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1. I{esiu OCBOECHUSA TMCHUTNIUHBI

LensmMu mpenogaBaHusl AUCUUIUIMHBL «CyIEepKOMIIBIOTEPHBIE TEXHOJOTMH M OCHOBBI
UCKYCCTBEHHOI'O MHTEIJICKTa SIBJISAIOTCA:

- 3HAKOMCTBO CIIyIIaTesleil ¢ TEeOPETUYECKUMH OCHOBAMU M COBPEMEHHBIMHU MPOrPaMMHO-
anmnapaTHbIMM CPEJCTBAMU JJIS PEIIEHUS MPUKIAJHBIX 33]a4 B CJISAYIOIIUX 00JacTaX:

1. Knaccuueckue  BbicokompousBoautenbHbie  Bbluucienuss (HPC) wa
MaTeMaTHYeCKOro MOJICIMPOBAHUS, KOMOMHATOPUKHU U CTATUCTUYECKUX METOJIOB

2. MammnHHOe O0y4eHUs C TNPWIOKEHHSIMH B 00JAaCTH MAIIMHHOTO 3peHUs, 00paboTKu
€CTECTBEHHBIX SA3bIKOB, 33]ja4 OMOMH(DOPMATUKU

3. BBeneHue B HCKYCCTBEHHBIH MHTEIUIEKT M B3aMMO/ICHCTBHE WHTEIUIEKTYaJIbHBIX areHTOB

npuMepax

2. MecTo TMCHUILIMHBI B CTPYKTYpe 00pa30BaTe/ibHOI MPOrpaMMbl

JlaHHasi TUCUUIUIMHA OTHOCHTCS K 4YacTH 0Opa3oBaTeiIbHOM mporpammbl, (GopMUpYyeMOii
y4acTHUKaMU 00pa30BaTeNIbHbIX OTHOLIEHUH.
3. Illlannpyemble pe3yJbTaThbl 00y4YeHHUs] MO JUCHHUILINHE, COOTHECEHHbIE ¢ IUIAHNUPYeMbIMH

pe3y/IbTaTaMH 0CBOCHHS 00pa30BaTEJbHON MPOrpaMMBbI

[Iporniecc n3yueHus AUCHUIUIMHBI HAMIpaBjieH Ha (OPMHUPOBAHUE CICAYIOIIUX KOMIIETEHIIUN
B cootBeTcTBUU ¢ ®I'OC BO, OOII BO u nmpuobpereHus cleayonmx 3HaHUi, yMEHUN, HABBIKOB U

(unm) onbITa AESITENBHOCTHU:

dopmupyemas
KOMIIeTeH LU
(xoa u popMyaMpoBKa)

Nuaukarop nocTukeHust
KOMIEeTeHLHH
(ko u popMyJIMpPOBKA)

Ilepeyennb
IJIAHUPYEMBbIX Pe3y/IbTaTOB 00y4eHus

ITpodeccnonaibHbIe KOMIIETEHIIUU

IIK-3

CriocoOeH Kk pa3paboTke
Y IPUMEHEHHUIO
AITOPUTMHUUYECKUX U
MPOTrPaMMHBIX PELICHUIN
B 00J7aCTH CHCTEMHOTO U
MIPUKJIATHOTO
MPOTrPaMMHOTO
obecneyeHus

H-IIK-3.1

OO6nagaer ycTONYNBEIMU
3HAaHUSAMH B 00J1aCTH
pa3pabOTKH aJITOPUTMOB U

3HaTh:

- AQPXUTEKTYPY KJIACTEPHBIX BHIYMCIUTEIBHBIX
CHCTEM H apXHTEKTYPY COMPOIIECCOPOB IS
3a]]a4 MallMHHOTO 00Y4YeHUs

MPOTrpaMMHUPOBAHHUS - METOJIbI pelleHHs 33/]a4 MATEMATHYECKOTO
MOI[eJ'II/IpOBaHI/ISI U MAIIUHHOT O O6y‘-IeHI/I$I Ha
COBpeMeHHBIX BBIYHUCIINTCIIBHBIX HJ'IaT(bOpMaX
HU-MIK-3.2 BiageTrs HaBBLIKAMM:

HmeeT HaBBIKH Pa3pabOTKH
1 peau3aliiy arOpuTMOB
B 00JIaCTH CUCTEMHOI'O U
MPHUKJIAJHOTO
IIPOIPaMMHOI0
obecrieyeHust

- pa3pabOTKH IPOrPaMMHOTO 00eCTICUeHHUS
JUIS 33]ja4 MaTeMaTHueCKOTr0 MOAETHPOBAHUS
Y MalIMHHOTO O0Y4eHHUsI

HU-1IK-3.3

Oo0iagaeTr cmocoOHOCTBLIO
KPUTHIECKOTO aHAIU3a 1
COBepIHeHCTBOBaHI/ISI
pa3pabaThIBaEMbIX
AJITOPUTMOB U IIPOrpaMM

YMmers:

- OLICHUBATh IPUMEHUMOCTH BBIYNCIUTEIBHBIX
w1aThopM IS TPUKITAHBIX 32139

- BBIOMpATH PPEKTHUBHBIC ANTOPUTMBI H/UITH
ux OMONMMOTEUHBIE PeaNn3aliy IS PEIICHUS
MIPHUKIIAIHBIX 3a]1a49

- TECTUPOBATh MOJTYYCHHBII MPOIYKT,
HaXOJUTh OIIMOKH U UCHPABIISATh HX




4. O0beM, CTPYKTYpa U coepsKaHue TUCHUIIINHBI

OO01mmas Tpy10eMKOCTh TUCIUIUIMHBI COCTaBIseT 3 3a4eTHbIe enuuulibl, 108 akaa. gacos.

