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1 Hean 1 3a0a4u M3YyYeHHUs TUCHUILIMHBI (MOAYJIs1)

1.1 Ilean ocBOEHHS JUCHUILIHHDI
DopMHUPOBAHUE Y CTYJICHTOB 3HAHUM U MPAKTUUYECKUX HABBIKOB Pa3pabOTKU MHOTOIMOTOYHBIX U
BBICOKOIIPOU3BOIUTENbHBIX NPUIIOKEHUH Ha s3bike CH++ ¢ ucnoib3zoBanueM TexHosoruii POSIX
Threads, OpenMP, CUDA, ROCm wu OpenCL. OcBoeHHe apXWUTEKTYPHBIX TPHHIIHUIIOB
napawiensubix Bbeluuciennii Ha CPU um GPU, a Taxxke HU3KOYpPOBHEBOHM ONTHMU3AIUHU TIOJ
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 ucnoas3zoBath OpenMP 11 pacnapannenuBaHusl BBIYMCIEHUN 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 NMPO(UIMPOBAHUS M ONTHUMH3AIMKU Koja moj apxutekrypy 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
(Momynn)» yuyeOHOTO TIIaHa.
JInst n3ydeHus: IUCUMILIMHBI CTYICHT JOJKEH BIIAJETh 3HAHUSIMUA, YMEHUSAMH U HABBIKAMU
no aucuuiuinHaMm: lIporpammupoBanne, ANTOpUTMBI M CTPYKTYphl JaHHBIX, OmnepanroHHbIE
CUCTEMBI, C KOTOPBIMH IMCLUIIJIMHA CBA3aHA JOTMYECKHU U COJIEPKATEIIbHO -METOINYECKH.

[[I/ICHI/IHJ'II/IHa B 3HAYUTEIILHOM CTCIICHH BSaHMOﬂeﬁCTByeT 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 IIpodeccuoHanbHBIE POJIHM B CTPYKTYpPe 00pa3oBaTeIbHOM NPOrpaMMbl

Ponsv 1: Data Engineer (Mnocenep no danHvim)

3aoauu:

1. IIpoexmuposanue u nocmpoernue ETL-npoyeccos

2. Coz0anue u onmumu3ayusi Xpanuiuuy OaHHbIX

3. Obecneuenue kauecmea u 0OCMYRHOCMU OAHHbIX

4. Hacmpotixa ungpacmpyxmypsl 01 06pabomxu OO1bUUX OAHHBIX
5. Unmeepayusi pa3po3HeHHbIX UCOYHUKOS OAHHBIX

6. Paboma c oanuvimu 8 00O1acmu npupoO0Ononb308aHUs, MeOUYUHbL, CEA3U U
MeneKOMMYHUKAYULL

Ponv 2: ML Engineer (Hnoicenep MO)

3aoauu:

1. Peanusayuss ML-moo0enei 8 npoOyKmuHslx cucmemax



1. Onmumuszayus npouz80OUMeNbHOCMU U MACUMAOUPO8anue Mooenell
2. Paspabomxa ML-natinnaiinog u agmomamu3ayus npoyeccos

3. Monumopune kayecmea mooeneti 8 npoOyKmuee

4. Humeepayus ML-pewenuii ¢ 6usHec-npuiodceHusmu

Ponw 3: MLOps (Cneyuanucm no sxcnayamayuu MH)

3aoauu:

1. Asmomamuzayus npoyeccos 0OyueHus u pazeepmul8anusi Mooenel
5. Monumopune npouzsooumenvrnocmu ML-cucmem

6. Ynpasnenue sepcusmu mooeneii u OaHHbIX

7. Obecneuenue CI/CD ons ML-npoexmog

8. Onmwwuaaqwz 6blYUCIUMETIbHBLX peCcypCcoB

1.5 Ilepeyenb MIAaHMpYeMbIX pe3y/JbTATOB O0y4eHHUs] MO JMCUHHILIMHE (MOAYJIIO),
COOTHECEHHBIX C IVIAHUPYEMBIMH pe3yabTATAMHU 0CBOEHHs 00pa3oBaTeIbHOM IPOrpaMMbl

WN3yuenne paHHOW y4yeOHOW MUCHMIUIMHBI HANpaBiIeHO Ha (QOpMUpPOBAHUE Y
oOyyarouuxcs caeayonnX KOMIeTeHIN:

OIIK-2 Cnoco0eH NPUMEHATH KOMIIbIOTEPHbIE/CyNIePKOMIIbIOTEPHbIE METO/IbI,
COBpeMeHHOe MpPorpaMMHoe odecrieyeHyne, B TOM YHCJIe 0Te4eCTBEHHOT 0
NPOUCXO:KIeHHUS, 1/l pelieHns 32/1a4 NpodeccHoHATbHOM /1esiTeIbHOCTH

OIlK-2.1 3HaeT OCHOBHBIE MOJIOKEHHS U KOHIENIINHU B 00JIaCTH MPOTrpaMMHUpPOBaHUS,
apXUTEKTYpPY A3BIKOB MPOTrPaMMHPOBAHMUS, TEOPUN KOMMYHUKALIUHU, 3HAET
OCHOBHYIO TEPMHMHOJIOTHIO, 3HAKOM ¢ cozepxkanuem Exqunoro Peectpa
Poccuiickux nmporpamm
3HaeT KOHUENIUHU apaJJIeIbHOTO NPOrPAMMHUPOBAHHUS, IEMOHCTPUPYET 3HAHUE
apXUTEKTYPHI s13bIKOB (C/C++), HCTIONB3YET KOPPEKTHYIO TEPMUHOJIOTUIO
(motok, mutex, deadlock u T.1.), MOKa3bIBaeT MOHUMAHUE CTAHIAPTOB U
peectpoB nporpamm (POSIX, OpenMP, CUDA/ROCm).

OIIK-3 Cnoco0eH k pa3padoTke aJITOPUTMHUYECKUX M POrPAMMHBIX pellieHU#l B
00J1aCTH CMCTEMHOI'0 U IPUKJIAHOI0 POrPaMMMPOBAHMS,
MaTeMaTH4YeCKMX, MHPOPMAIHOHHBIX 1 HMHTALIMOHHBIX MO/eJICH,
CO31aHNI0 HH(OPMAITMOHHBIX PECYyPCOB IJ100AJbLHBIX ceTeil,
00pa3oBaTeIbHOI0 KOHTEHTA, MPUKJIAIHBIX 023 JaHHBIX, TECTOB U CPE/ICTB
TEeCTUPOBAHMS CHCTEM M CPEJACTB HA COOTBETCTBHE CTAHJAAPTAM H
HCXOIHBIM TPeOOBAHUAM

OIlK-3.1 ApPryMEeHTUPOBAHO MPUMEHSIET METO/IbI IPOCKTUPOBAHMUSI, pa3pabOTKU U
peann3alury NporpaMMHBIX IPOJAYKTOB U MPOTPAMMHBIX KOMILIEKCOB B
pa3IMYHBIX 00JACTIX YeTTOBEYECKON AeSITENFHOCTH
3HaeT U apryMEHTHUPOBAHHO OOBACHSET PELICHUS 110 CTPYKTYpE MPOTrpaMMBbI U
crocobaM pacnapasuieTMBaHUS.

OIIK-3.2 Hcnonb3yeT MHCTpyMEHTaIbHbIE, IPOTPAMMHBIE U allllapaTHbIE CPEACTBA
U3MEPEHUH [l OLIEHKH KaueCTBa MPOTrPaMMHOT0 o0ecTiedeHus
VYMeer BbIOMpPATh MOAXOAIINE METO/IbI TPOSKTUPOBAHUS apaIeIbHBIX
NpUJIOKEHUH, peau3yeT JabopaTopHble paboThl ¢ pthreads, std::thread,
OpenMP, CUDA

OIIK-6 Crnoco0eH MOHMMATH NPHUHIUIIBI PA00THI COBPEeMEHHBIX HHPOPMANMOHHBIX
TEXHOJIOTMH ¥ UCIO0/1b30BATh UX /IS pelleHus 32124 nNpodecCHOHAILHOI
AeATeJIbHOCTH

OIIK-6.1 ApryMeHTHpOBaHO MPUMEHSET COBPEMEHHbIE HH(POPMAIIMOHHBIE TEXHOJIOTHH, B

TOM YHUCJIC OTCUCCTBCHHBIC, ITPU CO3AaHHUU ITPOTPAMMHBIX MIPOAYKTOB U
OpOoTrpaMMHBIX KOMIIUICKCOB PA3JIMYHOTO HA3HAYUCHU A
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YMeeT ucnoap30BaTh OTEYECTBEHHBIE U MEXKIYHAPOHBIE HHCTPYMEHTHI
(KoMIIIIATOPBI, OMOTUOTEKH, TPOdaiinepsbl), 000CHOBBIBAET BBIOOP TEXHOJIOTUN
T 1a00PATOPHBIX PabOT U MTPOSKTOB.

OpueHTupyeTcs B COBPEMEHHBIX MOJOKEHUSIX U KOHIICTIIUSAX MPUKIIATHOTO U
CUCTEMHOT'O ITPOrPAMMHOTO 00ECTICUCHUSI, APXUTEKTYPhl KOMITBIOTEPOB U CETEH
(B TOM 4HcCIie U I100aNbHBIX), TEXHOJIOTHH CO3/IaHUs U COIPOBOXKICHUS
MPOrPaMMHBIX TPOJYKTOB U IMTPOTPAMMHBIX KOMITJIEKCOB

Brnageer cnoco6amu mpuMeHEHHS COBPEMEHHBIX TEXHOJIOTHH ITAPAIIICIIBHOTO
nporpamvupoBanus u GPU/CPU ontumuzanmm

CnocobeH npumeHaMb A3bIKU npo2pammuposaHus C/C++ a1 peweHus 3a0a4
obaacmu UN

Paspabamobisaem u omaaxcusaem 3¢pheKmusHbie MHO20MOMOoYHbIe peweHus Ha
C++, mecmupyem, ucneimoeieaem u oyeHusaem Ka4ecmeo makux peweHuli

3HaeT OCHOBBI CHHTAKCHCA SI3BIKA.

3HaeT 06m1/1e MIPUHIIUIIBI TapaJICJIBHBIX BBIYMCJICHUN U IIOHUMAaET HpO6HeMBI,
BO3HMKAIOIIHE TIPH pacrapasieTMBaHUN allTOPUTMOB.

IIpoBomuT pacnapamienBaHue MPOCTOro anroputma ¢ npumenenrnem OpenMP,
cTa"aapTHbIX oubnmuorek C/C++ wiu zip.

BCTPOCHHBIX CUCTEM.

Pazpabamsieaem u omaaxcusaem cucmemol U Ha C++ 100 KOHKpemHble
annapamdele NAamgopmbi ¢ 02PAHUYEHUAMU M0 8blMUCAUMENbHOU MOWHOCMU, 8
mom yYucse 0519 8CMpPOeHHbIX cucmem

Penraer HpO6.HeMBI OIHOBPEMEHHOI'O JOCTYIIa K TaHHBIM M3 HECKOJIBKUX ITOTOKOB,
TPaMOTHO MMPUMEHSIET aTOMapHbIE OIepaii 1 MEXaHu3M OJIOKHPOBOK.

O1eHMBAET TPOU3BOAUTEIIBHOCTD, YMEET NPO(PUINPOBATH KOJ M YCTPaHACT HaliCHHBIC
y3KHE MECTa.

[ToHrMaeT BO3MOXKHOCTH M OTPaHUYCHHS

Pazpabamsieaem u omaaxcusaem peweHus Ha C++, ucnons3ytowjue GPU u FPGA
0n1a maccoeoli napannenusayuu ebivucaeHuli 8 pamkax obwjeii cucmemol UN, ¢
npumeHeHuem KaK 20moebix peweHuii, mak u pa3pabomkoii caoux

HaxomuT u ucrionb3yer OMOIMOTEKH, COOTBETCTBYIOIIME PElIaeMoi 3a1ade.

3HaeT OCHOBBI CHHTaKcHca s3b1ka C/C++, ocHOBHI TocTpoeHms cucteM W, obmme
MIPUHIIMIIBI TAPAJUIETbHBIX BRIYHCICHUH.

YMeeT HCIoIbh30BaTh CPECTBA OTIIATKH M TPO(QUIMPOBAHYSI KOJIA, HAXOIUTh YUACTKH
KO/1a, OrPaHHYHBAIOIINE IIPOU3BOIUTEILHOCTD CHCTEMBI.

2. CTpyKTypa M coaepkaHue JTUCHUILIHHbI

2.1 PacnpeaesieHue TPyA0€MKOCTH JUCHUIIJIMHBI 110 BUIAM padoT

OO6mas Tpy10EMKOCTh AUCHUILIIMHBI COCTaBIseT 2 3a4. ell. (72 yaca), ux pacrnpenencHue
10 BUJIaM pabOoT MPEICTaBICHO B TAOJIUIIC

CeMmecTpsl
Bua yueOoHo# padoThl Beero (4acel)
4acoB
KonTakTHas padora, B TOM 4ncJje: 52,2 | 52,2
AyIMTOpHBIE 3aHATHS (BCEro): 50 50
3aHATUA JEKIIMOHHOTO TUIIA 16 16
JIaGopaTopHble 3aHATH 34 34
3aHATUS CEeMUHAPCKOTO TUIIA (CEMHHAPBI,
MIPAKTUYECKHUE 3aHATHS)
WNnas koHTaKkTHas padora: 2,2 2,2
KonTpons camoctosarensHoi pabotsl (KCP) 2 2
ITpomesxyrounas arrectrauus (MKP) 0,2 0,2
CamocrosiTesibHasi padoTa, B TOM YHCJIe: 19,8 | 19,8




Kypcogas pabora
[TpopaboTka yueOHOTO (TEOPETHUECKOTO) 4 4
Marepuaia
BrinosHeHEe HHIUBUYaIbHBIX 3aJaHUN 158 | 158
(moarotoBka coOOIICHUH, MPE3EHTAIH) ’ ’
Pedepar
[ToaroToBka K TeKymemy KOHTPOJIIO
KonTpoub: 0
IToaroroBka K 3K3aMeHy 0
qac. 72 72
B TOM 4HCJIe
OO0masi Tpy10eMKOCTh KOHTAKTHas 52,2 | 52,2
pabora
3a4. efi 2

2.2 CTpyKTYypa TUCHUILINHBI

Pacrnipenenenne Bu1oB yueOHOM pabOThI U UX TPYAOEMKOCTH IO pa3zesiaM AUCHUTIINHBIL.
Paznensl (TeMbl) TMCHUIUIMHBI, U3y4aeMbIe B 5 ceMecTpe

