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1. Ilesm ocBOEHHUS TUCHUILTMHBI
Llenamu npenogaBaHus gucumnanHbl «CynepKoMnblOTEPHbIE TEXHOIOMMU U OCHOBbI

NCKYCCTBEHHOIO MHTENIEKTa» ABNAIOTCA:
3HAaKOMCTOBO CayLlaTenen c TeopeTUYeCcCKMMM OCHOBaMM M COBPEMEHHbIMU NMPOrpPamMmmHO-
annapaTHbIMM CPeACTBaMM ANA peLleHna NPUKAAAHbIX 33434 B cneaylowmx obnacTax:

1. Knaccuueckue BbicokonpoussoanTenbHblie BbiumncneHua (HPC) Ha npumepax
MaTeMaTUUYECKOro MoAeNINPOBaHMA, KOMOUHATOPUKKN N CTaTUCTUYECKMX METOA0B

2. MawunHHoe 0byyeHns ¢ NPUNOKEHNAMM B 061aCTM MALLMHHOIO 3peHnsa, 06paboTku
€CTeCTBEHHbIX A3bIKOB, 33434 6MOMHPOpPMaATUKK

3. BBCI[GHI/IC B HCKYCCTBGHHLIﬁ HUHTCIIJICKT " BSaHMOHeﬁCTBHe HWHTCJUICKTYAJIbHBIX ar€HTOB

2. MecTo TMCHUIIMHBI B CTPYKTYpe 00pa30BaTe/ibHOI MPOrpaMMbl
Hucnunnuna «CynepKoMIbIOTEPHbIE TEXHOJIOTUU U OCHOBBI UICKYCCTBEHHOI'O MHTEIIIICKTa»
OTHOCHUTCS K BapuaTuBHOM yactu bioka 1.

3. Ilnanupyemble pe3yJbTaTbl 00y4eHHs MO AMCHHUILVINHE, COOTHECEHHbIE ¢ IVIAHMPYEMbIMH
pe3yJbTaTaMHU OCBOECHHS 00pa30BaTeIbHOI NPOrpaMMBbl

[Tponecc n3yueHus JUCUUIUIMHBI HAIPaBJIeH Ha (JOpMUPOBAHHE CIEAYIOUINX KOMIIETCHIIUN B
cootBercTBUU ¢ ®PI'OC BO, OOII BO u npuoOpereHus cieayrolux 3HaHui, yMEHUI, HABBIKOB U
(vn) ombITa NEATEITBHOCTH:
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4. O0beM, CTPYKTYpPA U coiepKaHue THCHUTITHHBI

OO0mias TpyA0€MKOCTh AUCIUILUIMHBI COCTABIISIET 3 3aueTHble euHuIlbl, 108 akaj. yacos.

Ne Tembl (pa3aesnbl) Buabl yueOHbIX 3aHATHI, DopMBbI TEKYLIET0
n/n AMCUHILIAHBI, BKJII0YASI CAMOCTOSITE/ILHY IO KOHTPOJIsI yCIIEBAEMOCTH
UX COIepKaHue paGoTy CTY/IEHTOB,
U UX TPYAOEMKOCTH DopmMa NpPOMeKYTOYHOM
o (B akaJjeMHYeCKHX Yacax) aTrrecTaluu
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COI[ep)KaHI/IC pa3aciioB JUCHHUIIIINHBI:

1. BBenenue

1.1. O630p kypca u ero MoTHBalus. PaboTa ¢ BRIYMCIUTENBHBIM KiacTepoM. Beenenue B Python
notebooks / JupyterLab

1.2. Knaccuueckue BBICOKOIIPONU3BOAUTCIIbHBIC BBIUYUCIICHUA. MammnaHoe 06yquI/Ie. FJ'Iy6OK06
obydenue. CypporaTHbie Mojienu - cuHTe3 Kiaccuueckoro HPC u mammuHOr0o oOy4eHus.

2. BbICOKONIPON3BOAUTEIbHbIE BHIYMCICHUS

2.1. CoBpeMeHHBIE apXHTEKTYpPBl U TPOTPaMMHBIE MOJENN (MHOTOSIIEPHOCTD, ZPEPU, KIACTEPHI, -
openmp, cuda, mpi), high performance vs high throughput/availability. OpenMP u napamienusm
ITUKJIOB

2.2. [Napannenusm 3aa4, BUJIbl U OTpaHUYEHHS

2.3. Knaccuueckue 3amaun HPC: muddepennmanbapie ypaBHEHHS - MAaTEMaTHIECKOE
MoJienupoBaHue. Pemenne ypaBHEHHS TEIIONPOBOAHOCTH.

