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1 Henu u 3a1a49M U3y4YeHUs] AU CHUATIIAHBI (MOILYJIA)

1.1 Ilean ocBOeHUsI TUCUHUILIMHBI
DopMHUPOBAHUE Y CTYICHTOB 3HAHUI U MPAKTUYECKUX HABBIKOB pa3pabOTKH MHOTOIOTOYHBIX U
BBICOKOIPOU3BOIUTEIbHBIX MPUIIOKEHUM Ha s3bIKe C++ ¢ ucnosnb3oBaHueM TexHosoruid POSIX
Threads, OpenMP, CUDA, ROCm wu OpenCL. OcBoecHHE apXWUTEKTypHBIX MPHHIIUIIOB
napaienbHbix BeiuucieHnd Ha CPU m GPU, a Takke HU3KOYpPOBHEBOM ONTHUMM3AIUU IO
coBpemeHHbIe nporeccopsl (SSE, AVX).

1.2 3agauu AUCHMIINHBI

1. I3yunTh OCHOBHBIE IPUHIIUIIBI TAPAJLIETBHOIO IPOrPAMMUPOBAHUS U CUHXPOHU3ALINHI
IIOTOKOB.

2. Ocouth API POSIX Threads u cpeacrtra napauienuzma C++.

3. Hayuuthcs ucnonb3oBatb OpenMP 11t pacnapasuienBaHusl BBIYMCIEHUH HA YPOBHE
MIOTOKOB U IIUKJIOB.

4. V3yuuTh NPUHLUMIIBI BEKTOPU3ALMU BbIUMCIEHUH ¢ npumeHeHuem SSE u AVX-
WHCTPYKLUH.

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

6. Pa3Buth HaBBIKM MPOGUIMPOBAHUS U ONTUMH3AIMK Koja mon apxutektypy CPU u
GPU.

1.3 MecTo AucuunanHbl (MOAYJIs) B CTPYKTYype 00pa3oBaTe/ibHOM MPOrpaMMbl

Hucuunnuna «llapamiensHoe M HHU3KOYPOBHEBOE IMPOTrPAMMHMPOBAHHUE» OTHOCHUTCA K
«Yactp, dhopMupyeMasi yuacTHUKaMu 00pa30BaTeIbHBIX OTHOILIEHUI» bioka 1 «lucuumninHb
(Momynn)» yuyeOHOTO TUTaHa.

JucuuninHa B KayecTBE MPEPEKBU3UTOB TpeOyeT yBepeHHOro BiaaeHus sizbikom C/CH+

(ykazarenu, ympaBleHHE NaMAThIO, peKypcus, (QyHKIuH), 3HAHWKA Oa30BBIX alTOPUTMOB M
CTPYKTYp MJaHHBIX (OLEHKAa CII0)KHOCTH, MAaCCHBBI, CITHCKH, JIEPEBbs), a TAaKKe MMOHUMAaHUS
NPUHIUIIOB  pabOTBl  OMEPAIMOHHBIX  CHUCTEM  (IIPOIECCHI, TOTOKH, CHHXPOHH3AIHS,
IUTAHUPOBILHK).
[TocTpekBU3UTaMHU BBICTYIIAIOT JUCHUILUIMHBI, OTIHparoIuecst Ha 3P QeKTHBHbIEC TapauieIbHbIE U
HU3KOYPOBHEBBIE BBIUMCIICHUS, CPEeIU KOTOPhIX «TexHomoruum oOpabOoTKH OONBIIMX JaHHBIX)
(pactipenenéHHas U MHOTOINOTOYHAsE o0paboTka), «CoBpeMEHHbIE METOIbl KOMITBIOTEPHOTO
speansi» (GPU-cBépTku, mnapamienbHas ¢uibtpanus), «lloarotoBka maHHBIX MAaIIMHHOTO
oOyuenus» (Bexropusauus u yckopenue Ha CPU/GPU), a Ttaxxe «MM B poboTOTEXHUKEN
(BBIUHCIICHUS peabHOTro BpeMenH, low-level ontumuzarius).

Cas3u pa3acsioB JUCHUTIIMHBI C TPEPEKBU3UTAMHA U ITIOCTPCKBU3UTAMU

Cas3p Hucnnnnmza Paznen(sr) TEKyIlEen PIIJI, | Xapaktep
(axTyaslbHOE Ha3BaHUE | 3aBUCSIINE oT JTAaHHOU | 3aBUCHUMOCTH
U3 y4eOHOro IJIaHa) JTUCHUTUTUHBI

[IpepexBusut OcHOBBI Pazmenst 2-5 (paborta ¢ moTtokamu, | Kputnueckwuii
MIPOrpaMMHUPOBAHUS ykazarenu, mnamsate B C/C++), | (6e3 C/C++

paszensl 6—7 (nanucanne GPU-s1ep) | HEBO3MOXKHO)

[IpepexBuszut OnepanuoHHble Pazmen 1 (moroku vs mpomeccsr), | CHITBHBIHA
CHUCTEMBI pazmen 2 (cunxponmsammsa POSIX),
pasnen 3 (mutex, deadlock), paznmen 8
(mpodunupoBanue)
[ToctpekBusur | Texnosmoruu Paznen 1 (mapannenbHast | CUIbHBIN
o0paboTku  Oomnbiux | 00padoTKa), paszaensl 2-4

JaHHBIX




(MHOTONOTOYHOE YCKOPEHHE),
pazzen 8 (MacmTabupoBaHue)

[ToctpekBuzut | TexHosoruu Pazgen 5 (SIMD mist dunbsTpoB), | CusbHBIH
KOMIIBIOTEPHOTO pasnen 6 (CUDA nnst cBEPTOK),
3peHus pasnen 7  (OpenCL/ROCm),

pasnen 8 (ontumuzanus nox GPU)

[ToctpexBu3ut | ['myGokoe oOyueHue Paznmen 5 (BexTopuzanus | CHIBHBIHI

MaTpUYHBIX onepanuil), pasaen 6
(GPU-yckopenne  Heiipocereit),
pazgen 8  (mpodunmpoBaHUEe

ManIIaiiHOB)
[TocTpexBu3ut | Pa3paboTka NN | Paznen 1 (mHOTOMOTOYHOE | CHITBHBII
areHTOB B3alMO/ICIICTBUE areHTOB), pa3zel

2-3 (cuHXpoHM3auus), pasgen 8
(onTMm3anus real-time)

[ToctpexkBusur | BeicokoHarpyxeHHbsle | Paznen 2—4 | CunbHbIN
MPUITOKEHUS (moTOKOOE30I1acCHOCTh), pa3dei 5
(SIMD), pazzen 8
(npoduupoBanue u

OaaHCUPOBKA HATPY3KH)

1.4 IIpodeccuoHanbHBIC POJIM B CTPYKTYpPe 00pa3oBaTe/bHOI NPOrpaMMbl

Ponw 1: Data Analyst (Ananumuk 0anmwvix)

3aoauu:

1. Cmamucmuueckuil ananus, 8u3yanu3ayus OAGHHLIX, NPe08apumenlbHas
obpabomka.

2. Coz0anue npocHo3HuIX Mooeel

3. [locmpoenue ananumudeckux mooeell 01 NOOOEPHCKU OUZHEC-peuleHU.
Ponv 2: MLOps (Cneyuanucm no sxcnayamayuu MH)

3aoauu:

1. DevOps ons ML.

2. Aemomamu3zayus, monumopure ML-cucmem.

3. Onepayuonnoe ynpasnenue dcusHenHviM yukiom ML-modeneil.

Pons 3: AI PM (Meneodaicep npoexmog HH)

3aoauu:

1. Ynpasenenue UH-npoexmamu om uoeu 0o eHeopeHus

2. Ananuz 6usnec-mpebosanuil U NOCMAHOBKA 340ay

3. Oyenka s¢hgpexmusnocmu u ROI HU-peweruii

1.5 IlepedyeHp MJIaHMpPyeMbIX Pe3yJbTATOB O0Oy4YeHHMs IO AMCHMILIMHE (MOIYJI0),
COOTHECEHHBIX € IVIAHUPYEMBbIMH pPe3yJbTATAMM 0CBOEHHSI 00Pa30BaTeJIbHOM MPOrpaMMBbI

WN3yyenne naHHOW y4yeOHOM JAMCHUMIUIMHBI HampaBieHO Ha (GOpMUpPOBaHUE

00y4JaOIIUXCsl CEAYIONUX KOMITETEHITUH:

OIIK-3

Cnoco0eH NOHMMATH U IPUMEHSATH COBPeMeHHbIe MH(pOpPMAalHOHHbIE
TEXHOJI0THH, B TOM YK CJIe 0Te4eCTBEHHbIE, IPH CO3JAHNH IIPOrPAMMHBIX
MPOAYKTOB M MPOrPAMMHBIX KOMILJIEKCOB Pa3/IMYHOI0 HA3HAYCHUSA

y




OIIK-3.1

PL-15

PL-1.4

PL-2

PL-2.1

PL-4

PL-4.1

PL-4.2

ApPryMEHTHPOBAHO TPUMEHSET COBPEMEHHBIC HH(POPMAIMOHHBIE TEXHOJIOTHH, B
TOM YHCJIE OT€UYECTBEHHEBIE, IIPU CO3AaHUN IIPOTPAMMHBIX NPOJIYKTOB U
MNPOrPaMMHBIX KOMILUIEKCOB Pa3IMYHOTO HA3HAYEHUS

YMeeT BBIOUPATh MOAXOISAIINE METOIBI IPOCKTUPOBAHUS TTAPATUICTBHBIX
NpUIOXKEHUH, peanu3yer taboparopHsie padboTsl ¢ pthreads, std::thread, OpenMP,
CUDA

Brageer cnoco6amMu penieHus ¥ apryMEHTHPOBAHHO OOBICHSET IO CTPYKTYpE
POrpaMMBbI U CIIOCO0AM pacrapasieTHBaHUS.

CnocobeH npumeHAMb A3bIK NpozpammuposaHus Python das peweHus 3a0ay 8
obaacmu UN

Mpoekmupyem cucmemel pacnpedenéHHbix eblvucaeHuli Ha Python Ans agpgpekmusHoii
06pabomkKu 60n1bwW o020 Konuyecmea 3a0a4

OnTuMHu3UpPyET KOJI C UCIIOJIb30BAaHUEM OMOJIMOTEK ISl HAYYHBIX BBIYUCIICHHH.
Crniocoben npuMeHsTh oOcHOBHBIE (pyHKIMH (ppeiimBopka PySpark, moxer
CaMOCTOSITEIIBHO MTOCTPOUTD MPOIecC 00pabOTKH OOJIBIIUX JAHHBIX C
ucronb3oBanueM Airflow

Cnocoben npumeHameo JVM-coemecmumbie A3bIKU MPO2PAMMUPOBAHUS 047 peweHus
3aday 8 obnacmu UN

Paspabamsisaem u omaaxusdem nNpuKadoHble peweHUs Pa3HO20 YPOBHSA CAOHHOCMU
U 0419 WUPOKO20 KPyaa KOHeYHbiX nosab3osamerneli ¢ ucnoavzosaHuem JVM-
cosmMecmumbix A3bIKO8 NMPO2PAMMUPOBAHUS, mecmupyem, ucnbimsiedem u oyeHusaem
Kayecmeo makux peweHuli

[Tormmaet Moens mamsTH Java U crioco0eH MO ICPKUBATH MPUITOKEHHS C
BBICOKHM IMapaijieIn3MOM U KOHKypeH1ueil. [lTonnmaer aaroputMel cOOpku Mmycopa
U CIIOCOOCH ONTUMH3HPOBATH COOPKY Mycopa.

CnocobeH NpUMeHATb A3bIKU NporpammuposaHua C/C++ ana peweHus 3agay B obnactu
nm

PaspabatbiBaeT 1 oTnaxkusaet a¢pPpeKTUBHbIE MHOTOMNOTOYHbIE pelleHus Ha C++,
TecTUpyeT, UCTIbITbIBAeT U OL,eHUBAET KaueCcTBO TAaKUX peLueHuit

3HaeT OCHOBBI CHHTAKCHCA SI3bIKA.

3HaeT OGHII/IC IIPUHLOUIIBI TApaJICJIbHBIX BBIYMCJIEHUN U IIOHUMAET HpO6JIeMLI,
BO3HUKAIOIIUE MPH paclapaljieIiBaHuU aJITOPUTMOB,

[IpoBoauT pacnapaiienBaHue IPOCTOro AropuTMa ¢ npuMeHenneM OpenMP,
crannaptHbIx onomoTex C/C++ umm mp.

Pemaet HpO6HeMBI OAHOBPEMEHHOI'O JOCTYIIa K JaHHBIM W3 HECKOJIBKUX ITOTOKOB,
IrPaMOTHO TIPUMEHSET ATOMAPHBIE ONIEPAIMU U MEXaHH3M OJIOKHPOBOK.

OI1leHUBACT MPOU3BOUTEIBHOCTh, YMEET NMPOGUITUPOBATEL KOJ M YCTPAHACT HAMICHHBIC
y3KHE MECTa.

ITonnMaeT BO3MOKHOCTH U OrpaHUYCHUA BCTPOCHHBIX CUCTEM.

HaxonuT u ucnons3yer ONOIUOTEKH, COOTBETCTBYIOIIUE pelIacMOit 3a1aue.

3HaeT ocHOBBI cuHTakcuca s3bika C/C++, ocHOBBI mocTpoenus cuctem MU, obmume
IMPUHLOUIILI TapaJlsICJIbHBIX BBEIYMCIICHUH.

YMeeT UCIoJIb30BaTh CPEACTBA OTIAAKH U TPOPUIHPOBAHUS KO/Ia, HAXOIUTh YYaCTKH
KOJIa, OTPAHUYMBAIOIINE IPOU3BOIUTEIBHOCTh CUCTEMBI.

PL-4.2. Pa3pabatbiBaeT u otnaxusaet cuctembl UMW Ha C++ Noa KOHKpETHble
annapaTtHbie NAaTGopPMbl C OrPaHUYEHUAMM MO BbIYUC/INTENbHOM MOLLLHOCTU, B TOM
unucse ANA BCTPOEHHbIX CUCTEM

3HaeT OCHOBBI CHHTAKCHCA SI3bIKa, OCHOBBI IocTpoeHust cucreM M. TTumer HeOombIue
MpOrpaMMBbI 11t 00paboTKH JaHHBIX. [[oHMMaeT BO3MOKHOCTH U OTPaHUYCHHS
BCTPOEHHBIX CHUCTEM.

IToHnMaeT METOIBI ONITUMHU3AIINH MOJIEIeH (KBAHTOBAHIE, CKATUE BECOB MOJICITH H TIP.) U
Beranciennid M. Haxoaut u ucnonb3yer OUOIMOTEKH, COOTBETCTBYIOIIHE PEeIIaeMOn
3ayaye



2. CTpyKTYpa U cofepKaHue QU CIUILIHHbI
2.1 PacnipeaesieHne TPY10EMKOCTH AUCUMIIMHBI IO BUaM padoT
OO6mmast Tpy10EMKOCTh JUCIUILUIMHBI COCTaBIIsAeT 2 3a4. ef. (72 Jaca), ux pacrpeaciiecHue
110 BUJAaM palboOT MPEACTABICHO B TAOJIHIIE

CemecTpnl
Buj yueoHoii pa6oThI Beero (yachl)
4aCoB |,
KonrakTHasi paboTa, B TOM 4YHCJIe: 34,2 34,2
AyIuTOpHBIE 3aHATHS (BCEro): 32 32
3aHsTUs JEKIMOHHOTO TUIIA 16 16
JlaGoparopHble 3aHATHS 16 16
3aHATHS] CEMUHAPCKOTO TUTIA (CEMUHAPBI,
MPAKTUYECKHUE 3aHATHS)
Nuas koHTaKTHas padoTa: 2,2 2,2
KonTpons camocrositensHoi pabotsl (KCP) 2 2
ITpomexxyrounast arrectanus (MKP) 0,2 0,2
CamocrosiTesibHas padoTa, B TOM 4HcIe: 37,8 | 37,8
Kypcoas pabora
[TpopaboTka yueOHOro (TEOpEeTUYECKOTO) 10 10
MaTepuaia
BrinonHenne MHAMBUAYATBHBIX 3aJaHUI 278 | 278
(moaroToBKa cOOOLIECHUH, TPe3eHTALHI) ’ ’
Pedepar
IToaroToBka K TEKYIIEMY KOHTPOJIIO
KoHnTpoJb: 0 0
IToaroToBKa K 3K3aMEHY 0 0
gac. 72 72
B TOM YHCJIe
OO0uias Tpy10eMKOCTh KOHTAaKTHas 34,2 | 34,2
pabdora
3a4. el 2 2

2.2 CTpyKTYypa AUCHUNINHBI

Pacnpenenenue Bu1oB yueOHON pabOThl M UX TPYAOEMKOCTH MO pa3jiesiaM JAUCIUIIUHBI.
Paznensl (TeMbl) TUCHUIUIMHBI, U3yYaeMble B 4 ceMecTpe

KosaunuecTBo yacoB
Bueayn
o HTOpPHA
Ne HaumenoBaHnue pa3esioB (Tem) Beero AynuTopHasi padoTa a
paborta
J 13 JIP CPC
1 2 4 5 6 7
Brenenue B mapamiensHOE IPOTpaMMHUPOBAHUE.
1. 8 2 2 4
[Totoku u nponeccel B OC.
2 POSIX Threads (pthreads): coznanue, ynpasieHue u 8 5 2 4
' CHHXPOHU3ALMs IOTOKOB.
IMapamnenusm B C++: std::thread, mutex, future,
3. P 8 2 2 4
async.
4 OpenMP: mupeKTHBHI pacmnapauieIuBaHus, CEKITNH, 8 5 2 4
' PEaYKITNH, TPOohUIUPOBAHNE
5 Bexropuzanus u ontumuzanus BerauciaeHuit: SIMD, 8 5 2 4
' SSE, AVX.
GPU-nporpaMmupoBaHue: OCHOBBI apXHTEKTYPbI
6. 8 2 2 4
CUDA, Moj1eJ1b IOTOKOB Y IIAMSITH.




KoanuecTBo yacoB

Bueayn
. HTOpPHA
Ne HaumenoBanue pa3jesioB (Tem) Beero AynuTopHasi paboTa a
padorta
J 3 JIP CPC
1 2 4 5 6 7
OpenCL u ROCm: kpoccruatdopMeHHbIE
1. 8 2 2 4
Beranciieans Ha GPU.
OnTuMu3anusi ¥ MpoPIITHPOBAHNE TTapaJICTbHBIX
8. npuioxkenuit Ha CPU u GPU. 13,8 2 2 9.8
HUTOI'O no pa3aejiam AU CHUILIMHBI 69,8 16 16 37,8

KoHnTtposb camocTositenbHOM padoThl (KCP) 2

ITpomexyrounas arrectauus (MKP) 0,2
[ToAroToBKa K TEKyIIEMY KOHTPOJIIO 0
OO0masi TPy10€eMKOCTDb MO TUCHHUILIHHE 72

Hpumeuanue: JI — nexyuu, 113 — npaxmuueckue 3ausamus/cemunapsl, JIP — nabopamopnuvie 3ansmus, CPC —
camocmosmenvhas paboma cmyoenma

2.3 Coaepxxanue pas3aesioB (TeM) IMCHUANIAHbBI
2.3.1 3ausaTHuda JeKIMOHHOr0 THIIA

HaunmeHoBaHue pa3aeiia (TeMbl)

Copep:xanue pasnesia (TeMbl)

®opma
TeKyIlero
KOHTPOJI
s

2

3

4

BBenenue B napajienbHoe
nporpamMMupoBanue. [loroku n
nporeccsl B OC.