KosmmyecTBo yacos
Bueayn
Ne HaumeHnoBanue pa3iesioB (TeM) Beero AynuropHas pa6ora "TOJ)Ha
padora
J 113 JIP CPC
1 2 4 5 6 7
Beenenne B mapaiensHOE IPOrpaMMHUPOBaHHE.
1. 8 2 4 2
ITotoku u poreccer B OC.
2 POSIX Threads (pthreads): co3aanue, yrpaBieHue U 3 5 4 2
) CHHXPOHU3AIUS TOTOKOB.
++. ..
3 [Mapamienusm B C++: std::thread, mutex, future, 8 5 4 2
async.
4 OpenMP: mupeKTHUBHI paciapauIeTnBaHus, CEKITHH, 8 5 4 2
) peaykiuu, nmpoduimpoBaHmue
5 BekTopuzarus 1 onTuMU3anus BeraucieHnii: SIMD, 8 5 4 2
' SSE, AVX.
GPU-nporpaMMupoBaHue: OCHOBBI apXUTEKTYPBI
6. 8 2 4 2
CUDA, Mojieab IOTOKOB M IIAMSITH.
OpenCL 1 ROCm: kpoccruiarpopMeHHbIe
7. 8 2 4 2
Beiuncienust Ha GPU.
OnTumu3aiys 1 IpoQIIMPOBAHUE MTAPATIIETHHBIX
8. npuioxennit Ha CPU u GPU. 13,8 2 6 5.8
HNUTOI'O no pa3aenam JTUCHUMIIIIMHBI 69,8 16 34 19,8
KonTpons camoctosarensHoii padbotsl (KCP) 2
ITpomexyrounas arrectranus (MKP) 0,2
[ToaroToBka K TeKylemy KOHTPOJIIO 0
O0mas Tpy10eMKOCTh N0 JUCHHUILINHE 72

Hpumeuanue: JI — nexyuu, 113 — npaxmuueckue saumamus/cemunapul, JIP — nabopamopusie saumamus, CPC —
camocmosmenvHas paboma cmyoenma

2.3 Conepxanue pa3enoB (TeM) TUCHHILINHBI
2.3.1 3aHATHSA JEKIIMOHHOI0 THIIA




®opma

Ne HaumenoBanue pa3jesa (TeMbl) Conep:xanue pasieJa (TeMbl) Tz:::;z;o
A
1 2 3 4
Beenenue B mapasuiensHoe Mogenb nponeccoB ¥ NOTOKOB. Paznuuune
nporpamMmuposanue. [loroku u IIOTOKOB U mpoleccoB. IIpenmyniectsa n
npoueccst B OC. pHUCKH nTapauIENBHOTO UCIIOIHEHUS.
N OcHoBbI MHOTOTIOTOHOCTH 1 _ P
pacrpenenéHHbIX BIUYUCICHUH.
Apxutextypsl CPU (SMP, NUMA).
Beenenue B monstue *race condition™ u
*deadlock*.
POSIX Threads (pthreads): Crpyktypa POSIX Threads API. Co3nanue
CO3/TaHMUC, YIIPABJICHUC U noTokoB (pthread create), 3aBepiienue
CHHXPOHH3AaIHs IOTOKOB. (pthread join). MexaHu3msl
2. cuHXpoHu3auu (mutex, condition variable, JIP
barrier). [IpumMeps! ucmoIb30BaHMs B
3a/1ayaXx CyMMHPOBAHHUS, COPTUPOBKHU U
MTOHCKA.
[Mapannennsm B C++: std::thread, | std::thread, std::mutex, std::lock_guard, JIp
mutex, future, async. std::unique lock. Mexanu3Mebl iepenaun
3 JTAHHBIX MEXKy NOTOKaMH: std::promise,
' std::future, std::async. ITarTepHsbrl
napasuienusma: producer-consumer, map-
reduce.
OpenMP: upeKTUBbI [puauuner OpenMP. OcHoBHbIE P
pacrnapajuienMBaHus, CEKINY, nupektuBsl (parallel, for, sections, critical,
penyKiuu, IpoQuIMpoBaHue reduction). YnpaBieHre KOJIUYECTBOM
4. noTOKOB. CHHXPOHM3AIMS U pa3/iesieHue
nepemMeHHbIX (shared, private).
[TpakTHueckue mpuMepbl YCKOPEHUs
MaTPUYHBIX OMEPAIIH.
Bekropusanus u ontuMusanus Apxutektypa SIMD. Moaens peructpon JIP
seraucnenuii: SIMD, SSE, AVX. | SSE u AVX. BeKTopHBIE THITBI JAHHEIX U
OTiepalluy: CII0KEHHE, YMHOKEHHUE,
5. penykuus. Mcnons3oBanue intrinsic-
(GbyHKIMIA U aBTO-BEKTOPU3ALINH
koMmuisitopa. CpaBHeHue 3pPpeKTUBHOCTH
MOCIIEZIOBATEILHOTO U BEKTOPHOTO KOJIA.
GPU-nporpamMupoBanue: Apxutektypa GPU: 6510ku, Bapmbl, MOTOKH. JIp
ocHoBbI apxutekTyper CUDA, Monens namsitu CUDA: global, shared,
6 MOZCIIE MTOTOKOB M HAMATH. local, constant. Hanucanue npocreiimux
' anep (global  ynkuun). Konduryparus
ceTku (<<<grid, block>>>). Paznuuus
mexay CPU u GPU-napamuienuzmom.
OpenCL 1 ROCm: Konnenuus OpenCL: muiatdopmsl, 7P
KpoCCIIaThopMeHHbIC YCTPOMCTBA, KOHTEKCTBI, 0YEPEI KOMaH]I.
; Beruncienns va GPU. Hanucanne n kommusiius sigpa OpenCL.

VYnpasnenue namsateio (clCreateBuffer,
clEngueueNDRangeKernel). ROCm —
HKOCHCTEMA NMAPAJUIETbHBIX BBIYMCICHUN




®opma

Ne HaumenoBanue pa3jesa (TeMbl) Conep:xanue pa3jesia (TeMbl) T}f::::)z;o
A
1 2 3 4
AMD. CpaBHeHME TPOU3BOIUTENBHOCTH C
CUDA.
OnTuMu3zanys u [TpUHIKIIBI OTITUMHUBALIAN JIp
NPO(QHINPOBAHHUE IAPAIUICIBHBIX | BRIYMCIIMTENLHOTO KOJA: yMEHBIICHUE
npuoxenuii va CPU u GPU. HAKJIaJHBIX PACXO0JI0B CUHXPOHHU3AIIUH,

yIy4LIEHUE KAII-JI0KaJIbHOCTH,
OanmaHcupoBKa Harpy3ku. Vcnosib3oBanue
UHCTPYMEHTOB npoduinpoBanus (perf,
valgrind, nvprof, Nsight). Pa30op peanbHbIx
KEMCOB ONTHMH3ALINN.

Tpumeuanue: JIP — omuem/3auwguma nabopamopnoti pabomei, KII1 - svinoanenue kypcosozo npoexma, KP - kypcosotl
pabomul, PI'3 - pacuemmno-epaghuueckoco 3adanus, P - nanucanmue pegepama, 3 - scce, K - xomnoxeuym, T —
mecmuposanue, P3 — pewenue 3aoau.

2.3.2 3aHATHSA CEMHHAPCKOI0 THUIIA
He npenycmotpensl
2.3.3 JlabopaTopHbIe 3aHATHUSA

JlaGopaTopHbI€ 3aHITHE COCTOST B BBITIOJIHCHUH WHIMBUAYAIBHBIX 3aJaHUN 1
00beIMHEHBI B 8§ MHIUBHUIYAIbHBIX 3aJaHUIN

®opma
TeKyLIero
KOHTPOJI
b
1 2 3 4

Bsenenne B mapamienbHoe N3yuenne API notokos. Co3nanue
nporpammuposanue. Ilorokn u IporpaMMEbI, KOTOpast HOPOKIAET
nporeccer B OC. HECKOJILKO ITOTOKOB IS BBIITOJIHEHUS
HE3aBHCHUMBIX 33J]1a4 (Hampumep,
BBIYHCIICHHE CYMMBI U CPEJHETO MacCUBa).
H3mepenue yckopeHus. AHanus3
KOJIMYECTBA IOTOKOB U BIIUSHUSA
KOHTEKCTHBIX MEPEKITIOYCHHIA.

POSIX Threads (pthreads): Peanuzarnus napamieabHOTO BEIYHCIICHUS
CO31aHuEC, YIIPAaBICHUE U CYMMEI 3JIEMEHTOB MacCHBa C
CHHXPOHHU3ALHS [TOTOKOB. ucnojb3oBanueM pthread create,

2. pthread join. JloGaBieHne CHHXpOHU3AINH JIP
yepe3 pthread mutex t u pthread barrier t.
N3mepenue MacmrabupyeMocTu Ipu
YBEJIMYEHUH YHUCIIA TIOTOKOB.

[Mapannennsm B C++: std::thread, | Peanusauus napamienbHOW COPTUPOBKH JIP
mutex, future, async. maccuBa (merge sort mwin quick sort) ¢

3. ucnons3oBanueM std::thread u std::async.
W3mepeHune BpeMeHH BHITIOJIHEHUS.
Cpasuenue ¢ POSIX Threads.

Ne HaumeHnoBanue pa3aea (TeMbl) HaumeHnoBanue 1a60paTopHbIX padoT

JIP




®opma
Ne HaumenoBanue pa3jesa (TeMbl) HaunmenoBanue 1a60paTopHbIX padoT Tz:::;z;o
b
1 2 3 4
OpenMP: nupexTuBs Hcnonb3oBanue qUpEKTUB #pragma omp JIP
pacnapauieIMBanus, CeKIHH, parallel for nyist pacnapannenuBaHus
A peyKiuu, popuIMpOBaHUE MaTPUYHOTO yMHOKeHUs. JloGaBieHue
' reduction u schedule(dynamic). CpaBaenune
MIPOU3BOIUTEIILHOCTH Pa3HBIX CTPATETUN
TUTAHUPOBAHMSL.
Bekropu3ariys U OnTHMHU3ALHS Hcnonw3oBanue intrinsic-pyHKuui JIP
Beranciennii: SIMD, SSE, AVX. | mm256_add_ps, _mm256_mul_ps,
~mm?256 fmadd ps ans peanuzanuu
5 BEKTOPHOTO YMHOXCHHSI M CIIOKCHHS
' maccuBoB. CpaBHEHHUE
MIPOU3BOIUTEIIBHOCTH ¢ OOBIYHBIM ITHKJIOM.
[IpoBepka BIUSHUS BEIPABHUBAHUS
TIaMSITH.
GPU-nporpamMmMupoBanue: Peanuzamus CUDA-sapa 1 yMHOKEHUS JIP
ocHOBBI apxuTeKTypsl CUDA, BEKTOPOB M MaTpuil. HacTpoiika
5 MOJIENIb ITOTOKOB M ITaMSATH. KoHMUrypaLun ceTku (<<<grid,
' block>>>), paboTa ¢ ro0anLHOI
aMSATBIO, U3MEPEHHUE YCKOPEHUS
oTHocurtesnbHO CPU.
OpenCL u ROCm: Peanuzarus mporpammer OpenCL ayis JIP
KpocCmiaThopMeHHbIE BEKTOPHOTO cliokeHus. Co3anne
7. | Beraucinenus Ha GPU. KOHTEKCTa, OUepeId KOMaH 1, KOMITHJISIIHAS
anpa. CpaBHEHUE BPEMEHHU BBITIOJIHEHHUSI C
CUDA. TectupoBanue nHa CPU u GPU.
OnTuMu3aIys u Hcnonws3zoBanue perf, valgrind, nvprof, JIP
npoGuIMpoBaHHe MapalIeNnbHEX | Nsight Systems i aHAIM3a «TOPAUHX»
npunoxernii #Ha CPU u GPU. y4acTKOB kKoja. OnTumMu3anms
8. BBIYHCIICHUI: KAII-JIOKaJIbHOCTD, Pa3Mep
0JI0KOB, OTPaHUYECHUE CHHXPOHU3AIIIH.
OT4€T O TOCTUTHYTOM YCKOPEHHUHU U
3¢ heKTUBHOCTH.

Ipumeuanue: JIP — omuem/3awuma nabopamopnoii pabomut, KI1 - gvinonnenue kypcosozo npoexma, KP - kypcogoii
pabomul, PI3 - pacuemmno-epaghuueckozo 3adanus, P - nanucaumue pegepama, 3 - scce, K - xonnoxeuym, T —
mecmuposanue, P3 — pewienue 3a0au.

2.3.4 IlpumepHasi TeMaTHKa KyPCOBBIX padoT (IIPOEKTOB)

He npenycMoTpensl

2.4 Ilepeyenb y4eOHO-METOAMYECKOr0 o0ecnedeHHus AJIsl CAMOCTOAATEIbHOH PadoThI
o0yyamuxcsi Mo AUCHUILINHE (MOIYJIIO)

IlepeyeHp yueOHO-METOIMUECKOTO 00ECTIEUeHUS TUCIIUITIINHEI
Ne Bun CPC IO BBITOJIHEHUIO CAaMOCTOSITEIbHON paboThI
1 2 3
1 |I[IpopaboTka MeTtonudeckue yka3aHMs 1O OpraHU3alud CaMOCTOSITEIBHOU
MIOBTOPEHHUE paboTHI CTY/IEHTOB, YTBEPKICHHbIE Kapeapoil BEIYUCIUTEIbHBIX
JIEKIIHOHHOTO TEXHOJIOTUH  (akynpTeTa KOMIBIOTEPHBIX TEXHOJOTHH H




Marepuana, Marepuana|npukiaaHoi Matematuku @I'BOY BO «Ky6I'Y», npoTokos Ne7
yuebHoit um  Hayunoii|oT 07.05.2025 1.

JIUTEPaTYpHI,
MOJITOTOBKA K
CEMHHAPCKUM 3aHATUAM

2 Pemenue 3anau Meroauueckue yKa3zaHusi MO OPraHU3alld CaMOCTOSTEIbHOMN

paboThI CTYIEHTOB, YTBEPKIEHHBIE Kadeapoil BEIYUCIUTEIbHBIX
TEXHOJIOTUH  (haKyapTeTa KOMITBIOTEPHBIX TEXHOJIOTUH U
npukiagHoit mareMatuku @I'BOY BO «Ky0I'Y», npotokos Ne7
ot 07.05.2025 1.

Y4eOHO-METOMYECKHE MaTepuaibl ISl CaMOCTOSITEIbHOM pabOThl OOYyJaronuxcsl u3
YHUCJIa MHBAJIUOB M JIUI] C OTPAaHUYCHHBIMH BO3MOXKHOCTAMHU 3710poBbs (OB3) npenocrapisitoTcst
B (hopMmax, alalTHPOBAHHBIX K OTPAHHUYCHHUSIM UX 37I0POBBS U BOCHIPUSATHS HH(OPMAIIHH:

JUig U1 ¢ HapyIIeHUSIMH 3pEHUS:

— B IIe4aTHOU GopMe yBeIMUEHHBIM HIPUPTOM,

— B (hopMe PIIEKTPOHHOTO JOKYMEHTA,

— B (hopMme ayauodaiina,

— B mieyaTHOM gopme Ha s3bike bpaitns.

JInst man ¢ HapylmeHusIMM CITyXa:

— B IIe4aTHOU opme,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jljis 11 ¢ HapyIIeHUSIMH OTIOPHO-JBUTATEeNILHOTO anmnapara:

— B IIe4aTHOM opme,

— B (hopMe FIIEKTPOHHOTO JOKYMEHTA,

— B popme ayauodaiina.