Ne Tembl (pa3aeibl) Bunsbl yueOHbIX 3aHATHI, DopMBbI TEKYLIEro
n/n AUCHUTLIMHBI, BKJIIOYASl CAMOCTOSITEIbHYIO KOHTPOJISI yClIeBaeMOCTH
HX coJep:KaHue padoTy CTy1eHTOB,
H X TPYA0EMKOCTh ®opma NPOMeEKYTOYHOM
(B akaJjeMHYeCKHX Yacax) aTTecTaluu
KonTakTHas padora (no cemecmpam)
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Baganus nms
1 |BBoaHas nekuus 7 4 6 1 4 & A .
CaMOCTOSITETILHON paboTHI
Bricokonpon3BoauTENbHBIE
2 }fm A 7 | 12| 18 3 4 [MpaxTHueckoe 3axamue 1
Baganus ams
3 |MamunaHOE 00y4YeHHE 7 8 | 12 3 4 A A .
CaMOCTOSITETILHON paboThI
4 |McKycCTBEHHBIH MHTEIUICKT 7 8 12 3 4 [[IpakTHueckoe 3amaHue 2
0.3 | 1.7 |3a4er
NUTOro 32 | 48 10 | 0.3 |17.7

Conep:kaHue pa3aesioB TUCHUILUIHHBI:

Tema 1. BBognas jexkuus

1.1. OG30p Kypca u ero Motuaius. PaboTa ¢ BHIUMCIUTENBHBIM KiIacTepoM. BBeneHue B
Python notebooks / JupyterLab

1.2. Knaccuueckue BBICOKONPOU3BOJUTENbHbIE BBIUMCIEHUS. MalIMHHOE O0O0yueHHe.
['my6okoe oOyuenue. CypporaTHbie MojieNn - cuHTe3 kiaccuueckoro HPC u MmammuHOTO 00yUueHus.
Tema 2. BbICOKONIPOU3BOAUTEIbHBIC BHIYHCICHHUS

2.1. CoBpeMeHHBIE apXUTEKTyphl M MPOTrpaMMHbIE MOJAENU (MHOTOSJIEPHOCTb, gpgpu,
KJactepsl, - openmp, cuda, mpi), high performance vs high throughput/availability. OpenMP u
napaieNiu3M IUKIOB

2.2. Mapannenusm 3ajad, BUJbl U OTPaHUYEHUS

2.3. Knaccuueckue 3amaun HPC: muddepennmanbubie ypaBHEHHS - MaTE€MaTUYECKOE
MoJienupoBaHue. Pemenne ypaBHeHHs TEIIONPOBOAHOCTH.

2.4. Knaccuueckue 3anaun HPC: xomOuHaropuka, rpagpl — peHaepuHr. JluHamudeckuii
napanjenu3M AJs 1epEeBbEB

2.5. MPI u xpynnozepuuctbiii mapamnenusm. CUDA u nuneitHas anreOpa. Beictpoe
npeoOpa3oBanue Dypre

2.6 Kmaccnueckue 3amaun HPC: MonTte-Kapio - craructuueckue metozsl. [lapamiensHbie
reHepaTophl CITy4alHBIX YUCET
Tema 3. MamnHHoe 00yueHue

3.1. ®opmanibHas MOJIeNIb 00Y4YeHUs, paBHOMEpHas cXoauMocTb. O0630p hpeiMBOPKOB ISt
MAaIIMHHOTO 00y4YeHUs / HICKyCCTBEHHOTO MHTEJUIEKTA.

3.2. JluneiiHble mNpenuKTOphl. JlMiaeMMa CMeNIeHUsA-CIOKHOCTH. VC-pa3MepHOCTb.
OpetimBopku anst ML/AIL: Tensorflow, PyTorch



3.3. Byctunr. Meton onopHbIx BeKTopoB. Knactepuzanus
3.4. Pacnio3HaBaHue peyu. 3aa4u T€OJOTHUHU U CEHCMOJIOTHH.
Tema 4. UckycCTBeHHBIN HHTE/IEKT
4.1. Hetipocern. [TonHOCBSI3HBIC U peKyppeHTHBIEC cloM. OOpabOTKa €CTECTBEHHBIX SI3BIKOB.
4.2. CBepTOouHbIE HEMpOCETH. 3aJaul MALLIMHHOIO 3pEHUS, IETEKLUs, TPEKUHT .
4.3. I'eHepaTUBHO-COCTS3aTEIbHbBIC CETH.
4.4. MeTpuKHU KauecTBa JETEKTOPOB U KJIaCCHU(PUKATOPOB.