Monens nporieccoB U MOTOKOB. Paznuune
MMOTOKOB U TiporieccoB. [IpenmyriecTsa u
PUCKHU NapauIeTbHOTO UCIIOIHEHUSI.
OCHOBBI MHOTOIIOTOYHOCTH U
pacrnpenenéHHbIX BBIYUCICHUMN.
Apxurextypsl CPU (SMP, NUMA).
BBenenue B nonsarue *race condition® u
*deadlock™.

JIP

POSIX Threads (pthreads):
CO31aHuC, YIIPABJICHUC U
CUHXpPOHHM3al1sd IMOTOKOB.

Crpyktypa POSIX Threads API. Coznanue
notokoB (pthread create), 3aBeprieHue
(pthread_join). MexaHu3MbI
cuHXpoHu3anuu (mutex, condition variable,
barrier). [IpuMeps! HCIIOJIB30BaHUS B
3aauax CyMMHPOBaHUs, COPTHPOBKH U
TIOHCKA.

JIP

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

std::thread, std::mutex, std::lock_guard,
std::unique_lock. Mexanu3MsI nepeaadu
JAHHBIX MCXKAY MOTOKAMU: std::promise,
std::future, std::async. ITaTrepHusr
napauienusma: producer-consumer, map-
reduce.

JIP

OpenMP: nupexTuBsI
pacnapaieTuBaHus, CEKIIUH,
peryKIMy, MpopUINPOBaHNE

[Mpuamunser OpenMP. OcHoBHBIE
mupektussl (parallel, for, sections, critical,
reduction). YrpasieHnue KOJTHYECTBOM
noToKoB. CHHXpOHU3AIUS U pa3/ieieHne
nepeMeHHbIX (shared, private).
[IpakTudeckue NpuMepbl YCKOPEHUS
MATPUYHBIX ONIEPAIU.

JIP




®opma
TeKyIlero
KOHTPOJI
s
1 2 3 4

Bekropusauus u ontummsanms | Apxurektypa SIMD. Mognens peructpos P
Beraucienuii: SIMD, SSE, AVX. | SSE u AVX. BeKTOpHBIC TUIIBI JAHHBIX
oTepalu: cl0KeHHe, YMHOXKEHUE,

5. penykuus. Vicosp3oBanue intrinsic-
(GyHKIUH 1 aBTO-BEKTOPU3AINH
komnuisitopa. CpaBHenue 3¢ (HheKTHBHOCTH
MIOCJIEIOBATEIHLHOTO U BEKTOPHOIO KOJA.
GPU-nporpaMmupoBaHue: Apxutexrypa GPU: 6110ku, Bapmbl, HOTOKH. Ul
ocHoBbl apxutektypbl CUDA, Mognens namsatu CUDA: global, shared,
MOAEIIb II0TOKOB H IIAMATH. local, constant. Hanicanue npocTeimx
snep (global  ¢ynkun). Kondurypauus
cetku (<<<grid, block>>>). Paznuuus
Mexay CPU u GPU-napannenusmom.
OpenCL 1 ROCm: Konnenmus OpenCL: miatdopMsl, JIp
KpocCIIaThOpMEHHbIE YCTPOMCTBA, KOHTEKCTBI, 0UEPEAN KOMAH/I.
BbrumcieHns Ha GPU. Hanucanne u kommmsiius sigpa OpenCL.
VYupasnenue namsateio (clCreateBuffer,
clEnqueueNDRangeKernel). ROCm —
9KOCHCTEMA MapauIebHBIX BEIYMCICHUN
AMD. CpaBHeHM€E TPOU3BOIUTEIBHOCTH C
CUDA.

OnTumusanus u [TpyHIMITEI ONTUMH3AIHN 7P
NpOGUIMPOBAHKE NAPAIUIENBHBIX | BRIYUCIUTEIHLHOTO KOJ1a: YMEHBIIICHUE
npunoxenni va CPU n GPU. HaKJIAJIHBIX PACX0JI0B CHHXPOHU3AIUH,
yIIydIlIeHUE KAII-TOKaTbHOCTH,
OanmaHcupoBKa Harpysku. Mcmonb3oBanue
WHCTPYMEHTOB IpoduminpoBanus (perf,
valgrind, nvprof, Nsight). Pa30op peanbHbIx
KeCOB OMTUMM3AIIHH.

Ne HaunmenoBaHnue pa3neia (Tembl) Coaep:xanue pasjeiia (TeMbl)

IHpumeuanue: JIP — omuem/3auwpuma nabopamopnou pabomot, KII - vitnonnenue xypcosoeo npoexma, KP - kypcosot
pabomul, PI'3 - pacuemno-epaghuueckozo 3adanus, P - nanucanue pegpepama, D - scce, K - xomroxeuym, T —
mecmuposanue, P3 — pewenue 3a0au.

2.3.2 3aHATHSA CEMHHAPCKOI0 THIIA
He npenycmoTpensl
2.3.3 JlaGopaTopHbIe 3aHATUS

JIaGopaTopHbIe 3aHATHE COCTOST B BHIMOTHEHUH WHIANBUAYATbHBIX 3aIaHUN U
00BETMHEHBI B 8§ MHIUBUIYATbHBIX 38 IaHUM



HaunmenoBaHnue pa3neia (Tembl)

HaumenoBanue 1adopaTopHbIX padoT

®opma
TeKyIlero
KOHTPOJI
s

2

8

4

Brenenue B napamienbHoOe
nporpamMmmupoBanue. [loToku u
npoueccsl B OC.

N3yuenue API norokoB. Co3ganue
IIPOrpaMMbl, KOTOpask IOPOKIAET
HECKOJIBKO ITOTOKOB JUIsl BBIIIOJHEHUS
HE3aBHCHUMBIX 3a/1a4 (Halpumep,
BBIUMCIIEHHE CYMMBI U CPEHEr0 MacCUBa).
N3mepenue yckopenust. AHanu3
KOJIMYECTBA IIOTOKOB U BIIUSHHUSA
KOHTEKCTHBIX IIEPEKIIOYECHUMN.

JIP

POSIX Threads (pthreads):
CO31aHHuC, YIIPABJICHUE U
CUHXpOHHM3alMd IMOTOKOB.

Peanuzanus mapayuienbHOTO BBIYHCICHUS
CYMMBI 3JIEMEHTOB MaCCHBA C
ucronb3oBanueM pthread create,
pthread_join. Jlo6aBiieHiEe CHHXPOHU3AIUH
yepe3 pthread mutex t u pthread barrier t.
W3mepenne MacmrabupyeMocTy pu
YBEJIUYCHUH YHUCIIA TIOTOKOB.

JIP

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

Peanu3anus mapauieibHOH COPTHPOBKU
MaccuBa (merge sort unu quick sort) ¢
ucnonb3oBanueM std::thread u std::async.
W3mepenune BpeMeHH BBITTOJIHEHHUS.
Cpasuenue ¢ POSIX Threads.
JIOTIOJTHUTEIBHO peaJin30BaTh Ha Java.

JIP

OpenMP: nupexTuBbl
pacnapajieIuBaHus, CEKLIUHY,
penyKIuH, NpoUINpOBaHNE

Hcnonws3oBanue MUpeKkTuB #pragma omp
parallel for qyst pacniapamienuBanus
MaTPUYHOTO YMHOXeHuUs. JJoOaBinenne
reduction u schedule(dynamic). CpaBHenue
MIPOU3BOIUTENIEHOCTH PA3HBIX CTPATET U
TJIAaHUPOBAHUS. J{OMOTHUTENHHO
peanu3oBathk Ha Python.

JIP

Bexropuzamus u onTUMHU3ANNAS
BeramcieHuii: SIMD, SSE, AVX.

Hcnons3oBanue intrinsic-¢pyHkuuit
~mm256_add_ps, _mm256_mul_ps,
~mm256 fmadd ps ansa peanuzanun
BEKTOPHOT'O YMHOKEHUS U CIIOKEHUS
MaccuBoB. CpaBHEHHE
MIPOU3BOIUTENBHOCTH ¢ OOBIYHBIM LIUKIIOM.
HpOBepKa BJIMAHWA BbIpaBHUBAHUWA
MaMSITH.

JIP

GPU-nporpamMmmupoBanue:
ocHOBBI apxuTekTypsl CUDA,
MOJIEb TIOTOKOB U MMaMATH.

YMHOxkeHue matpul], peanusyite CUDA-
A1po It cBEPTKH 2D-n300paskeHus (Sapo
3x3 unum 5%5), uTo ABIsIETCS 6a30BOM
olepalueil B KOMIbIOTEPHOM 3PEHUHU.
CpaBHUTE NPOU3BOAUTEIHHOCTD BaIIETO
sapa ¢ peanuzanueit Ha Python

(OpenCV filter2D) u na CPU (C++ Ge3
onTUMH3aIui). MI3smepbTe yckopeHue u
OOBSCHUTE pa3HUILY.

MuHuMalbHbIE METPUKN IPUEMKH JUIS
JTAaHHOU paloTBhI:

JIP




®opma
TeKyIlero
KOHTPOJI
s
1 2 3 4

- Jlns mzo6pakenns 1920x1080, sapo 5x5
— yckopenue CUDA otHocurensuo C++
(6e3 onrrmmm3anmii) > 10X%.

- ns cpaBuenus ¢ Python+OpenCV —
yckopeHue > 3% (tak kak OpenCV yxe
ONTUMHU3HPOBAH).

- Jlonst BpeMeHH KONUPOBAHUS MTaMATH
(host—device—host) e 6onee 30% ot
00111er0 BpeMEHH.

OpenCL n ROCm: Peanuzanus nporpammel OpenCL i JIP
KpocCIuiaThopMeHHbIE BEKTOpHOTO ciioxkeHus. Co3nanue

7. | Beruncnenns Ha GPU. KOHTEKCTa, 0YePer KOMaH]I, KOMITFIISIIUS
snpa. CpaBHEHHE BPEMEHH BBITIOTHEHUS C
CUDA. Tectuposanue Ha CPU u GPU.
Onrumusarus u Ucnonws3oBanue perf, valgrind, nvprof, JIP
npodupoBaHue NapaleabHEX | Nsight Systems i aHaIM3a «rOPTIUX»
npunoxenuit Ha CPU 1 GPU. y4acTKOB KoAa. OnTumMu3anus
BBIYMCIICHHUI: K3II-JIOKAJIIBHOCTh, pa3Mep
OJIOKOB, OTPaHUYECHUE CUHXPOHU3AIIHIH.
OT4éT O TOCTUTHYTOM YCKOPCHHH U

s dexTuBHOCTH. JIOTOTHUTETHHO
peanu3oBaTh Ha Java.

Ne HaumenoBanue pa3gena (TeMbl) HaumenoBanue 1a6opaTopHbix pador

Ipumeuanue: JIP — omuem/3auwuma nadbopamopuoil pabomut, KII - gvinonnenue xypcosoeo npoexma, KP - kypcogot
pabomul, PI'3 - pacuemno-epaghuueckozo 3adanus, P - manucauue pegpepama, D - scce, K - xomnoxeuym, T —
mecmupogarue, P3 — peuwienue 3a0au.

2.3.4 TIlpumepHasi TeMATHKA KYPCOBBIX padoT (IPOEKTOB)
He npenycmoTpensl

2.4 Ilepedyenb y4eOHO-METOANYECKOI0 O0ecneYeHHsl I CAMOCTOATEILHOI PadoThI
o0y4yammxcs Mo AMCHUILIHHE (MOLYJII0)

[TepedyeHn yueOHO-METOIUIECKOTO 00€CTICUCHUS TUCITUTLITUHBI

Ne Bun CPC 0 BBINOJIHEHUIO CaMOCTOSITENbHOM paboThI
1 2 3
1 [TpopaboTka nlMeroauyeckue yKa3zaHUsl MO OpPraHW3aldd CaMOCTOSITEIbHOM
IIOBTOPEHHE paboThI CTY/IEHTOB, YTBEP)KACHHbIE Kadeapol BEIYUCIUTENBHBIX
JIEKIHOHHOTO TEXHOJOTHM  (pakyiapTeTa KOMIBIOTEPHBIX TEXHOJOTHH U

Mmatepuana, Marepuana|npukiagHoil marematuku ®I'BOY BO «KyOI'Y», nporokon Ne7
yueOHOM 1 HayuHo#|oT 07.05.2025 r.

JINTEPATYPHI,
MOJrOTOBKA K
CEMHUHAPCKHUM 3aHITUAM

2 Pemenue 3agau Mertonuueckrue ykKazaHusi MO OpPraHU3alUM CaMOCTOSTEIIbHOMN

paboThI CTY/IEHTOB, YTBEPXKACHHbIE Kadeapol BEIYUCIUTENBHBIX
TEXHOJOTHM  (akyapTeTa KOMIBIOTEPHBIX TEXHOJOTHH U
npuknaanoit maremaruku ®I'BOY BO «KyOI'Y», npotokon Ne7
ot 07.05.2025 r.




Y4eOHO-MeTOIMUeCKHe MaTephalibl Ui CaMOCTOSTEIbHONH pPabOThl OOydaIOMIMXCS M3
Yycila UHBAJIMJIOB U JIML C OFpaHMYEHHBIMU BO3MOXKHOCTSAMU 3710poBbs (OB3) npenocrapistoTcs
B (hopMax, aJanTHPOBAHHBIX K OTPAHUYCHUSAM UX 37I0POBbS U BOCHPUATHS HH(DOPMAITIH:

JUist I ¢ HapyIIEHUSIMU 3pEHMSL:

— B [1€4aTHOW (hopMe YBEIUYECHHBIM HIPUPTOM,

— B (hopMe 2IEKTPOHHOTO JOKYMEHTA,

— B (opme ayauodaiina,

— B IIeyaTHOM opMe Ha s3bike bpaitns.

JUnist i1 ¢ HapyIIEHUSIMH CITyXa:

— B IIeYaTHOM (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

Jlnist 11 ¢ HapyIIEHUsIMHM OIIOPHO-/IBUTATENIBHOTO amapaTra:

— B mieyaTHo hopme,

— B (hopMe 2IEKTPOHHOTO JOKYMEHTA,

— B popMme ayauodaiina.

JlaHHBIA TepeyeHb MOXeET ObIThb KOHKPETH3MPOBAH B 3aBUCHUMOCTH OT KOHTHHI€HTA
o0yyJaroumxcsi.

3. O0pa3oBare/ibHbIC TEXHOJIOTHH
B cootBerctBun ¢ tpeboBanusmu ®I'OC B mporpamMma JUCHUIUIMHBI MIPEIyCMaTpUBAET
UCIOJIb30BaHUE B Y4YeOHOM IIpolecce CIEAYIOIUX 00pa3oBaTelbHbIE TEXHOJIOTUU: YTEHHUE
JEKUUHA C HCHOJb30BAHUEM MYJIbTUMEIUIHBIX TEXHOJIOTUH; METOJ MalblX TIpymm, paz0op
IPAaKTUYECKUX 3a/1a4 U KEeHCOoB.
[Ipu 00yueHNH UCIIONIB3YIOTCA CIEYIOINE 00pa30BaTEIbHbIE TEXHOJIOTUU:

— TexHonmorusi KOMMYHHKAaTHBHOTO OOydYeHHs — HampaBieHa Ha (QOpPMHPOBAHUE
KOMMYHHUKAaTUBHON KOMIIETEHTHOCTH CTYJICHTOB, KOTOpas sBJsieTcs 0a30BOM, HEOOXOIUMOM 1Ist
aJlanTalyy K COBPEMEHHBIM YCIIOBUSAM MEXKYJIbTYPHON KOMMYHHUKAIUH.

— TexHonorus pa3zHOoypoBHEBOTO (AubdepeHIMpOBaHHOTO) OOy4YeHUsT — MPEeaIoaaraet
OCYIIECTBJIEHUE [103HABATEIbHON JEATEIbHOCTU CTYJEHTOB C YYETOM HMX HWHAWBHyaJIbHBIX
CHOCOOHOCTEHM, BO3MOXKHOCTEH M HMHTEPECOB, MOOMIPSAS WX PEaTU30BbIBATH CBOM TBOpPYECKUN
noteHuuan. Co3laHue M HCIOJIb30BAHHWE JMATHOCTUYECKUX TECTOB SIBISETCS HEOThEMIIEMOM
YaCThIO JAHHOW TEXHOJIOTHH.

— TexHonorust MOIYJIBHOTO OOyYeHUS — MpeJyCMaTpUBaeT JIeJICHHUE COJEpKaHUs
JUCIIUIUIMHBI HA IOCTAaTOYHO aBTOHOMHBIE pa3/iesbl (MOAYJIN ), UHTETPUPOBAaHHBIE B OOIIMI KypC.
— HWudopmanmonHo-koMmyHukaunonusle TexHojoruun (MKT) - pacmmpsitor  pamku

00pa30BaTEILHOrO MPOIECCca, MOBBIMIAS €r0 MPAKTUYECKYI0 HalpaBIEHHOCTb, CHOCOOCTBYIOT
UHTEHCU(UKAIIMM CAMOCTOSATEIIbHOM padOThl yualllMXCs W MOBBILIEHHIO I103HaBaTEIbHOM
aktuBHOCTH. B pamkax VKT BoienstoTcs 2 Buaa TEXHOIOTHI:

— TexHonoruss MCHOIB30BAaHUS KOMIBIOTEPHBIX MpPOrpaMM — IMO03BOJISIET 3(P(HEKTUBHO
JIOTIOJTHUTD MPOLIecC 00yUYEeHUS S3bIKY Ha BCEX YPOBHSIX.
— VHTEepHET-TEXHOJIOrMM — NPEAOCTABISAIOT IIMPOKHE BO3MOXHOCTH JJIA IIOMCKa

uHpOpMalnK, pa3pabOTKU HaAyYHbBIX POEKTOB, BEICHHS HAyYHBIX UCCIICIOBAHUIM.

— TexHonoruss MHAMBUAYyAIU3alUN OOYYEHHMS — IOMOTaeT peajnu30BBIBATh JUYHOCTHO-
OPUEHTHUPOBAHHBIA TOAXOJ, YYHUTHIBas HMHIUBUAyaJlbHbIE OCOOEHHOCTH M IOTPEOHOCTH
YYaIIAXCS.

— [IlpoekTHass TEXHOJOTHSI — OPHEHTUPOBAHA HA MOJEIIMPOBAHUE COIMAIBHOTO
B3aMMOJICHCTBUS yualllUXcs C IeNBI0 PELIeHUs 3aJjaud, KOTopas OmpeAessieTcs B paMKax
poeCCHOHATHLHOMN MMOATOTOBKH, BEICIISISI Ty WM WHYIO MIPEIMETHYIO 00JIacTh.

— TexHomorust oOy4eHHUS B COTPYIHUYECTBE — pealM3yeT WL B3aUMHOTO OOYYEHUS,
OCYIIECTBIISII KaK WHIWBHIYaJbHYIO, TaK M KOJUICKTHBHYIO OTBETCTBEHHOCTH 3a pEUICHHE
yueOHBIX 3a/1a4.



- I/II‘pOBaﬂ TCXHOJIOTHA — IMO3BOJIACT pa3dBUBATh HABBIKU PACCMOTPCHHA PAda BO3MOIKHBIX
CIIOCO0OB pelIeHUsT MPOOIIeM, aKTUBU3UPYS MBIIUICHUE CTYJICHTOB M PACKPhIBAs JTHYHOCTHBIN
MOTEHIMAJ Ka)KJI0T0 y4arerocs.

— TexHonorust pa3BUTHS KPUTUYECKOTO MBINUICHUS — CIOCOOCTBYET (HOPMUPOBAHUIO
Pa3sHOCTOPOHHEH JIMYHOCTH, CIOCOOHOW KPUTHYECKH OTHOCHUTHCS K HH(POPMALUHU, YMEHHIO
0TOMpaTh MHOOPMAIIHIO IS PEIICHHS TOCTABICHHOW 3a/1a4u.

