MwnHo6pHaykn Poccum

OEAOEPAJIbHOE NIOCYAOAPCTBEHHOE BIOIXKETHOE OBPA30OBATEJIbHOE

YYPEXOEHUE BbICLUENO OBPA3OBAHUA

«BOPOHEXXCKWUW rOCYOAPCTBEHHbIA YHUBEPCUTET»

(Preoy BO «BI'Y»)

YTBEPXOAIO

3aBepnytoLumi kacdenpom

MporpaMmmnpoBaHunsi ¥ UHPOPMALIMOHHBIX TEXHOMOTUIA

%

PABOYASA NPOrPAMMA YYEBHOW AUCLUMUNITUHDI

61.B.01 MNapannenbHble anropuTMbl AnNs MHOroSAAEPHbIX CUCTEM
1. Kog n HaumeHoBaHMe HanpaBneHusi NoAroToBKK/cneunanbHOCTH:
09.04.02 NHgopMaLIMOHHbIE CUCTEMBI U TEXHOSTOrMN

2. Mpodhunb nogroToBKku/cneunanusauus:

Mo6urbHbIE NPUINOXEHNS Y KOMMNBIOTEPHBIE UTPbI

3. KBanudmkaums (cteneHb) BbINyCKHUKA:

MaructpaTtypa

4. dopma oby4yeHusn:

OuyHas

5. Kacdbenpa, oTBevaloLwlan 3a peanmsaumuio AUCUUNIINHDI:

Kadegpa nporpammmupoBaHns 1 MHOOPMAaLNOHHbBIX TEXHOMOIMIA

npogp. Maxopmos C./,
03.05.2023



6. CoctaBuTENU NporpaMmmbi:

ct. ipen. kad. [TulT Tapacos BsuecnaB CepreeBud

e-mail: tarasov@cs.vsu.ru

¢dakynapTeT: KOMIbIOTEpHBIX HAYK

kadeapa: [IporpammupoBanus U HHPOPMAITMOHHBIX TEXHOJIOTHMA

7. PekomeHpoBaHa:

HMC ®KH, npotokon Ne 7 ot 03.05.2023
8. YueOHbIN roAa;:

2024-2025

9.lenu v 3agayn y4eO6HON AUCUNNIIVNHbI:

Llenb n3ydeHns oucumninHbl - COaencTBmne ganbHeENLWeEMY pa3BUTUIO cneLmanbHON
npodeccnoHanbHOM KOMMNETEHTHOCTU MarucTpa NyTeMm oBnageHus Metogammn paspaboTku
napannernbHbIX anropuTMOB OS5 MHOTOSIAEPHbIX CUCTEM.

10. MecTo y4ye6HOM AnucUUNNUHBLI B cTpykType OOI:

11. MNnaHupyemblie pe3ynbTaTbl 00yYeHUs No aucumunnMHe/moaynto (3HaHUsA, yMeHus,
HaBbIKW), COOTHECEHHbIE C NNaHMpyeMbIiMU pe3yfnbTaTaMm OCBOEHUs1 o6pa3oBaTeribHON
nporpamMmmbl (KOMMNETEHUUAMU BbIMYCKHUKOB):

Kog v Ha3BaHune koMmneTeHuumn Kog v Ha3BaHWe nHavkaTopa KomneTeHumMmn  3HaHus,
yMeHUs,
HaBbIK/

MK-4 CnocobeH BLINOSHATL MK-4.1 YmeeT BbipabaTbiBaTh BapuaHTbl

9KCMEPTHYIO NOAAEPXKKY peanusaumm npototunos NC Ha ocHoBe

paspaboTku npoTtoTunos NC HaKOMSIEHHOro onbiTa

MK-4 CnocobeH BbINoHATb MK-4.2 YMmeeT genatb 9KCNEpPTHYHO OLEHKY

9KCMEPTHYIO NOAAEPKKY NpeanoXeHHOro BapuaHTa peanusauum

paspaboTkn npototmnos NC npototmna NC



Koa v Ha3BaHue KoMneTeHuuu

MK-12 CnocobeH BbINOMHATb
pa3paboTKy 1 n3MeHeHne
apXMTEKTYpPbl NPOrpPaMMHOro
obecneyeHuns

