
IIPpU3HAKOB, HadaJIbHas KJIaCCI/ICI)I/IKaI_II/IH. Huzkas 3aJICPIKKa 06pa6OTKI/I KpUTH4YHaA JJIA
OIICPAaTHUBHOI'O pCarupoBaHusl.

3aJauy B KOHTEKCTE AUCLUTIIINHBIL:

1. Muoronorounas konseriepuszanus (Producer-Consumer): co3ath KoHBeHep 00paboTKi
JTaHHBIX ¢ ucnosib3oBaHueM std::thread, std::mutex u ouepemeld cooOmienuil. OOWH MOTOK
3arpy’aeT JaHHbIe, IPYroil BBINOJHSET MpenoOpaboTKy (TOKEHM3AIUI0), HECKOJIbKO MOTOKOB
napajiesIbHO BBIYUCIISIOT SMOEAIMHIY, @ UTOTOBBIA MOTOK arperupyeT pe3yabTaThl.

2. Bexropu3zarus BeIYMCIEHU: ncnosb3oBats SIMD-unctpykiun (AVX) i yecKopeHus
JMHEWHBIX aNreOpanvyecKkux OMepanil Mpu BBIYMCICHUU 0a30BBIX TEKCTOBBIX XapaKTEPUCTHK
(marmpumep, TF-IDF) nnu nosneMeHTHBIX onepanuii B HeOOJIbIINX HEHpOCeTsX.



3. GPU-yckopenue undepenca: peanuzoBat Ha CUDA nmu OpenCL BeraucieHust Juist
JIETKOBECHOM HEWPOCETEeBON MOJEIH, BBHIOJIHSIIOMEH CEMaHTHUECKYIO KIacCU(UKAIUIO, YTOOBI
oOpabaTeiBaTh COTHH OOparnieHuii ogHoBpemMenno Ha GPU.

4. ITpodunupoBaHre U ONTUMHU3AIMS 3aepKeK: ucnoiab3oBath valgrind u Nsight Systems
1S aHanu3a B3auMo00kupoBok (deadlock), "ropsunx Touek" M ONTUMHU3ALUN BPEMEHH OTKIIMKA
CHCTEMbI, MUHUMH3HPYSI HAKJIaJHbIC PACXO0JIbl HA CHHXPOHHU3AIHIO.

lenp mpoekTa: mHOKa3aTh HABBIKM CO3/aHMSI OT3BIBUMBBIX MHOTIOIIOTOYHBIX CHUCTEM
pearbHOr0 BPEMEHH, CIIOCOOHBIX I(PQPEKTHBHO pPACHpPENeNsTh BBIUYUCIUTEIBHYIO HArpy3Ky M
MCIOJIb30BATh HU3KOYPOBHEBYIO ONITUMHU3AIUIO 111 00pabOTKH HENPEPHIBHBIX TOTOKOB JTAHHBIX.

3ayeTHO-IK3aMEHAIMOHHbIE MaTepHaJbl UIA MPOMEKYTOYHON  arTecTanuu
(3K3aMeH)

Ilpumepuvt 6onpocos 0131 no020moeKU K 3auemny
POSIX Threads 1 MHOrONOTO4YHOCTH

. Yrto Ttakoe notok (thread) u uem oH oTiIMyaeTcs oT npoiiecca?

. Kakue nmpeumymniecTBa 1aé€T MHOTOITIOTOYHOCTh B COBPEMEHHBIX MPUIIOKEHUIK?
. UTo Takoe KOHTEKCTHOE MEPEKITFOYCHUE B KaK OHO BJIMSICT Ha MPOW3BOUTEIIHHOCTE?
. Kak coznatorcs motoku ¢ momomibio POSIX Threads (pthread create)?

. Kak 3aBepmmth moTok u BepHyTh pe3yabTaT (pthread join)?

. UTto Takoe mutex v AJisl 4ero OH UCIOJIb3YeTCA?

. Kakue ectb crmoco6s! cuaxponusanuu motokoB B POSIX Threads?

. Uto Takoe ycnoBHas nepeMmenHas (pthread cond t) u kak ona paboraer?

. nst gero ucnonws3yercst 6apbep (pthread barrier t) m kak oH mpuMeHsieTCs?
10. UeM oTnmyaeTcs KOHKYPEHTHBIN TOCTYM K MaMSATH OT apajuieIbHOTO?

11. Yro Takoe race condition u Kak €ero mpeaoTBpaIIarT?

12. Yro Takoe deadlock u kakue crocoObI ero nzbderanus?

13. Kak uaMeputh Npou3BOIUTEIBHOCTE MHOTONIOTOYHOM ITporpamMmmbl Ha CPU?
14. Kakue mpo01eMbl MOTYT BOSHUKHYTH MIPH YBEITUYCHUHU YK CIIa TOTOKOB?

O 00 1N DN K~ W —

C/C++ 1 HU3KOYypPOBHEBOE MPOrPaMMHUPOBaHHE

15. Kakue ocobennoctu C/C++ nemar0T MX MNOIXOMSIIUMHU ISl HU3KOYPOBHEBOTO
NapajuiebHOTO MPOTPaMMHUPOBAHUS?

16. Kakue crannaptabie cpeactBa C++ mo3BoIsIIOT paboTaTh C MOTOKaMu?

17. Uem otnuuaetcs std::thread ot POSIX Threads?

18. Kak paboTarot std::mutex u std::lock guard?

19. Uto Takoe std::future u std::async?

20. Kakue mpoOremMbl BO3HUKAIOT NpPU HCIOJH30BAHUH TIOOATHHBIX MEPEMEHHBIX B
MHOTOIIOTOYHOM KoJie?

21. Yto Takoe aToMapHble onepanu# (std::atomic) u 3a4eM OHH HY>KHBI?

22. Kak peann3oBaTh 0€30MacHbIN TOCTYII K pa3jenseMbiM pecypcam B C++?

OpenMP

23. Yto takoe OpenMP u 1151 uero oH ucnosp3yercs?
24. Kak Bxirounts OpenMP B npoekt Ha C/C++?

25. YUrto nenaer aupekTuBa #pragma omp parallel?

26. YUem otnunuaercs parallel for ot oGsrynoro for?



27. Yro Takoe reduction B OpenMP u xak ona paboraet?

28. Kakwue tunst schedule cymectyror 8 OpenMP (static, dynamic, guided)?

29. Jlyis1 4ero MCIOJIB3YIOTCS KpUTHUECKHe cekimu (#pragma omp critical)?

30. Kak n3meputh npoussoaureiabHocts OpenMP-niporpamm?

31. Kakue mpobiaemMbl BO3HUKAIOT IPY HETIPaBMWIILHOM HcTionb3oBanuu OpenMP?

Bextopuszanusa u SIMD (SSE/AVX)

32. Yro takoe SIMD u uem ono otinuuaercs or MIMD?

33. Kakue nmpeumymiectBa gaét ucnosb3oBanne SSE/AVX nncTpykunii?

34. Kak peann3oBaTh BEKTOPHBIC oOfepanuu ¢ momoiislo _mm256_add ps wiu
_mm256_mul_ps?

35. Yem otiuuaercs 128-6uthHast SSE ot 256-6utHoit AVX?

36. Kak BnusieT BolpaBHUBaHUE MaMSITH Ha pou3BoauTensHOCTh SIMD-oneparuii?

37. Kakue orpaHrueHus HakjIaapIBaeT ucnosb3oBanue SIMD Ha anropurmbr?

38. Kak n3MepsTh yCKOpEHHE MTPU BEKTOpU3aLUU Koj1a?

GPU-nporpammupoBanue (CUDA, ROCm, OpenCL)