5. Odpa3oBaTe/ibHbIe TEXHOJIOTHM, B TOM YHCJIe TEXHOJOIMH 3JEKTPOHHOI0 O0y4YeHUs] M
AUCTAHIMOHHBIE 00pa30BaTe/IbHbIE TEXHOJOTHH, WCHOJb3yeMble NPH OCYIIEeCTBICHUH
00pa3oBaTeIbLHOIO MpoIecca Mo TUCIUNIUHE

B nponecce 00ydeHns UCIONB3YIOTCS Celyrolue 00pa3oBaTeIbHbIE TEXHOIOIHHU:

BBogHas nekuust — 1aeT nepBoe LEJ0CTHOE MPEACTABIECHUE O IUCLUIIIIMHE U OPUEHTUPYET
CTYAEHTa B CHCTEME HM3y4YeHMs NaHHOM AUCUUIUIMHBL. CTYyIEHTbl 3HAKOMATCS C Ha3HAuYE€HUEM U
3aJa4aMi Kypca, €ro poJibl0 U MECTOM B CUCTEME YUEOHBIX TUCHUIUIMH U B CHCTEME TIOATOTOBKHU B
nenoM. Jlaercst kpaTkuil 0030p Kypca, UCTOPHs pa3BUTHs HAyKU U NPAKTUKH, TOCTUIXKEHUS B 3TOU
cdepe, UMEHA M3BECTHBIX YUYEHBIX, M3J1araroTcsl EpPCIEKTUBHBIE HAlpaBiIeHUs uccienoBaHuid. Ha
9TOM JIEKIIMM BBICKA3bIBAIOTCSI METOIMYECKHE M OPraHU3alMOHHbIE 0COOEHHOCTU padOThI B paMKax
JTAHHOW TMCLUIUIMHBL, @ TAK)KE AAETCS aHAJIN3 PEKOMEHIyeMON Y4eOHO-METOANYECKOM JIUTEPATYypPHI.

Axanemuyeckas JEKIUs C 3JIEMEHTaMH JIeKIUU-0ece/lbl — MOCIe0BaTeIbHOE U3JI0KEHUE
MaTepuaia, OCYIIECTBIIIEMOE IMPEUMYILIECTBEHHO B BUIE MOHOJIOra MPEnoJaBaTes. DJIEMEHTHI
JeKIMUu-6eceibl 00ecreurBal0T KOHTAKT MPeroiaBaTelis C ayAMTOPUE, 4To T03BOJISIET IPUBJIEKaTh
BHUMAaHHE CTYAICHTOB K HanOoJee Ba)KHBIM TeMaM JUCIUILINHBI, aKTHBHO BOBJICKATh UX B YYCOHBIN
polecc, KOHTPOJIMPOBATh TEMIT U3JI0KEHHsI Yy4eOHOro MaTepuasia B 3aBUCUMOCTH OT YPOBHS €ro
BOCHIPUSATHS.

[IpakTHyeckoe 3aHATHE — 3aHATHE, IIOCBAIIEHHOE OCBOSHUIO KOHKPETHBIX YMEHHM 1 HABBIKOB
10 3aKPEIICHUIO NIOJyYEHHBIX Ha JIEKLIUU 3HaHUH.

KoHncynbrammmu — BHJ y4yeOHBIX 3aHATUH, SBISAIOLIMICS OAHOM U3 (OpM KOHTPOISA
CaMOCTOSITENbHOM paboThI cTyAeHTOB. Ha KOHCYNIbTalMsX 110 IPOChOE CTYIEHTOB PacCMaTPUBAIOTCS
HaunOoJiee CI0KHbIE MOMEHTHI IIPU OCBOCHUH MaTepHajia JUCLUILUIMHBI, IPENoiaBaTeslb OTBEYAET Ha
BOIPOCHI CTYJI€HTOB, KOTOPbIE BOZHUKAIOT Y HUX B IIPOLIECCE CAMOCTOATEIbHOU PabOTHI.

6. IlepeyeHb JIMUIEH3HOHHOTO0 W (WJIM) CBOOOJHO PACHPOCTPAHSEMOro IPOrPaAMMHOIO
o0ecrneyeHusi, MCHOJIL3YeMOI0 IPH OCYHIECTBJICHHHM 00pa30BaTEIbHOIO Ipouecca Mo
AUCHUIINHE

B mponecce OCYICCTBIICHUA 06p2130BaTCJ'IBHOI‘O nponecca mo JUCHUILIMHE UCTIOJIb3YHOTCA:

JJIA (bOpMI/IpOBaHI/ISI M’clTepI/IaJ'IOB JJIA TeKyHICFO KOHTpOJ’ISI yCHeBaeMOCTI/I nu HpOBGJleHI/Iﬂ
HpOMG)K}’TO‘-IHOfI aTTeCTalluu, AJist (bOpMHpOBaHHH METOANYCCKUX MATCPHUAJIOB IIO JUCHUIIIINHE!

- nporpammbl Microsoft Office;

- u3garenbckas cuctema LaTex;

- Adobe Acrobat Reader;

- Nvidia CUDA, Nvidia cuDNN;

- OpenMP, OpenMPI,

- Python, NumPy, SciPy, Pandas, OpenCV, PyTorch;

- YOLOVS.