2.4. Knaccuueckue 3agaun HPC: komGunaTopuka, rpasl — peHIepuHr. JJunaMmudeckuit
napaienu3M JJs 1epEeBbeB

2.5. MPI u xpynHo3zepuuctsiii napaenusm. CUDA u nuneiinas anre6pa. beictpoe



npeoOpazoBanue Dypre
2.6 Knaccuueckue 3amaun HPC: MonTte-Kapino - craructuaeckue metonbl. [lapamiensabie
TeHEepaTophl CIyYaHBIX YHCEI

3. MammHHOe 00y4eHue

3.1. ®opmanpHas Mojeiab OOy4YeHHs, paBHOMEpHas cXoauMocTb. O030p (pelMBOPKOB st
MAIIMHHOTO 00y4YeHUs / HICKyCCTBEHHOTO MHTEIIJICKTA.

3.2. JIuneiinpie npeaukTopsl. uneMma cmemeHus-cioxkHocTi. VC-pasmMepHoCcTh. DpeiMBOpPKHU
it ML/AL: Tensorflow, PyTorch

3.3. byctunr. Meton onopHbix BekTopoB. Kiactepuzarus

3.4. Pacno3naBaHue peyu. 3aJa4ul re0JIOTHU U CEHCMOJIOTHH.

4. UcKkyccTBeHHBIH HHTEIEKT

4.1. Hetipocetn. [ToaHOCBsI3HBIEC U peKyppeHTHBIE clion. OO0paboTKa ECTECTBEHHBIX S3BIKOB.
4.2. CepTOouHbIE HEMpOoceTH. 3a/1a4l MATMHHOTO 3pEHUs, I€TEKLUs, TPEKHHT .

4.3. 'eHepaTUBHO-COCTA3ATENIbHBIE CETH.

4.4. MeTpuku KayecTBa JIETEKTOPOB U Ki1accu(pUKaTopoB.

5. O6pa3oBaTejibHbIE TEXHOJOTHMH, B TOM YHCJE TEXHOJOTHH YIEKTPOHHOTO OOyYeHHs] W
JAUCTAHIMOHHBbIE 00pa3oBaTejbHbIE TEXHOJOIMH, HCIOJb3yeMble NPH OCYIIeCTBJIEHHH
00pa30BaTeJILHOIO MPoIecca Mo AHUCIIUIIHHE

B npouecce 00y4eHns HCMOIB3YIOTCA CJeAyHOLIe 00pa3oBaTeIbHbIe TEXHOJIOIHH:
BsoaHana nekuma — aaeT nepsoe L,e/10CTHOe NpeacTaB/ieHne 0 AUCLUMNINHE U

OPMEHTUPYET CTyAEHTa B CUCTEME M3YUYEHUA AaHHOW AMUCUMNANHDBI. CTyAEeHTbl 3HAKOMATCA C
Ha3HauYeHMeM 1 3aZ.a4aMm Kypca, ero Po/iblo U MEeCTOM B CUCTEME YYEBHbIX AUCUMNANH U B
cucTeme NOAroTOBKM B Lie/IoM. [laeTca KpaTKMii 0630p Kypca, UCTOPUS Pa3BUTUA HAYKN U
NPaKTUKKU, OOCTUXKEHNA B 3TOM chepe, MMeHa M3BECTHbIX YYEHbIX, N3/1araloTcA NepcrnekTUBHbIe
HanpasaeHuA uccneaoBaHuin. Ha aToM NeKLUMM BbICKa3blBalOTCA METOANYECKME U
OpraHu3auUnoHHble 0COB6eHHOCTM PaboTbl B pamKax AaHHON ANCLMNANHDI, @ TaKXKe AaeTcs
aHaNM3 pekomMeHAyemol y4ebHO-MeToANYECKOM IUTEPaTYpPbI.

AKaZieMunyecKan nekuma ¢ anemeHTammn nekuun-becegbl — nocnenosBaTebHOE U310-

eHne maTepurana, oCyLLecTBisemoe NpenMyLLecTBEHHO B BUAe MOHO/0ra npenoaasarens.
dnemeHTbl Nekumm-beceabl ob6ecneyunBaloT KOHTAKT NpenoaaBaTens c ayauTopuen, 4to
No3BOAAET NPUBAEKATb BHUMaHNE CTYAEHTOB K Haubonee BarKHbIM TeEMaM ANCLUUNANHBI,

AKTHBHO BOBJICKATh UX B y‘Ie6HLIﬁ ponecc, KOHTPOJIUPOBATH TEMII U3JIOKCHUSA yqe6H0ro
maTtepuana B 3aBUCMMOCTU OT YPOBHA €ro BoCnpunATunA.