39. Uto Takoe CUDA wu aj1s 4ero oHa ucnosb3yercs?

40. Kak yctpoena Moenb nmoTokoB u 6;10k0B B CUDA?

41. Yem otimyaercs riiodanpHas, JokanbHas U shared mamste B8 CUDA?

42. Yto Ttakoe OpenCL u yem on otiimuaercst ot CUDA?

43. Kakue maru HeoOxoaumel 1iist BeimostHeHHs: OpenCL-sapa na GPU?

44. Kakue meronsl mpodrmpoBanus npumenstorcs maast GPU-mporpamm u 49to oHuM
U3MEpSIOT?

Ilepeuenv Komnemenyuil (vacmu KomnemeHyuu), NPoOGEPAEMbIX OUEHOUHBIM CPEOCHIBOM -
OIIK-4; OIIK-5; OIIK-6; PL-1; PL-2; PL-3

Ilpakmuueckue 3a0anus K 3auemy
Samanue 1. Co3znanue notokoB POSIX
- PeanuzoBath nporpammy, CO3Aa0MIYI0 HECKOJIBKO OTOKOB /7Sl TapajllieIbHOTO BBIYUCIICHUS
CYMMBI M CPEJHETO 3JIEMEHTOB MacCHBa.
- VI3ameputh ycKOpeHHe Mpu yBETUYEHUU YHCIIa TOTOKOB.
3ananue 2. CHHXpOHM3AIMs ¢ mutex u barrier
- Ucnonw3oBate pthread mutex t u pthread barrier t mis 3amuTsl pa3aensieMoro pecypca u
CHHXPOHM3AIMU TOTOKOB.
- 3Meputh MaciTabupyeMoCTh peleHus! IPH Pa3HOM KOJIMUYECTBE OTOKOB.

3ananue 3. [lapamnensHas coptupoBka Ha C++

- PeanusoBathk merge sort uinu quick sort ¢ ucrnonb3oBanuem std::thread u std::async.
- CpaBHUTH BpeMms BbINOJIHEHUs ¢ peanu3zanueit Ha POSIX Threads.

3ananue 4. PacnapamnenuBanue ¢ OpenMP



- cnonp3oBath qupekTHBY #pragma omp parallel for s ymHokeHust matpui.
- lo6aButs reduction u u3menuts crpareruto schedule. CpaBHUTH IPOU3BOUTEIBHOCTb.

3ananue 5. Bexropuzanus SIMD

- PeanuzoBath ClOXKeHHE U YMHOXKEHHE MacCUBOB ¢ oMolnbio SSE/AVX (_mm256_add_ps,
_mm256_mul_ps).

- CpaBHI/ITI) BpPEM BBIINIOJIHCHUSA C O6I>ILIHI>IM IIUKJIOM.

3ananue 6. OnTumMu3anus BEKTOPHBIX onepanuil

- [IpoBepuTh BiIMsHUE BhIpaBHUBAHUS IAaHHBIX B AMSTH Ha IPOoU3BoAUTENbHOCTh SIMD.
- I3MepuTh yCcKOpEeHHE Ha pa3HbIX MaCCUBAX.

3ananue 7. CUDA: yMHOX€eHUE BEKTOPOB

- PeanuzoBate CUDA-s1p0 171 yMHOKEHHUS IBYX BEKTOPOB.
- Hactpouts koHOuUrypaimio 6JI0KOB U CETKH, U3MEPUTH ycKopeHue oTHocuTenbHo CPU.

3ananue 8. CUDA: yMHOX€eHUE MaTpUI]

- PeanuzoBate ymHOxeHue Matpull Ha GPU ¢ ucnons3oBanuem shared namsaTi s yCKOpEeHHUS.
- [IpoBectu cpaBHenne ¢ CPU-peanuzanuei.

3aganue 9. OpenCL: BEKTOPHOE CIIOKEHUE

- Hanmncatp mporpammy Ha OpenCL 111 cl105K€HUs MacCHUBOB.
- CpaBuutb npousBogutenbHocTh ¢ CUDA-peanuzanuei u CPU.

3aganue 10. ROCm/HIP

- PeamuzoBats nipoctoe GPU-sapo Ha ROCM/HIP 1151 BEKTOpHOTO YMHOKEHHS.
- CpaBuuth pesyabtarsl ¢ CUDA.

3ananue 11. [Ipodunupoanue CPU

- Ucnonb3oBats perf miu Valgrind muig ananusza ropsyux y4acTKOB MHOTOIIOTOYHOM MpOrpamMMBbl
Ha CPU.

- OnTUMHU3HPOBATH BBIYUCIICHUS U U3MEPHUTh YCKOPEHUE.

3ananue 12. [Ipodunuposanue GPU

- Ucnonw3oBate Nsight Systems unu nvprof muis ananuza CUDA-spa.
- OnTUMHU3MPOBATH pa3Mep OJOKOB U UCIIOJIb30BAaHUE MAMSTH JJIsl YCKOPEHHMSL.

3ananue 13. KomOuHUpOBaHHAs ONTUMHU3AIINS
- PeanuzoBath nporpamMmmy, KOMOMHHUPYIOLTYI0 MHOTONIOTOYHOCTh, SIMD 1 GPU-BeruncneHus

(HampuMep, CyMMHUpPOBaHHE OOJBIINX MAacCHUBOB).
- [IpoBecTu U3MepeHue YCKOPEHMsI Ha BCEX YPOBHSX U MOATOTOBUTH CPABHUTEIIbHBIN OTYET.



Ilepeuenv Komnemenuyuit (wacmu KomMnemeHyuu), NPOCEPAEMbIX OUCHOUHBIM CPEOCHEOM -
OIIK-4; OIIK-5; OIIK-6; PL-1; PL-2; PL-3

4.2 MeroanuecKkue MaTepHaJibl, oNpeaesolue Npoueaypbl OLeHUBAHNS 3HAHUIA,
YMeHHUii, HaBBIKOB U (MJIH) ONBITA AeATEJbHOCTH, XAPAKTEPU3YIOIIMX 3TaNbl
(popMupoBanus KoMIneTeHIUI