7. IlepeyeHb cOBpeMEeHHBIX NPO(eCcCHOHATBHBIX 023 JAHHBIX U HH(OPMALMOHHBIX CIIPaBOY-
HBIX CHCTEM, MCIOJIb3yeMbIX MPH OCYLIEeCTBJIEHUH 00pa30BaTeIbHOr0 mpoiecca 1Mo AUCIHU-
IJIMHe (MpY He0OXO0AUMOCTH)

B npornecce ocymecTBieHus 00pa30BaTEIFHOTO MPOIiecca Mo AUCHUIIIMHE HCIOIb3YIOTCS:

- ABroMartm3upoBaHHas OuOmuoreyno-uHpopmarmonHas cuctema «BYKU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

- DnekTpoHHO-0nOMoTedHas cucrema «lOpaiit» https://urait.ru

- DiekTpoHHO-0nbInoTeuHas cucrema «Jlaue» http://e.lanbook.com/

- DnekTpoHHO-O0nbmnoTeunas cucrema «Koncynprant CTyaeHTay:
https://www.studentlibrary.ru/

8. IlepeyeHb OCHOBHOIi M IOMOJIHUTEIbHON Y4eOHOM JTUTEPATYPHI, pecypcoB HH(POPMAIITHOHHO-
TeJIEKOMMYHUKAIIUOHHON ceTH «UHTepHeT» (MPM HEOOXOAMMOCTH), PEKOMEHIYeMbIX sl
OCBOEHHUS TUCHUILINHBI

a) OCHOBHAasl JIUTEpaTypa
1. bopeckos, A. B. OcnoBsl paboTsl ¢ Texnonorueit CUDA / bopeckoB A. B. , Xapnamos A.
A. -Mocksa : JIMK IIpecc, 2010. - 232 c. - ISBN 978-5-94074-578-5. - TekcT : 21eKTpOHHBII
/! 9BbC "KoHcynbTaHT cTyneHTa" : [caiiT]. - URL
https://www.studentlibrary.ru/book/ISBN9785940745785.html
2. loycon M. IIporpammupyem Ha Python. / M. Jloycon; [mep. ¢ auri. B. [Topunkoro] - CI16.:
[Tutep, 2016. - 414 c.

0) 1OMOJIHUTEIBbHASA JIUTEPATypa
1. KopmynoB [I.A., YepnoBa H.M. COopHUK 3ama4 W yNpakHEHHH 1O MaTeMaTHYeCKOU
craTuctuke. YueoHoe nmocooue. — HoBocubupck: Hor I'Y, 2004.
2. Shai Shalev-Shwartz and Shai Ben-David Understanding Machine Learning: From Theory
to Algorithms. Cambridge University press, 2014
https://www.cs.huji.ac.il/w~shais/UnderstandingMachineL earning/understanding-machine-
learning-theory-algorithms.pdf
3. W. B. I'anpiruna, JI. B. Taneiruaa OCHOBBI HCKYCCTBEHHOTO MHTEIIEKTa. JIabopaTopHBIii
npaktukyM — Cankr-IlerepOypr: Jlans, 2022. https://reader.lanbook.com/book/261143

B) pecypcbl cetu «MHTEepHeT» (MPH HEOOXOAUMOCTH)
1. MIT 6.5191 Introduction to Deep Learning http://introtodeeplearning.com/
2. PyTorch https://pytorch.org/
3. YOLOVS https://github.com/ultralytics/yolov5

9. MaTepl/IaJII)HO-TeXHl/I‘{eCKaH 6333, HeoOXoauMas I OCYyIECTBJICHUSA 06pa30BaTean0r0
nmpoumecca nmo 1MCumMIinHe

MartepuanbHO-TeXHUYECKass 0a3za, HeoOXxoauMmas ISl OCYIIECTBIEHHUS 00pa30BaTEIbHOTO
mpoliecca 1o AUCIUTUIMHE BKIIIOYAeT B CBOM COCTaB CIIelUaTbHBIC TTIOMEIICHHS:

- y‘-Ie6HBIe AYJUTOPUH IJIA IPOBCACHUS 3aHSATHU JICKIIMOHHOI'O THIIA,

- KOMITBIOTEPHBIE KJIACCHI JUIS TPOBEICHUS IPAKTHUECKUX 3aHATHI (CEMUHAPOB);

- yueOHbIE ayIUTOPUH AJIsi IPOBEAECHUS TPYIIOBBIX M UHAUBUYaTbHBIX KOHCYJIbTALIUN;

- yueOHBIC ayTUTOPUU TS POBEACHUS TEKYILIET0 KOHTPOJIS U IPOMEKYTOUHOM aTTeCTAIlHH;

- IIOMEIIEHUS JIJISl CAMOCTOATEILHON pabOTHI;

- TIOMEIICHUS ISl XpaHEHUS U NMPOPUIAKTHYECKOTO 00CTY)KUBAHUSI TEXHUUECKUX CPENICTB

oOyJeHwus.


http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php
https://urait.ru/
http://e.lanbook.com/
https://www.studentlibrary.ru/
https://www.studentlibrary.ru/book/ISBN9785940745785.html
https://www.cs.huji.ac.il/w~shais/UnderstandingMachineLearning/understanding-machine-learning-theory-algorithms.pdf
https://www.cs.huji.ac.il/w~shais/UnderstandingMachineLearning/understanding-machine-learning-theory-algorithms.pdf
https://reader.lanbook.com/book/261143
http://introtodeeplearning.com/

- BBIYUCIUTENbHBINA Kiactep Spl'Y ¢ mporpaMMHBIM oOecriedeHueM Ui MapajliebHBIX

BBIUMCIICHUH U MAllMHHOTO 00Y4EHUsI.

