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1 Henu u 3a1a4M U3y4YeHUs] AMCHUATIIAHBI (MOLYJIA)

1.1 llean ocBOeHUS TUCHHUILIHHDI

OCHOBHOM TICJIbIO JTUCIMIUIMHBI SBIISCTCS M3yYECHUE METOJOB Pa3pabOTKH MPOrpaMM C
Y4eTOM apXUTEKTypbl DBM — HCnomHUTENS mporpamMmm, 1 GOPMUPOBAHUE Y CTYJCHTOB HaBBHIKOB
BBICOKOITPOU3BOIUTCIIEHBIX BBIUHCICHHIM.

BocnutatensHOM 1eNbI0 JUCIUILTAHBL SBISETCS (JOPMUPOBAHKE Y CTYJACHTOB HAYYHOTO,
TBOPYECKOTO IIOAX0JIa K OCBOCHHIO MAaTEMaTHYECKHX METOJOB, TEXHOJOTHH pa3paboTKu
MPOrPaMMHOTO O0ECTICUeHUSI.

OtOop Marepuajia OCHOBBIBACTCS Ha HEOOXOJMMOCTH O3HAKOMHUThH CTYJCHTOB CO
CIIeTyIOIIeH COBPEMEHHOM HayYHO! MH(pOpMAIUEHi:

0 TOM, YTO COBPEMCHHBIC BBICOKONPOM3BOAUTEIbHBIE DBM CcTposATCA Ha NPUHIMITAX
MHOTOTIPOIIECCOPHOCTH;

0 TOM, 4TO Ji1st 3()(HEKTUBHOTO UCIIOJIL30BaHUs COBPEMEHHBIX DBM HyXHBI cliennaIbHbIC
SI3BIKOBBIE CPEJICTBA, TO3BOJISIOIINE POTPAMMHUCTY yIPABISATH MOTOKAMHU (HUTSMU ) BEIYUCIICHHIN.

CopepxaTeabHOEC  HAIMOJHEHHWE JAMCHMILIMHBI  OOYCIIOBJICHO OOIIMMH  3ajadaMu
MOATOTOBKU OakasiaBpa.

HayuHoli OCHOBOW mJisi TOCTPOCHUS MPOrpamMMbl JAHHOW JUCUUIUIMHBI SIBISETCS
TEOPETUKO-TIPAarMaTHYECKUH MMOIX0]] B 00yUCHUH.

1.2 3agaun TUCOUILTAHBI

OcHOBHBIE 337]a41 Kypca:

e  03HAKOMJICHHE C BapHAHTAMH APXHUTEKTYP JICKTPOHHBIX BBIYHCIUTEIIBHBIX CHUCTEM,
MOJIJICP’KUBAOIINX MMAPAIIICIIEHBIC BBIYHCICHUS;

®  O03HAaKOMJICHHE C METOJIaMU TapaslieIbHOW 00pabOTKH JaHHBIX;

e pUOOPETCHHE HABHIKOB HANMCAHMSI MPOTPAMM C HCIOJIH30BAHUEM TMapalIeIbHBIX
MIOTOKOB;

e TpHOOpETCHHE HABBIKOB HamucaHus rporpamm B cpeae OMP, AMP;

e  O3HaKOMJICHHE ¢ MeToJamu ucnonb3oBanust GPU nis yckopeHus BIYHCIECHUH.

1.3 MecTo AucuMIuInHbI (MOLYJIS1) B CTPYKTYpe 00pa30oBaTeIbHOM MPOrpaMMbl
Hucruniuza «[lapaniensHoe mporpaMMupoBaHue» OTHOCUTCS K «O0s3aTenbHast 4acThby
brnoka 1 «/{ucumnnunsl (MogysH)» y4eOHOro MiiaHa.

1.4 IlepevyeHp MJIAHMPYeMbIX Pe3yJbTATOB O0y4eHHsl MO JMCHHILIMHE (MOAYJIIO),
COOTHECEHHBIX C IVIAHNPYEMbIMH Pe3yJIbTATAMH OCBOEHHS 00pa30BaTeJbHOM NPOrpaMMbl

WN3yyenne naHHOW y4yeOHOM JAMCLUMIUIMHBI HampaBieHO Ha (GOpMUPOBAaHUE Y
00yYaroImuxcs CIeIYIOIUX KOMIETEHIIHNA:

OIIK-3 Cnoco6eH mMpuMeHSITh COBpeMeHHbIe MH(OPMAIMOHHBIE TEXHOJOITHH, B TOM
4Hucle OTEeYeCTBEHHbIEC, IPH CO3JAaHMHU MNPOrPAMMHBIX NPOAYKTOB M
NPOrPaMMHBIX KOMILIEKCOB Pa3JIMYHOI0 HA3HAYCHUSA

HJI-1.0IIK-3 Apzymenmupoeano npumensaem CO6peMEHHblEe UHPOPMAUUOHHbIE

mexHono02uu, 6 MmMOM Hucie OmeyecmeeHHble, Npu  CO30aHUU
nPOZPAMMHBIX NPOOYKMOE U NPOPAMMHBIX KOMNIEKCOE PA3IUYHOZ0
Ha3HaueHus
3namo Boszmooicnocmu  cospemennbix U NEPCNEKMUSHLIX  CpeOCme  paspabomxu

NPOCPAMMHBIX NPOOYKMOB, MEXHUUECKUX CPeOCmE

Memoodonozuu  pazpabomku npocpammHoco obecneuenus U MexHOI02Uu

npocpamMmupo8anus.

MemoObl u cpedcmea npoekmupo8anus NPOSPAMMHO20 0becnedeHus.

Memoovl u cpedcmea npoekmuposanus nNpoSPAMMHBIX UHMeEPPecos

Bosmoorcnocmu UC



Coepemennvie cmpykmypHble A3bIKU NPOSPAMMUPOBAHUS

Ymems IIposooums oyenky u 060cHo8aHUE PEKOMEHOYEMbIX peuleHUl
Koouposamyo na sazvikax npoepammuposanus
Bnaoemp IIpoexmuposanue npocpammHuix unmep@eucos
Paszpabomxa cmpyxmypor npoepammnoeco kooa UC
Coop, obpabomka, aumanuz u 0000weHUe pe3yIbMAMO8 IKCHEPUMEHMO8 U
uccnedosanull 6 coomgeemcemayroujeli 001acmu 3HaHu
HeamenvHocmb, HANPAGNeHHAs HA peulenue 3a0ay aHATUMUYEecK020 Xapakmepd,
npeononazaruyux 6bl00p U MHO2000pasue akmyaibHblX CHOCOD08 pellerus 3a0ay
HJI-2.0IIK-3 Opuenmupyemcsa 6 COBDEMEHHBLIX NOJIOHCEHUAX U KOHUENUUAX
HPUKNAOHO20 U  CUCMEMHO20  NPOPAMMHO20  ODecneuenus,
apxXumeKmypvl KOMRbIOMepos u cemeil (6 Mom yucie u 2100aiabHbIX),
MEXHON02UU CO30AHUA U CONPOBONHCOEHUA NPOZPAMMHBIX NPOOYKMOE U
NPOZPAMMHBIX KOMNIIEKCO8
3uamo Bosmooicnocmu  cospemennvix U nepcnekmusHuvlx  cCpeocms  papabomku
NPOCPAMMHBIX NPOOYKNO8, MEXHUUECKUX CPedCma
Memooonoeuu  paspabomxu npocpammHo2o obecnedyeHuss U MexHOoLoUU
PO AMMUPOBAHUSL
Memoovl u cpedcmsa npoekmupoBanuss NPOSPAMMHO20 0becnedeHus
MemoOowsl u cpedcmeaa npoexmuposanus NPOSPAMMHBIX UHmMepeticos
Bosmoorcnocmu HC
Coepemennvie cmpyKkmypHbie A3bIKU NPOCPAMMUPOBAHUS
Ymems Buvipabameieams sapuanmul peanuzayuu mpedosanuii
Koouposamve na szvikax npoepammuposansi
Bnaoemp Oyenxa epemenu u mpyooemMKoCmu peanusayuu mpeboeaHull K npocpammHoMy
obecneuenuro
Oyenka u coanacosanue CpoKos GblNOIHEHUsL NOCMABLEHHbIX 3a0aY
IIpoexmupoeaHnue npoecpammusix unmepgeticos
Oyenka u coanacosanue CpoKos blNOIHEHUsI NOCMABLEHHbIX 3a0aY
Paspabomxa cmpykmypuel npoepammnozo xooa UC
Coop, obpabomka, amanuz u 0600wWeHUe pe3YIbMaAmo8 KCNEPUMEHMO8 U
uccnedosanuil 8 coomgemcmeyroujeli 001acmu 3SHaHutl
Heamenvnocmy, HanpasnenHas Ha peuieHue 3a0ay aHaIumu4ecKko2o xapakmepad,
npeononazaruux 66100p U MHO2000pasue aKmyaibHblX CNOC0008 peuletust 3a0a4
IIK-3 Cnocoben npumenams CcO6peMEHHbIe UHPOPMAYUOHHbIE MEXHOI02UU NpU
npOEeKmMuposanuu, peaiu3ayuu, OyeHKe Kauecmea u anaiuia Igpgexkmusnocmu
Mamemamuyeckux mooeneil u(unu) npozpammnozo obecnedyenus 01 peuieHus
3a0a4 6 pa3iuiuHbIX NPEOMEMHBIX 001ACMAX
HJI-1.ITK-3 Hcnonvzyem coepemennvle peuieHus u mexHona02uu npoeKmupo8anus
npu pazpadomie nPOZPAMMHO20 0decneyenus
3uamo Bosmooxcnocmu  co8pemMenHbIX U NepcneKmueHblX  Cpeocms  paspadomxu

NPOCPAMMHBIX NPOOYKMOB, MEeXHUYECKUX cpeocme

Memooonozuu  paspabomxu npocpamMmHo20 obecnedeHus U MexHOLo2UU
PO AMMUPOBAHUSL

Ipunyuner nocmpoenuss apxumexkmypuvl NpPOPAMMHO20 obecnedenus U 6uobl
apxumexmypbul NPOSPAMMHO20 obecnedenusl



Ymemo

Braaoempw

HJT-2.TTK-3

3namo

Ymemo

Braaoemuw

Memoowsl u cpedcmea npoexmuposanus NPOSPAMMHbBIX UHmMepgeticos

A3viku npoepammuposanus u pabomul ¢ 6a3amu OaGHHbIX

Hncmpymenmol u memoowt npoexmuposanus u ousavina M1C

Cospemennbie 06beKMHO-0PUEHMUPOBAHHbBIE A3bIKU NPOCPAMMUPOBAHUS
Coepemennvie cmpykmypHbie A3bIKU NPOPAMMUPOBAHUS

Memoouvl ananuza u 0606WeHUss OMeYecm8eHHO20 U MENCOYHAPOOHO20 ONbIMA 8
coomeemcmayroweli 0oaacmu UCCi1e008aHULL

Buipabameieams sapuanmul peanuzayuu mpedosanuii
Koouposamo na sazvikax npoecpammuposanus
Bepuguyuposamo cmpyxmypy npocpammno2o kooa

Paspabomka, usmenenue u coenacosamue apxumexkmypvl NpopAMMHO0
obecneuenuss ¢ CUCMEMHbIM AHATUMUKOM U APXUMEKMOPOM HPOSPAMMHO2O
obecneueHus

IIpoexmuposanue npocpammHuix unmepgeicos

Paspabomxa cmpykmypuelr npoepammnozo kooa UC

Bepugpukayus ~ cmpykmypol  npocpammuozo  koda HC  omHocumenvHo
apxumexmypol UC u mpeboganuii 3axazuuxa k UC

Yempanenue obnapyosicennvix necoomeemcmeuii

Hcnonvzyem cospemenHble A3BIKU U CUCHEMbL NPOPAMMUPOBAHUSL,
MEeXHOI02UU RPOESKMUPOGAHUS RPOPAMMHO20 00eCneyeHus
Bosmooichocmu  cospemennbix U NEpCReKmusHbIX  Cpeocms  papabomku
NPOCPAMMHBIX NPOOYKMOE, MEeXHUYECKUX CPeOCmaE
Memoodonoeuu pazpabomku npoepamMmHo2o obecneyeHuss U  MexHoI02UU
nPOCPAMMUP OBAHUSL
Ipunyunsvt nocmpoenuss apxumekmypvl HPOSPAMMHO20 0DecneyeHust U GuUdbl
aApXumeKmypbl nPOCPAMMHO20 0OecneueHus
Memoowbl u cpedcmaa nNPoexmMuposanus NPOSPAMMHBIX UHMepelicos
A3viku npocpammuposanus u pabomul ¢ 6azamu OGHHbIX
Hncmpymenmol u memoowt npoexmuposanus u ousavna UC
CoepemeHnbie 00beKMHO-0PUECHMUPOBAHHBLE SA3bIKU NPOSPAMMUPOBAHUSL
Cogpemenivie cmpyKmypHble A3bIKU NPOCPAMMUPOBAHUS
Memoowl ananuza u 0606wenUs OMeuecCm8eHHO20 U MeHCOYHAPOOHO20 ONbIMA 8
coomeemcmayioueli 001acmu Uccied08anull

Buipabameieams eapuanmul peanuzayuu mpeoosanuii
Koouposamw na azvikax npoepammuposanus
Bepuguyuposamv cmpyxmypy npocpammmno2o kooa