KommiekcHOe MCHoibp30BaHUEe B y4eOHOM IPOLIECCE BCEX BBIIICHA3BAHHBIX TEXHOJIOTHI
CTHUMYJIUPYIOT JIMYHOCTHYIO, WHTEJUICKTYaJbHYI) AaKTHBHOCTb, pPa3BHBAIOT II03HABaTEIIbHBIC
IPOIIECChl, CHOCOOCTBYIOT (POPMHPOBAHUIO KOMIIETEHIMH, KOTOPBIMH JOJDKEH o0sajnath
OyAylIHii CIICIIUAIIHCT.

OcHOBHBIE BU/IbI HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOTUN BKIIFOUAIOT B CEOSI:

— paboTa B MaJIbIX rPYyINax (KOMaH/€) - COBMECTHAs €SI TEIIbHOCTh CTY/ICHTOB B IPYIIIIE MO/
PYKOBOJICTBOM JIH/Iepa, HAIIPAaBJICHHAS HA pEIICHUE O0IIIeH 3a/1a4u IyTEM TBOPUECKOTO CIIOKCHHS
pe3yabTaTOB HHJMBHAYAIbHOM pabOThl WIEHOB KOMAaHJIbl C JICJIGHUEM IOJIHOMOYHMHI U
OTBETCTBCHHOCTH;

— TPOEKTHAasl TEXHOJIOTHS - WHAUBHyabHAsl WM KOJUIEKTUBHAS JCSITEIBHOCTD 110 0TOOPY,
pacIpesielieHUI0 U CUCTeMaTH3allMd MaTepraja Mo ONPe/ICICHHOW TeMe, B pe3yJbTaTe KOTOPO
COCTABIISICTCS MPOCKT;

— aHaJiu3 KOHKPCTHBIX CI/ITyaHI/IfI - aAHAJIM3 PCaJIbHBIX HpO6JICMHI>IX CHTyaHHﬁ, NMEBIINX
MECTO B COOTBETCTBYIOIEH 00JIaCTH MPO(EeCCHOHANBHOM NEATEILHOCTH, W MOWCK BapUaHTOB
JYYIIUX PEUICHUN;

— pa3BUTHE KPUTUYECKOT'O MBIIUICHUS — 00pa3oBaTelibHas IeSTeIbHOCTD, HAlPaBJICHHAs Ha
pa3BUTHE Y CTYJIEHTOB Pa3yMHOT0, PE(ICKCUBHOIO MBIILICHUS, CHOCOOHOTO BBIIBUHYTH HOBBIC
UJICU ¥ YBUJICTh HOBBIC BO3MOXHOCTH.

[Tonxon pa3dbopa KOHKPETHBIX 3ajJjad W CUTyalud IIMPOKO HCIOJIb3YETCS Kak
npernoiaBaTesieM, Tak U CTYJACHTAaMH BO BpeMs JICKIMH, JTAOOPAaTOPHBIX 3aHATHA W aHAJIn3a
pe3yJIbTAaTOB CAMOCTOSITEIBHOM pabOThl. DTO OOYCIOBICHO TEM, YTO MPHU HCCICIOBAaHUU H
pEeIIeHUH KaXKI0M KOHKPETHOM 3a/1auu UMEETCsI, KaK MPaBUII0, HECKOJIBKO METOJIOB, a 3TO TpedyeT
pazbopa ¥ OLIEHKH I1eJI0H COBOKYITHOCTH KOHKPETHBIX CUTYAaITHi.

Tewmbl, 3amanusg ¥ BOIMPOCHI AJII CAMOCTOSITENLHOM paboThl Mpu3BaHbl CHOPMHUPOBATH
HABBIKHU IIOHCKa I/IH(l)OpMaIII/II/I, YMCHUA CAMOCTOATCIBHO PpacCllupiaTb H YFJ'IY6J'I$[TI) 3HaHUA,
MOJTyYEHHBIE B XO/I€ JIGKIIMOHHBIX U MPAKTUYECKUX 3aHSITHIM.

[Togxon pazbopa KOHKPETHBIX CUTYAIM IUPOKO UCTIOIB3YETCs KaK MperoaBaTeseM, Tak
U CTYJICHTaMH TIPH MPOBEICHUH aHAlIN3a Pe3yIbTaTOB CAMOCTOSATEIbHON PaOOTHI.

I[J'ISI JuI ¢ OrpaHMYC€HHBIMH BO3MOKHOCTAMH 300POBbA NPECAYCMOTPEHA OpraHu3aluAa
KOHCYJBTAIMi C UCMOJIb30BAHUEM DIIEKTPOHHON TOYTHI.

Jnst muu ¢ HapyIeHUsIMU 3pEHMUS:

— B MieyaTHOU popme yBeTHUEeHHBIM HIpUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

J5ia U1 ¢ HapyIIeHUSIMH CTyXa:

— B TIe4aTHOU opme,

— B popMe PIEKTPOHHOTO TIOKYMEHTA.

JInst an ¢ HapyIEHNUIMH OITOPHO-JBUTATEIBHOTO aIIapara:

— B I1e4aTHoM (opme,

— B (popMe 2IIEKTPOHHOTO TIOKYMEHTA.

Jlyis U1l ¢ OrpaHUYeHHBIMU BO3MOXHOCTSMHU 30POBbsSI TIPEIyCMOTPEHA OpTraHU3aIlus
KOHCYJIBTAITH ¢ MCIOJIb30BaHUEM JICKTPOHHOH TTOYTEHI.

JlaHHBIN TepeueHb MOXET ObITh KOHKPETH3UPOBAH B 3aBUCHUMOCTH OT KOHTHHTEHTA
oOydJaronuxcs.

4. OueHOYHbIE U METOANYECKHE MATEPHAJIbI



4.1 OueHouyHble cpeAcTBA UIA TeKYIIero KOHTPOJSI  yCIeBaeMOCTH M
NMPOMEKYTOYHOM aTTeCTAllUN

OneHouHBIE CpelcTBa MNpPEJHA3HAYCHBI U KOHTPOJII M OLEHKH 00pa30BaTeNbHBIX
JOCTIDKEHUH  00yYalONIMXCs, OCBOMBIIUX TMPOTpaMMy Yy4YeOHOH IUCHUIUIMHBI «HA3BaHUE
JCITUTUTAHBD.

O1eHOYHBIC CPEJCTBA BKJIFOYACT KOHTPOJIbHBIC MATEpPHAIIBI Ul MMPOBEACHUS TEKYIIero
KOHTPOJISA B (pOpME TECTOBBIX 3a/laHWi, KEWCOB U NMPOMEKYTOUHOI aTTecTtamuu B (opme
BOIIPOCOB M 33J]aHUI K IK3aMeHY.

OneHouHbIC CpEACTBA JUIsi WHBAJIWAOB M JIMII C OTPAaHUYCHHBIMH BO3MOXHOCTSMU

3JI0POBbSI BEIOUPAIOTCS C YIETOM MX UHAWBUAYAIBHBIX IICUXO(QU3NIECKUX OCOOCHHOCTEH.

— IIpY HEOOXOMMOCTH UHBATIUAAM | JIUIIAM C OTPAaHUYCHHBIMU BO3MOXKHOCTSIMU 3I0POBbS
NPEOCTABIISETCS TOTIOJHUTEILHOE BPEMS JIJIsl IOJATOTOBKU OTBETA HA SK3aMEHE;

— MPU MPOBEICHUU MPOIEYPhl OLICHUBAHUS PE3yJIbTATOB 00yUCHUS MHBAIHUIIOB U JIUI C
OTrPaHUYCHHBIMU BO3MOXXHOCTSIMH 3I0POBBSI TIPEAYCMATPUBACTCS UCIIOJIh30BAHNE TEXHUYECKUX
CPEICTB, HEOOXOAUMBIX UM B CBSI3H C UX HHIUBUIYATbHBIMA OCOOCHHOCTSIMU;

— IIpU HEOOXOAUMOCTH JIJIsl O0YYAFOIIUXCS C OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 370POBBS
U WMHBAIWAOB TPOIEAypa OICHUBAHUS pPE3YyJIbTaTOB OOYyYEHUS IO AMCHUIUINHE MOXKET
IIPOBOJIUTHCS B HECKOJIBKO ATAIIOB.

[Iponienypa oneHMBaHUsI pe3yJIbTATOB OOYYCHHS WHBAIWIOB M JIUI] C OTpaHUYCHHBIMHU
BO3MOXKHOCTSIMH  3JIOPOBbSI 10 JUCHHUIUIMHE (MOJIYJII0) MpeIyCMaTpUBaeT IPEIOCTABICHUE
uHpopManuu B QopMmax, aTanTHPOBAHHBIX K OTPAHUYCHHUSIM WX 3J0POBbS H BOCTIPUATHS
uHpopMmanuu:

JUist T ¢ HApyIICHUSIMH 3PEHHS:

— B I1€4aTHOW (hOpMe YBEIMYCHHBIM HIPUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

J1J1st JIUI ¢ HApYIICHUSIMH CITyXa:

— B TIe4aTHOM opme,

— B (popMe 2IIEKTPOHHOT O TOKYMEHTA.

JUiist T ¢ HapyIIEHUSIMH OTIOPHO-/IBUTATEIBHOTO armapara:

— B I1e4aTHOM (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JlaHHBIN TepeueHb MOXET ObITh KOHKPETH3MPOBAaH B 3aBUCUMOCTH OT KOHTHHIEHTA
oOyyJaronuxcs.

CprKTypa OLCHOYHBIX CPEACTB AJIA TeKymei/i u HpOMe)KyTO‘lHOﬁ aTrTreCcTalumn

o Kon HanmenoBanue
r[; KoHTposupyeMble pasiaebl KOHTPOJIUPYEMOI OLIEHOYHOI'0 CPEJCTBA
(TeMBI) MCLUIINHEL* KOMIIETEHIMH . ITpoMexyTOUHAast
n Texymuit KOHTPOJIb
(v ee gacTH) aTTeCTalNs

Bgenenue B napaiesnbHOe OIIK-3 Jlabopamopnas
1 | nporpammupoBanue. [IoTokH 1 paboma Nel Bonpocei k 3auemy

npoueccsl B OC.

POSIX Threads (pthreads): OIIK-3, PL-1 | Jlabopamopnas Bonpocet k 3auemy
2 | co3manme, ynpapieHue u paboma Ne2

CHUHXPOHU3ALIMS TOTOKOB.

[Mapamienusm B C++: PL-4 Jlabopamopuas Bonpocw k 3auemy
3 | std::thread, mutex, future, paboma Ne3

async.

OpenMP: nupexTuBb PL-2 Jlabopamopnas Bonpocwl k 3auemy
4 | pacmapaJuieluBaHus, CEKIIUH, paboma Ned

PEeAYKIIKH, TPOQHIUPOBAHHE




BeKTopI/I3auH$[ M OIITUMHU3ALUI P|_-2, OIIK-3 Jlabopamopuas Bonpocwi k 3auemy
5 | seruncienuii: SIMD, SSE, paboma Ne5

AVX.

GPU-nporpamMupoBanue: OIIK-3, PL-4 | Jlabopamopnas Bonpocwl k 3auemy
6 | ocnosbl apxutekTypsl CUDA, padoma Ne6

MOJI€Ib TOTOKOB U MaMSITH.

OpenCL u ROCm: PL-4 Jlabopamopnasi Bonpocul k 3auemy
7 | kpoccmiarpopMeHHbIe paboma Ne7

BeruncaeHus Ha GPU.

OnruMusanus u PL-4 Jlabopamopnas Bonpocwi k 3auemy
8 npOoQHUINPOBaHUE pabdoma Ne§

napauieIbHBIX MPUIOKEHUN Ha

CPU u GPU.

IMoka3aTenu, KpUTEPHUH U HIKAJIA OLleHKH ¢()OPMUPOBAHHBIX KOMIIETEH Mt

CooTBeTcTBHE MNOPOrOBOMY _VPOBHK) OCBOCHHUS KOMIIETCHLUUH IUIAHUPYEMBIM
pe3yabTaTaM 00YUYCHHUS U KPUTCPHUSAM HX OICHUBAHUS (OLICHKA: YIOBJIETBOPUTEIBLHO /3a4TEHO):

OIIK-3

OIIK-3.1

PL-15b

PL-1.4

PL-2

PL-2.1

PL-4

PL-4.1

Cnoco0eH NOHMMATh U MPUMEHSATH COBPeMeHHbIe HH(POPMALIMOHHBIE
TEeXHOJIOTUH, B TOM YHCJIe 0TeYeCTBEHHbIE, IPH CO3JaHUH NMPOTrPAMMHBIX
MPOAYKTOB U NPOrPAMMHBIX KOMIUIEKCOB PA3JIMYHOI0 HA3HAYEHUS
ApPryMEHTHPOBAHO MIPUMEHSIET COBPEMEHHbIE HH(POPMALIMOHHBIE TEXHOJIOTHH, B
TOM YHUCJIE OT€YECTBEHHBIE, IPU CO3JaHUH MPOTrPAMMHBIX TPOJLYKTOB U
MNPOrpaMMHBIX KOMILIEKCOB Pa3IMYHOTO HA3HAYEHUS

YMeeT BBIOUpaTh MOIXOASIINE METObI POCKTUPOBAHUS TTapaJlICIbHBIX
MPHIOKEHUH, peanu3yet jadbopaTopHbie padoTsl ¢ pthreads, std::thread, OpenMP,
CUDA

Bnageer criocobamu perieHus 1 apryMEHTUPOBAHHO OOBSICHSIET 110 CTPYKTYpe
MPOrpaMMBbI U CIIOcOOaM pacrhapaieTnBaHusl.

CrnocobeH npumeHAMb A3bIK NPo2PaAMMUpPo8aHuUa Python 0aa peweHusa 3a0a4 6
obnacmu UN

Mpoekmupyem cucmemeol pacrpedenéHHbIX eblducaeHuli Ha Python 0ns agppekmueHoli
0b6pabomku 6oabW 020 Konuyecmea 3a0a4

OnTuMHu3UpyeT KOJI C UCIIOJIb30BAaHUEM OMOJIMOTEK VISl HAYYHBIX BBIYUCICHUH.
CrniocobeH npuMeHsTh OcHOBHbIE (pyHKIMM (peiimBopka PySpark, moxer
CaMOCTOSITEJIbHO TTOCTPOUTH MPOIecC 00padOTKH OOJIBIINX JAHHBIX C
ucnoib3oBanueM Airflow

Cnocober npumeHamo JVM-coemecmumebie A3bIKU NMPO2pAMMUPOBAHUSA 0014 pewleHUsA
3a0a4 8 obaacmu UN

Paszpabamsieaem u omaaxcusaem npuKaadHoble peweHus pa3Ho20 YPOBHSA CAOXHOCMU
U 01 WUPOKO20 KPpya2a KOHeYHbIX nosb3osamesneii c ucnonszosaHuem JVM-
co8MecmuMbIX A3bIKO8 NPOo2PAMMUPOBAHUS, mecmupyem, ucnbimosiedem u oyeHueaem
Kayecmeo makKux peweHuli

[Tonnmaer Moaens mamsTH Java U cmioco0eH MOoIePKUBATH MPUITOKEHHS C
BBICOKHM TapajuIeTM3MOM U KOHKypeHnuen. [lonnMaeTr anroputmel cOOpKU Mycopa
U CIIOCOOEH OMTUMU3HPOBATH COOPKY Mycopa.

CnocobeH npumeHATb A3bIKK nporpammupoBaHus C/C++ gna peweHunsa 3agad 8 obnactu
717

Pa3pabatbiBaeT u oTnaxusaeT 3G PeKTUBHbIE MHOrONOTOUYHbIE pelueHus Ha C++,
TECTUPYET, UCMbITbIBAET U OL,EHUBAET KAaYeCTBO TaKUX peLueHui

3HaeT OCHOBHI CHHTAKCHCAa SA3bIKA.



3HaeT o01IMe NPUHLIUIIBI TapaUIEIbHbIX BHIYMCICHUH U TIOHUMAET IPOOIeMBL,
BO3HMKAIOIIME [IPU pacapauleIuBaHUH aJITOPUTMOB.

IIpoBoauT pacnapasuienBaHUe MPOCTOro aaroputMa ¢ npuMeHennem OpenMP,
cTanapTHbIX Oubmmotek C/C++ wmu ap.

Pemraer npo6iemMbl OAHOBPEMEHHOTO IOCTYIA K JAHHBIM U3 HECKOJIBKHX IIOTOKOB,
IrpaMOTHO IPUMEHSET aTOMapHbIE ONePali U MEXaHU3M OJIOKMPOBOK.

OrneHuBaeT NPOU3BOAUTENBHOCTh, YMEET MPOQUIUPOBATH KOJ U YCTPaHsET HalJeHHbIC
y3KHe MeCTa.

[loHnmaeT BO3MOXXHOCTH U OIPaHUYCHUS BCTPOECHHBIX CHCTEM.

HaxonuT u ucnons3yet OMOIMOTEKH, COOTBETCTBYIOIIME PEIIacMOil 3aaqe.

3HaeT oCHOBBI cuHTaKcuca si3bika C/C++, ocHOBBI ocTpoenus cuctem U, obmue
HPUHIMIIB apaJjIeIbHbIX BBIYUCICHUI.

YMeeT Ucrob30BaTh CPEACTBA OTIAIKU U MPOPUINPOBAHUS KOAA, HAXOAUTH YYaCTKH
KOJa, OTpaHUYMBAIOIINE IPOU3BOIUTEIBHOCTH CUCTEMBI.

PL-4.2 PL-4.2. Pa3pabatbiBaeT u otnaxkmsaet cucrembl MU Ha C++ noa KOHKpeTHble
annapaTHbie N1aT$GopMbl C OFPaHUYEHUAMM MO BbIYUC/INTENIBHOW MOLLHOCTH, B TOM
yucae ANA BCTPOEHHbIX CUCTEM
3HaeT OCHOBBI CHHTAKCHCA S13bIKa, OCHOBBI ocTpoerns cuctem VU. Tlumer veGompme
MPOrpaMMBbI 1Jist 00pabOTKK JaHHBIX. [[oHMMaeT BO3MOKHOCTH U OTPAaHUYCHHS
BCTPOCHHBIX CUCTEM.

[ToHuMaeT MeTOIbI ONITUMHU3ALMH MOJeNell (KBaHTOBaHHE, CKATUE BECOB MOJICNIU U TIP.) U
Berancinennit UNW. Haxogut u uicrionp3yer OnOIMOTEKH, COOTBETCTBYIOIIHE PEIIaeMOn
3ajaue

TunoBbie KOHTPOJILHBbIE 32 IaHNUS UM HHbIE MATEPUAJIbI, HEO0OX0AUMBbIe [IJISl OLIEHKHU
3HAHMH, YMEHHUH, HABBIKOB M (MJIH) ONbITA [AEATEJbHOCTH, XaPAKTEPHU3YIIIUX 3TANbI
(opMupoBaHUA KOMIETEHIHH B MpoLiecce 0OCBOEHUs 00pa30BaTeIbHOM MPOrpaMMBbl

Ilpumep nadopamopnoi padomaot

JlabopaTopnasi padora Nel: U3yuenne API norokos B C/C++

«MHOroOImoTOYHBIC BEIUMCICHHUS CYMMBI U CPEAHETO MaCCUBa»

3anava: co3aTh Nporpammy, KOTopasi HOpoXKAaeT HECKOIbKO MOTOKOB ISl BHITOJHEHUS
HE3aBHCHUMBIX 33]1a4 (BBIUMCIICHHE CyMMBI U CpeIHETO MaccuBa). I3MepuTth yckopeHue.