Metoanyeckne peKOMeH/IalMH, ONpe/e/siiolue NPoueIyphl OlleHUBAHUS HA 3a4yeTe:
[Iponeaypa nmpomexyro4Hou arrecTaldyd IPOXOJUT B COOTBETCTBUM ¢ I[lonokeHueM o
TEKYIIIeM KOHTPOJIE H MMPOMEXYTOoUHOH artectanuu ooyqaromuxcs ®I'BOY BO «KyoI'Y».
Hrorosoit opmoit KOHTpOIS CHPOPMUPOBAHHOCTU KOMIIETEHUUH y OOYyYaromUXCs IO
JTUCLMIUIMHE sBIsieTcs 3a4eT. CTyIeHThl 0053aHbl CIaTh 3a4E€T B COOTBETCTBUM C PACIMCAHUEM U
y4eOHBIM IJIAHOM.
OOC npomMeXyTOYHOM aTTeCTallud COCTOMT U3 BOIPOCOB K 3aueTy M pe3yJbTaToB
TEKYILEro KOHTPOJIS.
3aueT Mo AMCUMILIMHE MpeciIeaAyeT Leidb OUEHUTh paboTy CTyJIEHTa 3a KypcC, MOJIydeHUe
TEOPETUYECKUX 3HAHUU, MX TMPOYHOCTb, Pa3BUTHE TBOPUECKOTO MBIIUICHUS, MpUOOpEeTeHne
HABBIKOB CAMOCTOSATEIBHONW pabOThl, yMEHUE NPUMEHATH MOJTYYECHHbIE 3HAHMS JUIS PELIeHUS
MPaKTUYECKUX 3a]a4.
dopma NpoBeACHUS 3aUeTa: YCTHO.
Pe3ynbrar cnaun 3aueTa 3aHOCUTHCS MIPENoJaBaTeNieM B 3a4ETHYIO BEIOMOCTb M 3aYETHYIO
KHIDKKY.
OneHuBaHuEe YpOBHSA OCBOCHHS AMCLUUILIMHBI OCHOBBIBAETCS Ha KAa4€CTBE BBIMIOJHEHUS
CTYACHTOM 3aJlaHUI TEKYIIero KOHTPOJIS U OTBETOB Ha BOIIPOCHI 3aUeTa.
Kpurepum oueHku:
1. OneHka oTBeTOB HA BONPOCHI K 3a4eTy (50% uTOroBoi oueHKn)
3auer
[TonHble, pa3BepHyThIE OTBETHI C IEMOHCTpAIUEH TITyOOKOTO MOHUMAHUS TEMBI.
OTBeTHI cosiep>KaT OCHOBHBIE UJIEH, HO 0€3 yriyOJIeHHOTO aHaIN3a.
Hcnonb3oBanue npumepoB, popmyil, KOPPEKTHBIX TEPMHUHOB.
Bo3moxHBI He0O0IbIIIKE OIIUOKHU B A€TAISIX WIH POPMYIUPOBKAX.
YMeHHe aHaJIu3upoBaTh U CPAaBHUBATH METO/IBI.
% BopinoaHeHus: 60—100% (momyckaroTcs HE3HAUUTENbHBIE HETOYHOCTH).
He3auyer
OTcyTcTBHME TOHUMAHUS KITFOYEBBIX KOHIICTIIIHA.
I'pyObie ommbku 1M HECIOCOOHOCTh OTBETUTH Ha OOJIBIIIYIO YaCTh BOIIPOCOB.
% BeinmonHeHus: <60%.
2. OneHKa BBINOJHEHUS] IPAKTHYECKHUX KelicoB U JiadopaTopHbIX padot (50% wurorosBoi
OLIEHKH)
3auer
[TonHOE BBITIOJIHEHHE BCEX ATAMOB Keiica ¢ UHHOBALIMOHHBIMU PELICHUSMH.
Uerkas JOKyMEHTAIMsl KOJIa ¥ aHAIU3 Pe3yJIbTaTOB.
% BoimonHeHus: 60—100%.
WIH
BrinosiHeHbI OCHOBHBIE 33/1a4H, HO 0€3 JOTIOTHUTETbHOM ONTHMU3AITIH.
WIH
Pemens! 6a3oBbie 3a1a4n, HO C KPUTHUECKUMHU OIIMOKAMHU.
Huskoe kauecTBO KOJia MIIM OTCYTCTBHE aHAIIN3A.
He3auer
HeBbinonHeHne KI0UYEBbIX 3TAIOB.
Kox Hepaboumii nim oTCyTCTBYET.
% BeImonHeHus: <60%.



Memoouueckue  pekomenoayuu,  onpeoenarujue - npoueoypvl  OUEHUGAHUSA
Jaabopamopuuix padom:

[Ipouienypa onieHUBaHMs JTAOOPATOPHBIX PAOOT MPOXOAUT B COOTBETCTBUU ¢ [TosokeHnem
0 TEKYIIeM KOHTPOJIE U MPOMEeXyTouHOH arrectanuu ooyqarmuxcsi ®T'BOY BO «Kyol'Y».

[To xaxmo# mabopaTopHOil paboTe odopmirsercs oTder. OTUETHI CIAIOTCS HA TIPOBEPKY
PYKOBOJIUTEIIIO B TEUYCHHE Kypca IO MEpe WX BBINIOJIHCHUS, W 3AIUIIAIOTCS CTYJACHTAaMHU B
YCTaHOBJIEHHOM TIOPSIJIKE.

[Tpu 3ammTe oTYeTa CTYACHTY MOTYT OBITH 3a/IaHBI BOIIPOCHI M IOTIOJTHUTEIBHBIC 33 JaHUS
M0 CyTH JIa0OpaTopHO¥l PabOThl, B TOM YMCIIE U3 CIHUCKA KOHTPOJBHBIX BOMPOCOB K JaHHOM
naboparoproii padote. [Ipu HEYIOBIECTBOPUTEIHHON OIICHKE 3HAHUM CTY/IEHTA 10 TEeME JTaHHOTO
0T4YEeTa, CTYJICHT BO3BPAIIAETCs K MOBTOPHOMY U3YUE€HHUIO COOTBETCTBYIOIUX MAaTEPUAIOB, TIOCIIE
4Yero JOIMYCKAeTCAd K MOBTOPHOMW 3amure. HeyqoBIE€TBOPUTEIBHO BBIITOJTHEHHBIA OTYET TaKXKeE
BO3BpaliaeTcs Ha 10paboTKy.

OTyeT JOJDKEH COJEpKaTh 3arojIoBOK, TeMy Ja0OpaTOpHOW paboThI, 1eb, 3a/JaHHE,
WHIUBUAYAIBHYIO TEMY, ONHUCAHHWE XOJa BBHIMOJHEHHUS pPA0OTHI, HEOOXOIUMBIC MPUKIIAIHBIE
MaTepHuaabl (CXeMbl, MaKeThl JIOKYMEHTOB M T.II.), B COOTBETCTBUU C TpPEOOBAHUAMHU K
COJIEPKAHUIO, U BBIBOJIBI 1O pabOTeE.

OrneHOUYHBIC CpEICTBA JUIS WHBAIMJIOB W JIMII C OTPAaHUYCHHBIMH BO3MOXKHOCTSIMHU
3JI0POBbSI BRIOMPAIOTCS C YIETOM MX WHIAMUBUIAYAITbHBIX TICUXO()U3HUESCKAX 0COOCHHOCTEH.

— IMPpU HeO0OXOJMMOCTH HHBAJTUIAM | JIMIIAM C OTPAHHYECHHBIMUA BO3MOYKHOCTSIMH 3710POBbBSI
MPEAOCTABIISIETCS JIOTIOJTHUTEIILHOE BPEMSI JUTsI IOATOTOBKH OTBETA HA 3a4ETE;

— MPU MPOBEICHUH TIPOIICTYPhI OIICHUBAHMS PE3yJIbTATOB 00yUEHUS WHBAIHJIOB U JIUIL C
OTPaHUYEHHBIMU BO3MOXHOCTSMU 3/I0POBbS MPEAYCMATPUBACTCS UCIOJIb30BAHNE TEXHUYECKHUX
CPEICTB, HEOOXOAUMBIX UM B CBS3H C X UHIUBUAYAIbHBIMU OCOOCHHOCTIMU;

— MPU HEOOXOAUMOCTH I 00YyJaIOIIUXCS C OTPAHUYEHHBIMUA BO3MOXHOCTSMU 3/10POBbSI
M WHBAJNUIOB TMpoOLEaypa OLEHMBAHMUS pPE3yJlbTaTOB OOyYeHHUS MO0 AUCHMUILUIUHE MOXKET
MIPOBOJUTHCS B HECKOJIBKO 3TAIOB.

[Ipouenypa oueHHUBaHUS pe3yIbTaTOB OOyUYEHUS WHBAIUIOB U JIMII C OTPaHUYCHHBIMU
BO3MOXHOCTSIMU 3/I0POBBS IO JUCHUILIMHE MPEaycMaTpUBaeT MpelocTaBieHne nHhopMauu B
dbopmax, aTanTUPOBAHHBIX K OTPAHUYEHUSIM UX 3J0POBbs U BOCIIPUATHS WH(OPMALIUU:

Jjig U1l ¢ HapyIIEHUSMU 3PEHUS:

— B Ile4aTHOU Gopme yBeTMYeHHBIM HIpUdTOM,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jljig 11 ¢ HapyIICHUSAMH CIyXa:

— B [IeYaTHOM opme,

— B (hopMe PIIEKTPOHHOTO JOKYMEHTA.