MK-13 CnocobeH BbINOMHATL
NPOEKTUPOBAHNE CTPYKTYP AaHHbIX
1 6a3 gaHHbIX

Koa v HaseaHve nHavkaTopa KOMNeTeHLUMM

MK-12.1 YmeeT ncnonb3oBaTb
CYyLLIeCTBYIOLLME TUNOBbIE PELLEHMUS U
LWabIoHbl NPOEKTUPOBAHUS NPOrPaMMHOIo
obecneveHus

MK-13.1 YMmeeT npumeHsTb MeToabl U
CpeAcTBa NPOEKTUPOBAHNS MPOrPaMMHOrO
obecneyeHus, CTPYKTYp OaHHbIX, 6a3
AaHHbIX

12. O6bem AucumnNMHbLI B 3a4eTHbIX eaMHULax/yac:

3/108

dopma NpPoOMeXyTOUYHOW aTTecTaumm:

3ayeT c oueHKomn

13. Buabl y4ebHOM paboThbl

Bug y4ebHou paboTbl Cewmectp 3 Bcero
AyOouTopHblE 3aHATUA 42 42
J1eKUMoHHble 3aHATUSA 14 14

MpakTnyeckne 3aHATUA

3HaHu4,
YMEHMS,
HaBbIKU



28

66

JTabopaTopHble 3aHATUSA 28
CamocTosiTenbHas pabota 66
KypcoBas paboTta
NpomexyToyHas 0
aTTectauus

Yacbl Ha KOHTPOSb

Bcero 108

13.1. CogepxaHne gUCUUNIINHLI

108

/T HaumenoBanue paznena Coneprxkanue pa3aena JUCUUIUTHHbBI
JUCITUTUTIHBI
1. Jlexuun
1.1 |BgeneHue B OCHOBBI MareMaTrnyecKkre OCHOBBI NapaJIJICIbHBIX BHIYUCICHHMA
napajuienu3mMa

ApPXUTEKTyphI — aCTIEKTHI TapajuIen3Ma

OrnepalinoHHBIE CUCTEMBI — ACTIEKTHI MTapajuIeIn3Ma
1.2 |Beenenue B OpenMp Brenenue B napanielibHOE IPOrpaMMUPOBaHNE




[TpuHIUITET OpraHM3aINN napauiesin3mMa c
UCTONb30BaHueM TexHonorun OpenMP

Pacrnipenenenue BBIUHMCICHMM W CHUHXPOHHU3AIUS C

UCTONb30BaHueM TexHonorun OpenMP

1.3 | Beenenue 8 MMP JWE0)703000%00081 OpraHu3aluu napanjiennu3ma c
ucnons3zoBanuem MPI
[Tepenada nanabIx cpeacteamu MPI
Tunst gaaaeix MPI. BuptyansHsie Tommonoruu
1.4 | Beeneuue B TBB Co3nanue napajiebHBIX MPOrpaMM C HCIOJIb30BAaHUEM
oubanorexu TBB
1.5 ([3makomctBo ¢ Cilk Plus .Co3ianne mapaiienbHBIX MPOTPaMM C HCTIONB30BaHUEM
texuosoruu Cilk Plus
1.6 |BBeneHue B UCIOJIB30BaHUE O630p BO3MOXHOCTEH makera HHCTpyMeHToB Intel
WHCTPYMEHTOB JJIsi Parallel Studio XE
IapajuieJIbHOro
JlabopatopHbie paboTsI o HCTIOJIb30BaHUIO
MIPOrpaMMHUPOBAHUS Ha .
. nactpymenrtos Intel Parallel Studio XE ams pemrenus
npumepe Intel Parallel Studio
MOJIENTLHBIX 3aj1a4
bubmmorexa MKL
bubnuoreka IPP
1.7 |BBeneHue B mapauieibHbIC [1I0THBIE U pa3pEKEHHBIE MATPHIIBL.

AJITOPUTMBI Ha IPUMEPEC
KJIIACCUYCCKUX pa3aciioB
YHCJICHHBIX MCTOI0B

DopMaThl XpaHEHUSI.
TunoBsle anropuT™Mbl (MaTpUIHOE YMHOKEHHE).