YT0 HYXHO C/IeNIaTh:

- PeaJ'II/ISOBaTI) nporpaMMy C UCIIOJIb30BAHUEM ITOTOKOB;

- U3MepuTh yCKOpeHHe NpH pa3IundHOM KOJUYECTBE MOTOKOB;
- [Ipoananu3npoBaTh BIUSHUE KOHTEKCTHBIX NEPEKIIFOUEHUN.

HNucrpymentsr: C/C++, POSIX Threads (pthread), crannaptaast 6ubnuorexa C++, Taiimeps,
MS Visual Studio / GCC.

JlabopaTopHasi padora Ne2: [IapanieibHOe BbIYHCIEHHE CYMMBbI 3JIEMEHTOB MAaCCHBAa
¢ CHHXPOHU3aM el

«CymmupoBanue amemMeHToB ¢ pthread mutex u pthread barrier»



33,[[3‘13: pe€ain30BaTh NapajlyICIbHOC BEIYUCICHUEC CYMMBI MaCCHBa C UCITOJIb3OBAHHUEM

pthread create u pthread join, no6aButh cunxpoHu3aimio yepes pthread mutex tu
pthread_barrier _t.

YTo HYXHO clenaTh:

- Hanucats MHOrOnoTOYHYI0 IporpamMmy ¢ CHHXPOHM3ALUEH;

- 3mepuTh MaciTabupyeMOoCTh IPU YBEJIUMYEHUH YUCIIA TIOTOKOB;

- Cnenatb BBIBO/IBI O BIMSHUM CUHXPOHU3ALUU Ha IPOU3BOAUTEIBHOCTD.

Wuctpymentst: C/C++, POSIX Threads, mutex, barrier, TaliMmepsl, mpodaiiieps.

JlaGoparopuasi padora Ne3: I[lapajuiesibHasi COpPTHPOBKA MacCcHBa

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

3amava: peaym30BaTh MapauieibHYyI0 COPTHPOBKY MaccuBa (merge sort wim quick sort) ¢
ucnonb3oBanueM std::thread u std::async. I3MepuTh Bpemsi BBITIOJTHEHUS! K CPABHUTH C
peaymzanueit Ha POSIX Threads. [lonmonHuTenpHO peann3oBaTh Ha Java.

UYTo HYXHO clenaTh:
- PeanuzoBaTh alropuT™M COPTUPOBKY C UCIIOJIB30BAHUEM ITOTOKOB C++;
- CpaBHUTBH IPOU3BOJUTEIBHOCTD Pa3HbIX IIOJX00B;

- CHGH&TB aHAJIMTUYECKUM BBIBOJI.

Nuctpymentsi: C++, std::thread, std::async, POSIX Threads, Talimepsl, mpodainepsl.

JladopaTopnasi padora Ne4: OpenMP as1s1 MATPUYHOTO YMHOKEHU S

((PaCHapaHHeJ'II/IBaHI/IC MaTpPUYIHBIX BBIYHCIICHUI)

3amava: UCIIOIBb30BaTh TUPEKTUBHI #pragma omp parallel for ans nmapannensHoro
ymMHOeHust MmaTpuil. JJo6aButh reduction u schedule(dynamic); cpaBHUTH TPON3BOIUTEIHHOCTD
Pa3HBIX CTpATETHii IUITAHUPOBaHKs. J[OMOTHUTELHO peann3oBaTh Ha Python.

YT0 HYXHO C/IeNIaTh:

- PeanuzoBate pacnapannenuBanue ¢ OpenMP;

- I/ISMepI/ITI) CKOPOCTH BBIIIOJTHCHU S,

- [Ipoananu3upoBaTh BIUSHUE CTPATETUN IIJITAHUPOBAHMUS.

HNuctpymentsr: C/C++, OpenMP, Taiimepsl, mpodaiinepsl.



JlaGoparopHas padora NeS: Bexkropuzanus u SIMD-BbIuuciaeHust

((BGKTOpHOC YMHOXKCHHE U CJIOKCHHUEC MAaCCHUBOB

3agaua: UCIONB30BaTh intrinsic-pyHkuuu _mm256 add ps, mm256 mul ps,
- mm256 fmadd ps ayis peanuzanuu BEKTOPHBIX orepanuii. CpaBHUTH MPOU3BOIUTEIHHOCTD C
OOBIYHBIM LIMKJIOM U MIPOBEPUTDH BIHMSHUE BHIPABHUBAHUS MTAMSITH.

UYT0 HYXKHO clienaTh:

- Hantucatp nporpammy ¢ SIMD-uHCTpyKUIMSMY;

- [IpoBectu cpaBHEHUE ¢ OOBIYHOM peaTM3alIUCH;

- Caenatpb BBIBOJ O BIIMSIHUU BbIPABHUBAHUS ITAMSITH.

Uuctpymentst: C/C++, AVX, SSE, taiimepsl, komnuisitop ¢ nogaep:xkoit SIMD.

JlabopaTopnasi padora Ne6: CUDA-nporpammMupoBaHue

«YMHOXeHHe BeKTopoB U Matpull Ha GPU»

3anava: ymHOXKeHue Matpull, peanusyiire CUDA-sapo ans cBEptku 2D-n300paxkeHus
(stmpo 3x3 mmm 5%5), uro sBaseTcst 6a30BOi onepanuel B KOMIIbLIOTEpHOM 3peHuu. CpaBHUTE
MIPOU3BOIUTENLHOCTD Balllero siapa ¢ peanusanueit Ha Python (OpenCV filter2D) u na CPU
(C++ 6e3 onrrummzanmii). Mi3amepbTe yCKOpEeHUE U OOBSICHATE Pa3HUILY.

YT0 HYXHO C/IeNIaTh:

- Cozpate CUDA-41p0 ¥ XOCT-IIPOrpaMMy;

- 3Meputh BpeMs BBIITOJHEHUSI U YCKOPEHHUE;
- [Ipoananu3upoBaTh NPOU3BOAUTEIBHOCTb.

Nuctpymentsi: CUDA, nvee, Nsight Systems, taitmepsr, GPU.

JlabopaTopuas padora Ne7: OpenCL u kpoccrmiiargpopMeHHbIe BHIYUCIEHUS

«BexkropHnoe cnoxxenne Ha CPU u GPU»

3a;[aqa: peaIn30BaTh NporpaMmMy Ha OanCLI CO31aTb KOHTCKCT, OUCPCAb KOMAH/I,

KOMITHJIMpoBaTh AApo. CpaBHUTH Bpems BeinoaHeHus ¢ CUDA, nporectupoBats Ha CPU n
GPU.

UTO HY)KHO ClIeNaTh:

- Hartmcats OpenCL-niporpammy;

- [IpoBecTn TecTUpOBaHUE Ha pa3HBIX YCTPOMCTBAX;
- CpaBHuTh npousBoauTensHocTs ¢ CUDA.

Huctpymentst: OpenCL, C/C++, GPU/CPU, taiimepsl, mpodaiiiepsr.



JlaGopaTropnas padora Ne§: OnrumMuszauus u npo@uaMpoBaHue NapauieJbHbIX
NPUJIOKEHHU I

«AHanu3 U ycKkopeHue Haubosee pecypCcoEMKUX YacTel MporpaMMbD»

3amaua: ucronb3oBath perf, valgrind, nvprof, Nsight Systems j1st BBISIBJICHHS y4aCTKOB
KOJa, KOTOPBIC MOTPEOJIIOT HANOOIbIIIEe BPEMS BBIMOTHCHUS. ONTUMH3UPOBATH BHIUYMCIICHHUS :
YIIYYHIATh PadOTy € K3IIEM, T0I00paTh ONTUMAIIBHBIN pa3Mep OJIOKOB, YMEHBIIUTH JIMIITHIOKO
cuHXpoHmM3aIyio. COCTaBUTh OTYET O JOCTUTHYTOM YCKOPEHUH U 3()PEKTUBHOCTH.
JlomoTHUTEIBHO pealin30BaTh Ha Java.

Yro HY>KHO CICJIaTh:

- [IpoBecTn mpodmmpoBaHe MPOrpamMM U OMPEIEIIUTh YIaCTKH KOJIa, T/Ie IporpaMMa
paboTaeT MeJIeHHEe BCEro;

- ONTUMH3HUPOBATE 3TU YYACTKU B COOTBETCTBHHM C PEKOMEHJAlMSIMU podaiinepa;
- COCTaBUTH OTYET C U3MEPECHUSIMHU YCKOPEHUS U aHATTN30M (P (EKTUBHOCTH.

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

3anmava: peanu3oBaTh yIpoII€HHbIN rpaduueckuii kouseriep Ha CUDA, BeImonHsomui
pacTepu3alnio TPEYroJbHUKOB C TEKCTYpHOU (UiIbTpaliuel 1 HOpMa-MaluHIOM.
JononuurensHo peannzoBatb CPU-Bepcuto 11 cpaBHEHMS.

Yto HYXXHO CACJIaTh:

- PeasmzoBath Ha CUDA simpo ii1s pactepu3aiuy TPeyrojJbHUKOB (3al0THEHNE
bounding box, Beruncnenne GapuIeHTPHYESCKUX KOOPIHHAT, OTOPAKOBKA MUKCENEH );

- 106aBUTh TEKCTYPHYIO QpUIbTpaIMiO (OMIMHEHHYIO UITH TPUIMHENHYIO) C
ucnonb3oBanueM tekctyproi mamsata CUDA (cudaTextureObject_t);

- Peasin3oBaTe HOpMaI-MamIuHr: I KaXA0I0 MMUKCENIs COMILUIMPOBATh KapTy HOpMaeu
Y BBIYUCIIUTD [TPOCTOE OCBEIIECHUE (HapuMep, HallPaBJIEHHBIN CBET);

- ONTUMHU3HPOBATH 3arpy3Ky: UCIIOJIB30BATh PA3EISIEMYI0 IaMATh JUIS TAIIOB,
MUHHMH3UPOBATH OOpAIIEHUs K TI100aTbHON MaMATH;

- U3meputs npousBoautenabHOCTh (FPS, mporyckHy0 ciocOOHOCTh) IPU YBETHUEHUH
Yrciia TPEYTOJIbHUKOB M Pa3pelIeHus SKpaHa,

- CpaBautb ¢ CPU-pactepuszaropom (mocieoBarenbHas BEpCUsi) U CIENaTh BBIBOA 00
YCKOPEHHH.

- CpaBuuth FPS/mpomycknayro cnocooHocTh ¢ CPU-peanuzanueii, 00bSICHUTH Y3KHE
MmecTa ¢ nomornpbio Nsight Systems uim nvprof.



Wuctpymentsi: CUDA, nvce, Nsight Systems, nvprof, C++, taiimepsr, CPU (st
CPaBHEHHS).

JlonoJHuTeIbHOE 3a/1aHue 0 BbIOopy Ne2. [TapasienbHblii cuaTe3 TekeTyp ¢ OpenMP n
AVX

3ajaya: peayn30BaTh AITOPUTM CHHTE3a TEKCTYp Ha ocHOBe npumepa (parallel texture
synthesis) ¢ uconb3oBanuem OpenMP s pacnapautenuBanus Ha CPU u AV X-uHCTpyKImii
JUIsl YCKOPECHUS BBIYMCIICHHSI OLIMOKM MEX/y MaTtdamu. JJomoHuTeIbHO pean3oBaTh Ha Python
JUTSL CPaBHEHHSL.

Yro HY>KHO CICJIaThb:

- PeanuzoBaTh 0a30BbIil aITOPUTM CUHTE3a TEKCTYP (HAaIIpUMEp, HA OCHOBE COCETHUX
naTyeil M ONTHMHU3ALMHU 10 OIUOKE);

- Pacnapanienutp BeIUMCICHUE OMMOKK MEXTy TIaT4aMHu ¢ romoitipio OpenMP
(#pragma omp parallel for, reduction, schedule);

- BexropuzoBats Beruucienue meTpuku (SSD) ¢ ucnonp3zoBanueM AV X-HHTPUHCHKOB
(_mm256_sub_ps, _mm256_mul_ps, mm256_add_ps);

- CpaBHUTH IPOU3BOIUTEILHOCTH ITOCIIEI0BATENILHOM, MHOTOIOTOUHOM (OpenMP) u
BEKTOPH30BaHHOW BEPCHIA;

- CrenepupoBaTh OECIIOBHYIO TEKCTYPY 3a/IaHHOTO pa3Mepa Ha OCHOBE BXOJIHOTO
obpasta (Hanpumep, 64x64 — 1024x1024);

- Ilposectu npodunuposanue (perf, Valgrind) u cocraButs oTuér ¢ rpaduxamMu
YCKOPEHHS OT YHCIa MOTOKOB.

HucrpymenTtsr: C++, OpenMP, AV X-untpuncuku, perf, Valgrind, Python
(omIIMOHANBHO), TAMEPHI.

JononHuTebHOE 3a71aHue Mo BbIGopY Ne3. IIpoctoii CUDA-penaepep (akagemMnueckoe
3apanue CS149)

3ajava: aanTUpOBaTh Kiaccuueckoe 3aaanue u3 kypca Ctandopaa CS149 «A Simple
CUDA Renderery. Peann3zoBath peHaepep ¢ OpTOroHaILHON KaMepoid, TOHUPOBAHHUEM I10
JlamOGepTy 1 MHOTOOIOYHBIM pa3dbHeHneM dKpaHa. JIOMOIHUTENBHO peaan30BaTh Ha Java
(MuoronotouHblit CPU-penaep) uist cpaBHEHUS MapaiurM.

Yto HY>XXHO CACJIaTh:

- 3arpy3uTh ClieHy 13 Habopa TPeyroJbHUKOB (BEPIIMHBI C HOPMAJISIMU);

- Pa36uth skpan Ha 610k (tiles) u pacnpenenuts 00pabOTKy nuKceneit mo 6Io0kam/Bapram
CUDA;



- Peanu3oBaTh SApo, KOTOPOE [UIs KAXKIOI0 MUKCENS HaXOAUT IEPECEYEHHUE yda C
TpeyroJbHUKaMH (TIPOCTEHINNI alropuT™M — Tepebop BCEX TPEYTONBLHUKOB; IS YCIOKHEHHSI
— nob6asuts BVH);

- Beruncnuth OCBCHICHHUE 110 HaM6epTy C OOJHUM HaITpaBJICHHBIM HCTOYHHUKOM;

- [IpoBectu mpodunupoBanue 0CCUPaNCy, ucnosbp3oBanus shared memory u riaobanbHOM
Harpy3ku (Nsight Systems, nvprof);

- CpaBuuTth nponsBoauTesibHOCT GPU-pennepepa ¢ Muoronorounoni CPU-peanuzanueit
(mampuMep, Ha Java ¢ ExecutorService) u cienarh BbIBOIBI O MaCIITA0UPYEMOCTH.

- CpaBuutb FPS/mponycknyto ciocoorocts ¢ CPU-peanu3arueit, 00bICHUTE Y3KUE
MecTa ¢ momoipio Nsight Systems nnu nvprof.

Huctpymentsi: CUDA, nvce, Nsight Systems, nvprof, C++, Java (java.util.concurrent),
TalMepHI.

Kpurepuu onieHKH Ha6ODaTODHLIX Da6OTZ

Omauuno: IlonHoe BBINOJIHEHNE BCEX miaros, 00BsICHEHHE BCEX 9TaIl0B, OTBCTHI HAa BOIIPOCHI.

Xopowo: T1onHOE BBITIOJIHEHHE BCEX 1IArOB, 0OBSICHEHNE BCEX ATAMNOB, YACTUYHBIE OTBETHI
Ha BOIIPOCHI.

Y()oeﬂemeopumeﬂbHoi ITonHOE BEIMOTHEHHE BCEX araros, 00BsCHEHHE BCEX DTAIOB.

Heyoosnemsopumenvro: HeBbinonnenue 3aganuii no T3, HecmocoOHOCTh 00BACHUTH
HalMCaHHbIC PEUICHUS.

[ToaroroBka koMmberoTepHBIX KinaccoB ¢ C/C++ (MS Visual Studio, CMake), OpenMP, POSIX
Threads, SIMD, CUDA/OpenCL, npodunupoBanuem u NVIDIA GPU.

ITpoBepka u oreHka padbot

1. PyuHnas npoBepka:
O6menue co ctyaeHTamu o utoram JIP; Bompocs! o Koy U TEOpeTHUECKHe
BOITPOCHI ITO METOJAM U TCXHOJIOI'UAM KOMIBIOTECPHOI'O 3pCHHA.

2. OOpaTHas CBSI3b:

Pa36op ommbok u peKoMEeHJaluy 10 YITyUIIeHUIO

3aveTHbIE MPOEKTHI HA OCHOBE KEHCOB MapTHEPOB

Keiicol ITAO «CoepbaHK» McnOJIb3yeMble B IUCHUIIHHE

I'enepanus synthetic data nyis 6ankoBckuX Mojeei
Onmucanne:

Monenu B Coepe TpeOyroT 601b110r0 00bEMa TPAaH3aKIMOHHBIX U KIIMEHTCKUX JJaHHBIX,
KOTOpBIE HENb35 UCIOIb30BaTh HANPsAMYIO U3-3a Tpeboanuit LIb u ®3-152. 3agaua —
pa3paboTaTh METOJ] FTeHepallMi CHHTETHYECKUX OaHKOBCKUX JIAHHBIX, MAKCUMAJIbHO OJIM3KUX K
PEAIBHBIM IO pacupeACICHUSAM U IOBCACHUIO.



3ayeTHBIN NMPOEKT HA OCHOBE Kelica:
BLICOKOH[)OI/BBO[[I/ITCJILHaﬂ regepanus CHHTETHYCCKHUX (l)PIHaHCOBbIX JAHHbIX

Onucanue npoexTa:

TpeOyetcst pa3paboTaTh BRICOKONPOU3BOIUTEIBHYIO CUCTEMY T€HEPALIMH CHHTETUYECKUX
0aHKOBCKMX JAaHHBIX (TpaH3aKUWH, KIMEHTCKUE MpoQuin), KOTOpble CTAaTUCTHYECKU
HEOTJIUYHUMBI OT PEaJbHBIX, HO HE COJIEPIKAT MEPCOHAIbHOW MH(popMmanuu. M3-3a OrpoMHBIX
00BeMOB  JaHHBIX (MWUIHMApIbl 3amuceil) reHepanus JODKHA OBbITh  MaKCHUMAallbHO
ONTUMHU3HPOBAHA U UCIIOJIB30BATh BCE JOCTYIHbIE BhruncauTenbubie pecypcsl CPU u GPU.

3a):[aq1/1 B KOHTCKCTC NJUCHUIIINHBI:

1. Mapannenusanus Ha CPU: ucnonb3oBats std::thread ninm OpenMP 11s mapanenbHOTo
TeHepUPOBAHUS HE3aBUCUMBIX OJIOKOB JaHHBIX (HampuMep, TPaH3aKUUN Pa3HbIX KIMEHTOB).

2. Bexkropuzamus (SIMD): npumennts wuncTpykimm SSE/AVX mis  yckopeHus
MaTeMaTHYECKUX OTepaIuii IpY TeHEepallui YUCIOBBIX JAHHBIX (CyMMBI TPaH3aKIUi, TPOICHTHI,
BPEMEHHbIE METKH), KOTOpBIE CJEIYIOT OIpeIeJICHHBIM pachpeneieHus M (HOpMaibHOE,
IIyaccoHa).

3. GPU-yckopenune: peamuzoBate Ha CUDA wumm OpenCL siapa ans maccoBoit
napajieNIbHOW TeHepaluu HauboJiee PEeCypCOeMKHX YacTe MaHHBIX, HAlpHUMeEp, CO3TaHus
B3aMMOCBSI3aHHBIX TPAH3AaKI[MOHHBIX CETEH WM MPUMEHEHUS CIOXKHBIX CTOXaCTHUYECKUX
MOJCIIECH.