JlaHHBIN TepevYeHb MOXKET OBbITh KOHKPETHU3HPOBAaH B 3aBUCUMOCTH OT KOHTHHI€HTA
00yJaronuxcs.

3. O0pa3oBaTejibHbIC TEXHOJIOTHHU
B cootBerctBuM ¢ TpeboBaHusiMu OI'OC B mporpamMma AWCIUIUIMHBI MPEAYCMATPUBACT
UCIIOJIb30BaHKME B Y4eOHOM IIpollecce CIEAYIOIUX OO0pa3oBaTelbHble TEXHOJOTHH: YTEHHE
JEKUUNA C HCIOJIb30BAHUEM MYJIbTUMEIUMHBIX TEXHOJOTHMH; METOJ MajblX TIpyI, pa30op
MPAKTUYECKUX 3a7a4 U KEHCOB.
[Ipu 06y4yeHnn UCIONB3YIOTCS CIEIYIOIINE 00pa30BaTeIbHbIE TEXHOJIOTHU:

-  Texnomorus KOMMYHUKAaTUBHOTO 06y‘I€HI/I${ — HallpaBJICHAa Ha (I)OpMI/IpOBaHI/IC
KOMMYHHKaTHBHOﬁ KOMIICTCHTHOCTU CTYACHTOB, KOTOpAas ABJISACTCIA 6a3OBOﬁ, HCO6XO,I[I/IMOI>'I JJIA
aZianralyu K COBpEMCHHBIM YCIIOBHUAM MC)KKYHLTypHOﬁ KOMMYHUKaIUU.

- Texnonorus paszHoypoBHeBOro (auddepeHInpPOBaHHOTO) OOyYeHUs — MpeanoJiaraet
OCYIIECTBIICHHE TI03HABATEILHOW NESATEILHOCTH CTYACHTOB C YYETOM HX HWHIUBUAYATbHBIX
CIOCOOHOCTEM, BO3MOKHOCTEH M WHTEPECOB, MOOUIPSSI UX pPEaTH30BBIBATH CBOM TBOPYECKUI
noteHnuan. Co3laHue W HCIOJIb30BAHME IHATHOCTUYECKUX TECTOB SIBIISETCS HEOThEMIIEMOU
YacThIO IAHHOM TEXHOJIOTHH.

- Texnomorus MOAYJIIBHOT'O O6y‘leHI/I${ — HOpeaycmarpuBacT JACJICHHUC COACPIKAHUA
AUCHUIUIMHBI HA IOCTATOYHO ABTOHOMHBIC pa3JCJIbl (MO,[[y.]'II/I), HHTCTPUPOBAHHBIC B O6II.[HI>'I KypcC.

-  UndopmanmonHo-kommyHukaimonnsle TexHojgorun (MKT) - pacmupsior pamku
00pa30BaTeNILHOIO MpoIlecca, MOBBIIMIAs €ro MPAaKTUYECKYK HAIPaBIE€HHOCThb, CHOCOOCTBYIOT
MHTCHCU(UKAIIMK CAMOCTOATENbHOM paboThl ydyallMXcs W TOBBINIEHUIO T03HABATEIbHON
aktuBHOCTH. B pamkax KT Beiaensdrorcs 2 Buaa TEXHOIOTHI:



- TexHomorusi KCHOJB30BAHUSA KOMIIBIOTEPHBIX IPOTPaMM — MO3BOJSAET APPEKTUBHO
JOTIOJTHUTB MTPOLIECC 00YUEHHUSI SI3bIKY HA BCEX YPOBHSX.

- VIHTEepHET-TEXHOJIOTMU — MPENOCTABIISIOT IIMPOKUE BO3MOXHOCTH JUIA IIOMCKa
nHpopManuu, pa3paboTKA HAYYHBIX MPOEKTOB, BEACHHUS HAYYHBIX UCCIICTIOBAHHIA.

- Texnonorus MHIMBUAYyanu3aluu OOYYEHHsS — IOMOTaeT pPeaIu30BbIBaTh JIMYHOCTHO-
OpUEHTUPOBAaHHBIA MOJXOJ, YUYUTHIBas HWHIAUBHAYaJIbHbIE OCOOEHHOCTM U MOTPEOHOCTH
YYALIHAXCS.

- IIpoexTHas TEXHOJIOTMSI — OpPUEHTUPOBAaHAa HAa MOJEIMPOBAHUE COLMAIBHOIO
B3aMMOJICMCTBUS Y4YAIUXCS C LEJIbI0 PEIICHWS 3aJadd, KOTOpas OIpeAeisIeTCs B paMKax
npodeccrnoHaIbHOM MOATOTOBKHY, BBIAEISASA Ty WINM HHYIO IPEAMETHYIO 00JIacTh.

- Texnonorus oOyueHUs B COTPYJHUYECTBE — pEATU3YET MJICI0 B3aUMHOIO OOyuYeHHs,
OCYIICCTBJIAA KaK HWHAWBUAYAJIbHYIO, TaK W KOJJICKTUBHYIO OTBCTCTBCHHOCTbL 3a PCUHICHUC
yueOHBIX 3a/a4.

- HrpoBas TEXHOJOTHs — MO3BOJIIET Pa3BUBATh HABBIKA PACCMOTPEHMS Psiia BO3MOXKHBIX
Croco00B pemieHus: nMpo0ieM, aKTUBU3UPYS MBIIUIEHUE CTYJAEHTOB U PACKpbIBas JTMYHOCTHBIN
MMOTEHIMAJ KaXKJ0T0 y4aIllerocs.

- TexHomorusi pa3BUTHS KPUTHUECKOTO MBIIIICHAS — CHOCOOCTBYeT (HOpPMHUPOBAHUIO
Pa3HOCTOPOHHEN JIMYHOCTH, CHOCOOHON KPUTHYECKHM OTHOCUTbCA K HH(OpMalUU, YMEHHUIO
oTOMpath HHMOPMALINIO [T PEIICHUs TOCTaBIEHHON 3ajauu.

KommnekcHoe ucnonbp3oBaHHe B y4eOHOM MpOIIECCE€ BCEX BBHIIMICHA3BAHHBIX TEXHOJIOTHM
CTUMYJHUPYIOT JIMYHOCTHYIO, HMHTEUICKTYaJIbHYI0 aKTUBHOCTb, PAa3BHUBAIOT I103HABATEJIbHBIE
MPOIIECChl, CHOCOOCTBYIOT (POPMHPOBAHUIO KOMIETCHIIMH, KOTOPHIMH JOJDKEH 00J1anaTh
OyIyIIUN CIICIIHAIINCT.

OcHOBHBIE BUIbI HHTEPAKTUBHBIX 00PAa30BaTENIbHBIX TEXHOJIOTUI BKIIOUAIOT B CEO0SI:

- pabota B MajbIX Ipymnmnax (KOMaH/e) - COBMECTHas JesITeIbHOCTh CTYJEHTOB B IPYIINE O]
PYKOBOJICTBOM JIMJIEpa, HAMIpaBJICHHAs Ha pelieHue 001eH 3a1a4u MyTéM TBOPUYECKOTO CIIOKEHUS
pe3yJNbTaTOB HHIUBUAYAIbHONW pabOThl YJIEHOB KOMAHIbI C JEJIEHUEM IOJIHOMOYUN U
OTBETCTBEHHOCTH;

= IPOCKTHAaA TCXHOJIOTHA - UHANBUAYAJIbHAA WK KOJJICKTHUBHAA ACATCIBbHOCTD 110 0T60py,
paciupeaciCHu0 1 CUCTEMAaTHU3allu MaTepuajia 110 onpeneneHHoﬁ TEMEC, B pPC3YyJIbTAaTC KOTOpOﬁ
COCTaBJIACTCA ITPOCKT,

= adHaJIu3 KOHKPCTHBIX CI/ITyaI_II/Iﬁ - aHalIu3 pPCaJIbHbIX HpO6J'IeMHI>IX CHTyaHHﬁ, HUMCBIIUX
MCCTO B COOTBeTCTBYIOHlCﬁ obnactu HpO(I)eCCHOHaHBHOfI ACATCIIbHOCTU, W IIOMCK BAapUAHTOB
JIydHimx pemeHI/Iﬁ;

- pa3BUTHE KPUTUYECKOI'O MBIIICHUS — 00pa3oBaTebHast JeITeIbHOCTb, HallpaBJieHHAs Ha
pa3BUTHE y CTYJEHTOB Pa3yMHOT0, Pe(IEKCUBHOIO MBILUIEHUS, CIOCOOHOIO BBIABUHYTH HOBBIE
UJIEU U YBUJIETb HOBBIE BO3MOXKHOCTH.

Ilonxox pa3bopa KOHKPETHBIX 3a7ady M CHUTyallMid IIMPOKO HCIOJIB3YEeTCs Kak
IpernojiaBaTesieM, TaKk U CTyIEHTaMHM BO BpeMs JIEKIUH, JaOOpaTOpHBIX 3aHATUH M aHalu3a
pe3yabTaTOB CaMOCTOATENBHOW paboThl. JTO O0YCIOBIEHO TEM, YTO MPHU HUCCIENIOBAHUU HU
pelIeHNH KaX 10 KOHKPETHOH 3a7jauil MeeTcs, Kak MPaBuIlo, HECKOJIBKO METOJIOB, a 3TO TpedyeT
pa3dopa 1 OLEHKH 11e10} COBOKYMHOCTH KOHKPETHBIX CUTYAIHH.

Tembl, 3aaHus U BOIPOCHI sl CaMOCTOSTENIbHOM pabOThl MpHU3BaHbl cHOpMUPOBATH
HaBBIKM IOUCKAa WH(POPMALUU, YMEHHUS CAMOCTOSITENIbHO pACIIMPATh W YIJIyOJATh 3HAHUS,
IIOJIyYEHHBIE B XO/I€ JIEKIIUOHHBIX M MPAKTUYECKUX 3aHITHH.

ITonxoxa pa3dopa KOHKPETHBIX CUTYaIUI IIUPOKO UCTIOIB3YETCs KaK MPeroaaBaTesieM, Tak
U CTyJIEHTaMH IIPU IPOBEIECHUH aHAIN3a PE3YJIbTATOB CAaMOCTOSATEIILHOW PAOOTHI.



Jist A ¢ OrpaHUYEHHBIMH BO3MOXKHOCTSIMU 370POBBSI MIPEIYCMOTPEHA OpraHU3aLus
KOHCYJIbTAIMi C UCTIOJIb30BAaHUEM HIICKTPOHHOM IOYTHL.

JUist U1 ¢ HApYIISHUSIMU 3PCHHS:

— B I1e4aTHOM (hopMe yBeTUUYEeHHBIM HIPUPTOM,

— B popMe AIEKTPOHHOTO JIOKYMEHTA.

JInst AL ¢ HapyleHUs MM CIyXa:

— B miedaTHou (opme,

— B opMe AIIEKTPOHHOTO JOKYMEHTA.

JUiist U1 ¢ HapyIIEHUSIMHA OTIOPHO-/IBUTATEIBHOTO amapara:

— B miedaTHou (opme,

— B OopMe AIIEKTPOHHOTO JIOKYMEHTA.

JUist Il ¢ OTpaHUYEHHBIMH BO3MOXKHOCTSIMH 3/I0POBBSI TIPEAYCMOTPEHA OpTraHU3aIUs
KOHCYJIbTAIMi C UCIIOJIb30BaHUEM DIICKTPOHHOH ITOYTHI.

JlaHHBIN TIepeYeHb MOXKET OBITh KOHKPETU3UPOBAH B 3aBHCUMOCTH OT KOHTHHICHTA
00yJaronuxcs.

4. OueHOYHbIEC U METOAMYECKHE MATEPHUAJIbI
4.1 OueHoyHble CpeACcTBAa JUIS TeKYHIEr0o KOHTPOJSA  YCNeBAeMOCTH H
NPOMEKYTOYHOM aTTecTalluu

OneHouHble CpeACTBa MpeAHAa3HAU€HBbl JJIS KOHTPOJS M OLEHKH 00pa3oBaTENIbHBIX
JNOCTHXKEHUM O00ydJaroluXxcsl, OCBOMBIIMX MpPOrpaMMy Y4eOHOM JHMCHUUIUIMHBI «HAa3BaHHE
JMCTIATUTHHBD.

OneHouHbIe CpeACTBA BKIIOYAET KOHTPOJbHBIE MaTepUasbl JUIsl IPOBEACHUS TeKYylIero
KOHTPOJIA B OpME TECTOBBIX 3aJIaHUM, KEHCOB M MPOMEKYTOUHO# aTTecTtamuu B (opme
BOIIPOCOB U 33/IaHUH K IK3aMeHY.

OneHouHble CpeACcTBa Ui WHBAJIWAOB M JIMII C OTPAHUYECHHBIMH BO3MOXXHOCTSIMU

3J10pPOBbSI BEIOUPAIOTCS C YUETOM MX MHAUBUAYAIBHBIX MCUX0(U3UUECKUX 0COOEHHOCTEM.

— MpU He0OXOJMMOCTH UHBAJIUAAM U JIMLIAM C OTPAHUYEHHBIMU BO3MOKHOCTSIMU 3/10POBbS
MIPEIOCTABIISIETCS JOMIOJIHUTEIBHOE BPEeMsI Il TOATOTOBKH OTBETAa HA SK3aMEHE;

— MPU MPOBEACHUU MPOLIETYyPhl OLICHUBAHUS PE3yIbTATOB 00yYEHUSI MHBAIUJIOB U JIUI] C
OTPaHUYEHHBIMU BO3MOXHOCTSAMU 3/10POBbsI MPEIyCMaTPUBAETCA HCIOJIb30BAaHHE TEXHUYECKUX
CPEICTB, HEOOXOAUMBIX UM B CBS3H C UX UHIUBUAYAIbHBIMU OCOOCHHOCTSIMU;

— MPU HEOOXOAUMOCTH I 00YYaIOIIUXCS C OTPAHUYEHHBIMUA BO3MOXHOCTSAMU 3/10POBbSI
W WHBANUAOB TMpolieaypa OICHUBAHMS PE3Yy/IbTaTOB OOYYEHHUS MO JUCHUIUIMHE MOXKET
MIPOBOJMUTHCS B HECKOJIBKO 3TAIOB.

[Ipouenypa olieHMBaHUs Pe3yIbTATOB OOYUEHHUS WHBAIUIOB U JIMIl C OTPAaHUYCHHBIMU
BO3MOXHOCTSIMU 3JIOPOBBSl 1O JUCIHHUIUIMHE (MOIYNIO) MpEeAyCMaTpUBaeT IMpPeloCTaBICHUE
undopmanuu B ¢dopMax, aJanTUPOBAHHBIX K OrPAaHUYCHHSIM HUX 3I0POBbS U BOCIPHUSATHUS
nH(pOopManuu:

Jjis 11 ¢ HapyIIEHUSMH 3PEHUS:

— B IIe4aTHOU opme yBeTHYeHHBIM IpUdTOM,

— B (JopMe FIIEKTPOHHOTO JIOKYMEHTA.