Meroab! peleHus: CUCTEM JINHEWHBIX YPaBHEHUHI




MeTtonst MonTe-Kapio

1.8

[IpuHLHAIIBI aDXUTEKTYPBI

[Tpobaembr OpraHu3aIuu MapaJUIEIBHBIX
MapasieabHbIX p P 1 p
BBIUHMCIIEHUMN
BBIUMCIIUTEIBHBIX CHCTEM.
Kitaccel apxutektyp
CTpyKTypBI KJIaCCOB
MonaenupoBanue
1.9 I'pad “noazamauun-cooOiieHus”
MapajuIeIbHbIX TPOTrPAMM.
I'pad “nponeccri-kanansr”
Peanuzanus pa3inyHbIX TUIIOB
1.10 Mapannenusm Ha ypoBHE OUTOB
rmapajuieIu3ma.
[TapannenusM Ha ypoOBHE HHCTPYKLIMIA
[Tapannennsm qaHHBIX
[Tapannenusm 3amau
PacnpesienieHHbIe ONepaiMOHHBIC CHCTEMBI
2. JlaGopaTtopHble paboThI
3.1 | BeluucieHue onpeneieHHOro Hcnons3osanue unctpymentos Intel Parallel Studio XE ms
HUHTCTpaJia pemeHus MOACJIbHBIX 3a1a4
3.2 |Ilowuck npoCThIX YUCE Hcnons3oBanue unctpymentos Intel Parallel Studio XE mis
peuieHusA MOJCJIBHBIX 3a1a4
3.3 | CoprupoBku HUcnons3oBanune uuctpymentos Intel Parallel Studio XE ms

peumicHusA MOJCJIBHBIX 3a1a4




3.4 |Ilowuck myreii Ha Tpade Hcnons3oBanue unctpymentos Intel Parallel Studio XE ms
peLIeHust MOJIETIbHBIX 3a7a4

3.5 | Ymuoxenue paspesxennbix matpull | Micmonb3oBanue uncrpymenrtos Intel Parallel Studio XE
JUTs pa3pabOTKH U aHAJIN3a AJITOPUTMOB

3.6 |Hapannensusie MmeTonst MoHTe- Hcnonp3oBanue napamienbHbix MeToa0B Monrte-Kapio

Kapno
3.7 | CJIAY c nenTO4HOI MaTpHuuei MeTo bl MPOTOHKHU U LUKINYECKONW peNyKLIUU
3.8 | duddepenunansHpie ypaBHEHHUS B MeTo/p! MPOTOHKU M IUKIMYECKOH PEeayKINN

YaCTHBIX IPOU3BOAHBIX

13.2. Tembl (pasaenbl) AUCUUNIIUHBI U BUAbI 3aHATUN

Ne
n/
I

HaunmenoBanue
TEMBI

(paznena)
JUCIUILTAHBI

Bunpl 3aHsTHIA (4aCOB)

Jlexknun

IIpakTHueckue

JlaboparopHbie

CamocTosTeabHas
pabota

Bcero

OcHOBHBIE
MIPUHIHITBI
CO3JaHHus
rnapajiieJIbHbIX
BBIYHCIIUTEIbHBI
X CHCTEM.

16

22




MonenupoBaHue
napauieabHbIX
Mporpamm.
Peanuzanus
napauiean3ma.
Pazpabotka
napauieabHbIX
aNTOPUTMOB.

14

24

Bricokonpon3Bo
JUTEIbHBIC
BBIYUCJICHUSA C
MIPUMEHEHUEM
rpaduyecKux
MIPOLIECCOPOB
(GPU).

17

[TarTepHsl
napajiebHOro
MPOTrpaMMHUPOBaH
us

18

26

bazosrie
cpencTBa
napauiebHOro
MPOrpaMMHUPOBAH
HsL CHCTEM C
001LIeH TaMATBIO.
bubnmoreka Intel
Threading
building blocks

22

32

Hroro:

14

28

58

108




14. MeToamnyeckue yKkasaHus Ansi o6y4aroLmnxcsi o 0CBOEHUIO ANCLUMNIIUHDI

15. NepeyeHb OCHOBHOMN U A,ONOJIHUTENIBHON NUTepaTypbl, PeCYypPCOB UHTEPHET,
HeobXoaUMbIX ANA OCBOEHUSA AUCLUNIIUHBI

a) OCHOBHAs JINTEpATypa:

Ne i/ Uctounux

1 I'eprens, B.I1., Ctponrun, P.I'. OcHOBBI mapayienbHBIX BEIYUCICHUN IS
MHOTOIPOIIECCOPHBIX BRIYUCIUTENBHBIX cucteM. - H.Hosropoa, HHI'Y (2 u3n., 2003),
2001.