4. Ontumuzanus U npoduirpoBanue: ¢ nomomibio perf, nvprof miam Nsight Systems
BBISIBUTH "y3KHE MeCTa", ONTHMHU3HPOBATH PA0OTY € MaMSTHIO (KIII-JIOKAJIbHOCTH) U 00ECTICYHTh
6anaHcupoBKy Harpy3ku mexay siapamu CPU u GPU.

Ilenp mpoekTa: NPOJEMOHCTPUpPOBaTh yMeHHE co3naBaTh rubpuansie (CPU+GPU)
IPUJIOKEHNUS, CIIOCOOHBIE PELIATh PECYPCOEMKHUE 3a/1a41 B CIKATBIE CPOKHU 3a cueT 3 (HPEKTUBHOTO
UCIIOJIB30BaHNUs I1apajulein3ma.

Kpurtepun npueMKH 3a4eTHOT0 NPOEKTa (METPUKH)

1. Tenepanus 10 mumumoHoB TpaH3akiui 3a Bpems He Oonee 30 cexynn na CPU (8
notokoB) 1 He 6oinee 5 cekyna Ha GPU (CUDA/OpenCL).

2. Yckopenue npu nepexoze ot 1 noroka k 8 notrokam (OpenMP) — He menee 3.

3. Yckopenne GPU otHocutensHo ogHossaepHoro CPU — He menee 15x%.

4. CreHepupOBaHHbIE JaHHbIE MPOXOAAT crartuctudeckue TecThl (Koamoroposa—
CMmupHoBa) ¢ p-value > 0,05 s pacnpeneneHuit CyMM TpaH3aKIUil.

5. OtcyTcTBHE TOHOK aHHBIX (TpoBepka uepe3 ThreadSanitizer).

Keiico1 ot «KABAJIAB» ucnosib3yeMblie B IMCIHUILINHE

Anaym3 oOpamennii kineHToB 1 CRM-nepenuckn
Omnucanue:

B ciyx06e KIMeHTCKOTO cepBHUCa 3aCTPOUIINKA €XKETHEBHO 00padaThIBAIOTCS IECATKH
oOpamienuit (e-mail, 3B0HKH, MecceHKepbl). TpebyeTcs peann3oBaTh CUCTEMY CEMaHTHUECKOTO
aHanu3a 1 kinaccudukannu NLU: BBISABIATE CyTh 00palleHuid, YypOBEHb YIOBIETBOPEHHOCTH,
OTCJIEKUBATH IIOBTOPSIOLIUECS 3aIIPOCHI.

3aveTHBII MPOEKT HA OCHOBE Keiica:



IMapaneabHasi 00padoTka U ceMaHTH4YeCKUii aHAaIU3 MoTok0oB CRM-00pamenuii
[TapannensHas 00paboTKa U cEMaHTUYECKUIA aHan3 MoTokoB CRM-o0pareHuii

OmnucaHue MpoeKTa:

HeoOxomumo peann3oBarh SApO CHCTEMBI ISl MPEAOOpaOOTKM M aHAM3a OOJBIIOrO
MOTOKAa TEKCTOBBIX OOpAIlleHUH KIMEHTOB (AJICKTPOHHBIC MHUChbMA, 4YaThl). 3ajada BKIHOYACT
3Talbl, KOTOPbIC MOXKHO pacHapayie/IuTh: KOJUPOBAHME TEKCTa B BEKTOPHI, H3BJICUCHUE
NpPU3HAKOB, HavajdbHas kKinaccudukanus. Hwuskas 3amepkka 00paOOTKM KpPUTHYHA IS
OIIEPaTUBHOI'O pPearupoBaHUs.

3amaun B KOHTEKCTE TUCIUIUTMHBIL:

1. MuoronotouHas kouBeiepu3zanus (Producer-Consumer): co3nats KoHBelep 00pabOTKu
JMaHHBIX C ucnojb3oBanueM std::ithread, std::mutex u ouepeneit coobmenuii. OnuH MOTOK
3arpy»aeT JaHHbIe, APYTOi BBIMOIHIET NMPeAoOpadoTKy (TOKEHH3AIMI0), HECKOJIbKO MOTOKOB
HapajieNIbHO BEIYUCIISIOT SMOEITUHTH, @ UTOTOBBIN TIOTOK arperupyeT pe3yIbTaThl.

2. BexTopu3aius BEIYUCIEHUN: NCTI0Ib30BaTh SIMD-unctpykuuu (AVX) nis ycKopeHus
JUHEHHBIX aNTeOpanyecKuX OIepaluil Py BBIYHCICHUN 0a30BBIX TEKCTOBBIX XapaKTEPUCTHK
(manpumep, TF-IDF) wim nmosneMeHTHBIX onepanuii B HEOOIbIINX HEHPOCETSX.

3. GPU-yckopenue undepenca: peanmszoBats Ha CUDA unmu OpenCL BbraucieHust s
JIETKOBECHOM HEMpOCeTeBON MOJIEH, BBIMOIHAIONMIEH CEMAaHTUYECKYIO KIACCU(PHUKAIUIO, YTOOBI
o0OpabareiBaTh COTHH OOpanicHuii ogHoBpeMeHHo Ha GPU.

4. TIpoduupoBaHue U ONITUMH3ALIUS 33/IePKeK: HCIoIb30BaTh valgrind u Nsight Systems
JUIs aHau3a B3anMo010kupoBok (deadlock), "ropsumnx Touek" M ONTUMHU3AIUN BPEMEHHU OTKIINKA
CUCTEMbI, MUHUMH3UPYS HaKJIaJHbIE PACXO/bl HA CHHXPOHU3ALIUIO.

Ilenp mpoekTa: MOKa3aTh HABBIKM CO3/IaHUSl OT3bIBUMBBIX MHOTONOTOYHBIX CHCTEM
peaIbHOTO BpEMEHH, CIOCOOHBIX 3(()EKTUBHO paclpeiensiTh BBIYMCIUTENIBbHYIO Harpy3ky u
UCIOJIb30BaTh HU3KOYPOBHEBYIO ONITUMH3ALIMIO Ul 00pabOTKH HENPEPHIBHBIX TOTOKOB JJAHHBIX.

Kpurepun npueMK# 3a4eTHOI0 NMPOEKTA (METPUKH)

1. IlpomyckHast crnocoOHOCTh KoHBeliepa — He MeHee 1000 cooOmieHuit B CeKyHAY
(cpenuuii pazmep coobuieruss S00 CHMBOJIOB).

2. 3apepkka 06paboTku 95-ro nepuentuiss — He 6onee 200 Mmc.

3. Ilpu ucnonb3oBanun GPU-uHpepenca (JierkoBecHass HEHPOCETb) — YCKOPEHUE HE
meHee 10x otHocurenbHO CPU-Bepcuu Ha 1 moroke.

4. Her B3aumo6okupoBok (deadlock) mpu ogHOBpeMeHHOM 3amycke 4 KOHBEHEPOB.

Keiicsl or OO0 «Kap Ukc TexHo101:KHC» HCIOJIB3YyeMbIe B I CHUIIIMH

Pu3n4ecKH KOPPEKTHBIN PeHJIEPUHT U ONITUMM3ALMSA rPaduKu 1151 MOOMIIBHBIX
TOHOYHBIX CUMYJIAITOPOB
Onucanue:

OObyuaroniuecs U3y4aroT apXUTeKTypy rpaduueckoro konseiiepa Unity (URP),
peanu3yioT coocTBeHHbI PBR-meiiep ¢ ocBemennemM Ha OCHOBE KapThl HOpMae 1
ONTUMU3UPYIOT €ro JIJIsl MOOMIIbHBIX T1aT(opM. JIoMONMHUTENBHO pacCMaTPUBAIOTCS METObI
BEPILIMHHON JleopManuu (BU3yanu3anus NOABECKH, AeopMalius MuH) U TpoLeypHOi
reHepaluu TEKCTYp (IOPOKHOE MOJIOTHO, ac(anbT).



3ayeTHBIN NMPOEKT HA OCHOBE Kelica:

1. Pa3paborate pabounii meinep Ha HLSL/ShaderLab, peanusyrommuii PBR-ocBemenue
C KapToi HopMaJiel U 3aTyxaHueM cBeta, padoraromuii B Unity URP.

2. Peann3oBaTh OIMH U3 BapUAHTOB BEPUIMHHON JeopManuu (Hanpumep, CUMYJISITUIO
KoJie0aHU# TIOJIBECKU) W/WIIH TIPOIEAYPHYIO TEKCTYPY ISl PparMeHTHOTO IIeHepa.

3. IIpoBectu npoduIMpOBaHKE MPOU3BOIUTEILHOCTH ¢ moMoIbio Unity Profiler u
Frame Debugger, cpaBHUB CcBO¥ 1Ieiiiep co cranAapTHBIM Lit.

4. OdbopmuTh OTUET ¢ 0OOCHOBAHUEM APXUTEKTYPHBIX BHIOOPOB (BBHIOOP MPOCTPAHCTBA,
TUIIOB JIaHHBIX, ONITUMHU3AIINS BEIOOPOK).

O:kupaeMbplii  pe3yabTat: pabouuii meinep, WHTErpUpoBaHHbIM B cueny Unity, ¢
WU3MEPEHHBIM YCKOPEHMEM OTHOCHUTEIIBHO CTAaHAAPTHOIO MaTepuajga MU OTYET € aHAIU30M
POM3BOIUTEIFHOCTH Ha MOOMIIBHOM YCTPOMCTBE.

Kpurtepun npueMKH 3a4eTHOI0 NPOEKTA (METPUKH)

1. PBR-mretinep padoraer B Unity URP Ha MOOHIIEHOM yCTpOHCTBE (Hampumep, Samsung
S20) ¢ wacrotoit He menee 30 FPS npu 10 o6bexTax Ha clieHe.

2. llpouieaypHas TEKCTypa TeHepUpyeTcs 3a < 5 MC Ha Kafp.

3. Bepmmunnas aedopmanus (moaBecka) He cHibkaeT FPS Gomnee wem nHa 10% mo
CPaBHEHHUIO CO CTATUYHOU IeOMETPHEM.

BepcuonHo-ycToi4YNBasi cHCTeMAa COXPAHEHMS C MOAIeP:KKOii MUTPAIlUM JAHHBIX U
MHOT0CJI0TOBBIM YIIPaBJIeHHEM
Onucanmue:

OOyuaromMes npeiaraercsi peajm3oBaTb MHOTOCIOTOBYIO (HE MeHee 3 CIIOTOB)
CHCTEMY COXPaHEHHsI UTPOBOIO Iporpecca, 00eCIeUNBAOLIYIO CEpUATN3ALIUI0/ AeCEPUATH3ALIHIO
JIAaHHBIX, BEpCUOHUPOBAHUE U MUTPALIMIO JaHHBIX IIPU 3arpy3Ke COXPAHEHUM, CO3TaHHbIX
npelblayiel Bepcuen nmpuiioxkenus. Tpedyercs Takke peann3oBaTb MEXaHU3M cOpoca
rporpecca 10 Ha4aJIbHbIX 3HaYCHUM.

3ayeTHBII MPOEKT HA OCHOBE Kelca:

1. CnpoexTrpoBaTh Kiacchl JaHHBIX C Y4ETOM paclIupeHus (moje version, cloBapb JUIs
HECTaHJAPTHHIX TApaMETPOB).

2. PeammzoBath coxpanenue/3arpy3ky B JSON ¢ ucrnoib30BaHreM
Application.persistentDataPath (Unity) unu Environment.GetFolderPath() (NET).

3. CozmaTh MEXaHU3M MHUTPALMU MEXKIY BEpCHSIMH (CTapblil (aiin 3arpyxaercs, HOBbIE
MOJIS1 MHUIUATU3UPYIOTCS 3HAYSCHUSMHU TI0 YMOJTYaHHUIO).

4. J1o0aBUTh CKpUHIIIOTHI U METAJJaHHBIE (J1aTa, BpeMs UTPbl) JUIsl KaXKJI0TO CIIOTa, a
TaKxe cOOp mporpecca ¢ MoATBEPKIACHUEM.

5. PeammzoBats Ul asis paboThl co cioTaMu (COXpaHUTh, 3arpy3UTh, COPOCHUTD,
0TOOpa3UTh METaJaHHBIE).

O:xunaemplii  pe3yabTaT: pabOTOCIOCOOHOE TMPOTOTHUITHOE TMPHIOKEHHE (UTPOBOM
OPOTOTHIT) C TPeMs CIOTAMU COXPAHEHUH, KOPPEKTHON MUrpaunuedl Mmpu HU3MEHEHUH BEpCUU
CTPYKTYPHI H IEMOHCTpaIfell TOHUMAaHUs TPUHIMIIOB OOPAaTHOH COBMECTUMOCTH.

Kpoccnaardopmennas GitLab CI coopka Unity npoexToB
Onucanne:



Nmeercst Unity-nipoexT ¢ penozutopuemM dounbiioro ooséma (okosio 500 I'b rpaduueckoro
KoHTeHTa). TpebyeTcs aBTomaTnyecku popMupoBaTh cOopku s TpEx miardopm: 10S, Android
u PC. Coopxka anst i0S Bo3morkHa Tobko Ha macOS-panHepe U TpedyeT 00s3aTebHOM MOIMTUCH
(signing) MpUIIOKECHHUS.

3ayeTHBII MPOEKT HA OCHOBE KeHca:

1. Pa3paborats naitmnaita Ha 6aze GitLab CI, o6ecnieunBaromuii COOpKy HTPOBBIX OUJIIOB
st Android u PC ¢ ucnonszoBanuem konreiinepusauu (Docker).

2. Hactpouts otnenbHbiii macOS-pannep st coopku noa i0S ¢ mponeaypoit moanucu
MIPHIIOKCHUS.

3. OnTuMu3upoBaTh padboOTy C PEHO3UTOpUEM OOJIBIIOrO 00BEMaA (KIIIMPOBAHME,
apredaxTsl, shallow clone).

4. O0ecnieunTh €AMHBIN TpUrrep cOOpkH (IO MyIIy WU BPYYHYIO) JUISL BCEeX TPEX
wiathopm.

O:xuaeMplii pe3yabTaT: peann3oBaHHbli naiimnaity B GitLab CI, kotopslit mo koMaHze
cobupaer nmoanucanable Bepcuu nprioxkenus i 10S, Android u PC, ¢ otu€ToM 0 BpeMeHu
cOOpKHU U 00bEME MepelaHHbIX JTaHHBIX.

Kpurepuu oueHkH NpoeKToB (METPUKHU NPUEMKH)

O1eHKa «OTIIMYHO» — JOCTUTHYTHI BCE LIEJIEBbIE METPUKH, YKa3aHHBIE TSI KOHKPETHOTO
Kelica, ¥ BBINOJIHEHA JOTIOJIHUTENbHAs onTumu3anus (Hanpumep, shared memory B8 CUDA win
AVX-Bekropuszanus).

OHCHKa «XOpOoHIO» — AOCTUTHYTHI BCC LICJIICBBIC MCTPUKH.

Or1eHKa «y0BJIETBOPUTEIBHO» — JIOCTUTHYTO He MeHee 70% 1eleBbIX 3HAaUCHH .

Or1eHKa «HEYOBJIETBOPUTEIHLHO» — JNOCTUTHYTO MeHee 70% 11eJIeBbIX 3HAaUCHH.

3aueTHO-PK3aMEeHAIIMOHHBIE MaTepUaibl A TPOMEKYTOUHOM aTTecTanuu (IK3aMeH)
Ilpumepul 6onpocoe 01a no02omoexku K 3auemy

POSIX Threads 1 MHOrONIOTOYHOCTH

1. Yro takoe motok (thread) u ueM oH oTnUYaeTcs OT mpoiecca’?

2. Kakue npenmyniecTBa Ja€T MHOTOIIOTOYHOCTh B COBPEMEHHBIX MPHIIOKECHUAX?
3. YTo Takoe KOHTEKCTHOE MEPEKIIOUEHHE U KaK OHO BIUSET Ha MPOU3BOAUTEIBHOCTh?
4. Kak coznarotcst motoku ¢ nmomotibio POSIX Threads (pthread create)?

5. Kak 3aBepunTh MOTOK M BEpHYTH pe3yibTar (pthread join)?

6. Uto Takoe mutex U JyIsl 4ero OH UCMOIb3yeTCs?

7. Kakue ectb cioco0sl cuHxpoHu3anuu notokoB B POSIX Threads?

8. Urto Takoe ycnmoBHas nepemenHas (pthread cond t) u kak oHa pabotaet?

9. lns1 wero ucnomab3yercs 6apbep (pthread barrier t) u xkak oH npumensiercs?
10. Yem oTiiMyaeTcsi KOHKYPEHTHBINA JOCTYII K MaMATH OT MapajjieIbHOTo?

11. Yro Takoe race condition U Kak ero npexoTBpaIaoT?

12. Yto Takoe deadlock u kakue criocoObl ero nzbderanus?



13. Kak u3amepuTh NpOU3BOAUTEIHLHOCTS MHOTOTIOTOYHOM Mporpammel Ha CPU?
14. Kakue mpo6iemMbl MOT'YT BOSHUKHYTb IIPU YBEITMUYEHUH YK CIIa TIOTOKOB?

C/C++ 1 HU3KOYpOBHEBOE IPOrPaAaMMHUPOBaHHUE

15. Kakume ocobennoctn C/CH++ nmenaroT WX TOIXOISMIIMMH I HU3KOYPOBHEBOTO
napajuIeIbHOTO MPOTrPaMMHUPOBAHUS?

16. Kakue crannaptasie cpeactsa C++ mo3BoJsioT paboTarh ¢ MOTOKaMu?

17. Yem otnnyaercs std::thread or POSIX Threads?

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

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

20. Kakue mpoOiieMbl BO3HHMKAIOT TPH HCIOJBb30BAHUHM TIOOAIBHBIX MEPEMEHHBIX B
MHOTOIIOTOYHOM KoJie?

21. Yro Takoe aromapHbie onepanuu (std::atomic) v 3a4eM OHH HYKHBI?

22. Kak peanm3oBaTh 0€30MaCHBIN IOCTYII K pa3aeiseMbIM pecypcam B C++?

OpenMP

23. Yro Takoe OpenMP u nnst yero on ucnosawzyercs?

24. Kak Brimrounts OpenMP B npoekt Ha C/C++7?

25. Yro pemaet nqupekTuBa #pragma omp parallel?

26. Yem orimuaaercs parallel for ot o6sranoro for?

27. Yro Takoe reduction B OpenMP u kak oHa padotaet?

28. Kaxkue tumnsl schedule cymecrByror 8 OpenMP (static, dynamic, guided)?

29. Jlns 4ero uCnoib3yloTcs KpUTHUECKHE ceKuu (#pragma omp critical)?

30. Kak m3meputsb npousBoautenbHocTh OpenMP-iporpamm?

31. Kakue mpo6ieMbl BOSHUKAIOT MPU HEMPaBUILHOM Hcmosib3oBanuu OpenMP?

Bekropuszanus u SIMD (SSE/AVX)

32. Yro Takoe SIMD u ueM oHo otinnyaercst or MIMD?

33. Kakue npeumyiectsa qa€t ucnonb3oBanue SSE/AVX unctpykumii?

34. Kak peanu3oBaTh BEKTOpHBIC OIepandd ¢ mnoMmomero _mMm256_add_ps wim
_mm256_mul_ps?

35. Yem ornnuaercs 128-6utHas SSE ot 256-6utHoit AVX?

36. Kak BnusieT BoIpaBHUBaHUE MaMsITH Ha TPOU3BoAUTENbHOCTh SIMD-onepariuii?

37. Kakue orpanuueHus HaKkIaapIBaeT ucnosb3oBanue SIMD Ha anroputmer?

38. Kak n3mepsTh yCKOpeHHE IIPH BEKTOpU3aLUU Koaa?

GPU-nporpammupoBanue (CUDA, ROCm, OpenCL)

39. Yro Takoe CUDA wu niist 94ero oHa HCTIONB3yeTcs?

40. Kak yctpoeHa Mmozaenb moTokoB u 61okoB B CUDA?

41. Yem oTanyaeTcs riaodaibHas, JokaiabHas U shared mamsate B CUDA?

42. Yto takoe OpenCL u uem on otnugaercsa or CUDA?

43. Kakue maru Heo6xoaumsbl aiist BeimostHeHus: OpenCL-sapa na GPU?

44. Kakue metonsl mpodunupoBanus npumeHsitorcs ans GPU-mporpamMm u 4TO OHHM
U3MEPSIOT?

45. Monenp namstu Java (JMM): uem orimuaercst ot Mojenu mamsata C++? Uro Takoe
happens-before, volatile, final? IIpuBeauTe npumMep roHKH JaHHBIX.