J7is 11 ¢ HapyIICHUSAMHU CTyXa:

— B reyatHoi dopme,

— B (JopMe FIIEKTPOHHOTO JIOKYMEHTA.

Jl7is 11 ¢ HapyIIeHUsIMHA OTIOPHO-BUTATENFHOTO anmnapara:

— B re4atHoi dopme,

— B popMe AIIEKTPOHHOTO JIOKYMEHTA.

JlaHHBIN TepevYeHb MOXET OBITh KOHKPETHU3HPOBAaH B 3aBUCUMOCTH OT KOHTHHIEHTA
oOyJaronuxcs.



CprRTypa OLCHOYHBIX CPEACTB AJIsA Telcymei/i H l'lpOMC)KyTO'lHOﬁ arrecranmumn

o Kon Haumenosanue
r[; Konrponupyemsie pasiebl KOHTPOJIUPYEMOi OIICHOYHOT'O CPEJICTBA
(TeMbl) IUCIUTUTUHBT* KOMIIETEHINH . IIpomexxyrounas
1! Tekymmii KOHTPOJIb
(mmu ee yacTH) aTTecTanys

BBenenue B napamienbHOe OIIK-2, OIIK- | Jlabopamopras
1 | nporpammuposanue. [Toroku u 6 padoma Nel Bonpocol k 3auemy

niportecchl B OC.

POSIX Threads (pthreads): OIIK-3, OIIK- | Jlabopamopnas Bonpocei k 3auenty
2 | cosnmanme, yrpapienue u 6, PL-3 paboma Ne2

CHUHXPOHU3ALIMS TOTOKOB.

IMapamnenusm B C++: PL-3, OIIK-6 | Jlabopamopnas Bonpocut k 3auemy
3 std::thread, mutex, future, paboma Ne3

async.

OpenMP: THPEKTHBEI PL-3, OIIK-6 | Jlabopamopnas Bonpocwi k 3auemy
4 | pacnapaJUIeTUBaHUS, CEKIIUH, paboma Ned

peayKiuu, npoduiupoBaHue

BekTopuzarus 1 onTHMHA3AIHS PL-3, OIIK-3 | Jlabopamopnas Bonpocwi k 3auemy
5 | Beruucnenwuii: SIMD, SSE, paboma Ne5

AVX.

GPU-niporpamMmmupoBanue: OIIK-6, OIIK- | Jlabopamopnas Bonpocei k 3auemy
6 | ocHoBsl apxutekTypsl CUDA, 6, PL-3 padoma Ne6

MOJIEITTh TIOTOKOB M ITAMSITH.

OpenCL 1 ROCm: PL-3, OIIK-6 Jlabopamopnas Bonpocwi k 3auemy
7 | xpoccriarGopMeHHbIC padoma Ne7

Beruncnenns Ha GPU.

OnrumMuzanus 1 PL-3’ OIIK-3 | Jlabopamopnas Bonpocwt k 3auemy
8 npoduIpoBaHue paboma Ne8

rapajuienbHbIX IPHUIOKEHUHN Ha

CPU u GPU.

pe3ysibTataM OOydCHHUS M KPUTEPUSAM HX OIICHUBAHUS (OI[CHKA: YIOBJIETBOPHUTEILHO /3a4TEHO):

OIIK-2

OIIK-2.1

OIIK-3

IToka3aTeu, KpUTEPHH M MIKAJA OLEHKH C(POPMUPOBAHHBIX KOMIIETEH NI

COOTBETCTBUE

IHOoporoBoMy  YPOBHIO

OCBOCHUA

KOMIIETEHIINI

Cnoco0eH NpUMEeHATh KOMIIbIOTEPHbIE/CYyIIePKOMIIbIOTEPHbIE METO/IbI,

COBpPeMeHHO€e MPOrpaMMHoOe obecrevyeHrue, B TOM YHCJIe 0Te4eCTBEHHOT 0
NMPOMCXOKAEHHS], JJIs perieHus 3a71a4 nNpogeccHOHATbHOM eI TeJIbHOCTH

3HaeT OCHOBHEIE ITOJIOKECHUS 1 KOHIICIIIINHU B obnactu IIporpaMMHupOBaHusd,

apXUTEKTYpPY A3bIKOB POTrPAMMHUPOBAHUS, TEOPUU KOMMYHUKAIIUH, 3HAET
OCHOBHYIO TEPMUHOJIOTHIO, 3HAKOM ¢ cojiep:kanuem Ennnoro Peectpa
Poccuiickux nporpamm

3HaeT KOHIICIIIWH MMapaJlJICJIbHOTO ITPOTrpaMMHUPOBaHNud, ACMOHCTPUPYET 3HAHUC

apXUTEKTYpHI A3bIKOB (C/C++), NCTIOIB3yeT KOPPEKTHYIO TEPMUHOJIOTHIO
(motox, mutex, deadlock u T.71.), mOKa3pIBaeT MOHMMAHKUE CTAHAAPTOB U

peectpoB nporpamm (POSIX, OpenMP, CUDA/ROCm).
Crnoco0eH Kk pa3paldoTke aIrOpuTMHYECKHX M MPOrPAMMHBIX PellIeHUH B

00J12CTH CHCTEMHOI0 H NPUKJIAIHOr0 NPOrpaMMHPOBAHMS,
MaTeMaTU4YeCKHX, HHPOPMAIMOHHBIX H HMHTALMOHHBIX MO/EJICH,
CO3IAHMI0 HH(POPMAIMOHHBIX PECYPCOB I100a/IbHBIX CeTel,

06p330BaTeJII>HOF0 KOHTEHTA, NPUKJIAAHBIX 0a3 AAaHHBIX, TECTOB U CPEIACTB

TUTAHUPYEMBIM
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OIIK-3.2

OIIK-6

OIIK-6.1

OIIK-6.2

PL-3 1T

PL-3.1

PL-3.2

PL-3.3

TECTUPOBAHUA CUCTEM U CPEICTB HA COOTBETCTBUE CTAHAAPTAM U
HCXOIHBIM TPeOOBAHUAM

ApPryMEHTHPOBAHO MPUMEHSIET METO/IbI POCKTHPOBAHHS, Pa3pabOTKU 1
peanu3anuy IMporpaMMHBIX IIPOAYKTOB U NMPOIPAMMHBIX KOMIUJIEKCOB B
Pa3TUYHBIX 00JIACTIX YEIOBEYECKOU JESITEILHOCTU

3HaeT ¥ apryMEHTHPOBAHHO OOBSICHSET PEIICHHS 10 CTPYKTYPE MPOrpaMMbl U
crioco0aM pacrnapauieTUBaHUS.

Hcnonb3yeT MHCTpyMEHTANIbHBIE, IPOTPAMMHBIE U allllapaTHbIE CPEACTBA
W3MEPEHUH 7151 OI[EHKH KaueCTBa MPOTPAMMHOI0 00ECTICUCHH S

YMmeeT BBIOUPATH TOAXOISAIINE METOIBI IIPOCKTUPOBAHUS TapaslIeIbHBIX
MIPWIOKCHHH, peann3yeT JladbopaTopHbie paboThl ¢ pthreads, std::thread,
OpenMP, CUDA

Crnoco0eH MOHUMATH NPUHIMIIBI PA0OTHI COBPEMEHHbIX HH(POPMALMOHHBIX
TEeXHOJIOTHH U MCIO0Jb30BaTh UX IS PellleHus 32/1a4 NpodeccuoHaJIbHOM
JNeATeJIbHOCTH

ApPryMEeHTUPOBAHO MIPUMEHSET COBPEMEHHBIE MH(POPMAIIMOHHBIE TEXHOJIOTHH, B
TOM YHUCII€ OTEYECTBEHHBIE, IPU CO3IAHNHA NPOTPAMMHBIX IPOIYKTOB U
MPOTPAMMHBIX KOMIUIEKCOB PA3JIMYHOTO HA3HAYCHHUS

YMeeT ucnoab30BaTh OTEYECTBEHHBIE U MEXKTYHAPOHBIE HHCTPYMEHTHI
(KoMIHIIATOPBI, OMOINOTEKH, Tpodaiinepbl), 000CHOBBIBAET BBIOOP TEXHOJIOTUN
U1 1a00paTOPHBIX pabOT U MPOEKTOB.

OpueHTupyeTCsl B COBPEMEHHBIX MOJIOKEHUIX U KOHUIEIUAX TPUKIIATHOTO U
CHUCTEMHOTO MTPOTPAMMHOTO 00€CTICUeHHUs, APXUTEKTYPhl KOMITBIOTEPOB U CETEH
(B TOM YHcCIIe ¥ TII00aTBHBIX), TEXHOJOTHH CO3/IaHUS U COITPOBOKICHUS
MPOTPAMMHBIX MPOJIYKTOB M TPOTPAMMHBIX KOMILIEKCOB

Bnageer cnocob6amu mpuMeHEHHsI COBPEMEHHBIX TEXHOJIOTHH TapaJlJIeIbHOTO
nporpammupoBanus 1 GPU/CPU ontummu3anun

CnocobeH npumeHAMb A3bIKU Npo2paMmmuposaHus C/C++ 0nAa peweHus 3a0ay 8
obnacmu MU

Paspabameisaem u omaaxcueaem sghhekmusHbie MHO20MTOMOYHbIE peleHus Ha
C++, mecmupyem, ucneimsigaem u oyeHuUsaem Ka4yecmaeo makux peweHutli

3HaeT OCHOBBI CHHTAKCHCA SI3BIKA.

3HaeT o0IIre MPUHIIUIIBI TAPAJUIETBHBIX BRIYUCICHUN W TOHUMAET MPOOIIEMEI,
BO3HUKAIOIIUE MTPH pacnapauieIiBaHUuH aTOPUTMOB.

[IpoBoauT pacmapayienBaHue MPOCTOrO aNropuTMa ¢ mpumeHeanem OpenMP,
craagapTHeIX omomrorek C/C++ wu ap.

BCTPOCHHBIX CUCTEM.

Pazpabamsieaem u omaaxcusaem cucmemoi UMW Ha C++ NoG KOHKpemHsble
annapamyele naamgopmbl € 02pAHUYEeHUSMU 10 8bl4UCAUMEAbHOU MOwHOCMU, 8
mom yucne 8219 8CcMPOEHHbIX cucmem

Pemaer mpo0ieMbl 0THOBPEMEHHOTO JIOCTYTIA K TAHHBIM U3 HECKOJIbKUX MOTOKOB,
IPaMOTHO MPUMEHSIET aTOMAPHbIE OMEePALUU H MEXaHU3M OJIOKHPOBOK.

OrieHUBaET MPOU3BOAUTENBHOCTD, YMEET TPOPHUIUPOBATEH KO U YCTPaHIET HalICHHbIS
y3KHE MecTa.

IToHuMaeT BOBMOXKHOCTH U OTpaHUYCHUS

Pazpabamsieaem u omaaxcuseaem peweHus Ha C++, ucnons3ytouwjue GPU u FPGA
0418 maccosoli napanneausayuu sviyucaeHuli 8 pamkax obuwjeli cucmemo! MU, ¢
npumMeHeHUeM KaK 20moebix peweHuli, mak u paspabomkolii ceoux

Haxomut u ucrions3yer 6MOIMOTEKH, COOTBETCTBYIOLIHNE PEIIAEMOH 3a1aye.

3Haer ocHOBBI cMHTaKcuca si3bika C/C++, ocHOBEI mocTpoeHus cucteM MU, oOmume
MPUHITUITBI TAPAJUIETbHBIX BEIYHUCICHUH.

YMeeT uCrosbp30BaTh CPEICTBA OTIAIKU M MPOPHIMPOBAHUS KO/IA, HAXOAUThH YUACTKH
KOJ1a, OTPAHHYNBAIOIINE TIPOU3BOIUTEILHOCTE CUCTEMEI.



TunoBbie KOHTPOJIbHBIC 3aIaHUS WJIN UHBIC MaTepHuaJibl, H606X0)II/IM[>IC AJIsi OHCHKH
3HaHI/Iﬁ, yMeHHﬁ, HaBbIKOB H (I/I.]'[I/I) onbITa ACATECIBHOCTH, XAPAKTCPUIYIOIIHUX 3ITaIllbl

(l)OpMI/IPOBaHI/IH KOMIIeTEHII Ml B nmpouecce 0OCBOCHUs 06pa30BaTeJ’le0ﬁ MporpaMmmbl

Ilpumep nabopamopnoii pabomul

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

«MHOTOITOTOYHEIC BEIYHCIICHUS CYMMBLI U CPECAHETO MaCCUBa»

3anaya: co3/aTh IporpamMmy, KOTOpasi HOPOKAAE€T HECKOJIBKO MMOTOKOB JJIsl BBITIOJTHEHUS
HE3aBUCHUMBIX 3a71a4 (BBIYMCIICHHE CYMMBI U CpEIHEro MaccuBa). MzaMeputs yckopeHue.

UYT0 HYXHO clienars:
- Peann3oBath nporpaMmy ¢ UCIOJIb30BaHUEM MTOTOKOB;
- I3MepuTh yCKOpEHHE NP Pa3IndyHOM KOJUYECTBE MMOTOKOB;

- IIpoananu3npoBaTh BIMSHAE KOHTEKCTHBIX EPEKITIOYEHU.

HNuctpymentsr: C/C++, POSIX Threads (pthread), crangaptraas oubnmmorexa C++, Taitmepsl,

MS Visual Studio / GCC.

JlaGoparopHasi padora Ne2: [Iapa/uie/ibHOe BbIYMCJIEHHE CYMMbI 3JIEMEHTOB MacCHBa

¢ CHHXPOHHU3auMeil

«CymmupoBanue aieMeHToB ¢ pthread mutex u pthread barrier»

3ajaua: pealm30BaTh MapauIeIbHOE BEIYUCICHUE CYMMbI MaCCHBA C UCTIOJIb30BaHUEM
pthread create u pthread join, no6aBuTh cuHXpoHU3aLKIO yepe3 pthread mutex tu
pthread_barrier _t.

Yro HY)XXHO CACJIAaTh:

- Hanncats MHOT'OIIOTOYHYHO IIPpOTpamMMmy C CHHXpOHHSaHHeﬁ;

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

- C,Z[e.]'[aTL BbIBO/JIbI O BJIMSHUKU CUHXPOHU3AllMKU HA ITPOU3BOJUTCIIbHOCTD.

Nuctpymentst: C/C++, POSIX Threads, mutex, barrier, TaiiMmepsl, mpodaiinepsl.

JlaGopaTopHast paGora Ne3: IlapansenbHas COPTHPOBKA MAaCCHBA

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

3ajava: peasM30BaTh MapalielIbHYI0 COPTHPOBKY MaccuBa (merge sort win quick sort) ¢
ucnons3zoBanueM std::thread u std::async. I3amMepuTh BpeMs BHIIOJTHEHHS W CPAaBHHUTh C
peanmu3anueii Ha POSIX Threads.