HembsiHoBHY, bypoBa, EBioknmoBa: [lapannensusie anroputmsl. PazpaboTtka u
peanuzanus. YuebHoe mocooue

0) TOTIONHUTENbHAS TUTEPATypa:

Ne i/mt Hcrounux

1 Boesoaun B.B., Boesoaun Bin.B. ITapannenshbie Beruncnenus. — CI16.: BXB-
[eTepOypr, 2002.

B) MHGOPMALMOHHbIE 3NIEKTPOHHO-00pa3oBaTenbHblE PECYPChI:
16. NepeyeHb yyebHO-MeTOAMYECKOTrO 06ecneyeHUs AN CaMOCTOATENbHON paboTbl

17. UHchpopMaLMOHHBbIE TEXHONOMUU, UCNONb3yeMble AN peanu3auum yyebHomn
OUCLUUNNUHbI, BKINOYasa NnporpaMmmMHoe obecnevyeHne 1 MHOOPMaUMOHHO-CNPaBOYHbIe
cucrtembl (NpyM HEO6XOAUMOCTH):

18. MaTepuanbHO-TeXHNYECKOe obecneyeHne AUCLUNIINHbBI:

19. OueHouYHbIe cpeacTBa ANA NPOBeAEeHUA TeKyLen U MPOMEeXYTOYHOM aTTecTauum



MopsaoK OLEeHKN 0CBOeHMs oby4datoLmmmncs y4ebHoro matepuana onpeaensieTcst
coaepkaHMeM criefyroLLmnx pasaenos AMcunnnuHbl:MNpomMexyToyHas aTTectauus

dopma KoHTpong - 3a4eT ¢ oueHkon,KoHTponbHas paboTta

OLueHOoYHble cpeacTBa Ans NPOMEXYTOYHON aTTecTaumm

19.1. TlepeyeHb KOMIETEHIHIT C yKa3aHUEM ITANOB (OPMUPOBAHNUS U IIAHUPYEMBIX

pe3yabTaToB 00yUeHust

MN3BCCTHBIC MCTOIbI
BBIYHCIIUTEIILHOM MaT€MaTuKH,

CJIBHBIC BBIYHCIICHUSA
C IPUMCHCHUCM

Kon u [Inanupyemsble pe3yapTaThl Oramnbl
coJiep>KaHue o0yueHus (moxkazaTen (dopMupOoBaHUS
KOMIIETCHLIUU JOCTIPKEHHS 33aHHOTO YPOBHS KOMIIETCHLIUU ©OC*
(nmm ee OCBOECHMS KOMIIETEHIIUU (paznemnsl (TeMbl)
4acTH) ocpesICTBOM (popMUpoBaHuUs JUCIUIIITUHBI WIIN (cpencrea
3HAHWUW, YMEHHH, HAaBBIKOB) MOZYJIS U UX OIEHHBAHHA)
HaWMEHOBaHUE)
IIKB-4.1 YMETh PEaln30BbLIBATh Beicokonpounssoaut VYCTHBIN ompoc

aIITOPUTMOB.

aHanM3a ¥ 00pabOTKH JaHHBIX rpaguyeckux

mporieccopos (GPU).
3HaTh: 6a30By10 MHPOpManuio 00 |Mogenuposanue Tecr
APXUTCKTYpPC napauiCJIbHbIX
MHOT'OIIPOLIECCOPHBIX HpOrpamm.
BBIYHCITUTENLHBIX CUCTEM C Peannsanus

. . napauien3ma.

napaiesbHoi 00paboTKOM

Pa3zpaboTka
JTAHHBIX.