CrenanpHple TIOMEIIEHUS YKOMIUIEKTOBAHBI CPEICTBAMHM OOYYEHUS, CIYXKALUMH IS
npecTaBieHus yueOHoM nHpopManuy 60JIbLION ayAUTOPHUH.

[Tomerienust Al CaMOCTOSTENBHOW pPabOThl OOYYAIOUIMXCS OCHAIIEHBI KOMITBIOTEPHOMN
TEXHUKOM C BO3MOYKHOCTBIO MOAKIIOUEHH K ceTH «VHTepHeT» M oOecreyeHHeM JocTyna K
AIIEKTPOHHOM HMH(pOpMaIoHHO-00pa3oBaTensHOU cpese SAplY.

ABTOp(BI):

HAYYHBIH COTPYIHHK, K.(.-M.H, I'nbizun J1.C.



IIpunoxkenne Ne 1 k paGoueii mporpaMme M CUMIIIMHBI
«CynepkoMNbIOTEPHbIE TEXHOJIOTHH H OCHOBBI HCKYCCTBEHHOI0 MHTE/JIEKTa»

DoH/1 OLIECHOYHBIX CPEACTB
JJIsl IPOBe/IeHUS TEKYLIero KOHTPOJISA yCIeBaeMOCTH
U MIPOMEKYTOYHOM aTTeCTAIMHN CTYAE€HTOB
N0 TUCHUILIUHE

1. TunoBbIe KOHTPOJIbHBIE 32/JaHUSI U HHbIE€ MATEPHUAJIBI,
HCIOJIb3yeMble B MPoliecce TEKYIero KOHTPOJIs YCIeBaeMOCTH

3aganus AJ151 CAaMOCTOATEILHO padoThl (MpenoxaBareieM He IPOBEPSIOTCSH)

1. ITo Teme «BBenenue»

1. HaiiTu oueHKYy MaKCHUMaJbHOTO TMPaBIONOAOOMS mMapamMeTpa b paBHOMEPHOTO
pacnpenenenus Ha otpeske [0,b]

2. HaifTu oOLeHKYy MaKCHUMaJbHOTO TNpaBaomojoOusi mapamerpa b>(0 paBHOMEPHOIO
pacmpezesnenus Ha otpeske [-b,0]

3. Haiitu omneHKy MakcHMaJbHOrO MpaBaoNoAoOus mnapamerpa b>0 paBHOMEpPHOTO
pacrpeziesieHus Ha oTpeske [-b,b]

4. HaifTu oOLEHKY MaKCHUMaJbHOTO mpaBaonogodus mapamerpa b>0 paBHOMEPHOTO
pacmpenenenus Ha orpeske [b,b+2]

5. HaiiTu omeHKYy MaKkCHMalbHOTO TMpaBaonoaoous mnapamerpa b>0 paBHOMEpPHOTrO
pacnpeneieHus Ha otpe3ke [b,2b]

6. Ilyctp X1, ... Xn — BBIOOpKA M3 paBHOMEPHOTO pactpeneieHus Ha oTpeske [0,b]. C
IIOMOUIbIO CTAaTUCTUKM X(n) IOCTPOWTE TOYHBIM JOBEPUTENBHBIM HMHTEpPBaJ YPOBHA 1-e aius
napameTtpa b.

2. ITo Teme «MammmHHOE 00y4YeHH e

PaccmoTpuM KkitaccuukaTopsl, Bo3Bparmaroiie 0 s BCeX TOYEK BHYTPH MPSIMOTYIBHOM
00JacTH CO CTOPOHAMH, NAPaJUICIbHBIMH OCSIM KOOpAMHAT. [IpeInonokuM Takke, YTO BBIIOIHEHO
YCJIOBHE PEan3yeMOCTH.

1. TTokakuTe, YTO AATOPUTM, BO3BPAIIAOIINI MUHUMATBHBII IPSIMOYTOJIbHUK, COACPKAIINIL
TIO3UTHUBHBIC METKH U3 00yJaroIieil BEIOOPKH, MUHUMU3HUPYET IMITUPHICCKUI PUCK.

2. IMokaxure, 4TO eciau pa3Mep oOydaromniell BEIOOpKU Ooutbiiie win paBeH 4 log (4/ \delta) /
\epsilon

TO C BEPOSTHOCTHIO MO MeHbIIel Mepe l-\delta 3TOT anropuT™ BO3BpalllaeT THIIOTE3Y C
omubKoii He O6oee \epsilon

3. PacmipocTpaHuTe pe3ynbTaT U3 1.2 Ha MpocTpaHcTBo RY.

4. TTokaxuTe, 94TO TPYAOEMKOCTh JaHHOTO aJrOPUTMa MOJMHOMHUATIBHA M0 pa3MepHOCTH d,
no 1/ \epsilon, a Taxxe o log(1/ \delta).