Paspabomxa, usmenenue u coenacoganue apxumexmypvi NpOSPAMMHOZO
obecneyeHusi ¢ CUCMEMHBIM AHATUMUKOM U APXUMEKMOPOM NPOSPAMMHOZ0
obecneueHus

IIpoexmuposeanue npocpammHuix unmepgeucos

Bepugpukayus ~ cmpykmypol  npoecpammnozo  koda HC  omHocumenvHo
apxumexmypwl UC u mpebosanuii 3axazyuxa k UC

Yempanenue obnapysicennvix Hecoomeemcemauil

ITIK-6 Cnocoben ucnonv3oeamov coépemMeHHble Memoobl pPA3PAOOMKU HPOZPAMMHBIX
cucmem u peanu3ayuu KOHKPEmHbIX AN20PUMMOE MAMEMAMUYECKUX Mooeell
Ha 0a3ze A3bLIKOG NPOPAMMUPOBAHUA, 03 OAHHBIX U NAKEMOE HNPUKTAOHBIX



npocpamm, UCHONBb306AMDb 3HAHUE OCHOBHbIX MEMO008 UCKYCCHBEHHO20
UHmeIeKma 6 nociedyouieil nPogeccuoHanbHoll 0eaAmeabHOCU 6 Kayecmee
HAYYHBIX COMPYOHUKO8, Npenooasamenieii 00PA308aMENbHBIX OP2AHUAUUIL
evicuieco 00pazoeanus, UHICEHEPOB,
MexH0/10206
HJI-2.1IK-6 Jlemoncmpupyem 3nHanua Memoooe, MEXHONOUN U CPeocme
paspabomku pazpadbomKu NPOPAMMHBIX CUCHEM U  Peanu3ayuu
KOHKDPEMHbBIX AN20PUMMO8 MAMEMAMUYECKUX Mooeell na daze A3blK0e
NPOZPAMMUDPOBAHUA, 0A3 OAHHBIX U NAKEMO08 NPUKIAOHBIX HPOZPAMM
3namep Bosmoodxcnocmu  cOBpeMEeHHbIX U NePCReKMUBHbIX  CPeOCm8  paspadbomru
NPOCPAMMHBIX NPOOYKMOB, MEXHUYECKUX CPEOCME
Memooonozuu u mexnono2uu NPOEKMUPOBAHUS U UCNOIL308AHUSA OA3 OAHHBIX
Tunosvie peuwieHus, OUOIUOMEKU NPOCPAMMHBIX MOOYIelU, WAOIOHbL, KIACCH
00beKmMOo8, UCNOoNb3YeMble NPU pa3spadbomre npoepammHo20 obecnedeHus
Memoowi u cpedcmea npoekmuposarnus 6a3 OAHHLIX
Memoowl u cpedcmea npoexmuposanus NPOSPAMMHBIX UHmMeppeticos
A3viku npoepammuposanus u pabomul ¢ 6a3amu OAHHbIX
Hncmpymenmol u memoowt npoexmuposanus u ousauna UC
OcHO8bI COBPEMEHHBIX CUCmEM YIPAGIeHUsI 0A3aMU OAHHBIX
Cospemennbie 00bEKMHO-0PUSHMUPOBAHHbBLE A3bIKU NPOCPAMMUPOBAHUSL
Memoowl ananuza u 0606wenUss OMeuecmeeHHO20 U MeHCOYHAPOOHO20 ONbIMA 8
coomeemcmayroweli 0o61acmu UCCie008aHUl

Ymemn Hcnonvzoeamv  cywecmeyiowue  munosvie — peuwlenus U WAOIOHb
NPOEKMUPOBAHUSL NPOZPAMMHO20 0OecneveHus
Ilpumensamov ~ memoovl u  cpedcmeéa  NPOEKMUPOBAHUS — NPOSPAMMHOZO
obecneueHus, CMpyKmyp OaHHbIX, 0a3 OAHHBIX, NPOZPAMMHBIX UHMepdelicos
Koouposambe na a3vikax npoepammuposanus

Bnaoemo Ananuz  6o3modxcHocmell  peanuzayuu  mpedO8aHUuli K - NPOSPAMMHOMY
obecneyeHuro
Oyenxa u coznacosanue cpoKos 8blNOIHEHUsL NOCMABIEHHbIX 3A0aY
Ilpoexmuposanue 6a3 oanHvlx
Oyenxa u coznacosanue cpoKos 8bINOIHEHUs NOCMABIEHHBIX 3A0aY
Yempanenue obnapysrcennvix necoomeememeuti
HesmenvHocms, HanpasieHnas Ha peuleHue 3a0ay aHaIumuyecko2o xapakmepa,
npeononazaruux 66100p U MHO2000pasue aKmyaibHblX CNOC0008 peuletust 3a0a4

2. CTpyKTYypa 1 coepKaHue TUCUUILTHHBI

2.1 PacnipenesieHne TPYA0EMKOCTH AUCHHMILIMHBI IO BUAaM padoT

OO0mas Tpy10EMKOCTh TUCITUTUTHHEI cocTapiisieT 3 3a4. e. (108 wacon), ux pacnpenenenue
10 BHJIaM Pa0OT MPECTABICHO B TaOJIHIIe

Cemectpsl
. Bcero
Buj yue6Hoii padoThl (4acel)
4acoB
1 3
KonrakTtHas paboTa, B TOM 4ucJIe: 40,2 0 40,2
AyauTOpHBIE 3aHATHS (BCEro): 34 0 34
3aHATHS JICKIMOHHOTO THIIA 16 16
JlaGopaTopHble 3aHATHS 18 18




3aHATHSI CEMUHAPCKOTr0 TUIIA (CEMUHAPBHI,
MIPAKTHYECKHUE 3aHATHS)
HNuas koHTaKTHas1 padora: 6,2 0 6,2
Kontpousb camocrostensHOM pabotsl (KCP) 6 6
[Tpomexxyrounas arrecranus (MIKP) 0,2 0,2
CamocrosiTesibHAsi pad0oTa, B TOM YHCJI€: 67,8 67,8
[TpopaboTka yueOHOro (TEOpPETUIECKOTO) 30 30
MaTepuasia
Boinonxnenue MHIMBUYaTbHBIX 3aJaHUM 30 30
(moAroToBKa COOOIIEHUH, MPE3CHTALHI)
[ToaroToBka K TEKyIemMy KOHTPOJIIO 7,8 7,8
KouTtpoJs:
[ToaroTroBka K 9K3aMeHY
Jac. 108 0 108
B TOM YHCJIe
O01mas Tpy10eMKOCTb KOHTAKTHAas 40,2 0 | 40,2
pabora
3a4. e 3 3

2.2 CTpyKTYypa AMCUMILINHBI

Pacripenenenue Bu1oB yueOHOM pabOThI U UX TPYIOEMKOCTH IO pa3JielaM JUCIUILINHBL.
Paznensl (TeMbl) AUCHUILUIMHBL, U3y4yaeMble B 1 cemecTpe

KosnuecTBo yacoB
Bueayn
o HTOpPHA
Ne HaunmeHnoBaHue pa3jeiioB (Tem) Beero AyautopHas pa6oTa o
padorta
JI 113 JIP CPC
1 2 3 4 5 6 I
1.
2.
HNUTOI'O no pa3gesiaMm JHCUMIIIIMHBI
KonTpons camoctositensHor padotsl (KCP)
[Tpomexyrounas arrectauus (MKP)
[ToaroToBka K TEKyIIEMY KOHTPOJIIO
OO0mas TPyA0eMKOCTb IO IMCHHUILIHHE 0
Pasnensl (TeMbl) TUCIUILIMHBL, H3yYaeMble B 3 ceMecTpe
KosanuecTBo yacoB
Bueayn
o HTOPHA
Ne HaumenoBanmue pasaesioB (Tem) Beero AynuTopHasi padoTa o
padora
Ja 3 Jap CPC
1 2 3 4 5 6 I
1 ApXUTEKTYpPbI MHOTOIIPOLIECCOPHBIX 12 9 5 8
" | BBIYMCIUTEIBHBIX CHCTEM
HuszkoypoBHEBOE napaiesibHOe
2. P P 14 2 4 8
MPOTrpaMMHUPOBAHUE
3. | BzaumogeiictBue 3amau 12 2 2 8
4. | OpenMP 14 2 4 8
5. | bubanoreka napamuienbHbIX madioHoB PPL 12 2 2 8
Hcnons3zoBanne GPU s maccoBoro
6. s 14 2 4 8

napauienuzma: AMP




KosnuecTBO 4acoB

Bueayn
. HTOpPHA
Ne HaumenoBanue pa3aesoB (Tem) Beero AynuTopHasi paboTa a
padorta
J m3 Jp CPC
1 2 3 4 5 6 7
Hcnonp3oBanue GPU st maccoBoro
7. 10 2 8
napautenusma: CUDA
8. | Murepdetic nepenaun coobuernii MPI 13,8 2 11,8
HUTOI'O no pa3nenam JUCHUNIMHBI 101,8 16 18 67,8

KonTtpons camocrositensaoit padotsl (KCP) 6

[Ipomexyrounas arrectauus (MKP) 0,2
[ToaroroBka K TEKyIIeMy KOHTPOJIIO
OO01asi TPY/10eMKOCTb 110 AUCHHUILIHHE 108

IHpumeuanue: JI — nexyuu, 113 — npaxmuueckue 3auamus/cemunapsi, JIP — nabopamophuvie 3ansmus, CPC —
camocmosmenvhas paboma cmyoenma

2.3 Conep:xanue pa3iesioB (TeM) THCHUTITHHBI
2.3.1 3aHATHA JeKINOHHOI0 THIIA

HaunmeHnoBaHue pa3aeiia (TeMbl)

Copep:xanue pasaesia (TeMbl)

TeKyIero
KOHTPOJISI

®opma

2

3

4

ApXUTEKTYpBI
MHOTOIIPOIIECCOPHBIX
BBIYHUCIUTENLHBIX CUCTEM

Peittuar TOP500 cyniep®BM. Nel B peiitunre. PeidTiar
TOP50. Knaccudukanus OIruHHA MHOTOIPOLECCOPHBIX
BBIYHCIIUTENBHBIX ccTeM. CHCTEMBI ¢ 00IIeH MaMsAThIo 1
CHCTEMBI ¢ JIOKaJIbHOH namsTe0. KonBeliepapie DBM.
MHorosiepHble nporeccopsl. I'paduueckue mporeccopsl.

JIP

HuskoypoBHeBoe
MapajuIeIbHOE
[IpOrpaMMHUpPOBaHUE

HuskoyposueBbie mpumuTHBEI OnOmmorekn STL C++ :
thread, mutex. ®@yuxuuu join(), detach(), 3aBepmraromue
motoku. O6bekTsI UNnique_lock ms paboTe ¢ mutex,
merost lock(), unlock(). Ycnosusie mepemennsie
condition_variable. CpencrBa xpoHOMeTpaKa.

JIP

BzaumonaerictBue 3aqau

CpexnctBa cranmapTHoil Oubmmoreku (B Qaiine <future>),
HO3BOJIIOIIAE  HPOTPAMMHUCTY OlepHpoBaTh  Ha
KOHLIENTYaJbHOM YPOBHE 3ajad, a He paboTath C
HHM3KOYPOBHEBBIMHU MOHATHAMH ITOTOKOB U OJIOKHPOBOK:
future u promise A Bo3BpaTa pe3ynbTara 3a/1auy,
3aIlyIeHHO! B OT/eNFHOM moToKe. packaged task — s
MOMOIIIHY B 3aITyCKe 33714 M MPUKPETUICHMH MEXaHN3MOB
BO3BpaTa pe3ysbTaTa. async() — Ul 3allycKa 3aJa4 B
CTHIIe, TOOOHOM BBI30BY (DYHKIIUH.

JIP

OpenMP

Hacrpoiika mpoekta Open MP B Visual Studio. [Tonstue
napaienpHoi nporpammsl Open MP. Opraau3zanus
B3aHMO/ICUCTBUSI APaJUIeTbHBIX TIOTOKOB. JIUPEKTHBBI
parallel, parallel for. [Tapamerpst shared u private.
Hcnonp30BaHie KPUTHIECKHAX CEKIIHIA,
pacnapaiienuBanue no 3aaadam.. [lapamiensHas
COPTUPOBKA: METO]] YET-HEUESTHOI MepeCTaHOBKH.
[TapanenbHas COPTUPOBKA CIUSHUEM.

JIP

bubnnoreka nmapanienbHbIX
mrabnonos PPL

bubmuoreka C++, BKIFOUYArOIIas nmapauiebHbIe
AJITOPUTMBI, ITapalJICJIbHbIC KOHTefIHepI;I u 06’[)6KTBI, u
068CH8‘{I/IBaIOH_[a$[ napauieiu3m 3aaaq. AHI‘OpPITMLI
parallel_for, parallel_for_each, parallel_invoke,
parallel_transform u parallel_reduce. ITapamiensHbie
KOHTEHWHEPBI. KJ1acchl concurrent_vector,
concurrent_queue, concurrent_unordered_map,
concurrent_unordered_multimap,
concurrent_unordered_set, concurrent_unordered_multiset.
3ayaun: kiaace Task. IIpumepsl mporpamm.