napauiCJIbHbIX




BJIAJIETh HABBIKAMU peaIU3alluu JlaGopaTopHas

napajuiejim3Ma pa3jim4Horo BUaa; Beicoxonpounsson pabora
HaBBIKAMH UCIIOJIH30BAHHSI UTCIBHBIC
6a30BbIX CPEJICTB NapaienpHoro | BPHAHCICHHA C
NPUMCHCHUEM
IIPOTPaMMHUPOBAHUS CUCTEM C
. rpaduIecKuX
o01Ieit MaMATHIO
IIPOLIECCOPOB
(GPU).
[IKB-4.2 YMETb BBINOJTHSATH ba3zoBble cpenctBa | YCTHBIHM onpoc
MOJEIMPOBAHUE NapalIeIbHbBIX HapaJlIeIbHOro
IIPOrpaMM ; CTPOUTh IIpOrpaMMHpPOBAHU

HapaJuIENbHBIX AITOPUTMEI A cucTeM ¢ obmei
HaMsTBIO.
bu6numorexka Intel

Threading building

MH(POPMAIIMOHHBIX CHCTEM

blocks
BJIAJETh HABBIKAMH PEATN3ALUN Ba3zoBeie cpencrsa JlaboparopHnas
rnapajuiem3Ma pa3jIindHoro BUIa, HapajuIciIbHOro pabora
HaBbIKAMH MCIOJIb30BaHUS HPOrpaMMHpPOBAHH

Ga30BBIX CPEICTB MapaenbHoro | * CHCTeM ¢ odmeit

MPOrPaMMHUPOBAHUS CHCTEM C
0o0LIEN TaMATHIO

IMaMATBRO.
Bbubnunorexka Intel
Threading building
blocks

19.2 Onucanue KpuTepueB W HIKAJbI OLEHMBAHUSA KOMIleTeHIMH (pe3yabTaTOB 00y4eHHs) MPH
NPOMEKYTOYHOM aTTecTAMA



YpoBeHb

c(hopMUPOBAHHOCTH

Kpurepuu onieHuBaHus: KOMIETEHITUI KOMIIETEH U [[Tkana oueHOK
JocratoyHoe BIaJCHHE MaTepHaloM: NpaBWIbHBIE U | [logwiuiennwiii yposeHs Omnuuno
KOHKpETHBIe, 0e3 rpyObIX OINOOK OTBETHI HA OCHOBHBIC
BOIIPOCHI, C BO3MOXKHBIMH HETOYHOCTSIMH B OTACIIBHBIX
OTBETaX;
HocraToyHoe BIaJCHHE MAaTepHAIOM: INPABHIbHBIC | basosvii yposens Xopouio
KOHKpETHBIE, 0e3 TPyObIX OIIMOOK OTBETHI Ha OCHOBHBIE
BOIIPOCHI, JIBE WM TPU HErpyOble OLIMOKH.
B orBere yuwamierocss NPHCYTCTBYeT  HEKOTOPOE Ilopozosuiii yposens Yooenemsopu-
KOJIMYECTBO OLIMOOK, HO OPHEHTALHs B IIPEIMETE ECTh meabHO




[Inoxoe BrajgeHWe MaTepualioM: OTBET HEBEpEH, Huoice nopozosozo Heyooenemeopu-
OTCYTCTBUE OPUEHTAIIUU B MIPEIMETE menvHoO

19.3 TunoBble KOHTPOJILHBIE 32IAHUS UJIH HHBIE MATEPHUAJIbI, HEOOX0AMMBbIE 1T OIIEHKH 3HAHMIA,
YMEHHUil, HABBIKOB U (WJIHM) ONBITA [esiTeJbHOCTH, XapaKTepu3ylwllue 3Tanbl (pOPMUPOBAHMS
KOMIIeTeHIIMi B Mpolecce 0CBOEHUsI 00pa30BaTeIbHOI MPOrpaMMbl

. Ilenu u 3a1aum BBEJCHNUS MapajlIeIbHON 00paOOTKHU TaHHBIX.

. OcHOBHBIE CTIOCOOBI JOCTHKEHUS MapajjIeIn3Ma.

. Kmaccugukanus nmapamienbHbIX BEIYUCIUTEIBHBIX CUCTEM IO THITY CTPOSHHUS ITaMSITH.
. Knnaccudukanus ®@nunna.