46. Cbopka Mycopa B mapajulenbHbIX Java-mpunoxenusx: kak Gl, ZGC BausioT Ha
MIPOITYCKHYIO CIIOCOOHOCTH M 3aAepKku? Kakue marTepHbl MTOMOTAl0T CHU3UTH Tay3bI?



47. CpaBHEHHE MHOTOMIOTOYHOCTH Ha Java u C++: mpenmyIiiecTsa u
Henmoctatku java.util.concurrent mo cpaBuenuto ¢ std::thread u pthread. Koraa onpasaano
ucnonp3oBanue JVM-sa3pikoB B high-performance computing?

Ilepeuens kKomnemenyuil (wacmu KOMREMEHYUU), NPOCEPACMBIX OUCHOUHBIM CPEOCEOM -
OIIK-3; PL-1; PL-2; PL-4

Ilpakmuueckue 3a0anusn K 3auemy
3apanue 1. Coznanue norokoB POSIX
- PeainzoBaTh nporpammy, CO3ar0IIyr0 HECKOJIBKO TTOTOKOB IS TAPAJLICILHOTO BEIYUCICHHSI
CYMMBI U CPEJIHETO 3JICMEHTOB MACCHBA.
- 3MepuTh yCKOpEHHUE MPH YBEIMYCHUHN YHCIIa TIOTOKOB.
3ananue 2. CuHXpoHU3aIMs ¢ mutex u barrier
- Ucnonb3oBatk pthread mutex t u pthread barrier t ams 3amuThel pa3aenseMoro pecypea u
CHUHXPOHH3AIMU TTOTOKOB.
- 3Meputh MacmTabupyeMOCTh PEIICHHS IIPU PA3HOM KOJHUYECTBE TOTOKOB.

3ananue 3. [lapannensHas coptupoBka Ha C++

- PeanmzoBaTh merge sort mim quick sort ¢ ucronb3oBanueM std::thread u std::async.
- CpaBHUTH BpeMms BhINoHEeHUs ¢ peanu3anueii Ha POSIX Threads.

3ananue 4. PacnapamienuBanue ¢ OpenMP

- Ucnonb3oBatek aupekTuBy #pragma omp parallel for nist ymHOXKeHUs MaTpuil.
- JoGaBuThk reduction u u3meHuTtsb crpareruto schedule. CpaBHUTH TPOU3BOJUTENBHOCTD.

3amanwne 5. Bextopuzarus SIMD

- Peann3oBaTh cioXeHHe U YMHOXEHHUE MacCUBOB ¢ moMorsio SSE/AVX (_mm256_add_ps,
~mm256_mul_ps).

- CpaBHI/ITI) BpPEMs BBIIIOJITHEHUA C OOBIYHBIM IIUKIIOM.

3aganue 6. OnTuMu3aus BEKTOPHBIX ONEpaliuii

- [IpoBepuTh BiMsIHME BEIPABHUBAHMSI TAHHBIX B MaMsITH Ha TPOU3BOAUTENbHOCTh SIMD.
- I3sMepuTh yCKOpEHME Ha pa3HbIX MACCUBAX.

3ananue 7. CUDA: yMHOX€HHUE BEKTOPOB

- PeamuzoBate CUDA-11p0 1151 YMHOKEHUS ABYX BEKTOPOB.
- Hactpouts xoHpUrypanuo 0J10KOB U CETKH, U3MEPUTH ycKopeHue oTHocuTenbHo CPU.

3amanne 8. CUDA: yMHOXEHHUE MaTPHIL



- PeasizoBaths ymHoxenue matpuil Ha GPU ¢ ncnons3oBanuem shared mamsitu 1t yCKOpEHUS.
- [IpoBectu cpaBuenue ¢ CPU-peanuzannei.

3apanue 9. OpenCL: BEeKTOpHOE CIIOKEHUE

- Hanmucatp nporpammy Ha OpenCL a5 cinoxkeHust MacCHUBOB.
- CpaBHuTh npousBoauTeabHocTh ¢ CUDA-peanuzamueii u CPU.

3aganue 10. ROCm/HIP

- PeasmzoBate ipoctoe GPU-snpo Ha ROCm/HIP a1 BEKTOPHOTO YMHOXKEHHS.
- CpaBuuTtsb pe3ynbTatsl ¢ CUDA.

3ananue 11. [Ipodmmpoanune CPU

- Ucnonp3oBars perf mnm Valgrind mis aHanmm3a ropss4ux y4acTKOB MHOTOTIOTOYHON TPOTPaMMBI
Ha CPU.
- OnTUMU3UPOBATh BHIYMCICHUS U U3MEPUTDH YCKOPEHHUE.

3amanue 12. [Ipodunupoanune GPU

- Ucnonb3oBate Nsight Systems uiu nvprof mist ananmza CUDA-sapa.
- ONTUMH3HPOBATH pa3Mep OJIOKOB U UCIIOJIb30BaHUE MAMSTH Il YyCKOPCHUSI.

3amanne 13. KomOMHUpOBaHHAS ONITUMH3AIUS

- PeasninzoBath nporpammy, KOMOMHUPYIOLTYI0 MHOTOIIOTO4YHOCTh, SIMD 1 GPU-BbluMcIeHNS
(Hampumep, CyMMUpPOBaHHE OOJIBIINX MAaCCHBOB).
- [IpoBecTr U3MeEpEeHNE YCKOPEHUS Ha BCEX YPOBHAX U NOATOTOBUTH CPABHUTEIIBHBINA OTUYET.

3amanue 14. Java Producer-Consumer

- Peanusyiite Producer-Consumer Ha Java ¢ ucnons3oBanuem LinkedBlockingQueue u
HECKOJBKHUX MoTpedureneit. MiamepbTe MpomyckHy0 CIOCOOHOCTH (COOOIIEHMIT/CEK) TP pa3HOU
Harpyske.

- OOBsicHUTE, KaK 00ecreuynBaeTCsl BUAUMOCTh IEPEMEHHBIX MEKIY oTokamu B JMM.
JononuurensHo: no6aseTe graceful shutdown u 3amepbrTe BpeMst OCTaHOBKH.

Ilepeuenv Komnemenyuii (wacmu KomnemeHuuu), NPoOGEPACMbIX OUEHOUHBIM CPEOCHIEOM -
OIIK-3; PL-1; PL-2; PL-4

4.2 MetoanuyecKkue MaTepuaJibl, ONpeae/siomme NpoueAypbl OHCeHUBAHUS 3HAHUI,
YMEHHH, HaBBIKOB M (WJIHM) ONBITA [eSTeJIbHOCTH, XapaKTePU3YIOIIUX JTAMbI
(popMupoBanus KomMneTeHI U

MeTtoauyeckue peKOMeH/IalMH, ONpee/isiiolue Npoueaypbl OlleHUBAHMS Ha 3a4eTe:

IIpouenypa npoMexKyTO4HOM aTTecTalMi MPOXOJUT B cooTBeTCTBUM C llomokeHuem o
TEKYIIeM KOHTPOJIE U MPOMEeXyTouHOH artectanuu oodyyatouxcs @PI'bOY BO «Kyo6I'V».

Htorosoit ¢opmoii KOHTposIE CPOPMHUPOBAHHOCTH KOMIIETEHIMH y OOydJaroumuxcs 1o
JTUCIUIUINHE sBJsieTcs 3a4eT. CTyIeHThI 00513aHbl C/IaTh 3a4eT B COOTBETCTBUH C PACIHCAHUEM U
y4eOHBIM IIJIAHOM.



OOC mpoMEKYyTOYHOM aTTECTAllUM COCTOUT M3 BONPOCOB K 3a4€Ty W PE3yJbTaTOB
TEKYILEro KOHTPOJISL.
3aueT no AUCUHUIUIMHE MpecieayeT Ledb OUEHUTh paboTy CTyAEHTa 3a KypC, MOJIyYeHHe
TEOPETUYECKNX 3HAHWUH, WX MPOYHOCTh, PA3BUTHE TBOPUYECKOTO MBIIUICHUS, MPUOOpPETCHUE
HABBIKOB CaMOCTOSITEIbHON pabOThl, YMEHHUE MPUMEHSATH MOJIYYCHHbIC 3HAHHS ISl pPelIeHUs
MPaKTUYECKUX 3a]1ay.
dopma npoBeeHUs 3a4eTa: YCTHO.
Pesynbrar ciauum 3aueTa 3aHOCUTHCS MIPEMNOIaBaTENIEM B 3aUETHYIO BEIOMOCTh U 3a4ETHYIO
KHIKKY.
OueHuBaHUE YPOBHSI OCBOCHHS JMCIUIUIMHBI OCHOBBIBACTCS HA KAYECTBE BBITIOJIHEHHS
CTYJEHTOM 3aJIaHU} TEKYLIEro KOHTPOJIS U OTBETOB Ha BOIIPOCHI 3a4UeTa.
Kpurtepun onenku:
1. Ouenka oTBeTOB HA BONPOCHI K 3a4eTy (50% MTOroBOi OLeHKH)
3auver
[TonHbie, pa3BepHYThIE OTBETHI C IEMOHCTpAIUEH ITyOOKOT0 MOHUMAHUS TEMBI.
OTBeThI cozlepKaT OCHOBHBIE UJIEU, HO 0€3 yriryOJeHHOIr0 aHaJIn3a.
Hcnonp3oBanue npuMepoB, GopMyI1, KOPPEKTHBIX TEPMHUHOB.
Bo3moskHBI HEOOMBIITNE OMMOKH B IETANSAX WA (OPMYIUPOBKAX.
YMeHne aHaJIu3upoBaTh U CPAaBHUBATH METOIBI.
% BemonHeHus: 60—100% (momyckaroTCs He3HAYUTETbHBIC HETOYHOCTH).
He3auer
OTcyTCTBME TOHUMAHUS KIIFOYEBBIX KOHIICTIIIHA.
['pyOble ommOKH UM HECTIOCOOHOCTh OTBETUTDH HAa OOJBIIYIO YaCTh BOIPOCOB.
% BeImonHeHUs: <60%.
2. OneHKa BBINOJHEHUS PAKTHYECKHUX KelcoB U JiabopaTtopHbIX pador (50% wurorosoi
OLICHKH)
3auer
[ToHOE BBITIOJIHEHHME BCEX ATAIOB Keiica ¢ MHHOBAIITMOHHBIMU PEIICHUSIMHU.
YeTtkast TOKyMEHTaIMs KOJA U aHAJIU3 PE3yIbTaTOB.
% BemonHeHus: 60—100%.
WIH
BrlimorHeHbI OCHOBHBIE 3a1a4d, HO 0€3 JTOTIOTHUTEILHOW ONTUMHU3AIIHH.
WIH
Pemmens! 6a30Bble 337a4u, HO C KpUTUUECKUMU OILIMOKAMHU.
Huzkoe kauecTBO KoJa UM OTCYTCTBHE aHAIH3a.
He3zauer
HeBbinoaHeHne KIII0OUEBbIX ATAIMOB.
Kon nepaGounii mim oTCyTCTBYET.
% BoImonHeHus: <60%.

Memoouueckue  pekomenoayuu,  onpeoenfaouiue - nNPoUeoypvl - OUEHUBAHUA
aabopamopuvix padom:

[Iponenypa onieHnBaHMs J1aOOPATOPHBIX PAOOT MPOXOAUT B COOTBETCTBUH ¢ [losiokeHneM
0 TEKYIIeM KOHTPOJIE U MPOMEXYTOUHOH arTtectanuu odyyatoniuxcs @PI'BOY BO «Ky6I'V».

ITo kaxnoit nabopatopHoit padote opopmisercst otyeT. OTUETHl CAAI0TCS HA MPOBEPKY
PYKOBOJUTENIO B TEUCHHWE Kypca IO MEpEe WX BBITIOJIHEHUS, W 3alMINAIOTCS CTYACHTAMH B
YCTaHOBJICHHOM ITOPSIJIKE.

[Tpu 3ammTe oT4eTa CTyICHTY MOTYT OBITh 3aJJaHBl BOITPOCHI U IOTIOJTHUTEIILHBIC 33/TaHUS
M0 CyTH JIa0OpaTOPHOUW paboOThI, B TOM YHCIE U3 CIHCKA KOHTPOJIBHBIX BOMPOCOB K JaHHOMN
nabopaTopHo# padote. [Ipu HEyTOBIETBOPUTEIBHON OIEHKE 3HAHUN CTYACHTA IO TeME TAaHHOTO
0TYeTa, CTYJCHT BO3BPALIAETCS K TOBTOPHOMY M3YUYEHHIO COOTBETCTBYIOIIUX MaTepHUajoB, OCIe



Yero JOIMycKaeTcsi K MOBTOPHOW 3ammute. HeynmoBIeTBOPUTEIHHO BBIMTOJHEHHBIH OTYET TaKkKe
BO3BpaIIaeTcs Ha T0pPabOTKY.

OTueT MOIKEH COJEpKaTh 3aroJIoBOK, TeMy J1a0OpaTOPHOW pabOTHI, IeNb, 33aJaHHUE,
WHAVBUAYAIBHYIO TEMYy, ONHCAHHE XOJa BBIMOJIHEHHUS DPAOOTHI, HEOOXOIMMBIC MPUKIIAIHBIE
Matepuaibl (CXeMbl, MaKeThl JOKYMEHTOB M T.I.), B COOTBETCTBHH C TPEOOBAHUSAMH K
COJIEP>KaHUI0, ¥ BBIBOJIBI IO paboTe.

O1eHOYHBIC CpEICTBA Ui MHBAJIMJIOB W JIMIl C OTPAaHUYCHHBIMH BO3MOKHOCTSIMHU
3JI0POBbSI BEIOMPAIOTCS C YUETOM UX WHIUBUAYATBHBIX ICUXO(PHU3NIECKIX OCOOCHHOCTEH.

— Ipy He0OXOAMMOCTH MHBAIM/IAM | JIUIIAM C OTPaHUYCHHBIMU BO3MOKHOCTSIMH 37I0POBbSI
MPEIOCTABIISICTCS TOMOTHUTEIBHOE BPEMSI JUISI TOATOTOBKH OTBETA HA 3a4eTe;

— NIpH TPOBEIICHUH TIPOIICAYPhI OIICHUBAHUS PE3YyIbTATOB 00yUEHHSI WHBAIUIOB H JIUIL C
OTPAaHUYEHHBIMH BO3MOXXHOCTSIMU 3I0POBbSI MPEAYCMATPUBACTCS HCIIOIH30BAHIE TEXHUYCCKHIX
Cpe/ICTB, HEOOXOIUMBIX UM B CBSI3U C UX WHAUBHIYATbHBIMH OCOOCHHOCTSIMU;

— TIPH HEOOXOAMMOCTH JIJIsl OOYJAIOIIUXCS C OTPAHMYEHHBIMUA BO3MOXHOCTSIMHU 3/I0POBBS
U WVHBAIWIOB TIPOIEIypa OICHUBAHUS pE3YyJIbTaTOB OOYYEHHUS 10 JUCIUIUIMHE MOXKET
MIPOBOMTHCS B HECKOJIBKO JTAIIOB.

[Iponienypa oneHUBaHUsI Pe3yJIbTATOB OOYUYCHHS WHBAIMIOB U JIUI[ C OTPAaHUYCHHBIMU
BO3MOXKHOCTSIMU 37I0POBbBSI TI0 JUCIHILIUHE MPEAyCMATPUBACT MPEIOCTaBICHNE UHPOPMAITUU B
dopmax, aTanTUPOBaHHBIX K OTPAHUYCHUSM HX 370POBbS M BOCIIPUSATHS HH(POPMAIIHH:

JUts 11 ¢ HapyIICHUSIME 3PCHUS:

— B I1€4aTHOW (hOpMe YBEIMYCHHBIM HIPUPTOM,

— B hopMe 3IIEKTPOHHOTO JIOKYMEHTA.

JUJ1st JIUI ¢ HApYIICHUSIMH CITyXa:

— B mieyaTHOU hopme,

— B (hpopMe 3IIEKTPOHHOTO IOKYMEHTA.

JUtst I ¢ HapyIICHUSIMHA OTIOPHO-IBUTATEIILHOTO arapara:

— B IIeYaTHOM opme,

— B (hopMe 3JIEKTPOHHOTO JIOKYMEHTA.

JlaHHBIN TepeueHb MOXET ObITh KOHKPETU3MPOBAaH B 3aBUCUMOCTH OT KOHTHHTEHTA
oOyyJaronuxcs.

4.3. MeTonnueckne yKa3aHus 10 OPraHU3aIUM BbIYMCIUTEIbHONH HHPPACTPYKTYPHI
TpeOGoBanus kK anmapaTHOMY U POrPAMMHOMY o0eclie4eHHI0 padounx MecT

AnmnapartHbie TpeOOBaHHUS.

JUis BBIMOJIHEHUS J1TA0OpPaTOpPHBIX pPadOT MO MapajlIeIbHOMYy M HU3KOYPOBHEBOMY
IPOTrPaMMHUPOBAHUIO CTYACHTAM U MPENoaBaTeo He00X0IUM CTallMOHAPHBIN KOMIIBIOTEP WU
HOYTOyK C CcOBpeMeHHOW KoHburypanued. Pexomenmyercs wHoromnporeccopusiii CPU,
Hanpumep Intel Core i3/i5/17 e Hmke 4-ro mokosnenuss win aHanoruunHelii AMD Ryzen, c
MO/JIEPKKOH MHOTOMIOTOYHOCTH U oriepaTuBHOM mamsTeio He MeHee 8 I'b. Jlng pabotel ¢ GPU-
BeluuciHeHus MU Tpebyetrcs Bupeokapra NVIDIA pmns CUDA  wuimm  coBmectumast ¢
OpenCL/ROCm. KommbroTep A0MKEH UMETh CTaOMIIBHOE MOJKIOUYEeHHE K cetu VHTepHeT co
cKopocThio He HIke 5-10 MOut/c mms ckaumBanuss SDK, OubGmuorek u OOHOBICHUN
MIPOTrPaMMHOTO 00eCTIeUeHUS.

IIporpamMmmHubie TpeOGOBaHus.