Jljis 11 ¢ HapyIIeHUSMH OTIOPHO-BUTATENIFHOTO anmnapara:

— B [IeYaTHOM opme,

— B (hopMe PIIEKTPOHHOTO JOKYMEHTA.

JlaHHBIN MepevYeHb MOXET OBITh KOHKPETU3HPOBAaH B 3aBUCUMOCTH OT KOHTHHIE€HTA
oOyuaronuxcs.

4.3. MetoanyecKue yKa3aHHUs N0 OPraHU3aluHi BbIYUCIUTENbHOH HHPPACTPYKTYPHI

TpeOoBanus K aNMapaTHOMY M NPOrPaAMMHOMY 00eclie4eHHI0 padounX MeCT

AnmnapatHblie TpeOOBaHMA.

Jlis  BBIMOTHEHHS J1a0OpaTOpPHBIX pPabOT MO MapaliebHOMY M HU3KOYPOBHEBOMY
MIPOrPaMMHUPOBAHHIO CTYJCHTAM M MPETOAaBaTeNt0 HEOOXO UM CTAIlMOHAPHBIN KOMIBIOTEP WU
HOYTOYK C COBpeMeHHOW KoH(wurypamueil. Pexomenayercs wmHorompoueccopubiii CPU,
Hanpumep Intel Core 13/i5/i7 He Huke 4-ro MOKoJeHUs wiM aHanoruuneldi AMD Ryzen, ¢
MOJIEP>KKO MHOTOIIOTOYHOCTH U OTlepaTUBHOM mamsAThio He MeHee 8 I'b. [[ns pabotsl ¢ GPU-



BbuncieHusiMu  tpebyercs Bupeokapra NVIDIA mms CUDA wunm  coBmectuMmas ¢
OpenCL/ROCm. KommbioTep M0MKEH UMETh CTa0MIIBHOE MOAKIIOYEHUE K ceTh MHTepHeT co
ckopocThio He HmKe 5-10 MOut/c mis ckaumBanumst SDK, Oubmuorek u 0oOHOBICHUI
MIPOrPaMMHOTO OOECTICUCHUSI.

IIporpamMublie TpeOOBaHUS.

Ha pabounx craHIMsAX 10/DKHA OBITH YCTAHOBJICHA COBPEMEHHAs ONEPAIlHOHHAS CUCTEMA,
Britoyasgs Windows 10 wim 11, akryansnbie Bepcun macOS i auctpubytussl GNU/Linux, npu
TOM CHCTEMBI [OJDKHBI DETYISApHO OOHOBIATBCA ISl TMOAJCp)KaHUs Oe30TMacHOCTH U
COBMECTHMOCTH C HWHCTpYMEHTaMu Kypca. Jlinst pa3paboTku HeoOXO0AWM COBpPEMEHHBIN
kommmsitop C/C++ ¢ momnepxkoit CMake, manpumep MS Visual Studio ma Windows wnm
GCC/Clang na Linux/macOS, a Takxke OMOTMOTEKM W HMHCTPYMEHTHI ISl TapauIeIbHOTO
nporpammupoBanus, Takue kak POSIX Threads, OpenMP, SIMD-untpuncuku s SSE/AVX,
CUDA Toolkit s NVIDIA GPU, OpenCL SDK n ROCm/HIP 1151 COBMECTUMBIX YCTPONCTB.
PazpaboTka pekoMeHIyeTcs 4epe3 WHTETPHPOBAHHYIO Cpely WM TEKCTOBBIH pEeNakTop ¢
noiepxkoi C/C++, nanpumep Visual Studio, VS Code unu CLion. JIyisg aHanu3a u ONTUMH3AIIN
MIPOU3BOIUTEIBHOCTH HEOOXOIMMO HCIIONIb30BaTh HHCTpYMeHTHI TpodunupoBanus CPU u GPU,
Bimrovas perf, Valgrind (uepe3 WSL na Windows), Nsight Systems, nvprof ans CUDA u
cpencrBa npodunupoanuss OpenCL/ROCm.

JlonoJiHUTEIbHOE POrpaMMHoOe odecreyeHme.

CTynmeHTBl TakkKe JOJDKHBI HWMETh JIOCTYNl K CHCTeMe KOoHTposs Bepcuid Git,
untepnperaropy Python Bepcuu 3.10 u BbIlIe ¢ MEHeIKEPOM MMAKETOB pip WK conda /715 aHaIu3a
pe3ynbTaTOB U IOCTPOCHUS TPadUKOB, P HEOOXOTUMOCTH ¢ ycTaHOBKOM Jupyter Notebook/Lab.
J1J1s1 TOKaITBHOTO TECTUPOBAHMUS M OTIIAJIKU IIPOTPaMM MOXKET UCTIONb30BaThcsl Docker, mpu sToM
Ha Windows tpebyercs Docker Desktop ¢ WSL2, a ma Linux m macOS miardpopma
noJJiep>KuBaeTcs Hampsmyio. Bce mporpammHoe obecriedeHne JO0DKHO ObITh HACTPOEHO Tak,
YTOOBI CTYAEHTHl MMENH JIOCTYH KO BCEM HMHCTPYMEHTaM BO BpeMs JabopaTopHbIX paboT, a
MpernoaBaTesib MOT YIPaBIATh MUHPPACTPYKTYpOH M KOHTPOJMPOBATH PE3YNbTaThl, BKIIOYas
penosutopun, CI/CD m TectupoBanue. HeoOxommmo oOecreunTh pasperieHue HCXOIAIINX
nonkimoyeHud mo HTTPS, otkpeiTeie mopTel 80 u 443, a Takke HAJIMYKME MPAB HAa YCTAHOBKY
MPOrpaMMHOTO OOecreyeHHs] WM B3aUMOJEWCTBHE C CHUCTEMHBIM aJIMUHHUCTPATOPOM Ui UX
YCTaHOBKH.

Ili1a”H-mpocneKT MeTOAMYECKUX YKA3AHUI 110 OPraHU3alUM Jad0paTOPHBIX PadoT mo
aucuununne " IlapasuiesibHOe 1 HU3KOYPOBHEBOE NIPOrpaMMupoBaHue'’

1. O01mue cBeeHNs

JuctuiuinHa: «[lapaiiensHoe U HU3KOYPOBHEBOE MPOrPaMMHUPOBAHHE)

Bu oOecrieueHus: MpoBeicHUE J1ab0OpaTOPHBIX padboT

VYcnoBusi MpUMEHEHHsI: KypC pacCUMTaH Ha CTYJAEHTOB 2—3-TO roja oOy4eHUs; Hau4ue
noctymna K BeraucautenbHeiM pecypcam CPU u GPU; ucnonb3oBaHue OTKPHITHIX OUONIHOTEK U
SDK mnsa C/C++, OpenMP, POSIX Threads, CUDA, OpenCL/ROCm; noctyn k mpumepam u
HCXOJHBIM JaHHBIM JIs1 1a00paTOPHBIX padoT.

2. lenu, 3axa4M M 05KH1aeMble Pe3yabTAThI

Ienu: 3akpemieHne TEOPETUYECKUX 3HAHUN MO NapauleIbHOMY M HU3KOYPOBHEBOMY
IIPOrpaMMUPOBAHMIO Ha IPAKTUKE; pPa3BUTHE HABBIKOB IIPOEKTHPOBAHMSA, pealu3allud |
ONTHMM3ALMM MHOTOIIOTOYHBIX U BEKTOPHBIX BBIYMCIEHHUH; TOATOTOBKA K PELICHMIO 3aJa4 Ha
CPU u GPU B nunaycTpranbHbIX NPOEKTaX.