JIP




®opma

Ne HaumenoBaHue pa3aeiia (TeMbl) Copep:xanue pa3szesia (TeMbl) TeKyl1ero
KOHTPOJIsI
1 2 3 4

I'padraeckue IpoIiecCopsl M MX BEIYHACIUTEIIBHEIC
Bo3MokHOCTH. Mcnons3oBanne GPU kak yckopureneit

I/ICHOHB3OBaHHe GPU AA BBIYUCIIUTEIILHOTO IIpOoIecca. HpOFpaMMHOG obecrieueHue.
6. | MaccoBOIO Iapajuiean3Ma: C++ AMP (Accelerated Massive Parallelism) ot Jp
AMP Maiikpocodr B cocrase Visual Studio. O6bexThI

array view. Opranusanusi BBIYUCIHTEIBFHOTO IpoLecca B
komiutekce CPU + GPU. ITpumeps! mporpamm.
[porpammuoe obecrieuenne CUDA ot NVIDIA.
OcHoBHble nonsTHs. HOSt 1 device. Apxurekrypa SIMT

Ucnons3osanue GPU nst (Single-Instruction, Multi-Thread). Ilepena4a uaCTpYKIHit
7. MacCOBOI'0 Iapajuiean3ma: 110 KOHBENEPY, ¢ UCIOIb30BAHNEM MapaJIeTN3Ma Ha T
CU DA YPOBHE KOMaHJ BHYTPU OJHOI'O IIOTOKA, a TAKXKE

00IMMpPHOro NapauieNu3Ma Ha YPOBHE IIOTOKOB Oyiaronaps
OJHOBPEMEHHOM annapaTHONW MHOTOIIOTOYHOCTH.
Iporpammuoe o6ecnieuenre MPI — message passing
interface mis pacnpeeneHHbIX BEIYUCICHHH, MOICITH
o MHOTOIIPOILIECCOPHOCTH C JIOKAJIBbHON MaMsThio. Onepanuu T
coobmennii MPI nepenaqn JaHHbIX. [IoHsITHE KOMMYHHKaTOPOB.
Bupryanshsie Tononoruu. OcHoBHbie GhyHkimu MPI.

WnTepdeiic nepenaun

IHpumeuanue: JIP — omuem/3auwguma nrabopamopuoil pabomut, KII - vitnonnenue xypcosoeo npoexma, KP - kypcosoti
pabomwl, PI'3 - pacuemno-epaghuueckozo 3adanus, P - nanucanue pegepama, 3 - scce, K - xoanoxeuym, T —
mecmuposanue, P3 — pewenue 3a0au.

2.3.2 3aHATHS CEMHHAPCKOI0 THIIA
He npenycmotpensl.

2.3.3 JlabopaTopHbIe 3aHATHSA

®opma
Ne HaumenoBanmue pasaesna (Tembl) HaumenoBaHue 1a60paTOpPHBIX padoT Telcyll)uero
KOHTPOJIsI
1 2 3 4
ApXUTEKTYpbI
1. MHOTOIIPOIIECCOPHBIX CrerneHb pacnapaieIMBaeMOCTH allTOPUTMOB JIP
BbIYUCIIMTCIIBHBIX CUCTEM
HuskoyposHeBoe JIp
2. | mapajuieIbHOE INapasutesbHbe IOTOKH
IPOrpaMMHUPOBaHHE
3. BzaumonerictBue 3agau IMocnenoBaTeNbHBIE B3aMMOIENCTBYIOIINE MPOLECCHI JIP
OpenMP 06paboTKa MACCHBOB IAHHBIX ¢ OMomIbI0 OpenMP JIP
5. Bubsmorexa TapajlieIbHbIX O0paboTKa MaCCHBOB TAaHHBIX C TIOMOIIbI0 PPL w
mabnonoB PPL
Ucnons3osanme GPU s JIp
6. MAaccOBOI'0O napajuienan3ma: O06paboTka OOJBIIHNX MACCHBOB TAHHBIX
AMP

Ipumeuanue: JIP — omuem/3awuma nabopamoprnoii pabomsi, PI3 - pacuemmno-epaghuueckoeo sadanus, P -
Hanucauue pegpepama, 3 - scce, K - konnoxeuym, T — mecmuposanue, P3 — pewenue 3aoau.

2.3.4 IlpuMepHasi TeMAaTHKa KypPCOBbIX padoT (IIPOEKTOB)
He npengycmotrpeHsl.



2.4 IlepeyeHb yueOHO-METOAUYECKOT0 O0ecnevYeHH sl JJI CAMOCTOATEIbLHON padoThI
00y4yarmuxcs Mo JUCHUILINHE (MOIYJIIO)

ITepeuenb yueOHO-METOAMUECKOTO 00eCIeYeHH s JUCLIUILIUHBI
Ne Bun CPC 110 BBITTOJIHEHHIO CAMOCTOSITEIbHOM paboThI
1 2 3
1 |U3yuenHue Mertoauueckre yka3zaHUs 10 OpraHu3alMd CaMOCTOSTEIbHOU
TEOPETUYECKOIO paboThI CTYJI€HTOB, YTBEPKICHHbBIE kadenpoii
Marepuaia MH(POPMAIMOHHBIX TeXHOJOTHM, MpoTokoi Nel ot 30.08.2019
2  |Pemenue 3amau Meroanueckue ykasaHus II0 OpPraHU3AlMM CaMOCTOSTEIbHOMN
paboThI CTYZCHTOB, YTBEPKJICHHbIE kadenpoit
nH(GOPMAMOHHBIX TeXHOJorui, mpotokoa Nel ot 30.08.2019

VY4eOHO-METOIUYECKUE MaTepuasbl JUIsl CaMOCTOSITENIbHOM pPadOThl 0Oy4YaroIUXCs U3
YHCJIa MHBAIK/IOB U JIMI C OTPAaHUYEHHBIMHM BO3MOKHOCTAMMU 310poBbs (OB3) npenocrasnstores
B (hopMax, aJalTUPOBAHHBIX K OTPAHUYEHUSIM UX 3[JOPOBbS U BOCIIPUITHS HH(POpPMALIUU:

JUist I ¢ HapyIIEHUSIMU 3pEHMSL:

— B I1€4aTHOW (hopMe YBEIMYCHHBIM HIPUPTOM,

— B (hopMe 2JIEKTPOHHOTO JOKYMEHTA,

— B popMe ayauodaiina,

— B IIeYaTHOM opMe Ha s3bIKe bpaiins.

JUig U1 ¢ HapyLIeHUsIMU CiIyXa:

— B IIeYaTHOM opme,

— B (popMe 3JIEKTPOHHOT'O IOKYMEHTA.

Jist 11 ¢ HapyIIEHUSIMU OTIOPHO-/IBUTATEIBHOTO amapaTra:

— B mieyaTHoOU hopme,

— B (popMe 2IEKTPOHHOTO TOKYMEHTA,

— B popMme ayauodaiina.

JlaHHBINA TIepeyeHb MOXeET OBbITh KOHKPETH3MpPOBAaH B 3aBUCHUMOCTH OT KOHTHHI€HTA
oOyyJaronuxcs.

3. O0pa3oBare/ibHbIC TEXHOJIOTHH
B cootBerctBuu ¢ TpeboBaHusmu ®I'OC B mporpamMma TUCHUIUIMHBI MPEAyCMaTpUBAET
UCIOJIb30BaHUE B Y4eOHOM IIpolecce CIEAyIoIMX o0pa3oBaTelibHble TEXHOJOTHUU: UYTEHUE
JEKUUHA C HCHOJB30BAHMEM MYJIBTUMEIUMHBIX TEXHOJOTUH; METOJA MallblX Ipymnn, pa3oop
IIPAKTUYECKUX 3a7a4 U KEHCOB.
[Ipu 06yueHNH UCTIONB3YIOTCS CeYIOIe 00pa30BaTeIbHbIE TEXHOIOTHUH:

— TexHonOrMs KOMMYHUKAaTHBHOIO OOyuYeHUS — HampaslieHa Ha (QopMHpoBaHUE
KOMMYHHUKAaTUBHON KOMIIETEHTHOCTH CTYJIEHTOB, KOTOpas sIBJsieTcs 0a30BOM, HEOOXOIUMOM ist
aJlanTalyy K COBPEMEHHBIM YCIIOBUSAM MEXKYJIbTYPHON KOMMYHHUKAIUH.

— Texuonorus pasHOypoBHEBOTO (mu(DPEpEeHIMPOBAHHOTO) OOyYEeHHUs] — TMpeAroiaracT
OCYIIECTBJIEHUE ITO3HABATEIbHON JEATENbHOCTU CTYAEHTOB C YYETOM MX WHAWBHUIYaJIbHBIX
CIOCOOHOCTEHN, BO3MOXKHOCTEM M HMHTEPECOB, MOOLIPSSI UX PEATU30BBIBATh CBOMl TBOPYECKUI
noreHuuan. Co3laHue M HCIOJIb30BAHHUE AMATHOCTUYECKUX TECTOB SIBIISETCS HEOTHEMIIEMOM
YacThIO IaHHOM TEXHOJIOTHH.

— TexHonoruss MoAyJapHOrO OOy4YeHHMsI — TMpeAycMaTpuUBaeT JAeJIEHUE COAEpKaHUs
JTUCIUIUIMHBI HA JIOCTAaTOYHO aBTOHOMHBIE pa3/iesibl (MOIYJIN ), UHTErpUpPOBaHHBIE B OOIIMIA KypC.
— HWudopmannonno-koMmmyHuKkaimonnsle TexHoiorun (MKT) - pacmmpsoor pamxu

00pa30BaTeNLHOrO MpOIlecca, MOBBIMIAS €ro MPAaKTUYECKYI0 HANpPaBIE€HHOCTh, CHOCOOCTBYIOT
MHTECHCU(PHUKAIIMK CaMOCTOSITENIbHOM pabOThl ydYaluXcs M TOBBIIIEHUIO [M03HABaTEIbHON
aktuBHOCTH. B pamkax KT BeigensaroTcs 2 Buaa TEXHOIOTHI:



— TexHOJOrusl HCHOJB30BAHUS KOMIIBIOTEPHBIX NPOTrpaMM — IMO3BOJsET 3((HEKTUBHO
JIOTIOJTHUTD MpoIiecc 00yUYeHHUS A3bIKY Ha BCEX YPOBHSX.

— UHTepHET-TEXHONOIMM — MPEAOCTABISIIOT IIMPOKUME BO3MOXKHOCTH ISl ITOMCKaA
uH(pOpMaLuy, pa3pabOTKU Hay4YHbIX IPOEKTOB, BEICHHs HAyUHBIX UCCIICIOBAHUI.

— TexHonoruss MHAMBUAyAIN3alUU OOyuYeHHs — IIOMOraeT pPeaJn30BbIBATH JMYHOCTHO-
OPUECHTHUPOBAHHBI TOAXOJl, YYHTHIBas HMHIUBUAyaAJIbHBIE OCOOCHHOCTH M TOTPEOHOCTH
yUaIuxcsl.

— IlpoekTHass TEXHOJOrMsI — OpPUEHTHPOBAHA Ha MOJEIUPOBAHHE COLMAIBHOIO
B3aMMOJECHCTBUS YyYalllUXCsl C LEJbI0 pElIeHHs 3ajadd, KOTOopas ONpPENessIeTcs B paMKax
npo¢eCcCHOHATBHOM MOATOTOBKH, BBIAEISIS Ty WM HHYIO IPEIMETHYIO 00J1aCTb.

— TexHonorust oOy4eHUs B COTPYIHHYECTBE — pEaIM3yeT MJIEI B3aUMHOIO OOYy4YEeHMS,
OCYLIECTBJISII KaK MHAUBUAYAIbHYIO, TaK U KOJUIEKTUBHYIO OTBETCTBEHHOCTh 3a pEILECHUE
y4eOHBIX 3aad.

— MHrpoBas T€XHOJIOTUS — MO3BOJIAET Pa3BUBATh HABBIKM PACCMOTPEHMs pslia BOZMOXKHBIX
CIOoCcO00B peleHus Mpo0sIeM, aKTUBU3UPYS MBIIIJICHUE CTYJIEHTOB U PacKpbIBasl JTUYHOCTHBIN
HNOTEHIMAJ KaXKJJ0r0 y4alerocs.

— TexHonorust pasBUTHS KPUTHUYECKOI'O MBIIICHUS — CIOCOOCTBYET (HOPMHUPOBAHUIO
Pa3sHOCTOPOHHEH JMYHOCTH, CIOCOOHONM KPUTHUYECKHM OTHOCUTHbCS K HH(POPMALUHU, YMEHUIO
oTOMpaTh HMH(OOPMAIIHIO [T PEIICHHS TOCTABICHHON 3a]auu.

KommiekcHoe ucrnosib3oBaHuEe B y4yeOHOM IPOLIECCE BCEX BBILICHA3BAHHBIX TEXHOJIOTHUI
CTUMYJIUPYIOT JIMYHOCTHYIO, HMHTEUIEKTYalbHYI0 AKTUBHOCTb, Pa3BUBAIOT I103HABATEJIbHbBIC
IpOILECChl, CHOCOOCTBYIOT (OPMHMPOBAHUIO KOMIETEHLMH, KOTOPBIMU JOJDKEH o0ajgarh
OyIyIIMi CHICIIMAIHCT.