MpaKTUYEeCKOoe 3aHATUE — 3aHATME, MOCBALLEHHOE OCBOEHMIO KOHKPETHbIX YMEHUM U
HaBbIKOB MO 3aKPEen/JeHMIO NOYYEHHbIX Ha IEKLMWN 3HAHWUN.

KoHcynbTauum — Bug, y4ebHbIX 3aHATUI, ABAAKOWMINCA 04HOMN 13 POpPM KOHTPOS
camocToaTenbHoOM paboTbl cTyaeHTOB. Ha KOHCybTaumax no npocbbe cTyaeHTOB
paccmaTpuBatoTcAa Hanbosiee CNOXKHbIE MOMEHTbI NPU OCBOEHUW MaTepuana ANCUMMNNHBI,
npenozasaTte/ib OTBEYAET HA BOMPOCHI CTYAEHTOB, KOTOPblE BO3HUKAOT Y HUX B NpoLecce
camocTosATeNbHOM paboTbl.

B npouecce 00yueHust HCNOIb3YIOTCS CileyIONIHe TEXHOJOTUH 3JIEKTPOHHOI0 00y4eHust



M AUCTAHLMOHHbIe 06pa3oBaTe/ibHble TEXHO/I0MUK:
Jupyter Notebooks, JupyterHub, Google Colab

6. IlepeyeHb JMUEH3MOHHOTO W (MJIM) CBOOOJHO PACHPOCTPAHIEMOIr0 IPOrPaAMMHOIO
o0ecreyeHUs1, HCHOJb3YeMOr0 TPH OCYIIeCTBJIEHMH O00pPa30BaTeJILHOr0 IMpoLecca 1o
JUCHUILINHE

Hcnonp3yeTcs cienyroiiee CBOOOIHO pacpoOCTpaHIeMOe MPOrpaMMHOE o0ecTieueHue:

Nvidia CUDA, Nvidia cuDNN, OpenMP, OpenMPI, Python, NumPy, SciPy, Pandas, OpenCV,
PyTorch, YOLOV5

7. IlepeyeHb CcOBpPeMEHHBIX MNPO(PeCCHOHAIBHBIX ©0a3 [JaHHBIX M HH(OPMALMOHHBIX
CIPABOYHBIX CHCTEM, HCHOJb3yeMbIX MPH OCYLIECTBJIEHUN 00Pa30BaTeILHOIO Mpolecca mo
AUCUUIIMHE (TPH HEOOXOAMMOCTH)

[Ipu u3y4eHn TUCUMILIMHBI UCTIOJIb3YIOTCS:

- CIIPaBOYHBIE CUCTEMBI UCIIOIB3YEMbBIX MPOTPAMMHBIX TAKETOB U OMOIMOTEK, TPEIOCTABIIIEMbIE
UX pa3paboTINKaMHU.

- aBTOMaTH3UpoBaHHas OnoaroTeyHo-uHpopmannonHas cucreMa «kbYKNU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk_cat_find.php

8. IlepeyeHb OCHOBHOI1 M 1ONOJIHUTEIbHON YueOHOH JTUTEPaTyPHhl, pecypcoB HH(POPMAIITHOHHO-
TeJIeKOMMYHUKALMOHHOH ceTH «UHTepHeT» (NpHM HEOOXOAUMOCTH), PEKOMEHAYEeMbIX [JIfl
OCBOEHMSI TUCIUIIHHBI

a) OCHOBHAasl JIMTepaTrypa
HapanneabHblie Bbruuciaenns Ha GPU: apxurekTypa 1 nporpavvuas momesns CUDA: yue6.

nocobue misg By30B / [A.B. BopeckoB ¥ Op.]; YMO IO KJaCcCUUYECKOMY YHUB.
obpasoBaHuo; MIY. - M.: MI'y, 2012. - 333 c.

IporpamMmmpyeM Ha Python / M. JoycoH; [mep. ¢ aumy. B.lopuuxkoro]. - CI6.: Iurep,
2016. - 414 c.

0) 10MOJIHUTEIbHAS JIUTepaTypa

. Yorkunc OcHOBBI MATPUYHBIX BbluucaeHuii. M.:bunom, 2006.