IIpakTnueckoe 3aganue 1 (mo Teme «BpICOKONPON3BOAUTENIbHBIC BHIYHCICHUSD))

Baprnanr 1. Pemmre umcieHHo ¢ mnpuMmeHeHwem TexHoimormn OpenMP  ypaBHeHume
TEIUIONPOBOAHOCTH B KBAJAPATHOM 00J1ACTH C 3aJaHHBIMU IPAHUYHBIMU YCIOBUSMHU.

Baprnanr 2. Pemmrte uncineHHO ¢ npumeHeHuneM TexHojornn MPI YpaBHEHHUE
TEIUIONPOBOAHOCTH B KBAJAPATHOM 00J1aCTH C 3aJaHHBIMU TPAHUYHBIMU YCIOBUSMHU.

Bapuant 3. Pemmte uuncinenHo c¢ mnpumeneHueM TexHoiorun CUDA — ypaBHeHue
TEIUIONPOBOAHOCTH B KBAJAPATHOM 00JaCTH C 3a/JaHHBIMHU IPAHUYHBIMU YCIOBUSMHU.

IIpakTnyeckoe 3aganue 2 (mo teme «cKycCTBeHHBIN HHTEJICKT»)



BbiOpaB OaMH M3 OTKPBITBIX HAOOPOB MAHHBIX Ui TPEHUPOBKHM MAIIMHHOTO 3pPEHHS
(https://public.roboflow.com/)  mpomseemute  TpenupoBky B  cepBuce Google Colab
(https://colab.research.google.com) netipocern YOLOVS5s (https://github.com/ultralytics/yolov5)

[Ipoananu3upyiiTe MNOJy4YEHHBIE PE3YJAbTaThl C TOYKM 3pEHUS KayecTBa JETEKUUH U
KJIaCCH(PUKAIUH.

2. Cnmcok BONPOCOB U (MJIH) 33 aHU /1JIs1 MPOBeIeHUs MPOMEKYTOUHOM aTTecTaAluu

Crnucok BOIIPOCOB K 3aueTy (IpoBeleHHE 3aueTa MOApa3yMeBaeT HalU4ue y CTYJEHTa
pa3paboTaHHBIX IPOTrPAMM Ul IPAKTUYECKUX 3aJaHuil 1 u 2):

I10 MPAKTUYECKOMY 3aJaHHI0 1:

1. O0BsacHUTE BBIOOP LMKJIA AJIS paclapauIeIMBaHus B PEIIEHUH 3aa4l MaTeMaTHYECKOIro
MOJEIINPOBAHUS

2. V3meHuTe HampaBieHME pacnapajuienuBaHus (M0 CTpOKaM MJIM MO CTosi0IaMm) pacuera
MaTpHULbI COCTOSHUSA

3. 3MeHHnTe pacoyioKeHUe IPaHUYHOIO YCIOBHS B IPOrpaMme

4. TlpounTepnpeTUpyITE pe3yabTaThl YCKOPEHHUs pabO0ThHI MapaiyIeIbHONU MPOTrpaMMBbl

I10 MMPAKTUYECKOMY 3aJaHUIO 2:

5. IlpouHTEeprIpeTUPYITE KPUBYIO precision B pe3ysibTaTax 00y4eHUs HeUPOCETH

6. Ilpounrepnperupyiite kpuByto recall B pesynpraTax o0ydeHus HelipoceTH

7. llpounTtepnperupyiite KpuByto mAP B pe3ynbTatax 00yueHus HelpoceTn

8. O0bsicHuTE pazianuus KpuBbIX MAP 1751 oOydaroleil u BaJlnaalilnOHHOM BEIOOPOK.


https://public.roboflow.com/
https://colab.research.google.com/
https://github.com/ultralytics/yolov5

IIpuniaoxenne Ne 2 k paGoyeii nporpamMme JMCIHIIJIMHbBI
«CynepkoMINbIOTEPHbIE TEXHOJIOTHH 1 OCHOBBI HCKYCCTBEHHOI'0 HHTEJVIEKTA)

MeToauuyecKue YKa3aHud QJI CTYACHTOB 110 OCBOCHHUIO JTUCIUIIJINHBI

Kypc cocrour w3 unekumii W TpakTUdeckux 3aHsaTHd. Jleknum obecnednBaioT
TEOPETUYECKYIO0 IIOJTrOTOBKY CTYAEHTOB, CO3JAl0T IpPEJICTaBI€HUE O Habope pelaeMbIX
COBPEMEHHBIMH BBIYUCIIUTEIBHBIMU CPEJICTBAMU 33/1a4, O TOM, KaKU€ pe3yJIbTaThl MOI'YT OBITH
chopMyIHpOBaHbl Ha BEPOSITHOCTHOM s3blke cTporo. llpakrtuyeckue 3aHATHS TPeOYIOT OT
CTYACHTOB 0a30BBIX HABBIKOB MPOTPAMMHUPOBAHMS U MPOXOJAT IIyTEM JEMOHCTPALUU PEIICHUS
TUIOBBIX 3aJau cpeiacTBamu sA3blkoB C++ u Python ¢ ncnonb3oBaHMEM COOTBETCTBYROILUX
oubmmotek. Kpaiine Ba)XHOH SBISIETCS caMOCTOsITeNbHas padoTa HaJ MPOrPaMMHBIM KOJIOM U
HapaOOTKa HaBBIKOB CO3/IaHUS BOCHPOM3BOJUMBIX PACUETOB C aHAJIU30M MOJYYEHHBIX
XapaKTEPUCTHK.