Yro HYXHO CACJIATh:



- Peann3oBaTh arOpuT™M COPTHPOBKH C HCIIOJIH30BAHUEM MOTOKOB C++;
- CpaBHHUTH MPOU3BOIUTEIBHOCTh PA3HBIX MOIX0/IOB;
- Cnenars aHAIUTUYECKUN BBIBOJI.

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

JlabopaTropnasi padora Ned: OpenMP 17151 MATPUYHOTO YMHOKEHUSA

«PacnapannenuBanue MaTpUYHBIX BEIYMCIICHAN

3asaya: MCIOIb30BaTh IUPEKTUBHI #pragma omp parallel for nns napannensHoro
ymHOkeHus Matpull. JJo6aButs reduction u schedule(dynamic); cpaBHUTH TPOU3BOIUTEIHLHOCTH
Pa3HbIX CTpaTEruil NIaHUPOBaHUSI.

UYT0 HYXHO clienars:

- PeanmuzoBate pacnapaiuenuanue ¢ OpenMP;

- VI3MepuTh CKOPOCTH BBIMIOJIHEHUS;

- [IpoaHanu3upoBaTe BIMSHAE CTPATErUM INTAHUPOBAHUS.

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

JlaGopaTtopnas padora NeS: Bekropusanusi u SIMD-BbIuucieHust

«BCKTOpHOG YMHOXCHHE U CIIOKCHHUEC MAaCCHUBOB»

3amava: uCIoab30Bath intrinsic-GyHkmuun  mm256 add ps, mm256 mul ps,
- mm256 fmadd ps s peanuszanuu BeKTOpHBIX onepanuii. CpaBHUTH MPOU3BOIUTEIBHOCTD C
OOBIYHBIM IIMKJIOM U TIPOBEPHUTH BIMSHUAC BHIPABHUBAHUS ITAMSITH.

UTO HYXHO clienaTh:

- Hanucatp nporpammy ¢ SIMD-unctpykuusamu;

- [IpoBecTu cpaBHEHHE ¢ OOBIYHON peanu3aluei;

- Cnenatb BBIBOJI O BIMSIHUM BBIPABHUBAHUS MAMSITH.

Wuctpymentsr: C/C++, AVX, SSE, taiimepsl, komnuisitop ¢ noanaepxkoit SIMD.

JlaGopaTopnas padora Ne6: CUDA-nporpammMupoBanune

«YMHOk€EHHME BEKTOpoB 1 MaTpull Ha GPU»



3anayva: peanuzoBatb CUDA-s1po U1l yMHOKEHUS BEKTOpoB U Matpull. Hactpouts
KoHurypamnuio cetku (<<<grid, block>>>), ncnonp3oBarb ri1o0aJbHy0 NaMITh, U3MEPUTH
yckopeHue otHocutensHo CPU.

YUTO HYXKHO ClIeNaTh:

- Cozpate CUDA-1p0 U XOCT-IIPOrpaMMy;

- I3mMeputhb BpeMs BBITIOJTHEHUS U YCKOPEHUE,
- [Ipoananu3upoBaTh MPOU3BOAUTEIBHOCTb.

Nucrpymentsi: CUDA, nvce, Nsight Systems, taiimepsr, GPU.

JladopaTopnas pa6ora Ne7: OpenCL u kpoccniiargopMeHHble BHIYUCTEHUS

«Bekropnoe cinoxenue Ha CPU u GPU»

3agada: peanin3oBaTh nporpammy Ha OpenCL: co3narh KOHTEKCT, OYepeab KOMaH I,
KOMIWIAPOBATh s1po. CpaBHUTH Bpems BeinoaHeHus: ¢ CUDA, nporectupoBats Ha CPU 1
GPU.

YUTO HYXXHO ClIeNaTh:

- Harmucate OpenCL-niporpammy;

- [IpoBecTr TeCTUpPOBaHKE HA PA3HBIX YCTPOUCTBAX;
- CpaBHutb npousBoautenbHoCcTh ¢ CUDA.

HNuctpymenTts: OpenCL, C/C++, GPU/CPU, TaiimMepsl, npodaiiepsl.

JlaGoparopHasi padora Ne§: OnrumMusanus 1 NpopuJINpPoBaHUe MAPAIJIETbHBIX
MPUJI0KEeHU

«AHanu3 U yCKOpeHue Haubolee pecypco€MKUX YacTel mporpaMMbh»

3anaua: ucnosib3oBath perf, valgrind, nvprof, Nsight Systems a5 BbIIBICHHS y4aCTKOB
KOJia, KOTOpbIe NOTPeOIst0T HanboJiblIee BpeMs BblIoJHeHHs. ONTUMU3UPOBATh BHIYUCIICHUS:
YAYYLIUTE paboTy ¢ K31IeM, T0100paTh ONTUMAJIBHBIA pa3Mep OJI0KOB, YMEHBIINUTH JUITHIOKO
cuHXpoHU3aHo0. COCTaBUTH OTYET O JIOCTUTHYTOM YCKOPEHUH U 3()(HEKTUBHOCTH.

Yro HYXHO CACJIATh:

- [IpoBecTu npounupoBaHue NporpamMm U ONpeIesInTh YIaCTKH KoJia, Iie IporpaMMa
paloTaeT MeJIeHHEee BCEro;

- OHTI/IMI/I3I/IpOBaTB 9TH YU4aCTKU B COOTBCTCTBUU C pCKOMCHAAIUAIMU Hpoq)aﬁnepa;
- CoCcTaBUTH OTUYET C HU3MCPCHUAMHA YCKOPCHUA U aHAJIN30M 3(b(beKTHBHOCTH.

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



Kpurepuu orieHku j1abopaTopHbIX paboT:

Omauuno: llonHOE BBINOJIIHECHHUE BCEX mararos, 00BICHEHHE BCEX OTallOB, OTBCTHI HA BOIIPOCHI.

Xopowo: TlonHOo€e BBINOTHEHUE BCEX 11ar0OB, 00BSICHEHUE BCEX ATANOB, YACTUYHBIE OTBETHI
Ha BOIPOCHI.

YéoeﬂemeopumeﬂbHoi IlonHOE BEIMOIHEHUE BCEX miaros, 00BSICHEHHE BCEX ATAIIOB.

Heyoosnemseopumenvno: HeBbinonnenue 3aaanuii no T3, HECIOCOOHOCTh OOBSICHUTH
HaIMCAHHBIC PEIICHUSI.

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

[TpoBepka u orieHKa paboT

1. Pyunas mpoBepka:
O6menue co cryaeHTamu o utoram JIP; Bompock! 1o Koy ¥ TEOpeTHYECKUe
BOITPOCKI IO METOAAM U TEXHOJIOTHUAM KOMIIBIOTEPHOI'O 3pCHUA.

2. OOpaTHas CBSI3b:
Pa36op ommbok 1 pekoMeHAaluH MO YAYyYIIEHHIO

3ayeTHbIE MPOEKTHI HA OCHOBE KelCOB MAPTHEPOB

Keiicol ITAO «CoepOaHKk» ucnojib3yeMblie B TUCHUILIMHE

I'enepauus synthetic data nisi 0aHKOBCKHX MojieJei
Onucanue:

Monenu B Coepe TpeOyroT 60Jb110r0 00bEMa TPAH3AKIIMOHHBIX U KIIMEHTCKUX JIaHHBIX,
KOTOPBIC HEJIb3s KCTIOJB30BaTh HANMPAMYIO U3-3a TpeboBanuii [1b n ®3-152. 3agaua —
pa3paboTaTh METO/ FreHEPallui CUHTETUYECKIX OAHKOBCKUX JTAHHBIX, MAKCUMAJIbHO OJIM3KUX K
pEaIbHBIM M0 paclpeAeICHUSIM U MOBEACHUIO.

3aveTHBIH NPOEKT HA OCHOBe Kelica:
BblCOKOHpOPl?»BOL[I/ITeJIbHaH reaepanusd CHHTCTHYECCKHUX (l)I/IHaHCOBbIX JAaHHBbIX

Omnucanue IIPOCKTA:

Tpe6yeTc51 pa3pa60TaTL BBICOKOITPONU3BOAUTCIIbBHYIO CUCTEMY I'CHCPALIU CUHTCTHUYCCKUX
0AHKOBCKHX JaHHBIX (TpaH3aKI_II/II/I, KIIMCHTCKUC HpO(l)I/IJ'II/I), KOTOPBIC  CTAaTUCTUYCCKU
HCOTIIMUUMBI OT PCAJIbHBIX, HO HE COACpIKAT HepCOHaHLHOﬁ I/IHCI)OpMaI_II/II/I. N3-3a OTPOMHBIX
00BEMOB JaHHBIX (MI/IJ'IJ'II/IapI[BI 38.HPIC€I>'I) reaepanuda  O0JIKHA OBITL  MaKCHMAaJILHO
ONTUMU3UPOBAHA U UCIIOJIB30BATb BCC NOCTYITHBIC BBITUCIIUTCIIBHBIC PECYPCHI CPU u GPU.

33,[[3‘-11/1 B KOHTCKCTC NJUCITUIIIINHBI:

1. Mapannenuzanus Ha CPU: ucnomns3osats std::thread nmm OpenMP i napannensHoTo
reHEepUPOBAHNUS HE3aBUCUMBIX OJIOKOB JIaHHBIX (HalpuMep, TPaH3aKIHUHi Pa3HbIX KIUEHTOB).



2. Bekropuzamus (SIMD): npumenuts wunctpykumu SSE/AVX s yckopeHus
MaTeMaTUYECKUX OTepaIfii IPU TeHEPALMU YUCIIOBBIX JJAHHBIX (CYMMBbI TPaH3aKI1i, TPOICHTHI,
BPEMEHHBIE METKH), KOTOpBIE CJEIYIOT OIpeNeIeHHbIM pachpeAeieHusM (HOpMalbHOE,
I1yaccoHa).

3. GPU-yckopenne: peammzoBatb Ha CUDA wumum OpenCL sigpa ais MaccoBoi
napajyieIbHOM TeHepanuu HauboJiee PECypCOEMKHMX YacTeld IaHHBIX, HAlPUMEp, CO3JaHUs
B3aMMOCBSI3aHHBIX TPAH3AKIIMOHHBIX CETeW WM TPHUMEHEHHsS CJOXHBIX CTOXaCTUYECKHUX
MOZEIeN.

4. Ontummszanust 1 npoduaupoBanue: ¢ nomompio perf, nvprof wimm Nsight Systems
BBISIBUTH "y3KHE MeCTa", ONTUMHU3HPOBATH PA0OTY C MaMSTHIO (KAII-JIOKAJIbHOCTh) U 00ECTIEYUTh
OanaHcupoBKy Harpy3ku mexay sapamu CPU u GPU.

lens mnpoekTa: TPOAEMOHCTPUPOBATH yMeHue co3aaBaTh rudpunneie (CPU+GPU)
MIPUJIOKEHHUS], CHIOCOOHBIE pelIaTh PECYpCOEMKHUE 3ajaul B CoKaThle CPOKH 3a c4eT 3P(HEeKTUBHOTO
WCI0JIb30BaHUS MapajuIeIu3Ma.

Keiicbl or <KABAJIAB» ucnosib3yeMbie B IMCHUIIIMHE

AHaau3 oOpamennii kiueHToB 1 CRM-nepenucku
Onucanue:

B cnyx0e KIMeHTCKOTO cepBrCca 3aCTPOUIINKA €KETHEBHO 00padaThIBAIOTCS IECITKU
obOparenuii (e-mail, 3B0HKH, MecceHKephl). TpedyeTcs peann3oBaTh CUCTEMY CEMAaHTHYECKOTO
ananu3a u knaccudukanuu NLU: BBISIBISITE CyTh 0OpallleHUid, ypOBEHb YI0BIETBOPEHHOCTH,
OTCIIEKUBATh MOBTOPSIOLUIUECS 3aITPOCHL.

3aueTHBIA MPOEKT HA OCHOBE Keiica:
IMapajeabHasi 00padoTKa U ceMaHTHYeCKHid aHaIu3 M0TOKOB CRM-o00pamennii
[TapannensHas 06pab0oTKa U CeMaHTUYECKUI aHau3 MOoTokoB CRM-o0pamenuit

OrnucaHue MpoeKTa:

Heo6xomumo peanu3oBaTh sSIAPO CHCTEMBI IS MPeaoOpadOTKHM W aHaiam3a OOJIBIIOTO
MMOTOKAa TEKCTOBBIX OOpaIleHUH KIMEHTOB (JIGKTPOHHBIE MUCHbMA, YaThl). 3agava BKIIIOYACT
ATambl, KOTOpPhIE MOXKHO pachapajuIeIuTh. KOIMPOBAHHE TEKCTa B BEKTOPHI, H3BJICUCHUC
MPU3HAKOB, HayaibHas Kiaccuukanus. Hwuskas 3amepkka oOpaOOTKM KpHUTHYHA IS
OTIEPaTHBHOTO pearupoOBaHMUSI.

3a7au B KOHTEKCTE JUCLUIUIMHBL:

1. Muoronorounas kouseiepuzanus (Producer-Consumer): co3nate koHBeiiep 00paboTKu
JTaHHBIX ¢ ucnosib3oBaHueM std::thread, std::mutex u ouepeneit cooOmieHuit. OIuH TOTOK
3arpy’aeT JaHHbIe, IPYroil BBINOJHSET MpenoOpaboTKy (TOKEHM3AIUI0), HECKOJIBKO MOTOKOB
napajieIbHO BBIYUCIISIOT SMOEIMHI Y, @ UTOTOBBIA MOTOK arperupyeT pe3yabTaThl.

2. Bexropu3zanus BeIUMCIIeHui: nenosib3osats SIMD-unctpykinn (AVX) i ycKopeHus
JMHEWHBIX anreOpandyeckux Omepanuil Mpu BBIYMCICHUU 0a30BBIX TEKCTOBBIX XapaKTEPUCTHK
(marmpumep, TF-IDF) nnu nosneMeHTHBIX oniepaluii B HeOOJIbIINX HEHPOCETSIX.

3. GPU-yckopenue ungepenca: peanuzoBatb Ha CUDA umu OpenCL BeruucneHust Juis
JIETKOBECHOM HEMpOCeTeBON MOJIENH, BBHIOJIHAIOMIEH CEMaHTHUECKYIO KiIacCU(UKAIUIO, YTOOBI
oOpabaTtbIBaTh COTHU OOparieHuii ognoBpemenHo Ha GPU.



4. ITpodunupoBaHre U ONTUMHU3AIMS 33aepKeK: UCIoab30BaTh valgrind n Nsight Systems
1S aHanmu3a B3auMo010knpoBok (deadlock), "ropsunx Touek" U ONTUMU3AIMH BPEMEHHU OTKIINKA
CHCTEMBbl, MUHUMU3UPYsI HaKJIaHbIE PACXObl HA CHHXPOHHU3AIHIO.

Ilenp mpoekTa: MOKa3aTh HABBIKM CO3JaHHUS OT3BIBUMBBIX MHOTOIIOTOYHBIX CHCTEM
pearbHOr0 BPEMEHH, CIIOCOOHBIX 3(PQPEKTHBHO PACHpPENeNsTh BBIUYUCIUTEIBHYIO HArpy3Ky M
MCIOJIb30BATh HU3KOYPOBHEBYIO ONITUMH3AIIHIO JUII 00pabOTKH HEMPEPHIBHBIX TOTOKOB JTAHHBIX.