Ha pabounx cTaHIMAX J0DKHA OBITh yCTaHOBJIEHAa COBPEMEHHAs ONepallMOHHAas CUCTEMA,
Bkitouass Windows 10 wiu 11, aktyansablie Bepcun macOS unn quctpudytrussl GNU/Linux, npu
TOM CHCTEMbI JOJDKHBI PEryJlspHO OOHOBJIATBCA JJIsl MOJJEpKaHUS O€30MacHOCTH U
COBMECTHUMOCTH C HHCTpyMEHTaMH Kypca. Jlns pa3paboTku HEoOXOJUM COBPEMEHHBIN
kommuisitop C/C++ ¢ nonnepxkoir CMake, nanpumep MS Visual Studio ma Windows niu
GCC/Clang Ha Linux/macOS, a Taxke OUOJMOTEKM M HMHCTPYMEHTHI Ul IapalljieIbHOTO
nporpammupoBanus, Takue kak POSIX Threads, OpenMP, SIMD-untpuncuku ans SSE/AVX,



CUDA Toolkit s NVIDIA GPU, OpenCL SDK 1 ROCm/HIP 1151 COBMECTUMBIX YCTPOMCTB.
PazpaboTka pekoMeHIyeTcs 4Yepe3 HHTETPHPOBAHHYIO CpEdy WM TEKCTOBBIA PEHaKTOp C
noanepxkoin C/C++, nanmpumep Visual Studio, VS Code niau CLion. 11 aHanM3a ¥ ONTHMHA3AIUTN
POU3BOIUTENFHOCTH HEOOXOAMMO HCIIONB30BaTh MHCTpYMEHTHI mpodunuposanus CPU u GPU,
Biimrovas perf, Valgrind (uepes WSL na Windows), Nsight Systems, nvprof mims CUDA u
cpenctra npodunupoBanus OpenCL/ROCm.

JdonmosiHUTEIbHOE POrPAMMHOE O0ecreyeHue.

CTyleHTBl TaKXke JODKHBI HMMETh JIOCTYIl K CHCTeMe KOHTpolis Bepcuit Git,
unteprnperaropy Python Bepcuu 3.10 u Bblllie ¢ MEHEIKEPOM MMAKETOB pip Ui conda AJis aHaTH3a
PE3yJIbTaTOB U MOCTPOCHUS TPadUKOB, TPH HEOOXOAMMOCTH ¢ ycTaHOBKO# Jupyter Notebook/Lab.
J1s TOKabHOTO TECTUPOBAHMS M OTJIAJIKU [IPOTrPaMM MOXKET ucroiib3oBarbes Docker, npu aTom
Ha Windows tpebOyercs Docker Desktop ¢ WSL2, a ma Linux u macOS mnardopma
nojJep>KuBaeTcss Hanpsmyro. Bce mporpammuoe obecriedeHne OJKHO ObITh HACTPOEHO Tak,
9TOOBI CTYNEHTHI MMEIM JOCTYI KO BCEM HMHCTPYMEHTaM BO BpeMs J1a00opaTOpHBIX paboT, a
IpernojaBaTesib MOT YIPaBiIsATh UH(PPACTPYKTYypOl M KOHTPOJIUPOBATH PE3yJbTAThl, BKIIIOUas
peno3utopuu, CI/CD wu TectupoBanue. HeoOxomumo o00eCrednTh pa3peiieHue HCXOISITNX
noakatoueHud mo HTTPS, otkpeiteie moptel 80 u 443, a Takxke Haluyue MpaB Ha YCTAHOBKY
POrPaMMHOTO OOECIICUCHHSI WJIM B3aWMOJICHCTBHE C CHCTEMHBIM aJMHUHHCTPATOPOM IS HX
YCTaHOBKH.

AJIbTepHATHBHAsA cpela JJisl cTy/1eHTOB 0e3 qoctyna k GPU

CryneHTbl, HE MMEIOIINEe BO3MOXXHOCTH padoraTh Ha kommbioTepe ¢ NVIDIA GPU,
BBITIOHSIOT JlabopaTtopHbie padoTel o CUDA u OpenCL B o6maunoii cpene Kaggle (6ecrnatHo,
6e3 ycraHoBku). Takxke nomyckaercs ucnoib3zoBaHue Google Colab ¢ Bxmouénusim GPU-
yckoputesaeM. MIHCTpYyKIUH 110 HACTPOWKe U MAOIOHBI KO/ sl 00eUX CpeJl PEIOCTABIISIOTCS B
Hayaje ceMecTpa.

I[Inan-npocneKT MeTOANYECKHX YKA3aAHMI 110 OPraHU3alUM J1a00paTOPHBIX padoT o
aucoumuinHe " IlapansenbHoe 1 HU3KOYPOBHEBOE NPOrpaMMupoBaHue'

1. O0mue cBeneHust

JucuumuimHa: «[lapannensHoe 1 HU3KOYpOBHEBOE ITPOrPaMMHUPOBAHUE

Buna obecnievuenus: mpoBeieHne 1a00paTOPHBIX padoT

VYcioBusl MPUMEHEHHs: KypC pacCUMTaH Ha CTYJEHTOB 2—3-TO roja oOy4YeHHs; HaIu4ue
noctyna K BbrauciautenbHbM pecypcam CPU u GPU; ucnonbp3oBaHue OTKPBITHIX OUONIHOTEK U
SDK mst C/C++, OpenMP, POSIX Threads, CUDA, OpenCL/ROCm; goctyn k npumepam H
MCXOJHBIM JaHHBIM JIJIS1 JTAOOpaTOPHBIX padoT.

2. Hesn, 3a1a4u U 02kM1aeMble Pe3yJabTaThbl

Lenu: 3akpenseHne TEOPEeTHUECKUX 3HAHWHM MO MapajuleIbHOMY M HU3KOYPOBHEBOMY
NPOTPAMMHUPOBAaHUIO Ha TIPAKTUKE; Pa3BUTHE HABBIKOB IPOCKTHPOBAHUS, peau3allid |
ONTUMH3AIMY MHOTOMOTOYHBIX U BEKTOPHBIX BBIYMCICHUH; MMOATOTOBKA K PEIICHHIO 3aj7ad Ha
CPU u GPU B nHAYyCTpHAIBHBIX POEKTAX.

3amaun: oOecmeyuTh CTYJEHTOB CTPYKTYpUPOBAaHHBIMH J1aOOpaTOpPHBIMH paboTamu;
NPEIOCTABUTD JTOCTYII K HEOOXOJMMBIM BBIYHCIUTEIHHBIM PECypcaM; OpraHH30BaTh MPOBEPKY U
00paTHYIO CBA3b IO BHIIOJIHEHHBIM pabOTaM.

OxugaeMble pe3ysbTaThl: yYMEHHE CO3[aBaTh M ONTHMH3HPOBATH MHOTOIIOTOYHEIC
npuioxennss Ha C/C++; HaBbiku paboTsl ¢ OpenMP, POSIX Threads u SIMD-unTpuHCcHKamu
(SSE/AVX); onbiT peanmuzanuu GPU-Beruncnenuit Ha CUDA, OpenCL 1 ROCm; criocobHOCTB
aHAJTM3UPOBATh MPOU3BOAUTEIBHOCTh M MACIITAOUPYEMOCTh PEIICHUH.

3. llopsnok peanu3anuu



3.1. 3agaua Nel: [TonroroBka n1abopaTOpHBIX paboT

Ompenenenne TeM JIaOOPAaTOPHBIX pPadoOT: BBeAeHHWE B MHOromoroyHoctb M POSIX
Threads; napamnensabie Berancnenus Ha C++ (std::thread, std::async); pacmapamnenuBanue c
OpenMP; BekTopuzamus u SIMD (SSE/AVX); GPU-nporpammupoBanue ¢ CUDA, OpenCL u
ROCm; orrumuzanust u npodumupoanrie CPU u GPU-npunoxennii; KOMOMHUPOBAHHBIE 331a91
Ha CPU u GPU; 3amura KypcoBbIX MPOEKTOB.

Pazpa0oTka 3a1aHuii BKJIIOYAET MOIIArOBbIe MHCTPYKIIMHU, IPUMEPHI KOJIa U KOHTPOJIbHBIE
BOIIPOCBI.

[Tpumep pa3paboTku 3amaHus is1 1aOOPaTOPHON paboThl « MHOTOMOTOYHBIE BHIYUCICHUS
Ha CPU»

Ha3zBanue: «CymMmupoBanue 31eMeHTOB MaccuBa ¢ ucnonb3oBanueM POSIX Threads u
std::thread»

Lenb: HAy9UTHCS CO3/]aBaTh MHOTOITOTOYHBIE TIporpaMMel Ha C/C++ 1 aHanM3upPOBATh MX
MIPOU3BOIUTEIBHOCTb.

3agaum: peanu3oBaTh NPOTrpaMMy Uil HApALICIFHOTO CYMMHPOBAHHS MacCHBa C
ucnons3oBanueM pthread create u  pthread join; 100aBUTH CHHXpPOHM3AIMIO  Yepe3
pthread mutex t u pthread barrier t; cpaBHUTH Tpou3BOAMTENHHOCTh peanm3anuu Ha POSIX
Threads u std::thread; u3amMepuTh yckopeHue Mpy yBEIHUEHUHU YHUCTIa TTOTOKOB.

O:xuaaemble pe3yJibTaThl: YMEHUE CO3/1aBaTh U CHHXPOHHM3MpOBATh MOTOKH Ha CPU;
MOHMMAHUE BJIMSHHUS CHHXPOHHM3AIMM M 4YHCIA TOTOKOB HAa MPOU3BOAMTEIHHOCTH;, HABBIKU
CpaBHEHHMsI pa3HBIX MMOJXO0B K MapaJljIeIbHbIM BBIYUCICHHSIM.

Hucrpymentol u 6udamorexkm: C/C++, POSIX Threads, std::thread, std::mutex,
std::future, OpenMP, Taiimepsl, kommmraTopel GCC/Clang nimn MS Visual Studio, nmpodaiinepst
(perf, Valgrind).

Hcxonnbie nannble: MaccuBbl yucen pazmepoM 1076—10"8 snemMeHTOB.

Xoa paGoTbI: OINpENeNUTh KOJMYECTBO IOTOKOB; pealn30BaTh MapayjieNbHOe
CYMMHUpPOBaHHE C CHHXPOHH3AIMEW; W3MEPUTh BPEMs BBHIMOJHEHUS; O(QOPMUTH TaOIUIy C
pe3yJbTaTaMy; IPOAHAIM3UPOBATh MACIITAOUPYEMOCTb.

TpebGoBanus Kk 0T4ETY: KOJ IPOrpaMMbl; TaOIHIIA ¢ U3MEPEHUSIMU BPEMEHM; TpapuKu
YCKOPEHHUS U MAaCHITaOMPyEMOCTH; aHAJTMTUYECKast YacTh C BHIBOJIAMH.

Kpurtepuu oueHkn (3auTeHo/He3a4TEeHO): 3a4€T CTABUTCS, €CITU POTrpaMMa KOPPEKTHO
pear30BaHa C CHHXPOHU3AIMEH, U3MEpEeHbl BpEMEHA BBITIOIHEHUS, 0(OPMIIEH OTUET C aHATU30M;
HE3a4eT IMPHU OTCYTCTBUH CHHXPOHHU3AINHN, HETIOJIHBIX N3MEPEHUSX UM OTCYTCTBHU aHAIN3a.

dopMupyemMble KOMIIETEHIIUM:

- OIIK-3 Cniocoben pemaTh CTaHJapTHBIE 3a/1a4k MPO(ecCHOHATbHOMN e TEIbHOCTH Ha
OCHOBE MH(OPMAITMOHHON U OMOIHOrpaduecKoi KyabTypbl C IPUMEHEHUEM HH()OPMAIIMOHHO-
KOMMYHHMKAIIMOHHBIX TEXHOJOTMH M C Y4YeTOM OCHOBHBIX TpeOoBaHUN WH(GOPMALMOHHON
0€e301acHOCTH

- PL-1 (b) Crioco6en npuMeHsTh 361K porpaMmmupoBanus Python st penierus 3aad B 061acTi
nmn

- PL-2 (IT) Crioco6en npumeHsaTs JVM-coBMecTUMBIE SI3BIKM MPOrpaMMHUpPOBAaHUS IS
pemienus 3agad B oonactu MU

- PL-4 (b) CniocobeH npuMeHsTh A3bIkU nporpammupoBanust C/C++ nmns pemieHus 3aaa4y
B obmactu MU

II1a0/10HBI VI CAMOCTOSATE/ILHOM pPeaJM3anuu CTy1eHTOM



Js xaxmoit mzyuaemoit texHosmorum (POSIX Threads, OpenMP, CUDA, OpenCL)
CTYJICHTaM BBITAETCS KapKac MPOEKTa — MUHUMAIIbHAsL CTPYKTYpa (haiiyioB ¢ 3aroTOBKaMH KO/,
KOMMEHTApUsIMH U YKa3aHHUSMH, YTO HY)KHO PEaIM30BaTh CAMOCTOSITEIbHO. KapKachl BKIFOYAIOT:

- ®@aiin CMakeLists.txt ¢ nHactpoeHHbiMu 3aBucumocTsMu (mass CUDA, OpenCL,
OpenMP)

- [TycThle ninn yacTUYHO 3aIoJIHEHHBIE (aiiyibl HCXOIHOTO KOJIa C MECTaMU JIJIsl BCTaBKH (//
TODO: peanusoBars...)

- CKkpunThI 17151 COOPKU U 3ammycKa

- Kpatkyro nHCTpYKIHIO 10 paboTe ¢ KapKacoM

CTyaeHT KJIOHHMpYET Kapkac, Jopa0OaTbIBaeT €ro COMNIACHO 3aJaHHI0 J1abopaTOpHOM
paboTHI, COOMpPALT U 3aITyCKaeT. DTO MO3BOJISIET COCPETOTOUNTHCS HA AJITOPUTMAX ITApAICIIEHOTO
pOTPaMMHUPOBAHUS, a HE HA HACTPOIKE HHCTPYMEHTOB.

Kapxkacs!l BeimatoTcst uepes cucremy Moodle wim mo ccbuike Ha ¢ailyioBoe XpaHHITHUIIE.
CaMOCTOsITeIbHOE ~ CO3JJaHHME  PEMO3UTOpUs  OCTaéTcs HAa  YCMOTPEHHME  CTYJICHTA.

Padora ¢ Kaggle nis crynenros 0e3 jjokanbnoro GPU

Jlns crynentoB, He umeromux jaoctyna k kommbiorepy ¢ NVIDIA GPU, B kauectBe
OCHOBHOHM matopMbl [uis BbImonHeHUs Jabopatopubix pabdor mo CUDA u OpenCL
pexomenyetcs ucronb3obath Kaggle Notebooks.

Kaggle npenocrasnser 6ecratubiii goctyn k GPU (NVIDIA Tesla P100 nnu ananoru)
yepes BeO-unTepdetic ¢ mogaepxkkoit CUDA. TTopsimok paboThr:

1. Crynenr peructpupyercs Ha caiite kaggle.com.

2. Coznaér HoBbI Notebook ¢ BkitouéHHbIM yckopurenaem GPU.

3. 3arpyxaet kapkac npoekra ((aiinsl .cu, .cpp, CMakeLists.txt) uepe3 Bkimanky Datasets
WIN TPSMBIM KOITMPOBAHUEM KOJIa B TYEHUKH.

4. Nnsa xomnumsaiuu u 3anycka CUDA-nporpaMm ncnosib3yeT s;tueiku ¢ bash-komangamu
(Invce ... && .Jfa.out).

5. Pe3ynbTarhl BBINOIHEHUS U BBIBOJ IPOTPaMMBbI COXPAHSIET B OTUET.

Bce naboparopubie pabotsl, cBsizanHble ¢ GPU, MoryT ObITh BbinosiHeHsl B Kaggle 6e3
ycTaHoBKHM JonosnHuTenbHoro 110 Ha nokaneHblli kKommbioTep. Ha mepBom nabopaTtopHOM
3aHATHM TIpenojaBaTesb JAeMOHCTpupyeT mnporecc Hactpoiiku Kaggle Notebook u Bbimaér
11abI0H JUTS paboTHLI.

AJIbTepHATHBHASA cpela 1Jisl cTyAeHTOB 0e3 qocrtyna k GPU

CryneHTbl, HE MMEIOLIMEe BO3MOXHOCTH paboraTh Ha kommbiorepe ¢ NVIDIA GPU,
BBITIOJTHSIIOT J1abopatopHbie paboTel Mo CUDA u OpenCL B o6naunoii cpene Kaggle (6ecrumatro,
0e3 ycranoBku). Taxxke momyckaercs wucrnonb3oBanue Google Colab c¢ Bkmou€aabiM GPU-
yckoputeneMm. MHCTpyKIMU 1o HAacCTpoiike U mabIoHbI KoJia AJisi 00euX cpejl MPeI0CTaBIsAI0TCS B
Hayaje ceMecTpa.

5. IlepeyeHb OCHOBHOW M [IONOJHUTEJIBHON Yy4eOHOH JMTEepaTyphl,

He00X0AMMOi1 17151 0CBOCHUS TMCUUILIIMHBI (MOTYJIA)
5.1 OcHoBHas 1uTEpaTypa:



1. boraués K.FO. OcHOBBI mapajiieIbHOTO MPOTPaMMHUPOBaHUA: y4eOHOE mocodue. —
M.:JIabopartopus 3Hanuit, 2020. — 345 c.

2. Jlante B.B. C++ OOBEKTHO-OPHEHTHPOBAHHOE TMPOrPAMMHPOBAaHHE: YUeOHOE
nocooue. — CII6.: [Turep, 2008 — 464 c.

3. AnekceeB, B.E. Ctpykrypsl nanueix. Monenu Beramcienuii / B.E. Anekcees, B.A.
TanaHoB. - 2-e 3., ucnpas. - MockBa : Haumonansusiit OtkpeiTeiid YauBepcurer « MIHTYUT»,
2016. - 248 c. : cxem., ui. - (OcHOBBI HH()OPMAITMOHHBIX TEXHOJIOTHI)

4. Ounaproc I'.P. OcHOBbl MHOIOIOTOYHOI'O, MApaJJIEIbBHOIO IPOrPaMMUPOBAHMUSL.
M.:U3zpatenbckut noM “Bunbamc”. 2003. 512¢

5. Mansasko A.A. [lapamnensHoe nIporpaMMUpoOBaHre Ha ocHOBe TexHosoruit OpenMP,
CUDA, OpenCL, MPI: yuebnoe nmocobue ais By30B / A. A. MaisiBko. - 3-¢ U31l., UCIIP. U JOII. -
Mocksa : IOpaiit, 2022. - 135 c¢. - URL: https://urait.ru/bcode/492127 (nara oOpaieHus:
29.11.2022). - PexxuMm mocTyma: mus aBTopu3. mosb3oBateneil. - ISBN 978-5-534-14116-0. -
TekcT: 2IeKTPOHHBIN.

5.2 lonosiHUTeILHAS JIUTEPATYpAa:

1. bunnur B.A. ITapannenbHble BBIUMCICHHUS © MHOTOIIOTOYHOE MIPOrpaMMHUpoBaHue. — M.:
Hanuonanenpiii  Otkpeiteiii  Yuusepcuter «MHTYUT», 2016. — 311 c¢. — URL:
https://biblioclub.ru/index.php?page=book&id=428948.

2. Typanbuyk K.A. IlapamnensHoe mporpaMMHupoBaHHE C MOMOLIbIO si3blka C#. — M
Hamumonaneueiii  OtkpeiTeli  YHuBepcuter «MHTYUT», 2016. — 190 c¢. —-URL:
https://biblioclub.ru/index.php?page=book&id=429098.