KopmrynoB J[.A. , YepnoBa H.M. COopHuMK 3aga4 W yNpaskHeHHl 1O MaTeMaTHYeCKOi
cratucTuke. Yue6Hoe nocobue. HoBocu®. ['oc. Yuus. 2004.

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/UnderstandingMachineLearning/

B.B.BoeBoaun, Bn.B.Boesoaun Ilapassenbnbie Boruncienus -CI16.: BXB-Ilerep6ypr, 2002.-
608 c. ISBN 5-94157-160-7

B) pecypchl cetu «MHTEepHEeT» (MPH HEOOXOAUMOCTH)

MIT 6.5191 Introduction to Deep Learning http://introtodeeplearning.com/
PyTorch https://pytorch.org/

YOLOVS https://github.com/ultralytics/yolov5

9. MatepunaibHO-TeXHHYecKasi 6a3a, HeoOXoAUMAs Jisl OCyLIeCTBJIeHUsI 00pa30BaTeIbHOIO
npouecca no AMCHUILINHE

MarepuanpHo-TeXHIUUECKas 0a3za, He0OX0aUMast JJIsl OCYILIECTBICHHUS 00pa30BaTEIbHOTO
npouecca no AMCUUMNANHE BK/IIOYAeT B CBOM COCTaB CneuuasbHble MoOMeLLeHUA:


https://www.cs.huji.ac.il/w~shais/UnderstandingMachineLearning/
http://introtodeeplearning.com/

- y4yebHble aygMTopun ANA NpoBeAeHMA 3aHATUIM NEKLMOHHOMO TUNa;

- KOMMNbIOTEPHbIE KNACChl A4/1A NPOBEAEHMA NPAKTUYECKMX 3aHATUIN (CEMUHAPOB);

- y4yebHble ayamutopum aAna nposeseHmA rpynnoBbiX U UHANBUAYANbHbIX KOHCYNbTaLLUi;
- y4yebHble ayamutopum Ana NnpoBeAeHMA TEKYLLETO KOHTPOAA U MPOMEKYTOYHOMN
aTTectaumm;

- NOMELLEHMA AR CAMOCTOATENbHOM pPaboTbl;

- NOMELLEHNA ANA XPAHEHMA N NPOPUNAKTUUECKOTO 0BCNYKMBAHUA TEXHUYECKMX
cpeacTs obyyeHus.

- BBIUMCIIUTENbHBIN KitacTep Spl'Y ¢ mporpaMMHbIM oOecriedeHHEM /IS TapajlIeIbHbIX BBIYMCICHUN
Y MalIMHHOTO 00y4YeHHUs.

CneunanbHble NOMELLEHUA YKOMMNEKTOBaHbI CpeacTBaMmn 0bydeHus, cayKawmmm ana
npeacTaBieHusa yyebHol nHopmMmaLmm 60NbLIOK ayaUTOPUN.

MomeLlLeHUsa ANA CaMOCTOATENIbHOM PaboTbl 06yYaKOLLMXCA OCHALLEHbI KOMMNBbIOTEPHOM
TEXHUKOW C BO3MOKHOCTbIO MOAKAOUYEHUSA K ceTu «MHTepHeT» n obecneyeHnem AocCTyna K
3/IEKTPOHHOM MHOPMaALMOHHO-06pa3oBaTenbHoM cpeae AplY.

ABTOp(BI):
HaY4HbIM cOTpyAHUK, K.(.-M.H, ['neiun [1.C.

O00JIHCHOCb, YYeHasl CIenetb noonuce U.0. amunus



IIpunoxenne Ne 1 k padoueii nporpaMme AUCHUILIHHBI

«CynepKOMnmeeprle TEXHOJOIMH U OCHOBbI HCKYCCTBCHHOI'0 HHTEJIJICKTA)
HauMeHO8aHue OUCYUNIUHBL

DoH/I OLIEHOYHBIX CPEICTB
JJIS1 TPOBe/IeHNUs] TEKYIIero KOHTPOJIsl YCIIeBAeMOCTH
U MIPOMEKYTOYHOM aATTEeCTAIUM CTY/IEeHTOB
0 AUCHMILIHHE

4. Tunosele KOHTPOJIBHBIC 3alaHUA U UHBIC MaTCpUaJibl,
HCIIOJIB3YEMBIC B IIPOLECCEC TCKYUIETO KOHTPOJIA YCIIEBACMOCTHU

3anaHus AJ CaMOCTOSITENIbHOM paboThI (IIpernogaBaTesieM He IPOBEPSIOTCS)
1. ITo Teme «BBenenue»