Metoanyeckue ykazaHus 1o pa3paboKe MPorpaMMbl IS TapauIeIbHOTO PEHICHHUS 3a/1a41
TEIUIONPOBOAHOCTH (MIpaKkTU4ecKkoe 3ananue 1):

PelieHne nByMepHOro ypaBHEHUS
TENI0NPOBOAHOCTY
¢ ucnonb3osavnem OpenMP

[nbizun Omutpuin Cepreesuny
glyzin@gmail .com
http://parallel.ncycle.org

Apl'Y um. M.I. demuposa

| cemectp 2011/2012 y4ebHoro roga




\/pa BHEHNE TEMJIONPOBOAHOCTN

PaccmoTpum ypaBHeHune

du(x,y,t)  du(x,y,t) N Q?u(x,y, t)

ot Ox? dy? (1)

B kBagpaTe x,y € [0,1], npu t > 0, ¢ rpaHNYHBIMU YCAOBUAMU
u(x,0,t) = u(x,1,t) = u(l,y,t) =0, u(0,y,t) =100, (2)
N HaYaNIbHbIM YC/IOBMEM
ulx,y,t)=0, 0<x<1 0<y<l1. (3)

3apava (1)-(3) sBnsieTcss Mogensio pacnpocTpaHeHus Temnaa no
KBaApaTHOW NNacTUHE, ogHAa CTOPOHA KOTOPOW MOCTOSIHHO
Harpesaetcst go 100 rpagycoB, a oCTasbHble — OXJIAXKAAKOTCS A0
HYNS.

MeTon

Bynem pewats 3apavy (1)-(3) uncnenHo, pa3bus ksagpat
paBHOMepHoOI ceTkoil n3 N Touek No KaXkKAOMYy HanpaeAEHUIO 1
3aMEHsISi MPOM3BOAHbIE HA KOHEYHbIE PA3HOCTM MO 3TOW CETKe.
ObozHauum Ax =1/(N —1), Ay = 1/(N — 1) n cdbukcupyem war
no spemeHn At, Torga

u(x,y,t) u(x,y,t+ At) — u(x,y,t)

or At - @)

0?u(x, y, t) _u(x+Ax,y, t) +u(x — Ax,y, t) — 2u(x,y, t) (5)
Ox?2 N Ax? ’

D?u(x,y, t) _ulx,y+ Ay, t) +u(x,y — Ay, t) = 2u(x, y, t) 6

Oy? -~ Ay? - (6)




MeTopn,

Tenepb BBeAeM 0bo3HauYeHUs ANs y3n0B ceTku: x; = IAX,
yj = jAy, tx = kAt. 3Ha4enune dyHkuun B y3ne 0bosHauMMm
uj j k = u(xi,yj, tk). Kak n3secTHo, npu BbIMOJIHEHUN YCNOBUS

1 1 1
- - < =
(sz + Ay2) At < > (7)

peleHne KOHeYHO-Pa3HOCTHOI annpokcuMaumumn

Uij k1 = Uijk _ Yigljk + Ui-1jk — 2U;J',k+U;'J+1,k + Ujj—1k — 2Uj j k
At Ax? Ay?
(8)

CXOANTCS C N3MesbYeHneM WaroB K pewennto 3agayunm (1)-(3). U3
ypaBHeHUs (8) MOXKHO BbIPa3UTb Uj j k+1 YEPEe3 3HAYEHUS B
npeabIAyLINA MOMEHT BPEMEHU.

MeTopn

Anst Toro, 4TobbI HaliT 3HaYeHune Ujj k+1 MO chopmyne (8) B
TOYKE, OTMEYEHHO CUHUM, NoTpebyeTcs NATb 3HaYeHuli B TOYKaX,
OTMEYEHHbIX KPaCHbIM:

® ® ® ® @ ® L ® @ @ o

¢ @ @ ¢ @ @ ® @ @ ® o
ij—1,k

L ® o ® o o @ ® ® L J o

Ui—1jkUijk Ui+l jk Ui j k4

o o Yol o o o @76 o o
Ui j+1,k

® @ @ @ ® ® @ @ @ @ L 4 ®




[lapannenunsm

[1ns napannensHOro pelleHnsi 3aa4u BOCMOb3yeMCs
nekomnosuuueii obnactu. MycTeb y Hac umeeTcs p NpoLEeccopos,
pa3AenMm NPOCTPAHCTBEHHYKO CETKY MO OAHON U3 KOOpAWHAT Ha p
NPSAIMOYro/bHbIX B/0KOB OAMHAKOBOW BeAn4uHbl. Ha kaxpaoi
WTEpaLMN NO BPEMEHU BblYMCAEHNE 3HAYEHNIA 21eMeHTOB baoka He
3aBUCUT OT 3Ha4YeHnil B apyrux bnokax, 3a UCKAOYEHneM
NOrpaHNYHbIX PsiJoB.

Takum obpasom, ntepauun Kaxxaoro 6J10Ka MOXHO BbINOMHSATL Ha
OTAENLHOM npoLeccope, 0OMEeHNBaAsACH B KOHLIE UTEPALMN C
"cocegammn’ 3HaAYEHUAMMN U3 NOrPAHUYHbIX PSJOB.