3agaun: 00ecrneYuTh CTYAEHTOB CTPYKTYPUPOBAHHBIMHM JaOOpaTOPHBIMH pPabOTaMHU;
MIPEJOCTaBUTH JIOCTYI K HEOOXOIUMBIM BBIUMCIUTENLHBIM peCypcaM; OpraHu30BaTh MPOBEPKY U
00paTHYIO CBS3b IO BHIMOJIHEHHBIM paboTaM.



OxugaeMble pe3yabTaThl: yMEHHE CO3/aBaTh M ONTUMH3UPOBATH MHOTOIOTOYHBIC
npunoxennus Ha C/C++; HaBpiku padotel ¢ OpenMP, POSIX Threads u SIMD-unTpuncukamu
(SSE/AVX); onbit peanu3aiuun GPU-erancnenuit Ha CUDA, OpenCL 1 ROCm; criocoGHOCTB
aHAJIM3UPOBATH TPOU3BOIUTEIILHOCTh M MACIITAOUPYEMOCTh PEIICHUIA.

3. Ilopsinok peaaunzanuun

3.1. 3agaua Nel: [TonroroBka gabopaTopHbIX paboT

Omnpenenenre TeM J1abOpaTOpHBIX pabOT: BBEJACHWE B MHOromotouHocts U POSIX
Threads; mapamnensabie Berancnenus Ha C++ (std::thread, std::async); pacnmapamienuBanue c
OpenMP; Bekropuzanus u SIMD (SSE/AVX); GPU-nporpammupoBanune ¢ CUDA, OpenCL u
ROCm; ontummuzanus u npopunupoBanue CPU u GPU-nipunosxenunii; KoMOMHUPOBAHHBIE 3a0a91
Ha CPU u GPU; 3ammTa KypcoBBIX ITPOEKTOB.

Pa3paboTka 3a1aHuii BKIIIOYAET MOIIArOBbIE HHCTPYKIIMH, IPUMEPBI KOJIa M KOHTPOJIbHBIE
BOITPOCHI.

[Tpumep pa3pabOTKH 3a1aHus JIIs JIAOOPATOPHOU PadOTH « MHOTOITIOTOYHBIC BEIYUCIICHHUS
Ha CPUy

HasBanme: «CymmupoBaHue 3JeMeHTOB MaccuBa ¢ ucrnosb3oBanneM POSIX Threads u
std::thread»

[enb: HAYyIUTHCS CO371aBaTh MHOTOITOTOYHBIE IporpamMmbl Ha C/C++ 1 aHaTM3UPOBaTh UX
MTPOU3BOIUTEITHHOCTD.

3agaum: peanu3zoBaTh OpoOrpamMMmy Ui MapajljieIbHOTO CYMMHPOBAaHHS MacCHBa C
ucrionb3oBanueMm  pthread create wu  pthread join; 100aBUTh CHHXpOHHM3AIUIO Yepe3
pthread_mutex t u pthread barrier t; cpaBHUTH MPOM3BOIUTEIBHOCTh peanusanuu Ha POSIX
Threads u std::thread; n3mMepuTh yCKOpEHHE MPU YBEIMYCHUH YMCIIa TIOTOKOB.

Oxupaemblie pe3yJibTaTbl: YMEHUE CO3/1aBaTh U CHHXPOHU3UpPOBaTh NMOTOKKM Ha CPU;
MOHUMAaHHE BIUSHUS CUHXPOHHW3allMM M YHUCJIA TOTOKOB Ha IMPOU3BOJIUTEILHOCTb, HABBIKU
CpaBHEHHUSI Pa3HBIX MOJXO0B K MapajieIbHbIM BbIYUCICHUSM.

HNucrpymentol u Oudamorexku: C/C++, POSIX Threads, std::ithread, std::mutex,
std::future, OpenMP, Taiimepsl, komrusaTopel GCC/Clang i MS Visual Studio, mpodaitnepbt
(perf, Valgrind).

Hcxoanble JanHble: MacCUBbI uncel pazmepom 10°6—10"8 anmeMeHTOB.

Xoa pabGoThI: OMNpeleiauTh KOJMYECTBO IOTOKOB; pEalU30BaTh MapajuielbHOE
CYMMHUPOBAHHE C CHHXPOHHU3allMEH; U3MEPUTh BPEMs BBINOJHEHUS, O(OPMUTH TaOIUIy C
pe3ylbTaTaMu; MpoaHAIU3UPOBATh MACIITAOUPYEMOCTb.

TpebGoBanus K O0T4ETY: KOJl IPOTpaMMBbl; TaOIHIIA C U3MEPEHUSIMU BPEMEHH; rpaduKu
YCKOpPEHUS U MaclITabUpyeMOCTH; aHATTUTUYECKAst YaCTh C BHIBOIAMH.

Kpurtepun oneHkn (3a4TeHO/He3a4TEHO): 3a4ET CTABUTCS, €CIIU MIPOrpaMMa KOPPEKTHO
pealin30BaHa C CHHXPOHU3ALMEH, U3MEPEHBI BpeMeHa BBITIOTHEHH S, 0(DOPMIIEH OTUET C aHAIU30M;
He3a4yeT MPU OTCYTCTBUU CHHXPOHHU3AINH, HEMOJIHBIX H3MEPEHUSIX HMIIM OTCYTCTBUH aHATIN3a.

dopMupyeMble KOMIIETEHIMH:

- OIIK-4 Cnoco0eH HaxoIuTh, AaHAJIM3UPOBATh, PEATU3OBHIBATH IPOTPAMMHO U
UCMOJb30BaTh Ha MpPaKTHKE MaTeMaTHYeCKHUE aJITOPUTMBI, B TOM 4YHUCIIE C IMPUMEHEHHEM
COBPEMEHHBIX BBIYMCIUTEIBHBIX CHCTEM

- OIIK-5 CnocobOeH mMOHMMAaTh MPUHIUMBI pabOTHl COBPEMEHHBIX HH()OPMAIIMOHHBIX
TEXHOJIOTUH U UCTIOJIb30BaTh UX JUI PEeLICHU 3aa4u MPOPeCcCUOHATBHOM NeATeTbHOCTH

- OIIK-6 CrocobeHn pa3pabareiBaTh aIrOPUTMBI U KOMIIBIOTEPHBIE IMPOTPAMMBI,
MPUTOTHBIE JUTS TPAKTUYECKOTO IPUMEHEHHUS



- PL-1 CnocoGen mpumensiTh s13bIK mporpamMmupoBanus Python s pernenus 3aga4 B obnactu
5151

- PL-2 (IT) Cnocoben npumenats JVM-coBMECTUMBIE S3bIKM MPOrPAMMHUPOBAHUS IS
peureHus 3aaa4 B oonactu M

- PL-3 (b) CnocoGen npumeHsTh s3b1ku porpammupoBanusi C/C++ s penieHus 3anau
B obnmactu U1

5. IlepeyeHb OCHOBHOW M [ONOJHUTEJbHOH Y4eOHOH JHUTEpPaTyphl,

He00X0AUMOi1 1151 OCBOCHU S AN CIUILIMHBI (MOIYJIs1)
5.1 OcHoBHas JiuTeparypa:

1. boraués K.}O. OcHOBBI mapaieapHOTO MPOrPaMMHUpPOBAHMS: y4eOHOE mocobue. —
M.:JIabopatopus 3nanui, 2020. — 345 c.