OcHOBHbIE BU/Ibl HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOIUN BKIIFOYAIOT B CEO0SI:

— pabora B MaJIbIX Ipymniax (KOMaH/e) - COBMECTHasl ACATEIbHOCTb CTY/I€HTOB B IPYIIIIE MO
PYKOBOJICTBOM JIMJIEPA, HAIIPABJIEHHAsI HA pellieHue 001el 3a/1auu My TEM TBOPUYECKOIO CII0KEHHUS
pe3yJabTaTOB HMHIMBUAYAJIbHOW pabOThl 4YJICHOB KOMAaHJIbl C JICJIEHHUEM IOJHOMOYMHA U
OTBETCTBEHHOCTH;

— TPOEKTHAasl TEXHOJIOTUS - UHAWBUIyallbHAsl UM KOJUIEKTUBHASL I€ATEIbHOCTh 110 0TOODY,
pacnpeesIeHUI0 U CUCTEMAaTU3allui MaTepuaa o ONPEJEIEHHON TeMe, B pe3yJIbTaTe KOTOPOr
COCTaBJISIETCSI IPOEKT;

— aHaJM3 KOHKPETHBIX CUTYallUd - aHaU3 peallbHbIX MPOOJIEMHBIX CUTyalud, UMEBIINUX
MECTO B COOTBETCTBYIOIIEH 00iacTy NMpodeccHOHANbHOM NeATeNbHOCTH, U MOMCK BapUaHTOB
JY4IIUX PEICHNN;

— pa3BUTHE KPUTHUECKOTO MBILUIEHUS — 00pa30oBaTeIbHAsl JeATEIbHOCTD, HAlIPAaBJIEHHAs Ha
pa3sBUTHE Yy CTYJIEHTOB pa3yMHOTr0, pe(IeKCUBHOTO MBIIIEHHS, CTIOCOOHOTO BBIIBUHYTH HOBBIE
UJEeU U YBUJIETh HOBbIE BOZMOKHOCTH.

[Tonxon pa3bopa KOHKPETHBIX 3afad M CUTyallMl IIMPOKO MCIOJB3YyeTCsd Kak
npenojaBaTesieM, Tak W CTYJEHTaMHM BO BpeMs JIEKLUH, JaOOpaTOpHBIX 3aHITHA W aHaIu3a
pe3yJIbTaTOB CaMOCTOSTENbHOW paboThl. DTO OOYCIOBIEHO TEM, YTO NPU HCCIEAOBAaHUMU H
peIIeHNH KaXX10i KOHKPETHOM 3a/1a4ll UMEETCs, KaKk IIPaBHUJI0, HECKOJIBKO METO/I0B, a 3TO TpeOyeT
pa3bopa 1 OIIEHKH L1eJ10i1 COBOKYITHOCTH KOHKPETHBIX CUTYyallnH.

KOJHMYEeCTBO
Hcnonb3lyemMble HHTEPAKTUBHBIE 00pa30BaTeIbHbIE
Cemectp | Bua 3ansaTus MHTEPAKTHBHBIX
TEeXHOJOTHH
4acoB
[IpakTrueckue 3aHIATHA B pexumMax
3 JIP B3aUMOJICHCTBUS «MPEMOJaBaTENb — CTYAEHT» U 18
«CTYIEHT — CTYAEHT»
HUroro 18

Ipumeyanue: JI — nexyuu, 113 — npaxmuueckue 3awamus/cemunapwvi, JIP — nabopamopnvie sausmus, CPC —
camocmosmenvhas paboma cmyoenma



Tembl, 3a1aHust U BOIMPOCH JUISI CAMOCTOSITENIbHOW pabOThl MpHU3BaHBl CHOPMUPOBATH
HaBBIKM TIOWCKAa HWH()OPMAIMM, YMEHHUS CaMOCTOSTEIbHO PpACIIUPSITh W YIIyOJATh 3HAHWMS,
MOJIyYCHHBIE B XO/I€ JICKIIMOHHBIX U MPAKTHUECKUX 3aHATHH.

[Tomxox pazbopa KOHKPETHBIX CUTYallui MIMPOKO UCTIOIB3YETCs KaK MPEnojaBaTeieM, Tak
U CTyJIEHTaMHU IIPU TPOBEICHUH aHAIIN3a PE3yJIbTaTOB CAMOCTOSTEIbHON PaOOTHI.

Jlist AMIl ¢ OrpaHMYEHHBIMH BO3MOXKHOCTSIMH 3JI0POBBSI TIPEIYCMOTPEHA OpraHHM3aIus
KOHCYJIbTAIIMH C UCIIOJIb30BAHHEM HJICKTPOHHOM TOYTHI.

Jliist T ¢ HApYIICHUSIMHA 3PCHHS:

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

— B (hpopMe 3JIEKTPOHHOTO IOKYMEHTA.

JUnist a1 ¢ HapyIIEHUSIMH CITyXa:

— B IIeYaTHOM ¢opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

J1J1st JIU1 ¢ HApYIICHUSIMH OTIOPHO-JIBUTATEIBHOTO arapara:

— B mieyaTHoOU hopme,

— B (hpopMe 3IIEKTPOHHOTO IOKYMEHTA.

Jist auI ¢ OrpaHMYEHHBIMH BO3MOXKHOCTSIMH 3/I0POBBSI IIPEIYCMOTPEHA OpTaHHU3alus
KOHCYJIBTAIMH C UCIIOJIb30BAaHUEM DJICKTPOHHOH ITOYTHI.

JlaHHBIN TIepeYeHbh MOXET OBITh KOHKPETH3MPOBAH B 3aBHCHMOCTH OT KOHTHHTEHTA
00y4aromuxcs.

1. OIIeHO‘-IHbIe U METOANYECCKUC MaTepl/laJIbl
4.1 OueHouyHble cpeAcTBA UIA  TEKYIIero KOHTPOJISI  YCNEeBAaeMOCTH H
NMPOMEKYTOYHOM aTTecTAllUN

OneHOYHBIE CpelCcTBa MpEJHA3HAYeHBl Ui KOHTPOJII M OLEHKH 00pa30BaTEeNbHBIX
JOCTI)KEHUI 00ydaromMXxcsi, OCBOMBIIMX HPOTrpaMMy Yy4ueOHOH JUCHMIUIMHBI «HAa3BaHUE
JVICTTATUTHHBDY.

O1eHOUHBIE CPEJCTBA BKIIIOYAET KOHTPOJIbHBIE MaTepHalibl Ul NMPOBEACHUS TeKyIIero
KOHTPOJIs B ()OpME TECTOBBIX 3aJ[aHHii, U MPOMEKYTOUYHOM aTTecTauum B (hopMe BOIIPOCOB H
3aJaHU K 3a4eTy.

OneHoUHBIE CpencTBA Ui HMHBAJIHIOB W JIMIl C OTPAaHUYEHHBIMH BO3MOKHOCTSIMHU

3/10pOBbsI BHIOUPAIOTCA C YYETOM UX WHAUBUIYATbHBIX ICUXO()HU3UYECKHX OCOOEHHOCTEH.

— IIpY He0OXOAMMOCTH WHBAIMIAM H JINLIAM C OTPaHUYEHHBIMH BO3MOKHOCTSIMH 37[0POBbS
IPEOCTABIISAETCS JOMOJHUTENbHOE BpeMs /sl TOATOTOBKU OTBETA Ha SK3aMEHE;

— TIpH TIPOBEJICHUH TPOLIEAYPHI OIICHUBAHUS PE3YyJIbTATOB 00yUEHHSI MHBAIUIOB H JIUIL C
OTrPaHUYEHHBIMU BO3MOXHOCTSIMH 3/10pOBBS IPEAYCMAaTPUBAETCS UCIOIb30BAHUE TEXHUUECKUX
CpeACTB, HEOOXOTUMBIX UM B CBSI3U C X WHAWBUIYAITBHBIMA OCOOCHHOCTSIMH,

— IpU HEOOXOAMMOCTH JJIs1 00YHaroIUXCsl ¢ OTPAHUYEHHBIMUA BO3MOKHOCTSIMH 3710POBbS
U WHBAIWIOB TIPOIEypa OIICHWBAHUS pPE3YJIbTaTOB OOYYEHHUS 10 JHUCIUIUIMHE MOXKET
IPOBOJUTHCS B HECKOJIBKO HTAIOB.

[Tporienypa oneHUBaHUsI PE3yJIbTATOB OOYYCHHS WHBAIWIOB M JIUI] C OTPaHUYCHHBIMHU
BO3MOXHOCTSIMM 3JI0POBbsSI 110 JUCHUIUIMHE (MOJYJIIO) IpelycMaTpuBaeT IpeloCTaBIeHUe
uHpopManuu B (opMax, aJTaNTHPOBAHHBIX K OTPAHHUYCHHSIM WX 3J0POBBS U BOCIPHSITHS
uHpOpMaLUu:

J171st T C HApyIICHUSIME 3PEHHS:

— B I1€4aTHOW (hopMe YBEIUYEHHBIM HIPUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

Jnist a1 ¢ HapyIIEHUsIMH CITyXa:

— B TIe4aTHOM opme,

— B (popMe 2IIEKTPOHHOT O TOKYMEHTA.



Jljig U1l ¢ HapyIIeHUsIMA OTIOPHO-JBUTATEILHOTO amnmnapara:

— B Ie4aTHoi (opme,

— B (hopMe 3JICKTPOHHOTO JIOKYMEHTA.
JlaHHBIN TepeueHb MOXET OBITh KOHKPETHU3UPOBAH B 3aBUCHUMOCTH OT KOHTHHTEHTA
oOyyJaronuxcs.

CTpyKTYypa OLllEHOYHBIX CPEICTB AJIs TEKYLIeld U MPOMEeKYTOYHOM aTTeCTAIMU

Kon HaumenoBanue
Ne | KonTtponupyemsle pa3aens! (TEMBbI) | KOHTPOIUPYEMO OLICHOYHOI'O CPEJCTBA
n/n JUCIUTUTHHBI* KOMITETEHINN ., [MpomexyTouHas
(uu ee yacTH) Texyuwii kowTpo, aTTecTalus
ApXUTEKTYPBI
1 MHOTOIIDOLECCODHEIX OIIK-3 JlabopaTopuas Bomnpoc Ha 3augete 1-2,
pon p pabora 1 oruer 110 JIP 1
BbIYHUCIINTCIBHBIX CUCTEM
HuskoypoBreBoe
2 N — IK-3 JlabopaTopuas Bomnpoc Ha 3auete 3-4,
p pabora 2 oruer 110 JIP 2
[IPOrpaMMHUPOBAaHUE
3 T ——— IK-3 JlabopaTopHas Bompoc Ha 3auere 5-6,
A A paboTa 3 otuer o JIP 3
JlabopaTopHas Bompoc Ha 3auere 7-8,
4 OpenMP TK-3 pabora 4 otyer o JIP 4
5 bubnuoTeka mapamienbHbIX K-3 Jlabopartopras Bompoc Ha 3a4ete 9-
mraomouos PPL pabota 5 10, otuet mo JIP 5
Ucnomne3zoBanne GPU mia
6 MACCOBOLIO ADAIICIH3MA: K-6 JlabopaTopHas Bompoc Ha 3auere 11-
AMP p : pabota 6 12, otuet o JIP 6
Hcnons3oBanne GPU ms
7 MACCOBOI0 TADAIIICH3MA: IK-6 JlabopaTopuas Bormpoc Ha 3auere 13-
CUDA p ) pabota 6 14
3 Wntepodeiic nepenaun IK-6 JlaGopatopHast Bompoc na 3a4ere 15,
coobmenuit MPI pabora 1 16

Ioka3aTesn, KPpUTEPHHU U LIKAJIA OLEHKH C(POPMUPOBAHHBIX KOMIIETEHIIHIA

CootBercTBE IIOPOrOBOMY VPOBHIO OCBOEHHS KOMIIETEHUHUH IUIAHUPYEMBIM
pe3ysbTaTaM 00yUYeHHs U KPUTEPUSAM HX OIIEHMBAHUS (OLICHKA: 3a4TEHO):

OIIK-3 CnocofeH mMpuUMEHSITh COBpeMeHHble MH(pOPMANMOHHBIE TEXHOJOTHH, B TOM
YyHClie OTeYyeCTBEHHbIE, NPH CO3AAHMM MPOrPAMMHBLIX HNPOAYKTOB H
MPOrpaMMHBIX KOMILIEKCOB Pa3JIMYHOI0 Ha3HAYEHUS
HJI-1.0IIK-3 Apzymenmupoeano npumeHnsem COBPEMEHHblE UHPOPMAUUOHHbIE
mexHon02uu, 6 mMomM Hucle Ome4ecmeeHHvle, NPU  CO30AHUU
NPOZPAMMHBIX NPOOYKMOG U NPOZPAMMHBIX KOMNJIEKCOE PA3IUYHO20
Ha3HauyeHus

3uamo Bosmooxcnocmu  co8pemMenHbIX U NepCneKmueHbX  Cpeocms  paspadomxu

NPOSPAMMHBIX NPOOYKMOB, MEeXHUYECKUX cpeocme
Memooonozuu  paspabomxu npocpamMmHo20 obecnedyeHus U MexHOIo2UU

NPOSPAMMUPOBAHUSL

Memoovl u cpedcmea npoekmupo8anuss NPOSPAMMHO20 0becneyeHus
Memoowi u cpedcmea npoekmuposanusi NPOSPAMMHBIX UHmMepghelicos