5.3. Illepuoauyeckue u3IaHusl:
1. Ba3sl manabeix komnagud «Mct Beroy http://dlib.eastview.com
2. Dnekrponnas oudimoreka GREBENNIKON.RU https://grebennikon.ru/

5.4. UnTepHeT-pecypchbl, B TOM YHc/ie COBpeMeHHbIe npodeccnoHalbHble 0a3bl
JAHHBIX H MH(POPMAIMOHHBbIE CIPABOYHbIE CHCTEMBbI
Inexmponno-oubauomeynwvie cucmemol (Ib6C):
DBC «IOPAWT https://urait.ru/
9BC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAVIH» http://www.biblioclub.ru/
3BC «BOOK.ruy https://www.book.ru
3BC «ZNANIUM.COM» www.znanium.com
. OBC «JIAHb» https://e.lanbook.com
HpogbeccuOHaﬂbele 0azvl OaHHbIX
Scopus http://www.scopus.com/
ScienceDirect https://www.sciencedirect.com/
XKypnansl uznarenscrsa Wiley https://onlinelibrary.wiley.com/
Hayunas snexkrponnas oubnuotexa (HOb) http://www.elibrary.ru/
[TonHOTEKCTOBBIE apXMBBI BEAYIIUX 3aNaHBIX HAYUYHBIX )KypHaJIOB Ha Poccuiickoii
nnaT(i)opMe HayuHbIX )xypHaiioB HOMKOH http://archive.neicon.ru
6. HauuonanmpHast dJekTpoHHas OuOnIMOTeKa  (HOCTYHm K DJEKTPOHHOM  OuOIHOTEKe
nuccepranuii Poccuniickoit rocynapctsennoit oubnuoreku (PI'B) https://rusneb.ru/
7.  Tlpesunentckas 6ubnmorexa um. b.H. Enprmna https://www.prlib.ru/
8.  baza mannbix CSD Kem0Opumxckoro nentpa kpucramiorpapuieckux ganubix (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/
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14. Nano Database: https://nano.nature.com/

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

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

17. YuuBepcurerckas nadpopmanuonnas cucrema POCCHUS http://uisrussia.msu.ru

becnnamuvie obpazoeamenvvie pecypcol
1. Jupyter Notebook — nHTEepaKTHBHbIC BEIUHUCIICHUS
2. Visual Studio Code — pemakrop koza ¢ moaaepxkoii Python
3. Google Scholar/arXiv — goctyn k Hay4HBIM ITyOIHKALUSIM

Pecypcor c6o600n020 0ocmyna

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

2. AmMepukaHCKas IMaTeHTHas 0a3a MaHHBIX hitp://www.uspto.gov/patft/

3. MuHucTepcTBO HayKH | BbIciiero oopa3osanus Poccuiickoit @eneparuu
https://www.minobrnauki.gov.ru/;

4. ®enepanbHblii noptan "Poccuiickoe obpazoBanue http://www.edu.ru/;

5. HNudopmanuonnas cuctema "ExnHoe okHO JocTyna kK 00pa3oBaTelbHbIM pecypcam”
http://window.edu.ru/;

6. Enunas xosutekius udpoBbix 00pa3oBaTelbHBIX pecypcoB http://school-collection.edu.ru/ .

7. Ilpoext I'ocynapcTBeHHOT0 MHCTUTYTA pycckoro si3bika umeHu A.C. Ilymkuna
"O6pa3zoBanue Ha pycckoM" https://pushkininstitute.ru/;

8. CnpaBouHo-uH(pOpMaMOHHKIH opTan "Pycckuii si3b1K" http://gramota.ru/;

9. Cnyx0a TeMaTH4YEeCKHX TOJKOBBIX cioBapeit http://www.glossary.ru/;

10. CnoBapu u 3HUMKIONEANH http://dic.academic.ru/;

11. O6pa3oBarenbHbIi mopTan "Yueba" http://www.ucheba.com/;

12. 3axonompoekt "O0 obpa3zoBanuu B Poccuiickoit denepanun". Borpockl u oTBeTHI http://xn--
273--84d1f.xn--plai/voprosy_i_otvety

Cobcmeennvie 21ekmporHble 00pasosamenvhvle U uHpopmayuornusie pecypceovl Kyol'V

1. OnextpoHHbIi KaTanor Hayunoit 6ubnuoreku KyoIl'Y http://megapro.kubsu.ru/MegaPro/Web

2. DnekTpoHHas 6ubauoreka TpyaoB yueHbix Kyol'yV
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6

3. Cpena MonynbHOTrO AMHAMHUYECKOTo o0yueHus http://moodle.kubsu.ru

4. ba3a y4eOHBIX MJIAHOB, Y4€OHO-METOINYECKUX KOMILJIEKCOB, IyOIUKaIMi 1 KoH(epeHnit

http://infoneeds.kubsu.ru/

5. bubnuoreka nHGOPMAIMOHHBIX pecypcoB Kadenpbl HH(POPMALIMOHHBIX 00pa30BaTEIbHBIX
TexHosorui http://mschool.kubsu.ru;

6. OnexTpoHHBIN apxuB AokyMeHToB KyOI'Y http://docspace.kubsu.ru/

7. DnexTpoHHbIE 00pa3oBaTeNbHbIE pecypchl Kadeapbl HHHOPMAIIMOHHBIX CHCTEM U TEXHOJIOTHI
B oOpazoBanun KyOI'Y wu mnHayuno-meromuueckoro kypHama "IIIKOJIBHBIE T'OJbI"
http://icdau.kubsu.ru/

5.5. lIy0umnkanun koHpepenunii 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
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2. Zijian Shi and 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. MeTtoanueckue yKazaHusl JJIs1 00y4alOIIMXCsl MO OCBOCHUIO AMCIUTIIMHBI
(MoayJin)

[lo kypcy mnperycMOTpPEHO NpOBEACHHUE JIEKIMOHHBIX 3aHATUN, Ha KOTOPBIX JaeTrcs
CHUCTEMATHU3UPOBAHHBIN MaTepuall 10 NapauIeIbHOMY U HU3KOYPOBHEBOMY IIPOTPaMMHPOBAHUIO.
B xozxe nexmuii paccMaTpuBaIOTCs KJIFOUEBbIE KOHLEMIMUM MHOTOINOTOYHOCTH, CUHXPOHU3ALUN
IIOTOKOB, apXUTEKTYypbl COBPEMEHHBIX IpoLeccopoB, BekTopuzauuu U GPU-BeruncieHui.
Oco0oe BHUMaHUE YIENIseTCs NIPAaKTHUECKUM acleKTaM — pa30uparoTcsl MpUMEphl peau3alnuu
MHOTOMOTOYHBIX U MapajuienbHbIX anroputMoB Ha C/C++, mpumenenne OpenMP u POSIX
Threads, ucnonszoBanue SIMD-untpuncukoB (SSE/AVX), GPU-nporpammupoBanne Ha CUDA,
OpenCL n ROCm. Ha nekuusx aHanu3MpylOTCS TUIWYHbIE OIIMOKH IMPH MPOEKTHPOBAHUU
MapaJUICIbHBIX IPWIOKEHUA MW ONTHMM3alUMM  BblYMCICHMHA. [locime Kaxaod Jjekuuun
PEKOMEHIYETCSl BBINOJIHATh IPAKTUUECKHUE 3aJjaHus Ul 3aKpEIUICHHs MaTepuaia: peaau3anus
MHOTOMOTOYHBIX (DYHKIUH, pacnapajielMBaHue UKIOB, ONTUMH3AIM BEKTOPHBIX BBIYUCICHUN
u GPU-sanp.

JlaGoparopHble 3aHATHS Kypca TIOCBALICHBI MPAKTUUYECKOMY OCBOCHHIO METO/I0B
napajyieIbkHOTO U HU3KOYPOBHEBOT'O MporpaMmupoBanus. Ha 3aHaTHsIX neTanbHO pa3Ouparorcs
TOTOBBIE MPUMEPHI PEaTU3alid MHOTOMOTOYHBIX aJTOPUTMOB, paclapaljieIiBaHUE LUKIOB C
OpenMP, pabota ¢ morokamu POSIX Threads, onTummuzainus koaa ¢ ucnonb3oBanuem SIMD-
UHCTpyKUUH, opranu3zanus BeluuciaeHuid Ha GPU c momompio CUDA, OpenCL u ROCm.
CryneHTsl paboTalOT ¢ pealbHbIMU BBIYMCIUTENBHBIMU 33/1a4aMU, HalIpUMep, CyMMHUPOBaHUE U
COPTUPOBKA MAaCCHMBOB, MaTpUYHbIE OIEpallH, MOJEIHpPOBaHUE (PUINYECKUX IPOLIECCOB, U
OPUMEHSIOT HMHCTPYMEHTHI JUIs M3MepeHus mpousBoautensHoctd (perf, Valgrind, Nsight
Systems). Ilocime kaxaoro J1abOpaTOpPHOTO 3aHATHS  NPEAJArarOTCsA  3aJaHus IS
CaMOCTOSITENIFHOTO 3aKpeIyieHUsT MaTepuaia — MOJIU(HUKAIMS PACCMOTPEHHBIX alTrOpPUTMOB,
TECTUPOBAHUE MHOTOMOTOYHBIX pean3aliii 1 ONTUMU3ALINS IPOU3BOAUTEIHHOCTH.

[Ipu camocrtosiTenbHON paboTe CTyA€HTaM HEOOXOAMMO H3ydaTh PEKOMEHJIO0BAHHYIO
auteparypy (yueOHUKH, CTaThH, JOKyMeHTauoo 0udarnorek U SDK) miis rimy6oKoro noHuMaHus
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TEOPETHYECKUX OCHOB TMapajlIeJbHOTO TMPOTPAMMHPOBAHUS W COBPEMEHHBIX IOAXOIOB K
ONTUMHU3ALMKU BBIYUCICHUNU. BBIMOMHSAS MNpPOEKTHBIE 3a/aHus, CTYIAEHT JOJKEH YMETh:
dbopMyIupoBaTh 3ajady MapauIeIbHBIX BBIUYMCICHUHN; MOAOUpPATh W MOATOTABIMBATH JAHHBIC,
BBIOMPATH U PEaTU30BbIBATDH MMOIXO/ISAIIME METO/Ibl pacnapajieInBanus u ontumuzanuu Ha CPU
nu GPU; onenuBath 3(PEKTUBHOCTP M MPOU3BOJUTEIBHOCTh PEIICHUH € IOMOIIBIO
COOTBETCTBYIOIIUX HHCTPYMEHTOB M MeTpUK. Oco00e BHUMAHUE yNESIETCS] HaBBIKaM OTIIAIKH,
poGUIMPOBAHUS U ONITUMHU3AITMHN KOJA.

BaknelmiM KOMIIOHEHTOM Kypca SIBJISIETCS CAMOCTOSTeNbHAS TIPOEKTHAsS padoTa, B XO/1e
KOTOPOH CTYIEHT pa3padaThIBacT 3aBEPIIEHHOE MPOTPAMMHOE pEIICHUE C HCIOJIb30BaHUEM
MHOT'OIIOTOYHOCTH, BekTopu3auuu 1 GPU-Bbruncienuit (Hanpumep, yCKOPEHHOE CYMMUPOBaHUE
OOJILIIIX MAaCCHBOB, NapajljieibHas COPTUPOBKA WM BBIYMCIHMTENIbHAS 3aja4a ¢ MATPUIIAMH).
Takoi MpoeKT MO3BOJSET 3aKPENUTh HABBIKA MPOECKTUPOBAHUS W PEATU3ALMN KOMIUIEKCHBIX
pemiennit Ha CPU u GPU, a Takxe olleHuBaTh UX IPOU3BOAUTEIHHOCTD.

Jnst  CTYJIEHTOB C OrPaHMYEHHBIMH BO3MOXKHOCTSIMH  3JI0POBbSl  MPETYyCMOTPEHBI
JIOTIOJIHUTEIbHBIC WHAMBUAYAJIbHBIE KOHCYJIBTAIIMM, Ha KOTOPBIX MPENOJaBaTeib Pa3bsCHSICT
CJIOKHBIE aCIMEKThl JUCHMIUIMHBI, IIOMOTaeT aJalnTUpPOBaTh 3aJaHUs U o0ecrneyrBaeT
CIEIMAlIbHbIE YCIIOBUS AJS OCBOEHHS MPAKTUYECKHMX HABBIKOB PabOThI ¢ MHOTOMOTOYHBIMH,
BekTOpHbIMU U GPU-BhruncnenusiMu. MHAMBUAYaNbHBIN MOIX0/] MO3BOJISIET TAKUM CTYJIEHTAM
MOJIHOIIEHHO Y4YacTBOBATh B YUeOHOM MPOIIECcCe U IOCTUTaTh TPeOYEeMbIX pe3yIbTaTOB 00yUEHHSI.

Keiicol [IAO «C0ep0aHK» HcOb3yeMble B TUCHMILIHHE

I'enepanus synthetic data nyis 6ankoBckuX Mojenei
Onucanue:

Mogenu B Coepe TpeOyroT 60161100 00bEMa TPAaH3aKLIMOHHBIX U KIIMEHTCKUX JaHHbIX,
KOTOpBIE HENb35 UCIOIb30BaTh HANPAMYIO U3-3a TpeboBanuit LIb u ®3-152. 3agaua —
pa3paboTaTh METOJ] FeHepallMi CUHTETHYECKUX OaHKOBCKUX JIAHHBIX, MAKCUMaIbHO OJIM3KUX K
pEAIBHBIM 110 PACIpPENEIICHUSIM U [IOBEICHUIO.

Keiicol or «KABAJIAB» ucnoJsib3yembie B AUCHUILINHE

AHajau3 o0pamenunii kineHToB 1 CRM-nepenuncku
Onucanue:

B ciy»0e KIMEeHTCKOro cepBrca 3aCTPOUIIINKA €KEeTHEBHO 00pabaThIBAIOTCS AECATKH
oOparenuit (e-mail, 3BoHKH, MecceHKEPHI). TpedyeTcst peaau3oBaTh CUCTEMY CEMaHTHUUECKOTO
aHanuza u kinaccudukanuu NLU: BBISABIATE CyTh 00OpallleHuid, ypOBEHb YIOBIETBOPEHHOCTH,
OTCIIC)KHBATH MIOBTOPSFOIINECS 3aITPOCHL.

Keiicsl or OO0 «Kap Ukc TexHom01:KuC» HCIOJIb3YyeMble B IHCHUIIIMH

Pu3n4ecKH KOPPEKTHBIN PEHJIePUHT U ONITUMM3ALMS rPaduKu 1151 MOOMIIBHBIX
TOHOYHBIX CUMYJIAITOPOB
Onucanue:

OOyuaroniuecs U3y4aroT apXUTEeKTypy rpaduueckoro konseiiepa Unity (URP),
peanu3yioT coocTBeHHbI PBR-meiiep ¢ ocBemennemM Ha OCHOBE KapThl HOpMae 1
ONTUMU3UPYIOT €ro0 JIJIsl MOOMIIbHBIX T1aT(opM. JI0TONIHUTENBHO pacCMaTPUBAIOTCS METOIbI



BEPIIMHHON nedopMmaniuy (BU3yanu3amus MoIBECKH, AeGopMalusl MKWH) U TPOLETyPHON
TeHepaluu TEKCTyp (IOpOKHOE TOJOTHO, achambT).

BepcuonHoO-ycTOMYMBAsE CHCTEMA COXPAHEHMS € MOJAEPKKO MUTPALUM TAHHBIX U
MHOI0CJI0TOBBIM YIIPaBJIeHHEM
Onucanue:

OOyuarouumMes npelaraeTcsi peajin3oBaTb MHOTOCIOTOBYIO (HE MEHee 3 CIIOTOB)
CHCTEMY COXPaHEHUSI UIPOBOTO MIPOrpecca, 00ECIECUNBAIOLIYI0 CEPHATU3ALIUI0/ IECEPHATU3ALIUI0
JaHHBIX, BEPCHOHUPOBAHKUE U MUTPALUIO JAHHBIX IIPU 3arPy3Ke COXPAHEHUH, CO3IaHHBIX
npeabIAyIIel Bepcuei npunoxkeHus. TpedyeTcs Takxke peaan3oBaTh MeXaHu3M cOpoca
porpecca 10 HadaJibHbIX 3HAYCHUM.

Kpoccnaardopmennas GitLab CI coopka Unity npoexTos

Onucanue:

Nmeetcs Unity-nipoekT ¢ peno3utopueM 6ombiioro oobéma (okono 500 I'b rpaduyeckoro
KoHTeHTa). Tpebyercs aBToMaTH4ecKu GopMHpoBaTh cOOpKH st TpEX iaTdopm: i0S, Android
u PC. Coopka s i0S Bo3MoxkHa Toibko Ha macOS-panHepe u TpedyeT 00s3aTeNbHOM MOANHNCH
(signing) NpUIOKECHHUS.

7. MaTtepuaJibHO-TEXHUYECKOE o0ecnevyeHne Mo JUCUUInae (MoIyJii0)

Bupryaneueie mamunbl, kmactep Managed Kubernetes u pecypeet GPU B o6Gnake
npeocTaBsieTcs HHAyCTpuanbHbM napTHepoM [TAO «Coepbank»:

IIpumeuanue: Konkperusanus ayaquropuii u ux ocHamenue onpeaensercs OIIOIL.

Ne IIponyxt ITapameTpsl poxykTa Kon-Bo KOH;;:}:EEHHﬁ En. uzm.
0
1 Bnﬁz}];f;;:aﬂ \l?élgayzn;f& MmammHa 10% vCPU 2 1 60 It
OC Ubuntu 22.04 1 T
Cucremusiii guck SSD 1 It
10 re
Apenna my6nmaaoro 1P 1 LT

Buptyansnas mammna ¢ GPU
NVIDIA® Tesla® V100 2 GPU 8 1 1 T
vCPU 128 I'b RAM

BupryansHas
mammHa ¢ GPU

OC Ubuntu_24.04 1 116
CucremHusi guck SSD 1 It
2000 I'6



Huck SSD 1 It
4096 I'o
Huck SSD 1 T
4096 o
Apenpaa ny6nuunoro IP 1 T
No Bux paGot HanmenoBanue yueOHOM ayJUTOPUH, €€ OCHAICHHOCTD
h P 000pyOBaHHEM M TEXHUYECKUMH CPEACTBaMH 00yUCHHUS
1 JlekIMOHHBIE 3aHATHS AyauTopusi, YKOMIUIEKTOBaHHAs CIIEUAIM3UPOBAHHON MeOenbio H
TEXHUYECKUMH CPEACTBAMH 00yUYCHHUS
2 JlaGoparopHblie 3aHsTHS AyuTopusi, YKOMIUIEKTOBaHHAs CIICIHaIM3UPOBAHHON MEOEbio H
TEXHUYECKUMH CPEJICTBAMU 00yUECHHS, KOMITBIOTEPAMH, IPOEKTOPOM,
MIPOrpaMMHBIM 00eCIIeUeHUEM
3 [MpakTHdecKue 3aHsATHS AyuTopusi, YKOMIUIEKTOBaHHAs CIICIHaIM3UPOBAHHON MEOEbio H
TEXHUYECKUMH CPEACTBAMH O0yUYCHHUS
4 I'pynmoBeie Aynutopusi, YKOMIUIEKTOBaHHAs CIICLMAIN3UPOBAHHON MeOenbio U
(MHIMBUYaTIbHBIE) TEXHUYECKUMU CpenCTBAMHU oOy4eHus, KOMITBIOTEPAMH,
KOHCYJIbTalluU MPOTpaMMHBIM O0ecTieueHuEeM
5 Texynuit KOHTPOIIb, | AyAUTOpHS, YKOMIUIEKTOBAHHAS CIIEIHATH3UPOBAHHON MEOeNb0 H
MPOMEXKYTOYHAs TEXHUYECKUMU CpeICTBaMHU o0yueHus, KOMIIbIOTEpaMH,
aTTecTanus MPOTpaMMHBIM O0ecTieueHuEeM
6 CamocrostensHast pabora | Kabuner  ans camocTosITeNbHOM — paboOTBl,  OCHAICHHBIN

KOMITBIOTEPHON TEXHUKOHW C BO3MOXKHOCTBIO IMOJKIIIOYEHHS K CETH
«MHTEpHETY», MPOrpaMMOil SKPaHHOTO YBEIHUEHHUS U 00ecTieueHHBIN
JOCTyIIOM B 3JIEKTPOHHYI0 HMH(OPMAIMOHHO-00pa30BaTEIbHYIO
Cpelly YHUBEPCHUTETA.