2. Jlantes B.B. C++ OOBEKTHO-OPHEHTHPOBAHHOE MPOrPAMMHUpPOBaHHE: YueOHOE
nocobue. — CII6.: [Tutep, 2008 — 464 c.

3. AnekceeB, B.E. Ctpykrypsl nansueix. Monenu Berumciennit / B.E. Anekcees, B.A.
TananoB. - 2-e u3n., ucnpas. - MockBa : Hanmonaneuetii OTkpsiTeiii YaUBEpcuTeT «MHTYUTY,
2016. - 248 c. : cxeMm., . - (OCHOBBI HH(POPMAIIMOHHBIX TEXHOJIOTHI)

4. Ownaproc I'.P. OcCHOBBI MHOIONOTOYHOIO, MapPaUIEIIBHOIO IPOrpaMMHUPOBAHUA.
M.:U3patenbcknii oM “Briabamc”. 2003. 512¢

5. Manssko A.A. IlapaistensHOE€ mporpaMMHUpOBaHUE Ha OCHOBE TexHoJoruii OpenMP,
CUDA, OpenCL, MPI: yue6HO€ mocodue i By30B / A. A. MansiBko. - 3-¢ u3/., UCIp. | JIOT. -
Mocksa : IOpaiit, 2022. - 135 c¢. - URL: https://urait.ru/bcode/492127 (mata oOpamicHus:
29.11.2022). - Pexxum moctyma: ais aBTOpu3. mosb3oBateneii. - ISBN 978-5-534-14116-0. -
TeKCT: ANeKTPOHHBIN.

5.2 lomosiHuTEILHAS JIUTEPATYypa:

1. buur B.A. TlapajsienbHblie BEIYUMCIEHUS 1 MHOTOITOTOYHOE MpOrpaMMHupoBaHue. — M.:
Hammonameubrit  OtkpeiTeiii  YHuHBepcuter «MHTYUT», 2016. — 311 c¢. — URL:
https://biblioclub.ru/index.php?page=book&id=428948.

2. Typanbuyk K.A. IlapamienbHoe mporpaMMupoBaHue ¢ MoMoOIIb0 sizbika C#. — M.:
Hammonameubiit  OtkpeiTeiii - YHuHBepcuter «MHTYUT», 2016. — 190 c. -URL:
https://biblioclub.ru/index.php?page=book&id=429098.

5.3. llepuoguveckue u3aaHus:
1. Ba3sl mauaeix komoaguu «Mct Bero» http://dlib.eastview.com
2. Dnexrponnas oubnuoreka GREBENNIKON.RU https:/grebennikon.ru/

5.4. UnTepHeT-pecypchl, B TOM YHCJIe COBPeMEeHHbIe MPo(eccHoHAIbHbIE 0a3bl
JAAHHBIX M HHPOPMAIIMOHHBIE CIPABOYHbIE CHCTEMBI
Onexmponno-oubnuomeynwvle cucmemsl (O5C):
DBC «IOPAWT» https:/urait.ru/
9BC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/
3BC «BOOK.ru» https://www.book.ru
3BC «ZNANIUM.COM» www.znanium.com
. OBC «JIAHb» https://e.lanbook.com
IIpogpeccuonanvuvie 6azvl OanHbIX
Scopus http://www.scopus.com/
ScienceDirect https://www.sciencedirect.com/
Kypuans! uznarenscrsa Wiley https://onlinelibrary.wiley.com/
Hayunas snexrponnas oubnuorexa (HOB) http://www.elibrary.ru/

agrwbdE

MowbdeE
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5. IIonMHOTEKCTOBBIEC apXMUBBI BEAYIIMX 3allaJHbIX HAYUHBIX )KYpPHaIOB Ha Pocculickon
mwiardopme Haydnbix xypHamoB HOMKOH http://archive.neicon.ru

6. HamumonanbHas dSneKTpoHHas OuOMMOTEKa  (MOCTYH K DJIEKTPOHHOW  OuOimoTexe
muccepranuii Poccuiickoit rocynapctsennoi ouonuoreku (PI'b) https://rusneb.ru/

7.  Tlpesunentckas 6ubmuoreka um. b.H. Exprmaa https://www.prlib.ru/

8.  baza gannpix CSD KemOpumkckoro niearpa kpucramorpadpudeckux manasix (CCDC)
https://www.ccdc.cam.ac.uk/structures/

9. Springer Journals: https:/link.springer.com/

10.  Springer Journals Archive: https:/link.springer.com/

11.  Nature Journals: https://www.nature.com/

12.  Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols

13.  Springer Materials: http://materials.springer.com/

14.  Nano Database: https://nano.nature.com/

15.  Springer eBooks (i.e. 2020 eBook collections): https://link.springer.com/

16. "Jlexropuym TB" http://www.lektorium.tv/

17. VYuuBepcurerckas nnpopmanronnas cucrema POCCUS http://uisrussia.msu.ru

Becnnamuvie obpazoeamenvhvie pecypcol
1. Jupyter Notebook — naTepakTHBHBIC BHIYHUCIICHUS
2. Visual Studio Code — pegakrop koaa ¢ moaaepxkoi Python
3. Google Scholar/arXiv — goctyn k Hay4HBIM TyOIHKAIHSIM

Pecypcol c60600n020 docmyna

1. KubepJlennnka http://cyberleninka.ru/;

2. AMepuKaHCKas MmaTeHTHas 06a3a maHHbBIX hitp://www.uspto.gov/patft/

3. MuHucTepcTBO HAyKH U BhICIIEro oOpa3zoBanus Poccuiickoit deneparuu
https://www.minobrnauki.gov.ru/;

4. ®enepanbHblii moptan "Poccuiickoe oOpazoBanue’ http://www.edu.ru/;

5. Hudopmanmonnas cucrema "EauHoe OKHO A0CTymna K 00pa3oBaTeIbHBIM pecypcam”
http://window.edu.ru/;

6. Enunas komnekius nudpoBeIx 00pa3oBaTeNbHBIX pecypcoB http://school-collection.edu.ru/ .

7. IIpoext ['ocynapcTBEHHOTO MHCTUTYTa pycckoro si3bika uMenu A.C. [lymkuna
"O6pa3oBanue Ha pycckoM" https://pushkininstitute.ru/;

8. CnpaBouHo-uH(popMaIMoHHBIN opTan "Pycckuii s3p1k" http://gramota.ru/;

9. Cuyx06a TeMaTH4eCKUX TOJKOBBIX ciioBapel http://www.glossary.ru/;

10. CnoBapu u sHUMKIONEeAUH http://dic.academic.ru/;

11. OGpa3oBarenbHblii mopran "Yueba" http://www.ucheba.com/;

12. 3akonompoekt "O06 obpazoBanuu B Poccuiickoit denepanuu'. Bornpock! u oTBeTHI http://xn--
273--84d1f.xn--plai/voprosy_i_otvety

Cobcmeennvie snekmponnbie 0bpasosamenvHuvle u uHghopmayuonnvle pecypcol Kyol'y

1. DOmnexrponHsli Katasnor Hayunoit 6ubanorexu KyoIl'Y http://megapro.kubsu.ru/MegaPro/Web

2. DnextpoHHas 6ubnuoreka TpyaoB yueHbIx Kyol'Y
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6

3. Cpena MoaynbHOTO AMHAMHYECKOTO 00ydeHus http://moodle.kubsu.ru

4. ba3a yueOHBIX IUIAHOB, YUCOHO-METOAUYECKUX KOMILJIEKCOB, MMyOIMKalui U KoH(pepeHuui

http://infoneeds.kubsu.ru/
5. bubanorexa nHhOpMAIMOHHBIX pecypcoB Kadeapbl HHGOPMAIIMOHHBIX 00Pa30BaTEIbHBIX
TexHoJsioru http://mschool.kubsu.ru;
6. DOnexTpoHHBIN apxuB fokymeHnToB KyOI'Y http://docspace.kubsu.ru/
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7. DnexTpoHHBIE 00pa30BaTeNbHBIE pecypchl Kadeapbl HHOOPMAIIMOHHBIX CHUCTEM U TEXHOJIOTUI
B oOpazoBanuu KyOI'Y wu mnHaydHo-meroamueckoro xypuHama "IIKOJIBHBIE T'OJIbl"
http://icdau.kubsu.ru/