[lapannenunsm
Pasgenum obnactb no sepTukanu mexay cronbuamum jo u jo + 1.
HepHbiMu 0603HaYeHbI rPpaHNYHbIE TOYKM, He Tpebytowue

nepecyera, KpacHbIMU N CUHUMKU — TOYKM, obpabaTbiBaemble
NepBbIM 1 BTOPbIM MPOLLECCOPaMMU.

-
Jo Jot+1




[Tapannenunsm

[lononHnm MaTpuubl KaXaoro n3 nNpoLeccopoB hUKTUBHBIMY
cTonbuamu C HY>XKHON CTOPOHbI, N MOC/E KaXKAOW utepauumn bygem
KOMWPOBaTb B HUX KpaliHNii BbIYNCIEHHbI CTONbEL, coceaHero
npotieccopa:

k/— _\
e N e o o
o o o o o o
o o o L
o o o o o o
e o o o o o o o
Jo Jo+1

TpebosaHus K nporpamme

[Mporpamma gomkHa komnuaupoeaTbca nmbo 8 Visual Studio 2008
(Heobxopgumo nprucnaTe NPOEKT LENNKOM), Nrbo C NOMOLLbIO
TDM-GCC (nnu gec B Linux), B 3Tux cayvasix Hy>KHO Npucnatb
make-chaiin.
Beos napameTpos ocyulecteasietca depes caiin 'input.txt’,
Nexalwuii B TO XKe AUPEKTOPUN, HTO UCNONHAEMbI daiin.
Kaxpgas cTpoka cpaiina cogepXxXut no Og4HOMY HNC/Y B CIELAYIOLLEM
NopsiAKe:

@ P, KOINYECTBO HUTENR, HAa KOTOPOE pacnapannesinBaeTcs

Boiuncnerue (1 < p < 4)

® N, KONNYeCTBO TOYEK CETKM NO KaXKLOMY HanpaBieHUIO
© At, war no BpeMeHun

O T, nnvHa NPOMEXYTKA BPEMEHM, HA KOTOPOM PELLIAeTCs
3apava

@ filename, ums daiina ans BbIBOga AAHHbLIX




TpeboBaHust K nporpamme

MapameTpbl gomxHbl yaosnetsopaTts ycnosmio 4(N — 1)2At < 1, B
NPOTMBHOM C/ly4ae nMporpamMma AoJKHa BbIBOAUTbL CoobuyeHune ob
OLWNDOKe 1 OCTAaHABANBATLCS.

Bpems BbluncneHnii Hy>xHO u3mepuThb 1 BbiBecTu B daiin filename

NepBOIi CTPOKOIA, B Ha4Yase KOTOPOI HY>XHO MOCTaBUTb 3HaK ##
(3Hak KoMmMeHTapusi B gnuplot). DTo Bpemsi He AO/KHO Yy4UTLIBATH
BBOJ, UNN BbIBOA.

TpeboBaHusa K nporpamme

BrisoanTe npubnwxenne u( T, x,y) B daiin filename HyxHo B
cooTBeTCTBUM C TpeboBaHusiMM gnuplot Anst xpaHeHMst TPEXMEPHbIX
rpacbukos, T.e. B BUJE:

X0
X0

X0

X1
X1

X1

XN—1

XN—1

XN-1

Yo
n

YN—-1

Yo
1

YN—-1

Yo

n

YN-1

U(T}Xh,yh)
U(TaXO;Jﬁ)

U(Ta X0, J’N—l)

nycTas CTPOKa
U(T1thh)
U(T1thq)

U(T1thw—l)
nycTas CTpoka

u(T,xn-1,Y0)
U(T,XN—1,J/1)

U(TaXNfla_VN—l)




[lonesHble coBeTbl

CpaBHuBaiiTe pe3ynbTaThl, KOTOPbIE BbIBOAUT MpOrpaMma npu
BbIHNCNEHNN B OgHY HUTb C BbIHNCAEHNAMW B HECKOJNTBKO
HUTENR. PeByanaTbl OONXHbI 6b|Tb NOEHTNYHBIMW, 3TO
MPOCTON CNocob NPOBEpUTL KOPPEKTHOCTL PaboTsl
napannenbHOn NporpaMmmel.

Mockonbky napannenusm 3agaqun npu bonblwiom pasmepe
NOCTaTOYHO BbICOK, YCKOPEHUE Ha ABYXSAEPHOM MpPOLECCOpE
npu 3anycke B OAHY W B [BE€ HUTU AO/KHO ObITh 6in3ko Kk 1.5.
JTO XOPOLUNIA NPpU3HAK TOro, 4TO NporpamMma paboraer
achdekTuBHO.

Mpu pabote ¢ maccuBamu n3berainTe NUWHErO KOMMPOBAHNS
bonbwnx obbemoe AaHHbIX. B cnyvae, korga Tpebyetcs
NOMEHSITb MAaCCUBbI PONISIMU, MOXXHO 0DONTUCH 0BMEHOM
yKasaTenen.

Bo nsbexaHue nuiwHnx npoBepok MOXHO cyntath, yto N — 2
AENNTCS Ha P Haueno.