1. HaliT olileHKy MakCMMAaJIbHOTO TPaBI0No00us TapaMeTpa b paBHOMEPHOTO pacipeieieHus Ha
orpeske [0,b]
2. HaiiTu onileHKy MakCUMaJbHOTO IIPpaBI0ono100us napamerpa b>0 paBHOMEPHOTO pacipeieieHUs
Ha oTpeske [-b,0]
3. HaiiTu onieHKy MakCHMalIbHOTO MpaBaonoo0us napamerpa b>0 paBHOMEpHOTO pacipeesieHus
Ha oTpe3ke [-b,b]
4. HaiiTu o11eHKY MaKCMMaJIbHOTO MpaBaononoous napamerpa b>0 paBHOMEPHOTO pacrpeaeacHus
Ha oTpe3ke [b,b+2]
5. HaiiTu onieHKy MakCHMallbHOTO MpaBIonoo0us napamerpa b>0 paBHOMEpHOTO pacipeesieHus
Ha oTpe3ke [b,2b]
6. ITyctp X1, ... Xn — BpIOOpKA U3 paBHOMEpHOTO pacnpezenenus Ha orpeske [0,b]. C momoribio
CTaTUCTHKH X(n) TOCTPONTE TOUHBIN JTOBEPUTEILHBIA HHTEPBAJ YPOBHS 1-¢ i mapamerpa b.

2. 1o reme «MammmHHOE 00y4EeHUE»
PaccmoTpum knaccudukaTopsl, BozBpamatomue 0 a1 Bcex TOYeK BHYTPH NPSAMOTYJIbHOM 0b1acTu
CO CTOpPOHAMM, NapaJUIEIbHBIMH OCSIM KOOpAMHAT. [Ipeanonokum Takxe, YTO BBIIIOJHEHO YCIOBHE
peam3yeMoOCTH.
1. ITokaxkute, 4TO aNrOPUTM, BO3BpALIAOLIIMN MUHUMAJIBHBIN IPSIMOYTOJIBHUK, COAEP/KAIUN
MO3UTHUBHBIE METKH U3 00yuaromiel BBIOOPKH, MUHUMHU3UPYET SMIUPUUYECKHI PHCK.
2. ITokaxkuTte, 4TO eciiu pa3Mep oOydarole Beibopku Oosbiie uin paser 4 log (4/ \delta) / \epsilon
TO C BEPOSITHOCTBIO 10 MeHbInel Mepe 1-\delta 3TOT anropuT™ Bo3BpaIaet rurnore3y ¢ OMMOKOi
He Oosee \epsilon
3. PacnipocTpaHuTe pe3ynbTaT W3 1.2 Ha MPOCTpaHCcTBO RY.
4. Tlokaxxute, YTO TPYAOEMKOCTh JAHHOTO aJIFOPUTMa MOJIMHOMUANbHA 10 pa3MepHocTtH d, o 1/
\epsilon, a Taxke mo log(1/ \delta).

[TpakTryeckoe 3ananue 1 (1o reme «BbICOKONIPON3BOAUTENBHBIE BEIUUCIICHUS)
Bapnanr 1. Pemmre uncienso ¢ npuMmeneHneM texnosornu OpenMP ypaBHeHue
TEIUIONPOBOAHOCTH B KBAJAPATHOM 00J1aCTH C 3aJaHHBIMU TPAHUYHBIMH YCIIOBUSAMU.
Bapnanr 2. Pemnre unciaeHHo ¢ npuMeHeHneM TexHonorud MPI ypaBHeHne TennonpoBogHOCTH B
KBaJpaTHON 00JIACTH € 33JaHHBIMU TPAaHUYHBIMHU YCIOBHSIMH.
Bapuanr 3. Pemute uncienno ¢ npumenennem texsHojgorun CUDA ypaBHeHHe
TEIUIONPOBOAHOCTH B KBAJAPATHOM 00JIACTH C 33laHHBIMU IPAHUYHBIMH YCIIOBUSMHU.



IIpakTnueckoe 3ananue 2 (o teme «VICKyCCTBEHHBIN UHTEIIEKT))
Br16paB o/inH U3 OTKPBITHIX HAOOPOB AAHHBIX JUISI TPEHUPOBKU MAIIMHHOTO 3PEHHUS
(https://public.roboflow.com/) npousBenute TpeHupoBky B cepBuce Google Colab
(https://colab.research.google.com) uetipocern YOLOVS5s (https://github.com/ultralytics/yolov5)
[Ipoananu3upyiTe NOJIyYEHHbBIEC PE3YJAbTATHI C TOYKH 3PEHUS Ka4eCTBa JICTEKIUU U
KJIacCU(PUKALINH.