Boszmoocnocmu UC



Coepemennvie cmpykmypHble A3bIKU NPOSPAMMUPOBAHUS

Ymems IIposooums oyenky u 060cHo8aHUE PEKOMEHOYEMbIX peLUleHUl
Koouposamyo na sazvikax npoepammuposanus
Bnaoempw IIpoexmuposanue npocpammHuix uHmepgeucos
Paszpabomxa cmpyxmypor npoepammnoeco kooa UC
Coop, obpabomka, aumanuz u 0000weHUe pe3yIbMAMO8 IKCHEPUMEHMO8 U
uccnedosanuil 6 coomeemcmayroueli 0oiacmu 3HaHul
HeamenvHocmb, HANPAGNeHHAs HA peulenue 3a0ay aHATUMUYEecK020 Xapakmepd,
npeononazaruyux 6bl00p U MHO2000pasue akmyaibHblX CHOCOD08 peuleHus 3a0ay
HJI-2.0IIK-3 Opuenmupyemcsa 6 COBDEMEHHBLIX NOJIOHCEHUAX U KOHUENUUAX
HPUKNAOHO20 U CUCMIEMHO20  NPOZPAMMHO20  oODecneuenus,
apxXumeKmypvl KOMRbIOMepos u cemeil (6 Mom yucie u 2100aiabHbIX),
MEXHON02UU CO30AHUA U CONPOBONHCOEHUS NPOZPAMMHBIX RPOOYKMIOE U
NPOZPAMMHBIX KOMNIIEKCO8
3uamo Bosmooicnocmu  cospemennvix U nepcnekmusHuvlx  cCpeocms  papabomku
NPOCPAMMHBIX NPOOYKMOB, MEeXHUUEeCKUX cCpeocme
Memooonoeuu  paspabomxu npocpammHo2o obecnedyeHuss U MexHOoLoUU
PO AMMUPOBAHUSL
Memoowl u cpedcmea npoekmuposanusi RPOCPAMMHO20 obechevenusl
MemoOowsl u cpedcmeaa npoexmuposanus NPOSPAMMHBIX UHmMepeticos
Bosmoorcnocmu HC
Coepemennvie cmpyKkmypHble A3bIKU NPOSPAMMUPOBAHUS
Ymems Buvipabameieams sapuanmul peanuzayuu mpedosanuii
Koouposamve na s3vikax npoepammuposanus
Bnaoemp Oyenxa epemenu u mpyooemMKoCmu peanusayuu mpeboeaHull K npocpammHoMy
obecneuenuro
Oyenka u coanacosanue CpoKos blNOIHEHUsI NOCMABLEHHbIX 3a0aY
IIpoexmupoeaHnue npoecpammusix unmepgeticos
Oyenka u coanacosanue CpoKos GblNOIHEHUsL NOCMABIIEHHbIX 3a0aY
Paspabomxa cmpykmypuel npoepammnozo xooa UC
Coop, obpabomka, amanuz u 0600wWeHUe pe3YIbMaAmo8 KCNEPUMEHMO8 U
uccnedosanuil 8 coomgemcmayroujeli 0o1acmu 3HaHul
Heamenvnocmy, HanpasnenHas Ha peuieHue 3a0ay aHaIumu4ecKko2o xapakmepad,
npeononazaruux 66100p U MHO2000pasue aKmyaibHblX CnocoO08 peuleHus: 3a0a4
IIK-3 Cnocoben npumenamov coepeMeHHble UHQOPMAUUOHHbBIE MEXHOI02UU NpU
npPOEKmMuposanuu, peaiu3ayuu, OyeHKe Kayecmea u ananuza rhgexkmusnocmu
Mamemamuyeckux mooeneil u(unu) npozpammnozo obecnedyenus 01 peuieHus
3a0ay ¢ pazIuYHBIX NPEOMENHBIX 001ACMAX
HJI-1.ITK-3 Hcnonvzyem cospemennvle pewienus u mexHoN02uu nPoeKmupoeanus
npu pazpadomie nPOZPAMMHO20 0decneyenus
3namep Bosmooxcnocmu  co8pemMenHbIX U NepcneKmueHblX  Cpeocms  paspadomxu

NPOCPAMMHBIX NPOOYKMOB, MEeXHUYECKUX cpeocme

Memooonoeuu  paspabomxu npocpamMmHo20 obecnedeHus U MexHOoLoUU
PO AMMUPOBAHUSL

Ipunyuner nocmpoenusi apxumexkmypvl HPOSPAMMHO20 obecneuenus U 6uobl
apxumexmypbul NPOSPAMMHO20 obecnedenusl



Ymemo

Braaoempw

HJT-2.TTK-3

3namo

Ymemo

Braaoemuw

Memoowsl u cpedcmea npoexmuposanus NPOSPAMMHbBIX UHmMepgeticos

A3viku npoepammuposanus u pabomul ¢ 6a3amu OGHHbIX

Hncmpymenmol u memoowt npoexmuposanus u ousavina M1C

Cospemennbie 06beKMHO-0PUEHMUPOBAHHDBLE A3bIKU NPOSPAMMUPOBAHUSL
Coepemennvie cmpykmypHbie A3bIKU NPOPAMMUPOBAHUS

Memoouvl ananuza u 0606WeHUss OMeuecm8eHHO20 U MeXCOYHAPOOHO20 ONbIMA 8
coomeemcmayroweli 0oaacmu UCCi1e008aHULL

Buipabameieams sapuanmul peanuzayuu mpedosanuii
Koouposamyo na sazvikax npoepammuposanus
Bepuguyuposamo cmpyxmypy npocpammno2o kooa

Paspabomka, usmenenue u coznacosamue apxumexkmypvl NpopPAMMHO20
obecneuenuss ¢ CUCMEMHbIM AHATUMUKOM U APXUMEKMOPOM HPOSPAMMHO2O
obecneueHus

IIpoexmuposanue npocpammHuix unmepgeicos

Paspabomxa cmpykmypuelr npoepammnozo kooa UC

Bepugpukayus ~ cmpykmypol  npocpammuozo  koda HC  omHocumenvHo
apxumexmypol UC u mpebosanuii 3axazuuxa k UC

Yempanenue obnapyosicennvix necoomeemcmeuii

Hcnonvzyem cospemenHble A3BIKU U CUCHEMbL NPOPAMMUPOBAHUSL,
MeXHOI02UU RPOEKMUPOGAHUSL RPOPAMMHO20 00ecneyeHus
Bosmooichocmu  cospemennbix U NEpCReKmusHbIX  Cpeocms  papabomku
NPOSPAMMHBIX NPOOYKIMOB, MEXHUYECKUX CPEOCME
Memoodonoeuu pazpabomku npoepamMmHo2o obecneyeHuss U  MexHoI02UU
nPOCPAMMUP OBAHUSL
Ipunyunsvt nocmpoenuss apxumekmypvl NPOSPAMMHO20 00eCneyeHUs U GuUbl
aApXumeKmypbl nPOCPAMMHO20 0OecneueHus
Memoobl u cpedcmea nPoexmuposanusi NPOSPAMMHBIX UHmMepheticos
A3viku npocpammuposanus u pabomul ¢ 6azamu OGHHbIX
Hncmpymenmol u memoowt npoexmuposanus u ousavna UC
CogpemeHnbie 00beKMHO-0PUESHMUPOBAHHBLE SA3bIKU NPOSPAMMUPOBAHUSL
Cogpemenivie cmpyKmypHble A3bIKU NPOCPAMMUPOBAHUS
Memoowl ananuza u 0606wenUs 0OmeuecmeeHHO20 U MeHCOYHAPOOHO20 ONbIMA 8
coomeemcmayioueli 001acmu Uccied08anull

Buipabameieams eapuanmul peanuzayuu mpeoosanuii
Koouposamv na azvikax npoepammuposanus
Bepuguyuposamv cmpyxmypy npocpammmno2o kooa

Paspabomxa, uszmenenue u coenacoganue apxumexmypvl HpOSPAMMHOZO
obecneyeHusi ¢ CUCMEMHBIM AHATUMUKOM U APXUMEKMOPOM NPOSPAMMHOZ0
obecneueHus

IIpoexmuposeanue npocpammuuix unmepgeucos

Bepugpukayus ~ cmpykmypol  npoecpammnozo  koda HC  omHocumenvHo
apxumexmypwl UC u mpebosanuii 3axazyuxa k UC

Yempanenue obnapysicennvix Hecoomeemcemautil

ITIK-6 Cnocoben ucnonv3oeamov coépemMeHHble Memoobl pPA3PAOOMKU HPOZPAMMHBIX
cucmem u peanu3ayuu KOHKPEmHbIX A120PUMMOE MAMEMAMUYECKUX Mooeell
Ha 0a3ze A3bLIKOG NPOPAMMUPOBAHUA, 03 OAHHBIX U NAKEMOE HNPUKTAOHBIX



npozpamm, UCnOIbL306aMb 3HAHUE OCHOGHBIX MEMO008 UCKYCCHIBEHHO20
UHmeIeKma 6 nociedyouieil nPogeccuoHanbHoll 0eaAmeabHOCU 6 Kayecmee
HAYYHBIX COMPYOHUKO08, npenodasamesneil 00PA308aAMENbHLIX OPZAHUIAUUIL
evicuieco 00pazoeanus, UHICEHEPOB,

MexXH0N10208

HJI-2.1IK-6 Jlemoncmpupyem 3HaHUA ~ Memo006, HMEXHOIO02UN U  CPeoCcCme

3namop

Ymemo

Braaoempw

paspabomku pazpadbomKu NPOPAMMHBIX CUCHEM U  Peanu3ayuu
KOHKDPEMHbBIX AN20PUMMO8 MAMEMAMUYECKUX Mooeell na daze A3blK0e
NPOZPAMMUDPOBAHUA, 0A3 OAHHBIX U NAKEMO08 NPUKIAOHBIX HPOZPAMM
Bosmooxcnocmu  cO8peMeHHbIX U NEPCReKMUBHbIX  CPeOCmE  paspadomKu
NPOCPAMMHBIX NPOOYKMOB, MEXHUYECKUX CPEOCME
Memooonozuu u mexnono2uu NPOEKMUPOBAHUS U UCNOIL308AHUSA OA3 OAHHBIX
Tunosvie peuwienus, OuOIUOMEKU NPOCPAMMHBIX MOOYIel, WAOIOHbL, KIACCH
00beKmMOo8, UCNONb3YeMble NPU pa3pabomke npoepammHo20 obecnedenus
Memoowi u cpedcmea npoekmuposarnus 6a3 OAHHLIX
Memoowl u cpedcmea npoexmuposanus NPOSPAMMHBIX UHmMeppeticos
A3viku npocpammuposanus u pabomul ¢ 6azamu OaGHHbIX
Hncmpymenmol u memoowt npoexmuposanus u ousauna UC
OcHOBbI COBPEMEHHBIX CUCEM YNPABIeHUs OA3aMU OAHHBIX
Cospemennbie 00bEKMHO-0PUSHMUPOBAHHbBLE A3bIKU NPOCPAMMUPOBAHUSL
Memoowl ananuza u 0606wenUss OMeuecmeeHHO20 U MeHCOYHAPOOHO20 ONbIMA 8
coomeemcmayroueli 0o61acmu uccie008aHull

Hcnonvzoeamv  cywecmeyiowue  munosvie — peuwlenus U WAOIOHb
NPOEKMUPOBAHUSL NPOSPAMMHO20 0Decneverus

Ilpumensamov ~ memoovl u  cpedcmeéa  NPOEKMUPOBAHUS — NPOSPAMMHOZO
obecneueHus, CMpyKmyp OaHHbIX, 0a3 OAHHBIX, NPOZPAMMHBIX UHMepdelicos
Koouposambe na a3vikax npoepammuposanus

Ananuz  8osmodcnocmerl  peanusayuu  mpeOOGAHUNl K NPOSPAMMHOMY
obecneyenuio

Oyenxa u coznacosanue cpoKos 8blNOIHEHUsL NOCMABIEHHbIX 3A0aY
Ilpoexmuposanue 6a3 oanHvlx

Oyenxa u coznacosanue cpoKos 8blNOIHEHUsL NOCMABNIEHHbIX 3A0aY

Yempanenue obnapysrcennvix necoomeememeuti

HesmenvHocms, nanpasiennas Ha peuleHue 3a0ay aHaIumMu4ecKko20 xapakmepad,
npeononazaruux 66100p U MHO2000pasue aKmyaibHblX CNOC0008 peuletust 3a0a4

TunoBbie KOHTPOJIbHBbIE 32 JaHNSI UM HHbIE MATEPUAJIbI, HEOOX0AUMBbIE [IJISl OLIEHKHU
3HAHMH, YMEHHUH, HABBIKOB M (MJIH) ONbITA [AEATEJbHOCTH, XapPAKTEePHU3YIIIUX ITANbI
(opMupoBaHHUs KOMNETEHIMH B MpoLiecce 0OCBOeHHsI 00Pa30BaTeIbLHOI MPOrpaMMbl

Tunosble TeCTOBBIE 3aJaHUA
1. Vxkaxure, K KAKOMY KJIaccy OTHOCSITCSI KOHBeilepHble DBM:

o

o O O

SISD
MISD
SIMD
MIMD

2. VYxaxwure, Kakas U3 QyHKIUI He OJOKUPYET BBI3bIBAIOIIUI TOTOK:
o join()



o detach()
o lock()
o unlock()

3. @ynxkuums get(0 otHOCHTCS K:
o promise
o future

4. 1lpu BbINOIHEHUH
#pragma omp parallel
{cout << "TIpuBer, PKTulIM!" << endl;
} // 3aBepiienue napamiensHOro pparMeHTa

Ha KOHCOJIM ABYXAACPHOI'O KOMIIBIOTCPA ITOABUTCA:

o Ilpuser, ®KTullM!IIpuser, ®PKTulIM!
mycTras CTpoKa
mycTas CTpoKa
o Ilpuser, ®KTulIM!
[Tpuser, ®KTullM!
mycTas CTpoKa
o Bo3moxHBI 002 BapranTa
o [lpaBunbHOrO OTBETA HET B 3TOM CIIUCKE

5. B oubmmoreke PPL mapamienbHbIX M1a0JIOHOB UMEIOTCS aJITOPUTMBI:
o parallel_for

parallel_for it

parallel_invoke

parallel_transform

parallel_map

parallel_reduce

O O O O O

6. B cpene AMP maccoBoro mapaien3Ma KOHCTPYKITHS array _VIiew mpeaHa3sHaueHa:
O JAJs BBIBOJIA HAa 9KPaH COJIEPKUMOI0 MacCHUBa
O JJIs ONMCAHUS MacCcHBa B MaMATH LIEHTPAJIBHOTO MpoLeccopa
O IS 33/IaHUSI MacCUBA B MaMSTH rpa)uaecKkoro mporeccopa
7. B cpene CUDA crietndpukarop _global  cayxwur:
O JJIs ONUCAHHUS TTI00aIbHBIX TEPEMEHHBIX
o omnucaHus QYHKIHHA, UCTIONHAEMBIX IPpa)UIeCKUM POIIECCOPOM
O (B 9TOM CHIHCKE HET NMPaBUIBLHOIO OTBETA)
8. TMonm xommynukaropom B MPI mornmaercs:
O cHenuansbHOE 000pyA0BaHHE, IPEAHA3HAYCHHOE IS TIepeIadr COOOIECHIH MEXTY
KOMITbIOTEpaMU
O CHeIHaTbHO CO3/1aBaEMbIN CITYKEOHBIN 00BEKT, KOTOPHIN 00BEUHSET B CBOEM
CoCTaBe IpyIily IpoIEecCOB
O CHeUHalbHO CO31aBaeMblii TPOTPAMMHBIN CITy>KeOHBIN 00BEKT, MOAICPKUBAIOIIUI
nepeaady cooOeHNH MEKIY KOMITBIOTEPAMH CETH.