3ayeTHO-IK3aMEHAIMOHHbIE MAaTepHAJIbl UIA MPOMEKYTOYHON  aTrTecTanuu
(3K3aMeH)

Ilpumepuvt 6onpocos 011 no020mo6KU K 3auemny
POSIX Threads 1 MHOrONnOTO4YHOCTH

. Urto Ttakoe notox (thread) u ueM oH oTiIM4aeTcs oT mpouecca?

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

. Kak 3aBepimTh noTok u BepHyTh pe3yabtat (pthread_join)?

. UTto Takoe mutex u AJis 4ero OH UCHOJIb3YETCA?

. Kakue ectb cmoco6sr cuaxponuzanuu motokoB B POSIX Threads?

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

9. Jlns yero ucnosbzyetcst 6apbep (pthread barrier t) u kak oH mpuUMeHseTCS?
10. UeM oTnmyaeTcs KOHKYPEHTHBIN TOCTYM K MaMSATH OT apajuieIbHOTO?

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

12. Yto takoe deadlock u kakue ciocoOsl ero n3bderanus?

13. Kak u3MepuTh NPON3BOAUTEIHLHOCTS MHOTOTIOTOUYHOM MporpamMmmel Ha CPU?
14. Kakwue mpo06sieMbl MOTYT BO3HUKHYTD MPH YBEIIMYCHUH YHCIIA TIOTOKOB?
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C/C++ 1 HU3KOYpPOBHEBOE MPOrPaMMHUPOBaHHE

15. Kakme ocobennoctu C/C++ npenaroT WX TOAXOMSIIMMH JUIsl HU3KOYPOBHEBOTO
MapajuieIbHOTO MPOTrpaMMHUPOBAHUS?

16. Kakue crangaptabie cpenctBa C++ MO3BOJIIOT paboTaTh ¢ 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 mnpobOrembl BO3ZHUKAIOT MpPU HCIOJIB30BAHUHM TJI0OATBHBIX MEPEMEHHBIX B
MHOTOIIOTOYHOM Kojie?

21. Yto Takoe aTomapHble onepanud (std::atomic) u 3a4eM OHH HY>KHBI?

22. Kak peann3oBaTh 0€30MacHbIN TOCTYI K pa3jenseMbIM pecypcam B C++?

OpenMP

23. Yro takoe OpenMP u 1151 uero oH ucnoss3yercs?

24. Kak Bxirounts OpenMP B nnpoekt Ha C/CH++?

25. YUro nenaer nupekTuBa #pragma omp parallel?

26. YUem otnuuaercs parallel for ot oGsrynoro for?

27. Yro Takoe reduction B OpenMP u kak ona paboraer?

28. Kakwue tumst schedule cymectBytor B OpenMP (static, dynamic, guided)?
29. J17st yero UCHONb3YIOTCS KpUTHUECKUE ceKUuuu (#pragma omp critical)?



30. Kak n3meputh npoussoaureiabHocts OpenMP-niporpamm?
31. Kakue mpobiemMbl BO3HUKAIOT IPY HETIPaBMWIILHOM HcTionb3oBanuu OpenMP?

Bextopuszanusa u SIMD (SSE/AVX)

32. Yro takoe SIMD u uem ono otinuuaerca ot MIMD?

33. Kakue nmpeumyniecta gaét ucnosib3zoBanne SSE/AVX nncTpykumii?

34. Kak peanmn3oBaThb BEKTOpHBIE OTepaluu ¢ ToMomplo mm256 add ps wm
_mm256_mul_ps?

35. Yem oriuuaercs 128-6uthHast SSE ot 256-6uthHoit AVX?

36. Kak BiusieT BolpaBHUBaHUE MAMSITH Ha IPOU3BOIUTENIBHOCTh SIMD-onepariuii?

37. Kakue orpaHuueHust HakjIaapIBaeT ucrosb3oBanne SIMD Ha anropurmsbi?

38. Kak n3MepsTh yCKOpEeHHE MTPU BEKTOpU3aLuu Koj1a?

GPU-nporpammupoBanue (CUDA, ROCm, OpenCL)

39. YUto takoe CUDA wu 111 uero oHa ucnoJib3yercs?

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

41. Yem otimmyaercs riiodanpHas, JokanpHas U shared mamste 8 CUDA?

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

43. Kakue maru HeoOxoaumbl 11 BeinoiaHeHust OpenCL-snpa na GPU?

44. Kakue Mmetonsl npodumupoBanus npumenstorca s GPU-mporpaMMm u 4to oHM
U3MEPSIOT?

Ilepeuenvy Komnemenyuit (vacmu KomnemeHyuu), npoePAEMbIX OUEHOUYHBIM CPEOCHEOM -
OIIK-2; OIIK-3; OIIK-6; PL-3

Ilpakmuueckue 3a0anus K 3auemy
Samanue 1. Co3znanue notokoB POSIX
- PeanuzoBath nporpammy, CO3Aa0IIYI0 HECKOJIBKO MOTOKOB JIJIsl TapaslIeIbHOTO BEIYUCICHUS
CYMMBI U CPEJHETO 3JIEMEHTOB MacCHBa.
- VI3ameputh ycKOpeHHe Mpu yBETUYEHUU YHCIIa TOTOKOB.
3ananue 2. CHHXpOHM3AIMs ¢ mutex u barrier
- Ucnonb3oBath pthread mutex t u pthread barrier t mist 3amuThl pa3aenseMoro pecypca u
CUHXPOHM3AIIH TOTOKOB.
- VI3ameputh MacmTabupyeMoCTh pelieHus IPU Pa3HOM KOJTHUYECTBE TTOTOKOB.

3ananue 3. [lapamnensHas coptupoBka Ha C++

- PeanuzoBate merge sort miu quick sort ¢ ucrnonb3oBanuem std::thread u std::async.
- CpaBHHTB BpeMs BIMOIHEeHU ¢ peanu3anueit Ha POSIX Threads.

3ananue 4. PacnapamienuBanue ¢ OpenMP

- Ucnonp3oBath qupekTHBY #pragma omp parallel for s ymHO)KeHus: MaTpuil.
- lo6aButs reduction u u3menuts crpareruto schedule. CpaBHUTH MPOU3BOUTEIBHOCTb.



3ananue 5. Bexropuszanus SIMD

- PeanmuzoBath ciio’keHHE U YMHOKEHHE MacCHBOB ¢ romoIrsio SSE/AVX (. mm256 add ps,
_mmz256_mul_ps).

- CpaBHI/ITI) BpPEMA BBIINIOJIHCHUSA C 0OBIYHBIM IIUKJIOM.

3ananue 6. OnTumMu3anus BEKTOPHBIX orepanuil

- [IpoBepuTh BiIMSHUE BbIpaBHUBAHUS JaHHBIX B IAMSITH HAa IPOU3BOAUTENbHOCTh SIMD.
- 3MepuTh yCKOpEeHME Ha pa3HbIX MaCCUBAX.

3ananue 7. CUDA: yMHO>X€eHUE BEKTOPOB

- PeanmuzoBate CUDA-s1p0 1711 yMHOKEHHUS IBYX BEKTOPOB.
- Hactpouts koH(urypaiuio 0JI0KOB U CETKH, U3MEPUTH ycKopeHue oTHocuTenbHo CPU.

3ananue 8. CUDA: yMHOX€eHUE MaTpUI]

- PeanuzoBate ymHOkeHune Matpull Ha GPU ¢ ucnonb3oBanuem shared mamsTul 11s1 yCKOpEHUS.
- [IpoBectn cpaBHenne ¢ CPU-peanuzanuen.

3amanne 9. OpenCL: BEeKTOpHOE CIIOKEHUE

- Hanmncatp mporpammy Ha OpenCL 111 Cl105K€HUs MacCCHUBOB.
- CpaBuutb npousBoautenbHoCcTh ¢ CUDA-peanuzanuei u CPU.

3aganue 10. ROCm/HIP

- PeanmuzoBatk nipoctoe GPU-sapo Ha ROCM/HIP n1st BEKTOpHOTO YMHOKEHHS.
- CpaBuutb pesynabratsl ¢ CUDA.

3ananwme 11. IIpodunmuposanue CPU

- Ucnonb3oBats perf win Valgrind uig ananusza ropsyux y4acTKOB MHOTOIIOTOYHOM MpOrpamMMbl
Ha CPU.

- OnTUMU3UPOBATH BHIYUCIICHUS U U3MEPUTH YCKOPEHHE.

3ananue 12. [Ipodpunuposanue GPU

- Ucnonb3oBath Nsight Systems nnu nvprof ans ananuza CUDA-sapa.
- OnTUMU3HPOBATH pazMep OJOKOB U UCTIOTB30BAHHUE MAMSITH Ui YCKOPEHHUS.

3ananue 13. KomOuHUpOBaHHAs ONTUMHU3AIINS
- PeanusoBath nporpamMmmy, KOMOMHHUPYIOIIYIO MHOTONOTO4YHOCTh, SIMD 1 GPU-BeIuncieHus
(HarmpuMep, CyMMUpPOBaHHE OOJIBIINX MAaCCHBOB).

- HpOBeCTI/I HU3MCPCHUC YCKOPCHHA HAa BCCX YPOBHAX U IMOATOTOBHUTH CpaBHI/ITCJIBHHﬁ OTYCT.

Ilepeuenv Komnemenyuit (wacmu KomMnemeHyuu), nPoO6ePAEMbIX OUECHOUHBIM CPEOCHIEOM -
OIIK-2; OIIK-3; OIIK-6; PL-3



4.2 MeroanuecKkue MaTepHaJibl, oNpeaesole Npoueaypbl OLeHUBAHNS 3HAHUIA,
YMEHHUIi, HaBBIKOB U (MJIH) ONBbITA /AeATEJbHOCTH, XAPAKTEPU3YIOIIMX 3Tambl
¢dopmMupoBaHus KOMIIETEHUN I

MeToanyeckue peKOMeH/IalMH, ONpe/e/isiiolue NpoueIyphbl OllecHUBAHUS HA 3a4eTe:
[Ipoueaypa nmpomMexyro4yHoi arrecTalMy MPOXOAUT B cOOTBETCTBUU C [lonoxennem o
TEKYIIIeM KOHTPOJIE B MMPOMEXYTOoUHOH arrectanuu ooyqaromuxcsi ®I'BOY BO «KyoI'Y».
HroroBoit (opmoii KOHTPOJISE CHOPMHPOBAHHOCTH KOMIIETEHIIMH Y OOYYaIOIIMXCS IO
JUCUMILIMHE sBJseTcs 3aueT. CTyneHThl 00s13aHbl CaTh 3a4€T B COOTBETCTBUM C PACIIMCAHUEM U
Y4eOHBIM TIAaHOM.
OOC npomMeXyTOYHOM aTTECTallUd COCTOMT M3 BOIPOCOB K 3aueTy M pe3yJbTaTOB
TEKYILEro KOHTPOJIS.
3aueTr Mo AMCUMIUIMHE MpecIeaAyeT Leidb OUEHUTh paboTy CTyJIEHTa 3a KypcC, MOJIydeHUe
TEOPETUYECKUX 3HAHUU, WX MPOYHOCTh, PA3BUTHE TBOPYECKOTO MHBIILICHUS, MPHOOPETCHHE
HaBBIKOB CAMOCTOSITEILHOW pabOThl, YMEHUE MPUMEHSTh TOJYyUYEHHbIE 3HAHUS IS pElIeHUs
MPaKTUYECKUX 3aau.
dopma IpoBEeACHUS 3aUeTa: YCTHO.
Pe3ynbrar cnaun 3aueTa 3aHOCUTHCS MIPETIOAAaBaTEIeM B 3a4ETHYIO BEJOMOCTh U 3a4ETHYIO
KHIDKKY.
OrneHuBaHUE YPOBHSI OCBOCHHS JUCIUIUIMHBI OCHOBBIBAETCS HA KAYECTBE BBITIOJIHCHUS
CTYACHTOM 3aJIJaHUIl TEKYIIero KOHTPOJIS U OTBETOB Ha BOIIPOCHI 3aUeTa.
Kpurtepun ouenku:
1. OneHka 0TBETOB HA BONPOCHI K 3a4eTy (50% UTOroBoi OLleHKH)
3auer
[Tonnble, pa3BepHyThIE OTBETHI C IEMOHCTpAIUEH TITyOOKOTO MOHUMAHUS TEMBI.
OTBeTHI coiepKaT OCHOBHBIE UJIEU, HO 0€3 yri1yOIIeHHOTO aHaIN3a.
Hcnonb3oBanue npuMepoB, popmyIl, KOPPEKTHBIX TEPMHHOB.
Bo3moxHBI HeOO0IbIIINE OIIUOKH B IETANSIX WK (POPMYIUPOBKAX.
YMeHue aHanmu3upoBaTh U CPAaBHUBATH METO/IbI.
% BoinoaHeHus: 60—100% (momyckaroTcs He3HAUUTENbHBIE HETOYHOCTH).
He3auyer
OTtcyrcTBHE NTOHUMAHUA KIIFOUYEBBIX KOHLELIUM.
['pyObie ommoOKH Ui HECTTIOCOOHOCTh OTBETUTH Ha OOJIBIIIYIO YaCTh BOIIPOCOB.
% BbinoaHeHus: <60%.
2. OneHKa BBINOJIHEHUS IPAKTHYECKHUX KelCOoB U J1adopaTopHbIX padot (50% urorosoi
OLIEHKH)
3auer
[TonHOE BBINOTHEHUE BCEX ITAIOB Keiica C MTHHOBALIMOHHBIMU PEIICHUSMHU.
Yerkasi JOKyMEHTAIU KOJa U aHAJIU3 PE3YyIbTaTOB.
% BoimonHeHus: 60—100%.
W
BrinosHeHbI OCHOBHBIE 3371a4H, HO 0€3 TOTIOTHUTEIBHOM ONMTHUMU3AITIH.
WIN
Pemens! 6a3oBbie 3a1a4n, HO C KPUTHUECKUMHU OIIMOKAMHU.
Huskoe kauecTBO KOJ1a MIIM OTCYTCTBHE aHAIINA3A.
He3auyer
HeBbinonHeHne KIOYEBBIX 3TAIOB.
Ko Hepabounii Ui OTCYyTCTBYET.
% BemonHeHus: <60%.

Memoouueckue  pekomenoayuu,  onpeoenawuiue  npoueoypbl - OUEHUBAHUA
aabopamopuvix padom:



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

[To xaxmo#t mabopatopHoil pabote odopmiissercs oTueT. OTUETHI CAAIOTCS HAa MPOBEPKY
PYKOBOJIUTENIO B TEUCHHE Kypca IO MEpe WX BBINOJHEHUS, W 3aIUIIAIOTCS CTYJACHTAaMU B
YCTaHOBJICHHOM TIOPSITIKE.