5. Cnucok BOIIPOCOB U (WMJIM) 3alaHUM /71l IPOBEACHMSI IPOMEKYTOUHOM aTTecTaluu
Ha 3auere npoBepsiercst chopmupoBanHocTh komrieteHITnN OITK-4 (uaaukaropst MJ1-OMK-4_1,
NJI-ONK-4_2)

Crincok BOIpOCOB K 3a4eTy (IpoBeIeHHE 3a4eTa opa3yMeBaeT HaJluuue y CTyAeHTa
pa3pa0oTaHHBIX [IPOTPAMM I IPAKTUUYECKUX 3aJaHuil 1 u 2):

10 IPAKTUYECKOMY 3aJaHUIO 1:
1. OOBsicHUTE BBIOOP LIMKJIA [T paclapaieIMBaHus B PEIICHUH 33a]]aud MaTeMaTHYeCKOro
MOJICJINPOBAHUS
2. 3MeHuTe HanpaBiieHUE pacnapasuieInBaHus (110 CTPOKaM WK IO CTOJI0IaM) pacueTa MaTpHULIbl
COCTOSIHUSA
3. 3MeHuTe pacoyioxkeHne rpaHuYHOr0 YCIOBHS B IPOrpamMme
4. ITpounTtepnpeTupyiTe pe3yabTaTbl yCKOPEHHs paboThl apaseNbHOM MpOorpaMmbl
10 MPAKTUYECKOMY 3aJaHUIO 2:
5. IlpounTepnperupyiiTe KpUBYIO precision B pe3ysbTaTax o0ydeHus HelpoceTH
6. [IpounTepnpeTupyiite KpuByio recall B pe3ynbraTax 00y4eHUss HEHPOCETH
7. Ilpounteprperupyiire kpuByto mAP B pe3ynbratax o0yyeHus HeilpoceTn
8. O0bsicHuTE pa3nuunsi KpuBEIX MAP 17151 0Oydaromieil u BauJalnoOHHON BEIOOPOK.


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

IIpuniaoxenne Ne 2 k paGoyeii nporpamMme JMCIHIIJIMHbBI

«CyIIepKOMIIbIOTeprIe TEXHOJOTHHA H OCHOBBI HCKYCCTBCHHOI'0 HHTC/IJICKTA)
HAUMeHOBaHUe OUCYUNIUHDL

Metoauyeckue yKa3aHus JAJIsl CTYICHTOB 10 OCBOCHHIO JUCHHUIINHBI
Kypc cocTouT u3 nexiuii 1 mpakTHYecKuX 3aHATHH. JIeKnn 00ecrednBaoT TEOPETHIECKYIO
HOJrOTOBKY CTYJIEHTOB, CO3JAat0T IIPEJICTABICHHE O HAOOPE PELIAEMbIX COBPEMEHHBIMU
BBIYUCIUTENILHBIMU CPEICTBAMH 33/1a4, O TOM, KaKUe Pe3yIbTaThl MOTYT OBITh C(HOPMYITHUPOBAHBI
Ha BEPOATHOCTHOM si3bIKe cTporo. [IpakTuueckue 3aHATUSA TPEOYIOT OT CTYIEHTOB 0a30BBIX
HAaBBIKOB IIPOIPaMMHUPOBAHUS U IIPOXOAAT IIyTEM JEMOHCTPALIMY PELICHUS TUIIOBBIX 3a/1a4
cpeactBamu s3blkoB C++ 1 Python ¢ ucnonb3oBanuem cooTBeTcTBYrOIUX O0MbaoTek. Kpaiine
B)XHOM SBIISIETCS CAMOCTOATENbHAs padoTa HaJl MPOrPAaMMHBIM KOJJIOM U HapaOOTKa HAaBBIKOB
CO3aHHs BOCIIPOU3BOJUMBIX PACYETOB C AHATU30M IOJTYYCHHBIX XapAKTEPUCTHK.

Metoanyeckre yka3aHus IO pa3paboke MpOrpaMMBI i HapaJIeIbHOTO PEICHUS 3aaul
TEIUIONPOBOAHOCTH (IIpaKkTU4ecKoe 3aganue 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:
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[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:
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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:
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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.