Tunosble KOHTPOJIbHBIC 3a/ITaHUA



Hw

10.
11.

12.

Jlan oObIkHOBEHHBIN Trpad R++, mocTpoeHHBIN cneayommuM o0pa3om: B pemeTky R u3
Nxm BepIIuH A00aBiIeHO (n+m) cirydaitHeIX pedep. DPpPekTHBHO pacnapaieIuThb C
UCIIOJIb30BaHNEM MOTOKOB thread u Apyrux HU3KOYPOBHEBBIX CPEACTB PEIICHHUE 3a/1a4H
OTpIcKaHMsI BCEX TPEYTrOJbHUKOB B rpade R++.

Hamucars nporpammy «lleHanbTu» € HCIOJIB30BAHMEM HECKOJBKHUX IOTOKOB,
MOJICJIMPYIOUIYI0 cleAytouyo cutyauuto. @DyrOonuct ObeT MSYOM IO BOPOTaM
(cmyuaitHeiii yron). Bparaps, HaXoASIIUACS B IIEHTPE BOPOT, HAMPABISAETCS, YTOOBI €r0
OTOMTH (CiTydaiiHast CKOPOCTh TIEPEMEIIICHHS ).

Hanmcars nporpamMmy B3aumoaencTBus IByX nporeccos. Ilepsbiii npouecc: Ilnannno —
Ha0Op KJIaBHII U COOTBETCTBYIOUIMX 3BYKOB. BTOpO# mpoliecc — 4enoBeK — Ha)KUMaeT Ha
KJIABHILIN JJI TOJIy4eHUst Menoauu. KitaBuilii MOKHO CBSI3aTh ¢ KHOIKAaMU Ha KJIaBUAaType
KommbroTepa. Jlomyckaercs ncnosb3oBanue WIiNAPI.

Cosznath mapauienbHOE MPUIIOKEHHE SIS TPOBEPKH BHITIOJTHUMOCTH OyJIeBON (PYHKIIHH,
sagagHor KH® ¢ qu3nroHkTaMu UITHHEI 2.

CoznaTh napamienbHOe MPUIOKEHUE JIs IPOBEPKU 30MOpdu3Ma rpadoB, BHITOJIHUTE C
€ro TIOMOIIIbIO BBIYUCIICHUS.

33‘ICTHO'3K3aMeHaHI/IOHHl)Ie MaTepuaJibl 1Jisd l'lpOMe)KyTO‘-IHOﬁ arrecranmumn (3aqu)
BOl'lpOCl)I AJISl MMOATOTOBKH K 3a49€Ty

Pefituar TOP500 cynepDBM. Nel B petitunre. Peiituar TOPS50. Kimaccudukarnms @nunna
MHOTOITPOLECCOPHBIX BBIYUCIUTENbHBIX cucTeM. CHUCTEMBI ¢ 00LIEH MaMAThIO U CUCTEMBbI
¢ JIoKayIbHOM mamsThio. Konseliepusie DBM. MHorosinepasie nporeccopsl. ['padpuueckue
IIPOLIECCOPBI.

HuskoypoBueBbie npumutuBbl 0nbmmotekn STL C++ : thread, mutex. @ynkuuu join(),
detach(), 3aBepmatomue noroku. CpencTBa XxpoHoMeTpaka. [Ipumepsl mporpamm.
O6wbexTsl unique_lock mist pabotel ¢ mutex, metozs lock(), unlock(). IIpumeps! mporpaMm.
VYcnosuble nepeMenHsle condition variable. IIpumeps! nporpamm.

CpenctBa crangaptHoil 6ubanoreku (B ¢aie <future>), MO3BONSIONINE MPOTPAMMHUCTY
ONepUpOBaTh Ha KOHLENTyaJlbHOM YpOBHEe 3ajnad: future um promise s Bo3BpaTa
pe3ynbTara 3ajjauu, 3amyleHHON B OT/I€JIbHOM MTOTOKE.

CpenctBa cranaapTHoi 6ubnuoreku (B Qaiine <future>), mMo3BoJsAIOLINE TPOTPAMMUCTY
OTIepUpPOBaTh Ha KOHLENTYaJIbHOM ypoBHe 3a1au: packaged task — muist momoru B 3amycke
3aJja4u ¥ MPUKPEIUIEHUN MEXaHU3MOB BO3BpaTa pe3yJbTara.

CpenctBa crangaptHoil 6ubanoreku (B ¢aine <future>), MO3BOJISAIONINE TPOIPAMMUCTY
OIIEepUpOBATh Ha KOHIENTYaJlbHOM YpPOBHE 3ajau: async() — JUIs 3alycKa 3aj1a4 B CTUJIE,
110/100HOM BBI30BY (DYHKIIHU.

Hacrpoiika npoexta Open MP B Visual Studio. [lonarue napamiensHoit mporpammsl Open
MP. Opranusanus B3auMoJIeiCTBHS NapalljiesIbHbIX TOTOKOB. JlupexTussl parallel, parallel
for. Ilapamerpst shared wu private. Hcmnonp3oBaHMEe  KPUTHYECKMX  CEKIIHH,
pacnapauleIMBaHue 110 337a4aM.

[TapannenbHas COpTUPOBKA: METOJI YET-HEUETHOM NIEPECTAHOBKHU.

[TapannensHast COPTUPOBKA CIUSHUEM.

bubnmoreka C++, BKIIIOYaONas napauielbHble alTOPUTMBI, TapauleibHble KOHTEHHEPHI
U 00BeKTh, W obecneunBarolias mapauienu3M 3amad. Anroputmsr parallel_for,
parallel_for_each, parallel_invoke, parallel_transform u parallel_reduce.

[TapamiensHble  KOHTEWHEPHI: KJIACCBI concurrent_vector, concurrent_queue,
concurrent_unordered_map, concurrent_unordered_multimap, concurrent_unordered_set,
concurrent_unordered_multiset. 3agaun: knacc Task. [Ipumepsr mporpamm.



13. I'padmueckue mporeccopbl U UX BBIYUCIUTEIBbHBIE BO3MOKHOCTH. Ucnons3oBanne GPU
KaK yCKOpuUTellel BhIYMCIUTENbHOro mporecca. [Iporpammuoe obecrieuenue. C++ AMP
(Accelerated Massive Parallelism) ot MaiikpocodT B coctaBe Visual Studio.

14. O6bexThl array view. OpraHuzanysi BBIYUCIMTENBHOTO Impoliecca B kKomruiekce CPU +
GPU. IIpumepsl mporpamm.

15. Ilporpammuoe obecneuenue CUDA ot NVIDIA. OcunoBubie nmonsitus. Host u device.
Apxurekrypa SIMT (Single-Instruction, Multi-Thread). Ilepemaya wuHCTPyKUIui 110
KOHBEIepy, C NCIOIB30BAHKEM MTapajuIe3Ma Ha YPOBHE KOMaH ] BHYTPU OJJHOTO TIOTOKA,
a TaKkKe OONIMPHOrO Mapajuielii3Ma Ha YPOBHE IMOTOKOB OJjaromaps OJIHOBPEMEHHOU
anmapaTHOi MHOTOITOTOYHOCTH.

16. IIporpammuoe obGecrieuenne MPI — message passing interface mist pacmpeneneHHBIX
BBIUMCIICHUH, MOJEIN MHOTONPOLECCOPHOCTH C JIOKaNbHOW mamsaAThio.  Omnepauun
nepefayn naHHbIX. [loHsATHE KOMMYHHKaTtopoB. BupryanbHbie TOmosjoruu. OCHOBHBIE
¢ynkuun MPL

Hepeqeﬂb KOMHeTeHHI/Iﬁ (‘laCTI/I KOMHeTeHHI/II/I), NMPpOBEPACMBIX OUECHOYHBIM
CpeACTBOM
OITK-3 (nm. 1-5), TTK-3 (mm. 6-11), TIK-6 (. 12-16).

4.2 MeToauyeckue MaTepHaJIbl, ONpe/e/asiiolue Mpoueaypbl ONeHUBAHUS 3HAHUI,
YMeHHI, HaBbIKOB M (MJIH) ONBITA JAeATEJbHOCTH, XapPaKTepPU3yKWIIUX JTAMbI
(opMupoBaHUS KOMIETEHUM

MeTtoauyeckue peKOMeHAalMH, ONpeAe/sIoIe Npoueaypbl OleHMBAHUS TECTOB:

Tect npoBoautcst onaiin B cucteme Moodle wiu Google DOCS 1 orpaHuYeH 1Mo BpeMEHH.
Ha cnauy Tecta naercst nBe monbITKU. TecT cunmTaeTcsi yCHEIIHO MPOMAEHHBIM €CIH CTYIEHT
npaBuiIbHO O0TBETHII HA 70% BOMPOCOB.

MeToaunueckue PEKOMEHIAIIUH, ornpeaec/asarouiue npoueaypbl OLICHUBAHUA
BBIINIOJTHCHUSA KOHTPOJBHBIX 3aJaHMi:
321,[[8.HI/IC CUHUTACTCS BBIITOJIHCHHBIM ITPH BBIITIOJIHCHUU CIICAYIOIUX YCHOBI/Iﬁi
— HOpeaOCTaBJICH HCXOOHBIM KOJ Ha Ct+t+c aCC6M6J'IepHBIMI/I BCTaBKaMH,; OCHOBHBIC
BBIYUCIICHUSA TIPOU3BOJAATCA B IMPEACIaX BCTABOK C HCIIOJIB30BAHUCM KOMAaHI
OIIPEACIICHHOI'O TUIIA (CCJ'II/I OT'OBOPCHO B SaﬂaHI/II/I);
— HOPOACMOHCTPUPOBAHA pa6OTOCHOCO6HOCTB TIPUITOKCHU A,
— CTYACHT HIOHUMACT HCXOJHBIN KOJ 1 OTBEYACT Ha BOITPOCHI IO €T0 OpraHu3aluu.

MeToanyeckue peKOMEeHAalUH, ONpeae/solMe Npoueayphbl OLlCHUBAHUS Ha 3a4yeTe:

IIpouenypa npomMeXyToO4HOM aTrTecTaldyd IPOXOAUT B COOTBETCTBUU C IlomoxkeHueM o
TEKYyIIeM KOHTPOJIE U MPOMEeXYyTOouHOH arrectanuu oodyyatouixcss @PI'bBOY BO «Ky6I'V».

Htorosoit ¢opmoii KOHTposIE CPOPMHUPOBAHHOCTH KOMIIETEHIMH y OOydJaromuxcs 1o
JUcHUIuinHe siBasieTcss 3ader. CTyIeHThl OO0sf3aHbl TOJYYUTh 3a4eT B COOTBETCTBHM C
pacrucaHieM M y4eOHbBIM IJIaHOM

POC npoMeKyTOUHOHN aTTECTALlNN COCTOUT U3 KOHTPOJIBHBIX 3aJJaHUH U CIIUCKA BOITPOCOB
10 TEOPUHU.

3auer Mo AMCLUUIUIMHE HpeciefyeT Lelb OLEHUTh padoTy CTYAEHTa, IOJIy4YeHUe
TEOPETUYECKUX U INPAKTUYECKUX 3HAHWM, MX MPOYHOCTH, PA3BUTHE TBOPYECKOIO MBIIIECHUS,
IpUOOpETEHNE HABBIKOB CAMOCTOSITEIbHON paOOThl, YMEHUE IPUMEHSTH OyUEeHHbIE 3HAHUS JIJIS
pelIeHUs TPAKTUYECKUX 3aau.

PesynpTar cpaum 3a4era 3aHOCUTCS NMPENOJABATENIEM B DK3aMEHAIMOHHYIO BEAOMOCTh U
3aUETHYI0 KHUXKKY.



OHGHI/IBaHI/Ie YPOBHA OCBOCHHA AWCHHUILIMHBI OCHOBBIBACTCA HAa Ka4YCCTBE BBIIIOJIHCHUSA
CTYACHTOM KOHTPOJIbHBIX 3aJlaHKUil 1 OTBETOB Ha BOIIPOCHI ITO TCOPUH.