[Tpu 3ammTe oTYeTa CTYICHTY MOTYT OBITH 3a/IaHBI BOIIPOCHI M IOTIOJTHUTEIBHBIC 33 JaHUS
0 CyTH J1abOpaTOpHO# pabOTHI, B TOM YHCIIE W3 CIIMCKA KOHTPOJBHBIX BOIPOCOB K JaHHOU
naboparoproii padote. [Ipu HEYIOBIECTBOPUTEIHHON OIICHKE 3HAHUI CTY/IEHTA 10 TEeME JaHHOTO
OTYeTa, CTYJICHT BO3BPAIIACTCS K MIOBTOPHOMY H3yUEHHUIO COOTBETCTBYIOIIUX MAaTEPHUAJIOB, MTOCIIS
4Yero JOMYCKAaeTcs K MOBTOPHOW 3amure. HeynoBIE€TBOPUTENBHO BBINOJHEHHBIA OTYET TaKKE
BO3BpaIlaeTcs Ha 10paboTKy.

OTyeT JOJDKEH COJEpKaTh 3arojIOBOK, TeMy Ja0OpaTOpHOW paboThHI, 1eb, 3a/JaHHE,
WHIUBUAYAIBHYIO TEMY, OTHCAHHWE XOJa BBHIMOJHEHHUS PA0OTHI, HEOOXOIUMBIC MPUKIIAIHBIE
MaTepuaibl (CXeMbl, MaKeThl JIOKYMEHTOB M T.II.), B COOTBETCTBHH C TpPEOOBAHHSIMH K
COJIEp’KaHHI0, U BBIBOJIBI IO paboTe.

OrneHOUYHBIC CpENCTBA YIS WHBAJIWIOB W JIMI] C OTPAHUYCHHBIMH BO3MOXKHOCTSIMHU
3JI0POBbSI BRIOMPAIOTCS C YIETOM MX WHAMNBUIAYAITbHBIX TICUX0()U3HUESCKAX 0COOCHHOCTEH.

— MPU HEO0OXOJMMOCTH HHBAJTUAM | JIUIIAM C OTPAHUICHHBIMU BO3MOKHOCTSMH 3JI0POBbS
MIPEIOCTABIISIETCS IOTIOJTHUTEIBHOE BPEMsI JIUISl IIOJATOTOBKH OTBETA HA 3a4eTe;

— NP MPOBEJICHUH TIPOIICTyPhI OIICHUBAHKS PE3yJIbTATOB 00yUEHUS MHBAIHJIOB U JIUI] C
OTPaHWYECHHBIMH BO3MOYXHOCTSIMHU 3JIOPOBbBSI TPEIYCMATPHUBACTCS HCIIOJIH30BAHHE TEXHUYICCKHX
CPEICTB, HEOOXOMMBIX UM B CBSI3H C WX WHIUBUAYAITBHBIMH 0COOCHHOCTSIMU;

— MPU HEOOXOAMMOCTH TSI OOYYAIOIINXCS C OTPAHHYECHHBIMHA BO3MOYXHOCTSIMH 3/I0POBbSI
W WHBANUAOB TMpolLeaypa OICHUBAHMUS pPE3yJIbTaTOB OOYYEHHUs MO JUCHUIUIMHE MOXKET
MIPOBOJUTHCS B HECKOJIBKO 3TAIOB.

[Ipouenypa oueHuBaHUS pe3yIbTaTOB OOyUYEHUS WHBAIUIOB U JIMIl C OTPaHUYCHHBIMU
BO3MOXHOCTSIMU 3/I0POBBSI IO JUCHUILIMHE MPEeaycMaTpUBAET MpenocTaBieHne nHGopMauu B
(dbopmMax, aTanTUPOBAHHBIX K OTPAHUYEHUSIM UX 340POBbsI U BOCIIPUATH ST HHPOPMAIIIH:

JIis U1 ¢ HapyIIEHUSIMH 3PEHUS:

— B IIe4aTHOU opme yBeTMYeHHBIM HIpUdTOM,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jljig 11 ¢ HapyIICHUSAMH CIyXa:

— B IIe4aTHOU opme,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jljig 1 ¢ HapyIIeHUSMH OTIOPHO-BUTATENILHOTO anmnapara:

— B [IeYaTHOM opme,

— B (hopMe PIIEKTPOHHOTO JOKYMEHTA.

JlaHHBIN TepevYeHb MOXET OBITh KOHKPETU3HPOBAaH B 3aBUCUMOCTU OT KOHTHHI€HTA
oOyuaronuxcs.

4.3. MeToan4yecKue yKa3aHHUs 10 OPraHU3alUM BbIYHCIUTEIbHON HHPPACTPYKTYPBI
TpeOoBanus K aNMapaTHOMY M NPOrPaAMMHOMY 00ecle4eHHI0 pad0oYnX MeCT

AnmnapatHblie TpeOOBaHMA.

JUis  BBIMOJNHEHUS J1a0OpaTOpHBIX pPAabOT MO MapalieIbHOMY U HHU3KOYPOBHEBOMY
MIPOrPaMMUPOBAHHIO CTYJCHTAM M MPEToAaBaTeNto HEOOX0 UM CTAllMOHAPHBIN KOMIBIOTEP MU
HOYTOYK ¢ CcOBpeMeHHOW KoH(urypauueil. Pexkomenmyercss wmHoromporeccopubsiii CPU,
Hanpumep Intel Core 13/i5/i7 He Hmxe 4-ro MoOKojeHUs uiau aHanoruuueli AMD Ryzen, c
MOJIEP>KKON MHOTOIIOTOYHOCTH U OTepaTUBHOMN mamMsAThio He MeHee 8 I'b. [[ns pabotsl ¢ GPU-
BbluncienusiMu  tpedyerca Buaeokapra NVIDIA mngs CUDA wunum  coBMecTHMMas C
OpenCL/ROCm. KommbroTep T0MKEH UMETh CTa0MIbHOE MOAKIIOUeHUEe K cetu MHTepHeT co



ckopocThio He HIKe 5-10 MoOut/c mis ckaumBanumst SDK, Oubmuorek u 0oOHOBIECHUI
MIPOrPaMMHOTO OOECTICUSHUSI.

IIporpamMmublie TpeOOBaHUS.

Ha pabounx ctaHIMAX T0DKHA OBITh YCTAHOBJICHA COBPEMEHHAs ONIEPAIlMOHHAs CUCTEMA,
Britoyasgs Windows 10 wiu 11, akryansnsie Bepeun macOS wn auctpudytussl GNU/Linux, npu
TOM CHCTEMBI [OJDKHBI PETYISApHO OOHOBIATBCA ISl TMOAJCp)KaHUs Oe30MacHOCTH U
COBMECTHMOCTH C HWHCTpYMEHTaMu Kypca. J[lns pa3paboTku HEOOXOIMM COBPEMEHHBIN
kommmisitop C/C++ ¢ momnepxkoit CMake, nanpumep MS Visual Studio ma Windows wmu
GCC/Clang na Linux/macOS, a Takxke OMOTMOTEKM W HMHCTPYMEHTHI IS TapajuIeIbHOTO
nporpammupoBanus, Takue kak POSIX Threads, OpenMP, SIMD-untpuncuku mist SSE/AVX,
CUDA Toolkit g NVIDIA GPU, OpenCL SDK n ROCm/HIP mjisi COBMECTHUMBIX YCTPOMCTB.
PazpaboTka pekoMeHIyeTcsl 4epe3 WHTETPHPOBAHHYIO Cpely WM TEKCTOBBIH pEelakTop ¢
noiepxkoi C/C++, nanpumep Visual Studio, VS Code unu CLion. JIyisg aHanu3a 1 ONTUMH3AIAN
IIPOU3BOIUTENBHOCTH HEOOXOIMMO HCIIONIb30BaTh HHCTpYMEHTHI TpodunupoBanus CPU u GPU,
Bimrovas perf, Valgrind (uepe3 WSL na Windows), Nsight Systems, nvprof ans CUDA u
cpenctBa npodunupoanuss OpenCL/ROCm.

JlonoJiHUTeIbHOE POrpaMMHoOe odecreyeHme.

CTynmeHTBI TakkKe MOJDKHBI HMETh JIOCTYII K cHCTeMe KOHTpons Bepcwid Git,
untepnperaropy Python Bepcuu 3.10 u BbIlIe ¢ MEHeKEPOM MMAKETOB pip WK conda JjIs aHanu3a
pe3ynbTaTOB U IOCTPOCHUS TPadUKOB, P HEOOXOUMOCTH ¢ ycTaHOBKOM Jupyter Notebook/Lab.
JIJ1s1 TOKaIBHOTO TECTHPOBAHUS M OTIAKU IPOTPaMM MOKET HCnoiib3oBaTbest Docker, mpu aTom
Ha Windows tpebyercs Docker Desktop ¢ WSL2, a nma Linux m macOS miardopma
MoIIep KUBaeTCsl Hampsimyro. Bce mporpamMmHoe oOecrieueHrne JODKHO OBITH HACTPOCHO Tak,
YTOOBI CTYAEHTHl UMENU JIOCTYH KO BCEM HMHCTPYMEHTaM BO BpeMs JIabopaTOpHbIX paboT, a
MIpernojaBaTesib MOT YIPaBIATh UHPPACTPYKTYpOH M KOHTPOJIUPOBATH PE3YJbTaThl, BKIIOYAs
penosutopun, CI/CD m TectupoBanue. HeoOxommmo oOecreunTh pasperieHue HCXOIAIINX
nonakimoyeHud mo HTTPS, otkpeiTeie moptel 80 m 443, a Takke HAIMYME MPAaB HA YCTAHOBKY
MIPOrpaMMHOTO OOecreyeHus] WM B3aUMOJCHCTBUE C CHUCTEMHBIM aIMUHUCTPATOPOM IS HX
YCTaHOBKH.

Ili1aH-mpocneKT MeTOAMYECKUX YKA3AHUI 110 OPraHU3alUM Ja00paTOPHBIX PadoT 1Mo
aucuunnne " IapasiesibHOe 1 HU3KOYPOBHEBOE IIPpOorpaMMupoBaHue'’

1. O01mue cBeneHus

OOpazoBarenpHas  MpoOTpaMMa: [IporpaMMHasi ~ UHXKCHEPUS M CHCTEMHOE
[IPOrpaMMHUPOBAHHE

JuctuiuinHa: «[lapaiiensHoe U HU3KOYPOBHEBOE MPOrPaMMHUPOBAHHE)

Bu oOecnieueHus: MpoBeIcHUE J1aO0OpaTOPHBIX padboT

VYcinoBusi MpUMEHEHHsI: Kype pacCUMTaH Ha CTYJAEHTOB 2—3-TO roja oOy4eHUs; HaIu4dHe
noctymna K BeraucautenbHeiM pecypcam CPU u GPU; ucnonb3oBaHue OTKPHITHIX OUONIHOTEK U
SDK misa C/C++, OpenMP, POSIX Threads, CUDA, OpenCL/ROCm; goctyn Kk nmpumepam H
HCXOJHBIM JaHHBIM JIs1 1a00paTOPHBIX padoT.

2. lenu, 3axa4M M 05KH1aeMble Pe3yabTAThI

Ilenu: 3akpemieHUE TEOPETUYECKUX 3HAHWW 10 NapajuIeIbHOMY M HU3KOYPOBHEBOMY
IIPOrpaMMUPOBAHMIO Ha IPAKTUKE; pPa3BUTHE HABBIKOB IIPOEKTHPOBAHMSA, pealu3allud |
ONTUMH3ALMM MHOTOIIOTOYHBIX U BEKTOPHBIX BBIYHMCIEHH; MOATOTOBKA K PELICHUIO 3aJad Ha
CPU u GPU B nunaycTpranbHbIX NPOEKTaX.

3agaun: 0O0ecrneYuTh CTYAEHTOB CTPYKTYPUPOBAHHBIMHM J1aOOpaTOPHBIMH pPabOTaMHu;
MPEJOCTaBUTh JIOCTYI K HEOOXOIUMBIM BBIYUCIUTEIBHBIM PECypcaM; OPraHMU30BaTh MIPOBEPKY U
00paTHYIO CBS3b IO BHIMOJIHEHHBIM paboTaM.



Oxupgaemble pe3yabTaThl: yYMEHHE CO3/1aBaTh M ONTUMHU3UPOBATh MHOTOIOTOYHBIC
npunoxennus Ha C/C++; HaBpiku padotel ¢ OpenMP, POSIX Threads u SIMD-unTpuncukamu
(SSE/AVX); onbit peanuzaiuun GPU-eruncnenuit Ha CUDA, OpenCL u ROCm; cioco6HOCTh
aHAJIM3UPOBATH TPOU3BOIUTEIILHOCTh M MACIITAOUPYEMOCTh PEIICHUIA.

3. Ilopsinok peaaunzanuun

3.1. 3amauga Nel: [ToaroroBka 1a60paTOpHBIX paboOT

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

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

[Tpumep pa3paboOTKH 3a1aHus JIIs JTAOOPATOPHOU padOThl « MHOTOITOTOYHBIC BBIYH CIICHHS
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 NporpamMMmy Ui MapajjIeIbHOTO CYMMHPOBAHHUS MaccuBa C
ucrionb3oBanueMm  pthread create wu  pthread join; 100aBUTh CHHXpOHHM3AIUIO Yepe3
pthread mutex t u pthread barrier t; cpaBHUTH MpPOM3BOAMTENBLHOCTh peanm3anuu Ha POSIX
Threads u std::thread; n3mMepuTh yCKOpEHHE MPU YBEIMYCHUH YMCIIa TIOTOKOB.

Oxupaemblie pe3yJbTaTbl: YMEHUE CO3/1aBaTh U CHHXPOHU3UpPOBaTh NMOTOKKM Ha CPU;
MOHMMAaHUE BJIUSHUS CHUHXPOHHM3AllMU M 4YHCJA MOTOKOB Ha MPOU3BOAMTEIHHOCTH; HABBIKH
CpaBHEHHUSI Pa3HBIX MOJXO0B K MapajieIbHbIM BbIYUCICHUSM.

HNucrpymentsl u Oudamoreku: C/C++, POSIX Threads, std::thread, 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
pe3ylbTaTaMy; MpoaHAIU3UPOBATh MACIITAOUPYEMOCTbD.

TpebGoBanus K O0TYETY: KOJl MPOrPaMMBbI; TaOIHIIA C U3MEPEHUSIMU BpeMEHU; TpaduKu
YCKOpPEHUS U MaclITabUpyeMOCTH; aHATTUTUYECKAst YaCTh C BHIBOIAMH.