5.5. Ily6amkauun koHpepenumnii A*

1. Yupeng Hou, Jiacheng Li, Ashley Shin, Jinsung Jeon, Abhishek Santhanam, Wei Shao, Kaveh
Hassani, Ning Yao, and Julian McAuley. 2025. Generating Long Semantic IDs in Parallel for
Recommendation. In Proceedings of the 31st ACM SIGKDD Conference on Knowledge
Discovery and Data Mining V.2 (KDD '25). Association for Computing Machinery, New York,
NY, USA, 956-966. https://doi.org/10.1145/3711896.3736979

2. Zijian Shiand John Cartlidge. 2022. State Dependent Parallel Neural Hawkes Process for Limit
Order Book Event Stream Prediction and Simulation. In Proceedings of the 28th ACM SIGKDD
Conference on Knowledge Discovery and Data Mining (KDD '22). Association for Computing
Machinery, New York, NY, USA, 1607-1615. https://doi.org/10.1145/3534678.3539462

3. B. Zhuang, Q. Wu, C. Shen, I. Reid and A. v. d. Hengel, "Parallel Attention: A Unified
Framework for Visual Object Discovery Through Dialogs and Queries,” 2018 IEEE/CVF
Conference on Computer Vision and Pattern Recognition, Salt Lake City, UT, USA, 2018, pp.
4252-4261, doi: 10.1109/CVPR.2018.00447.

4. Peng Peng, Shengyi Ji, Zhen Tian, Hongbo Jiang, Weiguo Zheng, and Xuecang Zhang. 2023.
Locality Sensitive Hashing for Optimizing Subgraph Query Processing in Parallel Computing
Systems. In Proceedings of the 29th ACM SIGKDD Conference on Knowledge Discovery and
Data Mining (KDD '23). Association for Computing Machinery, New York, NY, USA, 1885-
1896. https://doi.org/10.1145/3580305.3599419

5. Hui Sun, Yanfeng Ding, Liping Yi, Huidong Ma, Gang Wang, Xiaoguang Liu, Cheng Zhong,
and Wentong Cai. 2025. PMKLC: Parallel Multi-Knowledge Learning-based Lossless
Compression for Large-Scale Genomics Database. In Proceedings of the 31st ACM SIGKDD
Conference on Knowledge Discovery and Data Mining V.2 (KDD '25). Association for Computing
Machinery, New York, NY, USA, 2725-2734. https://doi.org/10.1145/3711896.3737083

6. MeToguueckne yKa3aHusl JJisi 00y4YalOIIUXCS MO OCBOEHHIO JUCUUIIUHBI
(MomyJis1)

Ilo kypcy npeayCMOTpPEHO MpOBEACHUE JIEKIMOHHBIX 3aHATUI, Ha KOTOPBIX JaeTCs
CHCTEeMaTU3MPOBAHHBIN MaTepuai o NapajieIbHOMY U HU3KOYPOBHEBOMY ITPOrPaMMHPOBAHUIO.
B xone nexkumii paccMaTpuBarOTCs KIIOYEBBIE KOHIENIIMA MHOTONOTOYHOCTH, CUHXPOHHU3AIUU
IIOTOKOB, APXUTEKTYphl COBPEMEHHBIX IpoleccopoB, Bekropuzanuun u GPU-Bbruncienuii.
Oco6oe BHUMaHHUE yJeNseTcsl MPaKTUUECKUM acIeKTaM — pa30uparoTcs MpUMeEphl peaau3aliu
MHOTOTIOTOYHBIX M MapajienbHbIX anroput™MoB Ha C/C++, mpumenenue OpenMP u POSIX
Threads, ucnons3osanue SIMD-untpuncukoB (SSE/AVX), GPU-nporpammupoBanue Ha CUDA,
OpenCL m ROCm. Ha nexknusix aHaTU3UPYIOTCS TUIHWYHbIE OIIMOKH TNPH MPOCKTHPOBAHUU
napajyieIbHbIX NPUIOKEHUH M ONTHMM3aluuu  BbluucieHui. [locme kaxmoill sexkuuu
PEKOMEH/IyeTCsl BBIMIOJIHATh MPAKTUUECKUE 3aJaHMs /IS 3aKpervieHHsl MaTepuaia: peaau3aius

MHOTOTIOTOYHBIX ()YHKIIHH, pacrapajieIMBaHue [TUKIOB, ONTHMH3AIIHS BEKTOPHBIX BEIUMCICHHIA
u GPU-sap.


http://icdau.kubsu.ru/
https://doi.org/10.1145/3711896.3736979
https://doi.org/10.1145/3534678.3539462
https://doi.org/10.1145/3580305.3599419
https://doi.org/10.1145/3711896.3737083

JlaGopaTopHble 3aHATHS Kypca IIOCBSIIEHBl TNPAKTHUYECKOMY OCBOCHHIO METO/I0B
[apajuIeIbHOTO ¥ HU3KOYPOBHEBOT'O IporpammupoBanus. Ha 3aHsaTusix neranbHO pa3duparoTcs
rOTOBBbIE MPUMEPHI PEATU3aLUU MHOTOIOTOYHBIX aJITOPUTMOB, paclapajleIMBaHUE IMKIIOB C
OpenMP, pabota ¢ motokamu POSIX Threads, ontumusanus xona ¢ ucnosibzoBanueM SIMD-
UHCTpYKUUH, opranuzanus BeluucieHuid Ha GPU c momompbto CUDA, OpenCL u ROCm.
CryneHTbl pabOTalOT ¢ peTbHBIMU BBIYHCIUTEIBHBIMA 33/1a9aMH, HAIIpUMEpP, CyYMMUPOBaHUE U
COPTHPOBKA MAacCCHBOB, MAaTpPHYHBIC OIEpAIMH, MOJICITHUPOBAHHWE (PHU3MUECKUX TMPOIECCOB, U
MPUMEHSIOT HMHCTPYMEHTBHI Ui H3MepeHus mnpousBoautensHoctu (perf, Valgrind, Nsight
Systems). Ilocie kaxkgoro abOpaTOpHOTO  3aHATHS — NpEAJIaraloTcs — 3agaHus s
CaMOCTOSITEIIBHOTO 3aKpeIUvieHHsI MaTephalia — MOJU(MUKAIMS PACCMOTPEHHBIX aJTOPUTMOB,
TECTUPOBAHNE MHOTONIOTOYHBIX pealu3aliil U ONTUMHU3ALMS IPOU3BOAUTEIBHOCTH.

[Ipu camocTosTenbHONH paboTe CTyA€HTaM HEOOXOAMMO H3ydaTh PEKOMEHJOBAHHYIO
nuTeparypy (y4eOHHMKH, CTaThu, TOKyMeHTaruo oubnuorek u SDK) mys riry6okoro moHUMaHUs
TEOPETUYECKUX OCHOB MapajuIeIbHOTO NPOrpaMMHUPOBAHUS M COBPEMEHHBIX IOJXOJOB K
ONTUMM3ALIMM BBIYMCICHUI. BBINONHSS TNpOEKTHbIE 3aJaHMsl, CTYIEHT JOJKEH YMETh:
(dbopMynupoBaTh 337a4y NapajuleIbHBIX BBIUMCIEHHUH; MOAOUpaTh U MOArOTaBIMBATH JAHHBIE;
BBIOMpATh U PeaIn30BbIBATh MOAXOAAIIME METOIbI pacapaienuBanus U ontumuzanuu Ha CPU
nu GPU; ouenuBarb 3(Q(EeKTUBHOCT, U TNPOU3BOJAUTENBHOCTh PEUICHUMH € MOMOIIbIO
COOTBETCTBYIOIIUX MHCTPYMEHTOB U MeTpUK. Oco0oe BHUMaHUE YIENIeTCs HaBbIKaM OTJIAJKH,
MpOQUINPOBAHUS U ONITUMHU3ALINN KOJA.