Kpurtepun ounenku:

OlleHKA «He3a4eT» BhICTABJISIETCS B CJIy4yae BbINMOJHEHHUsI OJHOT0 U3 YCJIOBHIi:

— TIHUCHMEHHBIA OTBET Ha BOIPOC MO TEOPHH IPOJEMOHCTPUPOBAT YPOBEHb OCBOCHHS
JICKIIMOHHOT'O MaTepHuaa HIKe MOPOroBOro;

— BbINOJIHEHO MeHee 80% KOHTPOJIbHBIX 3aJaHUM.

OIIEHKA «3a4eT» B CJIyuae BbINOJHEHUsI YCJIOBHIi:

— THCHMEHHBIN OTBET HAa BONPOC IO TEOPHUU MPOJAEMOHCTPUPOBAT YPOBEHb OCBOCHUS
JICKIIMOHHOTO MaTepuaia He HIKE MOPOTOBOTO;

— BbINOJIHEHO HEe MeHee 80% KOHTPOJIbHBIX 3aaHU.

OneHouHBIE CpencTBA Ui HMHBAJIHIOB W JIMIl C OTPAHUYCHHBIMH BO3MOKHOCTSIMHU
3JI0pOBbsI BEIOUPAIOTCS C YUETOM MX UHAUBUAYAIBHBIX ICUXO(U3NYECKUX OCOOCHHOCTEH.

— Ipy He0OXOAMMOCTH HHBAIH/IAM H JIUIAM C OTPaHUYEHHBIMU BO3MOKHOCTSIMH 37I0POBbS
IPEOCTABIIACTCS JOIOJHUTEIbHOE BpEeMS /71l TIOATOTOBKU OTBETA Ha SK3aMEHE;

— IIpH TPOBEJICHUH TPOLEAYPHI OIICHUBAHUS PE3yIbTATOB 00yUEHHS] MHBAINIOB H JIUIL C
OTPaHUYEHHBIMU BO3MOXHOCTSIMM 3/10pOBbS IPEAYyCMATPUBAETCS UCIOIb30BAHUE TEXHUUYECKUX
CpeACTB, HEOOXOTUMBIX UM B CBSI3U C UX WHAWBUIYAIBHBIMA OCOOCHHOCTSIMH,

— IpU HEOOXOAUMOCTH AJIsl 00yHaroIUXCs ¢ OTPAHUYEHHBIMU BO3MOKHOCTSIMH 3/I0POBbSI
U WHBAIWAOB TPOIEAypa OICHUBAHUS pE3YJIbTaTOB OOYYEHHS IO JUCHUIUIMHE MOXKET
IPOBOJUTHCS B HECKOJIBKO ATAIIOB.

[Iponienypa oneHMBaHUsI Pe3yJIbTATOB OOYYCHHS WHBAIWIOB M JIUI] C OTPaHUYCHHBIMHU
BO3MOYKHOCTSIMH 3/I0pOBbsI 110 TUCLMITJIMHE IPeAycMaTpUBaeT NpeaocTaBlieHne HH(popMaum B
dopmax, amanTUpOBaHHBIX K OTPAHUYCHUSM HX 30POBBS M BOCIIPUSATHS HH(POPMAIIHH:

JUist T ¢ HapyIIEHUSIMH 3pEHHMSL:

— B Mle4yaTHOM (popme yBeIMUEHHBIM HIpUPTOM,

— B (popMe 2IIEKTPOHHOT O TOKYMEHTA.

JUist U1 ¢ HapyIIEHUSIMH CITyXa:

— B I1e4aTHOM (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JUnist T ¢ HapyIIEHUSIMH OTIOPHO-/IBUTATEIBHOTO anmnapaTta:

— B TIle4aTHOU opme,

— B (popMe 2IIEKTPOHHOT O IOKYMEHTA.

JlaHHBIN TIepeYeHbh MOXET OBITh KOHKPETH3MPOBAH B 3aBHCHMOCTH OT KOHTHHTEHTA
00y4aromuxcs.

5. IlepeyeHb OCHOBHOW M [IONOJIHUTEJBLHOW Y4eOHO#W JMTepaTyphbl,

He00X0AMMOii 17151 0CBOCHUS TMCUUILIIMHBI (MOTYJIA)

5.1 OcHoBHas JiMuTEpaTypa:

1. I'pumm, P. [TapannensHoe mporpamMmupoBaHue Ha coBpeMeHHOM C++. UTo Kaxablid
npodeccuoHan OJDKEeH 3HaTh O MapalielbHOM IporpammupoBanuu / P. I'pumm ; mepeBox c
aarnuiickoro B. HO. Buanauka. — Mocksa : [IMK Tlpecc, 2022. — 616 ¢. — ISBN 978-5-97060-
957-6. — Texcrt : snekTpoHHbIH // JlaHb : snmekTpoHHO-OMONMoTeuyHas cuctema. — URL:
https://e.lanbook.com/book/314870 (mara obpamenus: 09.06.2023).

2. Pobu, P. IlapamnenbHble U BBICOKOMPOM3BOAUTENbHBIE BbluucieHus / P. Poowu, /.
3amopa ; mepeBoA ¢ aHrnuickoro A. B. JlorynoBa. — Mocksa : JIMK Ilpecc, 2022. — 800 ¢. —
ISBN 978-5-97060-936-1. — TekcT : 3nekTpoHHbIH // JlaHb : 3meKTpOHHO-OMONIMOTEYHAs
cucrema. — URL.: https://e.lanbook.com/book/241124 (aara obparenus: 09.06.2023).



Jl51g OcBOGHMS AUCUMILTAHBI MHBAIMAAMH U JIMIIAMUA C OTPAaHUYEHHBIMU BO3MOXHOCTSAMU
3I0POBbS MMEIOTCSI M3JaHHsSI B AJIEKTPOHHOM BHJIE B 3JCKTPOHHO-OMOIMOTEYHBIX CHCTEMaXxX
«Jlanb» u «tOpaitT».

5.2 lonostHuTeILHASI JIATEPATypa:

1. Mumnszes, P. I11. [Tapannensaoe nporpammupoBanue (MPI, OpenMP, CUDA) : yueGHO-
MeToauyeckoe mocooue / P. III. Munsses. — Kazans : KHUTY-KAH, 2021. — 68 ¢. — ISBN
978-5-7579-2567-7. — Texkcr : 3neKTpOHHBIH // JIaHb : 37EKTPOHHO-OMOIMOTeYHAs CUCTEMA. —
URL: https://e.lanbook.com/book/264890 (nara obpamenus: 09.06.2023).

2. [Map¢enos, J1. B. [TapamnensHbie U pacnupeeeHHbIE BEIUMCICHUS | yueOHoe nocooue /
. B. Ilapdenos, /. A. IlerpyceBuu. — Mocksa : PTY MUPDA, 2022. — 92 c. — Teker :
eKTpoHHBIH  //  JlaHb : JNIEKTPOHHO-OMOMMOTEYHAasT ~ cuUcTeMa.  — URL:
https://e.lanbook.com/book/265658 (mara obpamenus: 09.06.2023).

5.3. [lepuoauveckue U3IaHusA:
1. ba3sl mauabeix komnanuu «Mct Beroy http://dlib.eastview.com
2. Dnexrponnas oubimmoreka GREBENNIKON.RU https://grebennikon.ru/

5.4. UnTepHeT-pecypchbl, B TOM YK cJ/ie COBpeMeHHbIe NMpodeccuoHaNbHbIe 0a3bl
JAHHBIX U MH(OPMAIMOHHBbIE CTIPABOYHbIE CUCTEMBI

Onexmponno-oubnuomeynwvle cucmemst (O6C):

1. DBC «FOPAUT» https://urait.ru/

2. DBC « YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/
3. DBC «BOOK.ru» https://www.book.ru

4., OBbC «ZNANIUM.COM» www.znanium.com

5. OBC «JIAHb» https://e.lanbook.com

Ilpogpeccuonanvuvie 6azvi OanHbIX

1 Scopus http://www.scopus.com/

2. ScienceDirect https://www.sciencedirect.com/
3. XKypuanst uzgarenscta Wiley https://onlinelibrary.wiley.com/
4
5

Hayunas snextponHast 6ubnanorexa (HObB) http://www.elibrary.ru/
[TonmHOTEKCTOBBIE apXHUBBI BEAYIIUX 3aMaHBIX HAYYHBIX KypHaJIoB Ha Poccuiickoii
wiatdopme HayuHbix xKypHanoB HOMKOH http://archive.neicon.ru
6. HamuonanpHast dSJeKTpoHHas OWOMMOTEKAa  (IOCTYN K DJIEKTPOHHOW  OMOIMOTEeKe
mucceprauii Poccuiickoit rocynapctBennoit oudmuoreku (PI'B) https://rusneb.ru/
7.  Ilpesunentckas 6ubnunorexa um. b.H. Enpumna https://www.prlib.ru/
8.  baza mannbix CSD KemOpumkckoro nentpa kpucramuiorpaduueckux nanapix (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. "Jlexkropuym TB" http://www.lektorium.tv/
17. YuuBepcurerckas undopmannonnas cucrema POCCUS http://uisrussia.msu.ru

HH¢0pMﬂI4uOHHl)Z€ CnpasovHbvle cCucmembl

1. KoncyneranT [Lmtoc - cipaBodHast paBoBasi cUCTEMa (JIOCTYI 110 JIOKAJTLHOM CETH C
KOMITBIOTEPOB OUOITMOTEKH )
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Pecypcuvl c60600n020 docmyna

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

2. AmMepukaHCKas NMaTeHTHas 0asza MaHHBIX http://www.uspto.gov/patft/

3. MuHHCTEpCTBO HAYKHU U BhICIIET0 oOpazoBanus Poccuiickoit denepanun
https://www.minobrnauki.gov.ru/;

4. Oenepanbubiit moptan "Poccuiickoe oopazoBanue” http://www.edu.ru/;

5. Hudopmanmonnas cuctema "EquHoe okHO JocTyma K 00pazoBaTeabHBIM pecypcam”
http://window.edu.ru/;

6. Enwnas xoutekius nu@poBbIX 00pa3oBaTeIbHBIX pecypcoB http://school-collection.edu.ru/ .

7. Tlpoekt ['ocymapcTBEHHOTO HHCTUTYTa pycckoro si3bika uMeHn A.C. [lymkuna
"O06pa3zoBaHue Ha pycckoM" https://pushkininstitute.ru/;

8. CnpaBouHo-uH(pOpMaMOHHKIHN mopTain "Pycckuii si3b1K" http://gramota.ru/;

9. Cnyx0a TeMaTH4eCKHX TOJIKOBBIX cil0Bapeil http://www.glossary.ru/;

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

11. O6pazoBarenbHbiii mopTan "Yueba" http://www.ucheba.com/;

12. 3axonompoekt "O0 obpazoBanuu B Poccuiickoit denepaunn". Bornpock! u 0TBETHI http://xn--
273--84d1f.xn--plai/voprosy i otvety

Cobcmeennvie 31ekmpoHHble 00paszoeameinvHble U UHGopmayuortole pecypcol Kyol'yV

1. DnexrtpoHHBIHA Katanor HayuHoii onbmuoreku KyOI'Y http://megapro.kubsu.ru/MegaPro/Web

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

Cpena MOAyIHbHOTO JUHAMHUYECKOTO 00yueHus http://moodle.kubsu.ru

baza yueOHBIX M1aHOB, y4eOHO-METOAMYECKUX KOMILIEKCOB, MyOJIMKalui U KOH(pepeHInH
http://infoneeds.kubsu.ru/

5. bubnuoreka nHOPMAIMOHHBIX PECYpPCcOB Kadenpbl HH()OPMALIMOHHBIX 00pa30BaTEIbHBIX
TEXHOJOTH http://mschool.kubsu.ru;

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

7. DneKTpoHHbIE 00pa3oBaTeNbHbIE peCYpChl Kapeapbl THPOPMAITMOHHBIX CUCTEM M TEXHOJIOTHH
B oOpazoBanuu KyOI'Y wu HayuHo-meroamyeckoro sxypHaia "HIKOJIBHBIE T'OJIbI"
http://icdau.kubsu.ru/

w

&>

6. Meroanueckue ykKazaHus [J O0y4AIOIIMXCHA IO OCBOEHUIO

TUCHUIIUHBI (MOIYJIs1)

[To kypcy mnpeaycMOTpEeHO NPOBEACHUE JIEKIMOHHBIX 3aHSATUNA, HA KOTOPBIX JAETCA
OCHOBHOM CHCTeMaTH3Hp0BaHHLIﬁ MaTepuall. B X0A€ JICKIOHUOHHBIX 3aHATUN pa36Hpa}0Tc51
CBOﬁCTBa, METOABI OCHOBHBIX JJICMCHTOB HapaJ'IJ'IeJ'II)HOFO HpOFpaMMI/IpOBaHI/ISI, HpHBOI[SITCfI
MNpUMEPbl HUX HCIOJb30BAHHW, HNPOBOAUTCA aHAJIN3 HaI/I6OJ'Iee PacnpoCTPpaHCHHBIX OIJ_II/I6OK
noctpoeHus mnporpamm. llocie mpociymuBaHuS —JIEKIMM PEKOMEHAYETCS  BBIINOJHUTH
YHOpaXHCHUA, TPUBOAUMBIC B ayIUTOPHUHN AT CaMOCTOSTEILHOU pa6OTBI.