Kpurtepun oneHkn (3a4TeHO/He3a4TEHO): 3a4ET CTABUTCS, €CIIU MIPOrpaMMa KOPPEKTHO
pealin30BaHa C CHHXpOHU3allMeH, U3MEpPEHbI BpeMeHa BhIMIOJIHEHUSI, 0()OPMIICH OTUYET C aHAITU30M;
He3a4yeT MPU OTCYTCTBUU CUHXPOHU3AIIMHU, HETIOJHBIX U3MEPEHUSIX UM OTCYTCTBUU aHAIIM3a.

dopMupyeMble KOMIIETEHIMH:

- OIIK-2 CnocobeH NpUMEHATh KOMIBIOTEPHBIE/CYIEPKOMIBIOTEPHBIE METO/IbI,
COBPEMEHHOE MPOrpaMMHOE oOeclieueHue, B TOM YHCJIe OTE€UECTBEHHOTO MPOUCXOXKICHUS, A
pereHus 3a1a4 MpopecCHOHATBHON AeATEIbHOCTH

- OIIK-3 Cnoco6eH k pa3paboTKe alroOpuTMUYECKHUX U TPOrPaMMHBIX pelIeHui B 001acTi
CHCTEMHOI0 W MPUKIAJHOTO TPOrpPaMMHUPOBAHUS, MATEeMAaTHUYECKUX, HH(GOPMAIMOHHBIX U
MMUTALMOHHBIX MOJIENel, CO3/1aHuI0 WH(POPMALMOHHBIX PECYpCOB TJIOOAIBHBIX CETeH,



00pa30BaTeIbHOTO KOHTEHTA, IPUKJIAIHBIX 0a3 JaHHBIX, TECTOB U CPE/ICTB TECTUPOBAHHS CUCTEM
U CPE/ICTB Ha COOTBETCTBUE CTAHAAPTAM U HCXOJHBIM TPEOOBaHUAM

- OIIK-6 CnocobGeH MOHMMATh MPUHIUMBI paObOTHl COBPEMEHHBIX HH()OPMAITMOHHBIX
TEXHOJIOTHH 1 MCIIOJIb30BaTh UX VIS PEUICHUS 3aa4 PO ECCUOHATBHOMN e TeIbHOCTH

- PL-3 IT Criocoben mpuMeHSTh sA3bIKH TporpaMmupoBanust C/C++ mis pemeHus 3a1a4 B
obnactu U

5. IlepeyeHb OCHOBHOW M [ONOJHUTEJbHOH Y4eOHOH JHUTEpPATyphl,

He00X0AUMOi1 1151 OCBOCHU S INCIUILIMHBI (MOIYJIs1)
5.1 OcHoBHas JiuTeparypa:

1. boraués K.}O. OcHOBBHI mapamiensHOTO MPOrPaMMHUPOBaHUS: y4eOHOE mocooue. —
M.:JIabopatopus 3nanu, 2020. — 345 c.

2. Jlantes B.B. C++ OOBEKTHO-OPHEHTHPOBAHHOE MPOrPAMMHUpPOBAaHHE: YueOHOE
nocobue. — CII0.: [Tutep, 2008 — 464 c.

3. AnekceeB, B.E. Ctpykrypsl nanueix. Monenu Beruucnenuii / B.E. Anekcees, B.A.
TananoB. - 2-e u3n., ucnpas. - MockBa : Hanmonanbubrii OTkpeiTeiii YHEBEpcuTeT «MHTYUTY,
2016. - 248 c. : cxeMm., . - (OCHOBBI HH(POPMAIIMOHHBIX TEXHOJIOTHI)

4. Ownaproc I'.P. OcHOBBI MHOIONOTOYHOIO, NAPAJIIEIBHOTO IMPOTPAMMHUPOBAHUS.
M.:U3patenscknii oM “Briabamc”. 2003. 512¢

5. Manssko A.A. IlapaistenbHOE€ mporpaMMHUpOBaHUE Ha OCHOBE TexHoJoruii OpenMP,
CUDA, OpenCL, MPI: yue6HO€ mocodue i By30B / A. A. MansiBko. - 3-¢ u3/., UCIp. | JIOT. -
Mocksa : Opaiit, 2022. - 135 c¢. - URL: https://urait.ru/bcode/492127 (nata oOparmieHus:
29.11.2022). - Pexxum moctyma: jisi aBTopu3. mosb3oBateneil. - ISBN 978-5-534-14116-0. -
TeKCT: ANeKTPOHHBIN.

5.2 lomosiHuTe/ILHAS JIMTEPATYypa:

1. buur B.A. TlapajsienbHbie BEIYUMCIEHUS 1 MHOTOITIOTOYHOE TPOrpaMMupoBaHue. — M.:
Hammonameubiit  OtkpeiTeiii - YHuBepcuter «MHTYUT», 2016. — 311 c¢. — URL:
https://biblioclub.ru/index.php?page=book&id=428948.

2. Typanbuyk K.A. IlapamienbHoe mporpaMMupoBaHue ¢ MOMOIIbI0 sizbika C#. — M.:
Hammonameubiit  OtkpeiTeiii  YHuHBepcuter «MHTYUT», 2016. — 190 c¢. -URL:
https://biblioclub.ru/index.php?page=book&id=429098.

5.3. llepuoguveckue u3IaHus:
1. Ba3sl mauaeix komoaguu «Mct Bero» http://dlib.eastview.com
2. DOnexrponnas oubnuoreka GREBENNIKON.RU https:/grebennikon.ru/

5.4. UnTepHeT-pecypchl, B TOM YHCJIe COBPeMEeHHbIe MPo(eccHoHAIbHbIE 0a3bl
JAHHBIX U HHGOPMALIMOHHbIE CIIPABOYHbIE CHCTEMbI
Onexmponno-oubnuomeynwvle cucmemol (O5C):
DBC «IOPAWT» https://urait.ru/
9BC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/
OBC «BOOK.ru» https://www.book.ru
9BC «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 oubnanorexa (HIb) http://www.elibrary.ru/

agrwbdE

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

6. HammonanbHas dSneKkTpoHHas 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 nentpa kpucrawiorpapudeckux qanaeix (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

Becniamnvie obpasosamenvhvle pecypcol
1. Jupyter Notebook — naTepakTHBHBIC BHIYHUCIICHUS
2. Visual Studio Code — penakrop koja ¢ moepxkoii 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 xomnekius nudpoBbIx 00pa3oBaTeIbHBIX 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. Ily6ankauun kongepenuuii 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, Bekropuzamuun u GPU-Bbruncienuil.
Oco6oe BHUMaHHUE yJenseTcsl MPaKTUYECKUM acleKTaM — pa30uparoTcs MpUMEphl peaan3aliu
MHOTOTIOTOYHBIX M MapajienbHbIX anroput™MoB Ha C/C++, mpumenenue OpenMP u POSIX
Threads, ucnons3oBanue SIMD-untpuncukos (SSE/AVX), GPU-nporpammuposanue Ha CUDA,
OpenCL u ROCm. Ha neknusix aHamu3upyrOTCs TUIUYHBIE OLMIMOKM MpPU MPOEKTHUPOBAHUU
napajyieIbHbIX NPUIOKEHUH M ONTHMM3aluuu  BbluucieHui. [locme kaxmoill sexkuuu
PEKOMEH/IyeTCsl BBIMIOJHATh MPAKTUUECKUE 3aJaHMs IS 3aKpeIyIeHUsT MaTepHaja: peanu3ars

MHOTOTMIOTOYHBIX (DYHKIIMH, pacrapajieIuBaHie [IUKIOB, ONTHMH3AINS BEKTOPHBIX BBIYUCICHUN
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
TOTOBBbIE MPUMEPHI pPEATM3aLUU MHOTOIOTOYHBIX aJTOPUTMOB, paclapajljielIMBaHUE LIUKIOB C
OpenMP, pabota ¢ motokamu POSIX Threads, ontumusanus xona ¢ ucnosibzoBanueM SIMD-
UHCTpYKUUH, opranuzanus BeluucieHuid Ha GPU c momompbto CUDA, OpenCL u ROCm.
CryneHTbl paboTalOT ¢ peaIbHBIMU BBIYMCIUTEIBHBIMY 33a4aMy, HallpUMep, CYMMHUPOBAHUE U
COPTHpPOBKA MAacCCHBOB, MAaTPUYHBIC ONEpalMH, MOACITHPOBAHHE (PHU3MUECKUX IPOIECCOB, U
MPUMEHSIOT HMHCTPYMEHTBHI Ui H3MepeHus mnpousBoautensHoctu (perf, Valgrind, Nsight
Systems). Ilocine kaxmgoro m1abOpaTOpHOTO  3aHATUS — NpeJIaraloTcs — 3aJaHus s
CaMOCTOSITEIIBHOTO 3aKpeIUvieHHsI MaTephalia — MOJU(MUKAIMS PACCMOTPEHHBIX aJTOPUTMOB,
TECTUPOBAHNE MHOTONIOTOYHBIX pealu3aliil U ONTUMHU3ALMS IPOU3BOAUTEIBHOCTH.

[Ipu camocTosTenbHONH paboTe CTyA€HTaM HEOOXOAMMO H3ydaTh PEKOMEHJOBAHHYIO
nuTeparypy (y4eOHHKH, cTaTby, ToKymMeHTaIuto oubnunorexk u SDK) nmst riry0oKoT0 MOHUMaHUS
TEOPETUYECKUX OCHOB MapajuIeIbHOTO NPOrpaMMHUPOBAHUS M COBPEMEHHBIX IOJXOJOB K
ONTUMM3ALIMM BBIYMCICHUI. BBINONHSS TNpOEKTHbIE 3aJaHMsl, CTYIEHT JOJKEH YMETh:
(dbopMynupoBaTh 3ajJa4dy NapajulebHbIX BBIUKUCICHHM; MOAOMpaTh U MOArOTaBIMBATH JAHHBIE;
BBIOMpATh U PEaIn30BbIBATH MOAXOALINE METO bl pacrapalieNuBanus U ontumuszanuu Ha CPU
nu GPU; ouenuBarb 3(Q(EeKTUBHOCT, U TNPOU3BOJAUTENBHOCTh PEUICHUMH € MOMOIIbIO
COOTBETCTBYIOIIUX MHCTPYMEHTOB U MeTpUK. Oco00e BHHUMaHHE yHeIseTcsl HaBbIKaM OTJIAJIKH,
MpOQUINPOBAHUS U ONITUMHU3ALINN KOJA.

Baxknelmum KOMIIOHEHTOM Kypca SIBJISIETCSl CaMOCTOSITeNbHAs POEeKTHas paboTa, B X01e
KOTOpPO#l CTYAEHT pa3pabaTbIBaeT 3aBEpUIEHHOE MPOrPAMMHOE DPEIIEHUE C HCIOJb30BaHHUEM
MHOTOIIOTOYHOCTH, BekTopr3annu 1 GPU-Beruncienunit (Hanpumep, yCKOpEHHOE CyMMHUPOBaHHE
OOJBIIMX MACCUBOB, MapajliesibHas COPTUPOBKA WM BBIYMCIUTENIbHAS 3ajadya ¢ MaTpULAMM).
Takolf MpoeKT Mo3BOJSAET 3aKPENUTh HABBIKM MPOEKTUPOBAHUS U PEaTU3allMd KOMIUIEKCHBIX
pewennit Ha CPU u GPU, a Takke OlleHuBaTh UX MPOU3BOAUTEIHHOCTb.

JUIs  CTyOEHTOB C OIPAaHUMYEHHBIMH BO3MOXHOCTSMM 370POBbS NPEIyCMOTPEHbI
JONOJIHUTEIbHBIE MHAMBUYaIbHbIE KOHCYJIbTAllMM, HAa KOTOPBIX IPENOJaBaTeNlb pPa3bsCHSIET
CIIO)KHBIE ACIEKThl JUCLUIUIMHBI, IIOMOTaeT aJalTUpPOBaTh 3aJaHus U 00ecrnedynBaeT
CHeLMaIbHbIE YCIOBUS sl OCBOEHHS IMPAKTHMYECKUX HABBIKOB PabOThl ¢ MHOTONOTOYHBIMH,
BeKTOpHbIMU U GPU-BpruncnenusiMu. VHAMBUYaIbHBIM MOAX0[ MO3BOJISET TAKUM CTYIEHTaM
IIOJIHOLIEHHO Y4acTBOBATh B y4€OHOM MPOLIECCE U IOCTUTaTh TPEOYEMBIX pe3yJIbTaTOB 00y4YEHUsI.

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 pacHpeieseHUsIM U MOBEJICHUIO.

Keiicol oT «<ABAJIAB» ucnosib3yemblie B IUCHMILIMHE

AHaym3 oOpamennii kineHToB 1 CRM-nepenncku
Onucanue:

B cny:x6e KIMEeHTCKOTo cepBrca 3aCTPONIIMKA €XKEHEBHO 00pabaThIBAIOTCS IECATKI
oOpamienuii (e-mail, 3BOHKH, MecceHKepbl). Tpedyercst peann30BaTh CUCTEMY CEMAaHTHUECKOTO
a”anu3a 1 kinaccudukanuu NLU: BBIABIATH CyTh 0OpalieHUid, ypOBEHb YIOBIETBOPEHHOCTH,
OTCIIEXKUBATh TOBTOPSIOLIUECS 3aIIPOCHL.



7. Marepua/ibHO-TeXHHUYECKOe o0ecnevyeHne no JUCuMIInHe (MoayJii0)

Bupryansasie mamunabl, inactep Managed Kubernetes m pecypcst GPU B obmake

IperocTaBisieTcs nHAYCTpuanbHbIM napTaepoM [TAO «CoOepbank»:

[Ipumeuanue: Konkperuzanus ayauropuii u ux ocHamienue onpenensercs OITOIL.

Kon-Bo
No IIponyxr ITapamerpsl npoaykra Kon-Bo KoHGUTypawuii En. uzm.
Bupryansaas ~ Buptyansnas mammna 10% vCPU 2
! vammna  VCPU 4 RAM 1 60 i
OC Ubuntu 22.04 1 I
CucreMmubii guck SSD 1 It
10 o
Apennma myonuaaoro IP 1 LT
B S Bupryanpraas mammna ¢ GPU
oy NVIDIA® Tesla® V100 2 GPU 8 1 1 Tl
vCPU 128 'b RAM
OC Ubuntu 24.04 1 T
Cucremusbiil quck SSD 1 T
2000 o
Huck SSD 1 LT
4096 o
Huck SSD 1 LT
4096 o
Apenna nyonuanaoro [P 1 T
No Bu paGor HaumenoBanue yueOHOW ayJMTOPHH, €€ OCHAIICHHOCTh
000py/IOBaHUEM M TEXHHUECKUMHU CPEICTBAMU O0YUCHUS
1 JIeKIIMOHHBIC 3aHSITUS AynuTopusi, YKOMIUIEKTOBAHHAS CIICIMATIM3UPOBAHHON MeOENbio U
TEXHUYECKHMU CPEICTBAMH O0YYCHUS
2 JlabopaTopHble 3aHATHUS AyauTopusi, YKOMIUIEKTOBAHHAS CIICIMATM3UPOBAHHON MeOENblo U
TEXHUYECKHMU CPEJICTBAMHU 00YUIEHUS, KOMITBIOTEPAMH, TPOCKTOPOM,
MPOrpaMMHBIM 00ECIIEYCHHEM
3 [IpakTudeckue 3aHATHSL AynuTopusi, YKOMILIEKTOBaHHAS CIIEIUAIM3UPOBAHHON MEOENbI0 U
TEXHUYECKHMH CPEIICTBAMHU O0y4EHUS




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)