Baxknelmum KOMIIOHEHTOM Kypca SIBJISIETCSl CaMOCTOSITeNbHAs POEeKTHas paboTa, B X01e
KOTOpPO#l CTYAEHT pa3pabaTbIBaeT 3aBEpUIEHHOE MPOrPAMMHOE DPEIIEHUE C HCIOJb30BaHHUEM
MHOTOTIOTOYHOCTH, BekTopu3anuu 1 GPU-Beruncnenuit (Hampumep, yCKOPEHHOE CYMMUPOBAHHE
OOJIBIIMX MAacCHUBOB, MapajuielibHas COPTUPOBKA WM BBIYUCIUTEIbHAS 3a/a4a C MaTpHUIAMH).
Takoli NpOEKT MO3BOJSAET 3aKPENUTh HABBIKA NPOEKTHUPOBAHMS W PEaTU3ALMU KOMIUIEKCHBIX
pewrennit Ha CPU u GPU, a Takxe olleHUBaTh UX MPOU3BOAUTEIHHOCTD.

JIns  CTYyAeHTOB C OrpPaHUYEHHBIMH BO3MOYKHOCTSIMU 3JI0POBbSl  IIPEAYCMOTPEHBI
JOTIOJIHUTEbHBIE WHAWBUAYalIbHbIE KOHCYJIbTAllUH, HAa KOTOPBIX MPENOJABaTEIb PA3bSICHSIET
CIIOXHBIE aCHEeKThl JWCHUUIUIMHBI, TIOMOTaeT aJalnTUpOBaTh 3aJaHuid U 00ecredrBacT
CHelHalbHbIe YCIOBHUS JJS OCBOEHHS MPAKTUYECKHX HABBIKOB pPAaOOThI ¢ MHOTOMOTOYHBIMHU,
BeKTOpHBIMU U GPU-BpiuncnenusamMu. MHAMBUAYaNbHBIA OIX0/ MO3BOJIAET TAKUM CTYJAEHTaM
MIOJIHOIICHHO Y4acTBOBATh B y4eOHOM MPOIECCE U IOCTUTaTh TPEOYEMBIX pe3yIbTaTOB OOyUEHUSI.

Keiicol ITAO «Coep6aHKk» ucnojib3yeMblie B TUCHUIIMHE

I'enepanms synthetic data nisi 0aHKOBCKHX MojesIeH
Onucanme:

Monenu B Coepe TpeOyroT 601b110r0 00bEMa TPAH3AKIIMOHHBIX U KIMEHTCKUX JIaHHBIX,
KOTOpBIE HEJIb3s UCIOB30BaTh HAMPsAMYIO u3-3a TpeboBanuil LIb u @3-152. 3agaua —
pa3paboTaTh METO/ FeHEPAllUU CUHTETUYECKIX OAHKOBCKUX JTAHHBIX, MAKCUMAJIBHO OJIM3KHUX K
peanbHBIM MO pacHpeieeHUsIM U MOBEICHUIO.

Keiicol oT «<ABAJIAB» ucnosib3yemblie B IUCHMILIMHE

AHaym3 oOpamennii kineHToB 1 CRM-nepenncku
Onucanue:

B ciny)x6e KIMEeHTCKOTo cepBUca 3aCTpOMIIMKa eXeTHEBHO 00padaThIBAIOTCS IECSTKH
oOpamienuii (e-mail, 3BOHKH, MecceHKephl). Tpedyercst peaan3oBaTh CUCTEMY CEMaHTHYECKOTO
a”anu3a 1 kinaccudukanuu NLU: BBIABIATH CyTh 0OpalieHUid, ypOBEHb YIOBIETBOPEHHOCTH,
OTCIIEXKUBATh TOBTOPSIOLIUECS 3aIIPOCHL.



7. MaTtepuajibHO-TeXHUYECKOe o0ecnevyeHne no JUCUMIInHe (MoayJ/110)

Bupryaneusie mamunabl, kmactep Managed Kubernetes m pecypcer GPU B oGmake

IIpelocTaBIsieTcs HHAYCTpUuanbHbIM napTHepoM [TAO «CoOepbank»:

[Ipumeuanue: Konkperusanus ayauropuii u ux ocHauenue onpeaensercs OIIOIL.

Koi-Bo

No IIponyxr ITapamerps! mpoykTa Kon-Bo KoHGUrypawuii En. usm.
Bupryansaas ~ Buptyansnas mammna 10% vCPU 2
1 vammma  VCPU 4 RAM 1 60 Hir
OC Ubuntu 22.04 1 T
CucreMubli guck SSD 1 It
10 o
Apennma myomuaaoro IP 1 LT
BubTvaTLHAS Bupryansaas mammaa ¢ GPU
Mampmi,a c GPU NVIDIA® Tesla® V100 2 GPU 8 1 1 T
vCPU 128 I'b RAM
OC Ubuntu_24.04 1 I
Cucremusbiil nuck SSD 1 It
2000 o
Huck SSD 1 LT
4096 o
Huck SSD 1 T
4096 o
Apenna nyonuanaoro [P 1 T
No Buzt pabor HanmMeHnoBaHue yueOHOW ayTUTOPHUH, €€ OCHAIIEHHOCTh
000pyIOBaHNEM U TEXHUYECKUMH CPEICTBAMU 00ydeHUs
1 JIeKIIMOHHBIE 3aHATHUS AynuTopusi, YKOMILIEKTOBaHHAS CIIEIIUAIN3UPOBAHHON MEOENbI0 U
TEXHUYECKUMH CPEJICTBAMHU O0YJEHUS
2 JlabopaTopHble 3aHATHSL AynuTopusi, YKOMILIEKTOBaHHAS CIIEIIUAIN3UPOBAHHON MEOENbI0 U
TEXHUYECKHMHU CPEICTBAMHU 00yUEHUS], KOMITBIOTEPAMH, TPOEKTOPOM,
pOrpaMMHBIM OOecTIedeHUEeM
3 [IpakTudeckue 3aHATHSL AynuTopusi, YKOMIUIEKTOBaHHAs CIICLHMAIM3UPOBAHHON MeOenblo U
TEXHUYECKHMHU CPEICTBAMH 00Y4YEHUS




I'pynnoseie

AyI[I/ITOpI/IH, YKOMILICKTOBAaHHAaA CHCHI/I&J’II/I?;I/IpOBaHHOﬁ MeOEenpI0 U

(MHOUBHIYaIEHBIC) TEXHUYECKUMHU CpeACTBaMH o0y4eHus, KOMIIBIOTEpaMH,
KOHCYJbTallUU IpOrpaMMHBIM OOecTIedeHUEM
Texymuit KOHTpPOIIb, | AYAUTOpHS, YKOMIUIEKTOBAaHHAs CIEHHANU3UPOBAHHONW MeOeNbio U
MIPOMEXYTOUHAS TEXHUYECKUMHU CpeAcTBaMHU o0y4eHus, KOMIIBIOTEpaMH,
aTTecTalus pOrpaMMHBIM OOeCTIeYeHUEM

CamocrosiTenpHas paborta

KabGuuer TUTS CaMOCTOSITEIbHON paloTHI, OCHAIIIEHHBII
KOMITBIOTEPHOM TEXHUKOW C BO3MOXXHOCTBIO TOJKIIIOYEHUS K CETH
«MHTEpHETY», IPOrpaMMOii SKPaHHOTO YBEIHYECHHUS U 00€CTIeueHHBIH
JIOCTYIIOM B  3JICKTPOHHYIO HWH(GOPMAIMOHHO-00pa30BaTEeIbHYIO
cpely YHUBEpPCUTETA.




	1. Оценка ответов на вопросы к зачету (50% итоговой оценки)
	2. Оценка выполнения практических кейсов и лабораторных работ (50% итоговой оценки)