. Tononoruu ceteii nepefaadu JaHHBIX JIJIs1 TOCTPOSHHUSI MHOTOIIPOILIECCOPHBIX CUCTEM.
. CriocoObI O1IEHKH TPOU3BOJUTENEHOCTH MHOTOMPOIIECCOPHBIX CUCTEM.
. [lukoBas u peanbHasi NPOU3BOAUTEIHHOCTb.
9. CucreMbl TeCTUPOBAHUS TPOU3BOJUTEIHLHOCTH.
10. TTonsiTust yckopenust u 3¢ HEeKTUBHOCTH MapajlieIbHOTO alrOpruTMa.
11. JJocTU)KUMOCTD TMHEHHBIX U CBEPXJIMHEHHBIX 3HAYEHUN YCKOpPEeHUS U 3((HEKTUBHOCTH.

1
2
3
4
5. Knaccuduxkanus no crnoco0y UCHOIb30BaHUS BEIUNCIUTEIBHBIX PECYPCOB.
6
7
8

12. TloHATHE CTOMMOCTH MapaliebHbIX BBIUUCIEHHUM, CIOCOOBI OLIEHKH €€ KOMIIOHEHTOB.
13. 3akoH Ampains.

14. Macmtabupyembie aJlrOpUTMBI.

15. CpencrBa aBTOMAaTUYECKOTO pacnapaieIMBaHus IpOrpamMm.

16. Cioco0bl peanu3anny ONepaioHHbIX CUCTEM MapalIeNIbHbIX BBIYMCIUTEIbHBIX CHCTEM.
17. ®yHKIIMHA MHOTONPOLIECCOPHOM ONEPALIMOHHON CUCTEMBI.

18. DSM-Mozienb opraHu3aluy BUPTYAIbHOM MaMATH MHOTOIIPOLIECCOPHOM onepannoHHON
CHUCTEMBI.

19. OcHOBHBIE 3Tanbl METOIUKH Pa3pabOTKU NapauIeIbHBIX alTOPUTMOB.

20. OcHOBHBIE IEHCTBUS HA 3Talle BbIJIEICHUS 110/13a/1a4.

21. Iloctpoenue rpada airoputMa, MUHUMaIbHBIN Tpad 3aBUCUMOCTEH.

22. OcHOBHBIE ACUCTBUS Ha dTAIE ONMpeeIeHUs HHHOPMAITMOHHBIX 3aBUCUMOCTEH.

23. Ilenu 1 ciocoOBI BBIITOJHEHUS dTara arperamuy.

24. llenn v NIpUHLMUIIBI BHIIOJHEHUS 3Talla IPUBSI3KHU.

25. CoOTBETCTBHUE TOMOJIOTUU UMEIOIIEeHCS BEIYUCIUTENFHON CHCTEMBI Tpady 3a1a4H.

26. Cratuyeckas U TuHaAMH4ecKasi GalaHCUpPOBKa 3arpy3KH MPOIECCOPOB.

27. BaxXHOCTBh CTaHIAPTH3AIIUN CPEICTB TMEpeladll COOOIICHMIA.

28. Crangapt MPI: onpenenenue, Ha3HaUeHHE, MUHUMAJIbHBIN HA00p (QyHKIHIL.

29. Crangapt MPI: mapHble 1 KOJUIEKTUBHBIE ONepaIiy epeIayu TaHHbIX.



30. Cranmapt MPI: 6apbepHas CHHXpOHH3AITHUA.

31. AnropuT™M cyMMUpPOBaHUS YHCIOBBIX 3HAUEHUH, KACKaHasl cCXeMa CYMMHUPOBAHHS.

32. ITapannenpHblid aNTOPUTM EPEMHOKEHUS MATPHUIL.

33. Hayunsle 3a1a4u, 7151 KOTOPBIX pa3paboTaHbl 3PEKTUBHBIC TapaUIeIbHbIC aITOPUTMBI.

20 TunoBble OLEeHOYHbIEe CpeacTBa U MeToANYeCKMe MaTepuanbl, onpegensiowme
npoueaypbl OLeHUBaHUSA

20.1 TeKywwiMin KOHTPOIb yCNEeBaeMoCTH

20.2 NMpomexyToyHaa aTrectaums