ITo xypcy mpemycMOTpEeHO MpPOBEACHHE JTa0OPATOPHBIX 3aHATHN, HA KOTOPBIX JACTCS
HpHKJIa,Z[HOﬁ CI/ICTeMaTI/I3I/Ip0BaHHLII71 MaTcpuall. B Xoe 3aHITUN pa36Hpa10Tcs{ TOTOBBIC
HpOFpaMMHI)IC HpI/IJ'IO}KeHI/If{ nu HpOBO}II/ITCSI aHaJlIn3 MUuX HOCTpOGHI/IFI. HOCHC 3aHATUA
PCKOMCHAYCTCA BBIIIOJHUTL YHPAXKHCHHA, IMMPUBOAUMBIC B ayAUTOPUN JIA CaMOCTOSITEJILHOU
paboTHI.

IIpu camocrosiTenbHON paboTe CTYyAEHTOB HEOOXOIUMO H3Y4YUTh JIUTEPaATypy,
HpI/IBe)]eHHYIO B Hepe‘-IHSIX BBIIIC, JJIsI OCMBICIICHHUA BBOAUMBIX HOHSITI/IfI, aHaJIn3a Hpe)IJ'IO)KeHHI)IX
IIoaAxoa0B U METOAO0B pa3p3.60TKI/I nporpamm. Pa3pa6aTLIBa$1 peIICHUC HOBOM 3aa4yu, CTYACHT
JOJIKECH YMCTDb BBI6paTI> 3(1)(I)CKTI/IBHLIC U HAACKHBIC CTPYKTYPbhI HAHHBIX IJIA MPCACTABJICHUA
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nH(popmaIuu, mog00paTh COOTBETCTBYIOIINE aJITOPUTMBI I UX 00paOOTKH, yUeCTh CIIeUPUKY
S3bIKA MPOTPAMMHPOBAHUS, HA KOTOPOM OyZeT BhITIONHEHA peanu3aius. CTyIeHT J0JDKEH YMETh
BBINOJIHATh TECTUPOBAHHE W OTJIAJKy AJITOPUTMOB PEIICHHs 3a/ad C LENbI0 OOHApPYXKCHUS U
YCTPaHEHUS B HUX OMIMOOK.

BaxnelmuM 3TanoM Kypca SIBISIETCS CaMOCTOSITElIbHAas paboTa MO JUCIHILINHE. B
nporecce CaMOCTOSATENBHOM  pabOThl  CTylEHT NpUOOpeTaeT HaBBIKM MapaUIeIbHOTO
(BBICOKOTIPOM3BOIUTEIILHOTO) MMPOTPAMMHPOBAHUSI.

Hcnonb3yroTcs akTUBHBIE, WHHOBALIMOHHBIE OOpA30BaTENIbHBIE TEXHOJOTHH, KOTOpBIE
CIIOCOOCTBYIOT ~Pa3BUTHUIO OOIICKYJIbTYPHBIX, OOMENPO()EeCCHOHANBPHBIX KOMICTCHIINH U
npodeccuoHaNbHBIX KOMIETEHIINN 00y4arOIInXCsl:

e mpoOsieMHOE 00yUYeHHE;
pa3HOYpPOBHEBOE OOYUEHUE;
IIPOEKTHBIE METO/IbI OOyUEHUS;
HCCIIEIOBATEIbCKUE METO/IbI B 00YUEHUH;
o0y4YeHHe B COTPYAHUYECTBE (KOMaH/IHAs, TPYNIIOBas paboTa);
MH(POPMAIIMOHHO- KOMMYHHUKAIIMOHHBIE TEXHOJIOTHH.

Jlis Ui ¢ OrpaHUYeHHBIMU BO3MOXHOCTSIMU 370POBbsSI IIPEIyCMOTPEHA OpraHu3alus
KOHCYJIbTAIMi C NCIIOJIb30BAaHUEM 3JIEKTPOHHOM MOYTHI.

Y4eOHO-METONYECKUM 00ecTieYeHHeM KYPCOBOM pabOThI CTYJCHTOB SIBISIOTCS:

1. yaeOHas muTeparypa;

2. HOpMaTUBHbIE JOKyMeHThI BY 3a;

3. MeToau4ecKue pa3paboTKu JJis CTYACHTOB.

CaMocTosTenbHast paboTa CTyJACHTOB BKIIIOUYAET:

— opopMJIEHHE UTOTOBOTO OTUETa (TTOSICHUTEIHLHOM 3aITUCKH ).

— aHaJIM3 HOPMATUBHO-METOMYECKOM 0a3bl OpraHU3alllY;

— aHaJIM3 Hay4YHbIX MyOIMKAIMK 110 3apaHee ONpeAeIEHHON TeME;

— aHanu3 U 00paboTKy HH(pOPMAIIIH;

— paboTy ¢ Hay4YHOMU, y4eOHON 1 METOIUYECKOMN JTUTEPATyPOH,

— pabota ¢ koHcnekTamu Jekiuid, IbC.

Jlj1 caMoCTOSATENbHON pabOThI MPEICTABISAETCS Ay JUTOPUS C KOMIIBIOTEPOM U JOCTYIIOM
B VIHTEpHET, K 2JIeKTPOHHON OMOIHOTEKe By3a U K HHPOPMAIIHOHHO-CIIPABOYHBIM CUCTEMAM.
[lepeueHp y4eOHO-METOIMIECKOTO 0OECTICUCHNUS:

1. OcHoBHas oO6pa3oBarenabHas MporpamMmma BbICIIETO MPOPECCUOHANIBHOI0 00pa30BaHUs
(benepaabHOro rocyAapcTBEHHOr0 OI0PKETHOI0 00pa30BaTEIbHOIO YUPEKICHHS
BbIciIero oopazoBanus «KybaHckuil rocy1apcTBEHHbIN YHUBEPCUTET» 110 HAIPABICHUIO
MOJATOTOBKH.

2. TlonmoxxeHwe o MPOBEACHUH TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH M IMTPOMEKYTOTHOM
aTTecTalluy B ¢eiepaIbHOM rocy1apcTBEHHOM OIO/IKETHOM 00pa30BaTeIbHOM
yupeXJIeHUH BhIciero oopasoanus «KybaHckuil rocygapCcTBEHHBI YHUBEPCUTET.

3. OO6mue TpeOoBaHMS K MOCTPOCHHIO, COJEPKAHNIO, ODOPMIICHUIO U YTBEPKICHUIO
paboueli mporpaMMbl TUCHUIUTMHBI DeepaabHOro rocyAapCTBEHHOTO
00pa30BaTeNLHOTO CTaHJapTa BHICILETr0 MPO(eCcCHOHATBHOTO 00pa30BaHuU.

4. Meroanueckrue peKOMEHJAIUH 110 COJIEP>KaHUI0, O(POPMIIEHHUIO U IPUMEHEHUIO
00pa30oBaTeNbHBIX TEXHOJIIOTUH U OLIEHOYHBIX CPEJCTB B yUeOHOM Ipolecce,
OCHOBaHHOM Ha DesiepalibHOM TOCYJTapCTBEHHOM 00pa30BaTEIbHOM CTaHAApTE.

5. YueOHbli M1aH OCHOBHON 00pa3oBaTeIbHON MPOrpaMMBbl IO HAIPaBJICHUIO OATOTOBKH.

6. denepanbHBII rOCYIapCTBEHHBIA 00pa30BaTEIbHBINA CTAHAPT BBICIIIETO
npo¢eCCHOHATBLHOr0 00pa30BaHMs MO0 HAIIPABJIEHUIO OTOTOBKH.



B ocBOoeHMM IHCHUIUIMHBI MHBAIUAAMM U JIMIAMH C OTPAaHUYCHHBIMU BO3MOXXHOCTSMHU
3I0pOBbsI OOJIBIIOE 3HAYEHHWE MMEET WHAMBHIyajbHas ydeOHas pabora (KOHCYJIbTAIlUH) —
JIOTIOJIHUTEIBbHOE pa3bsiCHEHNE Y4eOHOro MaTepuara.

WupuBuayanbHble KOHCYJNBTAIlMM IO MPEAMETY SBISAIOTCS BaKHBIM  (PaKTOPOM,
CHOCOOCTBYIOLIMM MHAWBUIYAIN3aLUU OOY4YE€HUS U YCTAHOBJIEHUIO BOCIIUTATEIBHOTO KOHTAKTA
MEXIy IMpernojaBaTesieM W OOy4aroIlMMCS HWHBAJIUAOM MM JIMIOM C OTPaHUYCHHBIMU
BO3MOYKHOCTSIMU 3/10POBbSI.

7. IlepeyeHb WH(MOPMANUOHHBIX TEXHOJOIHH, HCHOJb3yeMbIX NpPH

OCyIIECTBJICHUN 06p330B3TeJILHOFO nmponoecca 1mo IMCIuMuIJJan-He (MOIlyJIIO)
7.1 Hepeqeﬂb HH(])OpMaIII/IOHHO-KOMMyHI/IKaHI/IOHHLIX TEXHOJIOT U

— [IpoBepka noManHux 3aJaHui U KOHCYJIbTUPOBAHUE IIOCPEACTBOM AIEKTPOHHOM ITOYTHI.
— Mcnonb30BaHue 31EKTPOHHBIX MPE3EHTALUMI IPH POBEACHUY JIEKIMOHHBIX 3aHITHI

— Cucrema MOODLE

— IIpoBepka nomaimiHux 3aaHuii U KOHCYIbTHpoBaHue nocpeactsom DOUC Kyol'y

7.2 TlepeyeHb JHIIEH3MOHHOTO W CBOOOJIHO PACIPOCTPAHIEMOr0 MPOrPaAMMHOIO
odecrevyeHust

OpenOffice

Komnunsitop C++

Oracle VirtualBox 6

VVMware Workstation 16

Putty 0.76 wu Kitty 0.76

Filezilla 3.57.0

WinSCP 5.19

Advanced port scanner 2.5

Python 3 (3.7 1 3.9)

numpy 1.22.0

opencv 4.5.5

Keras 2.7.0

Tensor flow 2.7.0

matplotlib 3.5.1

PyCharm 2021

Cuda Toolkit 11.6

®peiimBopk Django

Firefox, mrob6as Bepcus

Putty, mo0as Bepcus

Visual Studio Code, Bepcus 1.52+

Eclipse PHP Development Tools, Bepcust 2020-06+

[Tnarua Remote System Explorer (RSE) mst Eclipse PDT

JetBrains PHP Storm

GIT

Java Version 8 Update 311

Clojure 1.10.3.1029.ps1

SWI Prolog 8.4

Intellij 1dea IDE 2021

Mozilla Firefox 96

Google Chrome 97

GitHub Desktop 2.9

PHP Storm 2021

Filezilla 3.57.0


https://www.jetbrains.com/community/education/#classrooms

Putty 0.76

8. MaTepuaIbHO-TeXHHYECKOe o0ecnevyeHue 1o JUCHUILIUHE (MOYJII0)

HanmMeHnoBanue y4eOHON ayTUTOPHH, €€ OCHAIIEHHOCTh

No Bug pador
000pyI0BaHUEM M TEXHHUUYECKUMHU CPEJICTBAMU 00yUYEHUs
1. JlexumoHHble 3aHATUS | AyauTopus, YKOMILIEKTOBaHHAas CHenualIn3upoBaHHON
MeOeNbl0 U TEXHUYECKUMU CPEJICTBAMU 00yUYEeHHSI
2. JlaboparopHble 3aHATHS | AyAUTOpPHUS, YKOMILIEKTOBaHHAas CHenUalIn3upoOBaHHON
MeOenbl0 M TEXHHYECKUMH  CpelCcTBaMH  0OydeHwus,
KOMITBIOTEPAMHU, IIPOSKTOPOM, IPOTPAMMHBIM 00ECIICYCHHEM
3. [TpakTuyeckue 3aHATHS | AyIUTOpHUS, YKOMIUIEKTOBaHHas CHeLUaIN3UPOBAHHON
MeOeNbI0 U TEXHUYECKUMH CPeJICTBAMH 00yUeHHs
4. I'pynnoBsle Aynuropus, YKOMIIJIEKTOBaHHAs CIeLUaIN3UPOBAHHON
(MHIMBUyaJIbHBIEC) MeOenpl0 M TEXHHYECKUMH  CpeICTBAaMH  OOydeHwus,
KOHCYJIbTAIIH KOMIIbIOTEPaMHU, MPOrpPaMMHBIM OOeclieueHueM
S. Tekymmii  KOHTpOIJb, | AyIUTOpHUS, YKOMIUIEKTOBaHHAs CIeLUaNIN3UPOBAHHON
IPOMEXKYTOUHAs MeOeNnpl0 M TEXHUYECKUMH  CpeACTBaMU  OOy4YEeHHs,
aTTecTauus KOMIIbIOTEPaMHU, MPOrpaMMHBIM OOeclieueHueM
6. CamocTosTenbHas Kabuner mis caMocTOSTENbHOH pabOTHI, OCHAIICHHBII
pabora KOMIIbIOTEPHON TEXHHKON C BO3MOXHOCTHIO MOAKIIIOUEHUS K

cetu «VHTEpHET»,IPOrPaMMON DKPAHHOTO YBEIMYEHUS U
00€CIEeYeHHbIN JOCTYIIOM B 3JEKTPOHHYIO HH()OPMAIMOHHO-
00pa30BaTENIbHYIO CPEly YHUBEPCUTETA.

[Tpumeuanue: KonTkpeTtuszanus ayautopuid u ux ocHamienue onpenensercs OIIOIL




