degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: MeTobl U TEXHOIOTUH NPOrPaMMUPOBaHUS (PU3HUECKUX MIPUIOKECHUN Ha rpaduuecKux
poLeccopax

110 HANPABJICHUIO: [IpuknagHbie MaTeMaTHKa U (pU3MKa

Npo(puIb NOATOTOBKH: CynepKoMIbIOTEpHOE MOAEIMPOBAHUE SAEPHBIX IIPOLIECCOB U TEXHOJIOTUI
Ou3TEX-1IKOIA TPUPOAOTIONOOHBIX, TNIA3MEHHBIX U SIICPHBIX TexHoJorwid uM. U.B.
Kypuarosa
kageapa MOIEIMPOBAHUS SIIEPHBIX MPOLIECCOB U TEXHOJIOTHIH

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 7 (OCeHHUH) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nekuuu: 15 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka k sx3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: 10.10. Knocce, a-p ¢u3.-mar. HayK, JOIIEHT

[Iporpamma obcyxieHa Ha 3acefjanni Kadeapbl MOACTUPOBAHUS SAEPHBIX MPOIeccoB U TexHonorui 18.05.2020



AHHOTANMA

CtyneHTsl, u3ydaroume Kypc «MeToasl W TEXHOJOTMH HPOrpaMMMPOBaHMS (PU3NYECKUX NPHIOKEHUH Ha
rpaM4ecKix MpoLeccopax», MNOKHBI OBJIAJAETh OOLUIMM MOHSTHHHBIM ammaparoM W HAYYHTHCS MPUMEHSTH
TEOpETUUECKUE 3HAHMsI Ha IIpakTuke. B pe3ynprare u3ydeHus AUCLUIUIMHBL CTYICHT JOKEH UMETh OCHOBHbIE
MPECTAaBICHUST 00 MHCTPYMEHTAIBHBIX CPEJCTBaX pa3padOTKH Ha rpaduyeckux Mpoleccopax, COo3AaBaTh
3 (EeKTUBHbIC BBIYMCIUTENBHBIC AJITOPUTMBI AT MOJAEIUPOBAHMSA (DPU3NYECKUX IPOLIECCOB, JEXKALIUX B
OCHOBE KMHETHYECKOM Teopuu bonbliMana, yMeTh 3ajaBaTh TpaHWYHBIC YCJIOBUS Ui PAa3JIMYHBIX 3a]ad
KMHETUYECKOW TEOPUHU, PACCUNTHIBATh U aHAJIM3UPOBATh I'a30KUHETHUECKUE IIPOLIECCh] TEIUIOMACCONIEpeHoca.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- HU3JI0OKCHUC OCHOB OpraHu3anvuv MapajljiCJIbHbIX BBIYMCIICHUM HAa BBIYHCIUTCIBHBEIX CHCTEMax

Pa3IMYHBIX APXUTEKTYp — KIIACTEpHbIC
obmero naznauenus (GPU-GP);

- KpaTkoe BBeneHue B cuctemy OpenMP:

BBIYMCIIUTENIBHBIE CHUCTEMBI M TIpadHuecKUe MPOLECcCOPhI

- m3noxkeHue texHonoruu nporpammupoBanusi MPI u CUDA. Msnaraorcs MeToabl OpraHu3alu
HapayieTIbHbBIX BHIYMCICHUH Ha KOHKPETHBIX 33/1auaX MaTeMaTH4eCcKor (QHU3HKH.

3agauu AU CHUILIHHBI

- ¢GopmupoBaHue 0a30BBIX 3HAHUI B OOJACTH MapaJUICIbHBIX BBIYUCICHUN IS MOACIHPOBAHUS U
aHanM3a (PU3NYECKUX MPOLECCOB MEPEeHOCa U3IyUYEHHH M Ia30B HAa OCHOBE PELICHUS KHHETHYECKOIO

ypaBHeHus boibimana;

- O6yLIGHI/Ie CTYACHTOB OCHOBHBIM MCTOJAaM U MNOAXOA4M,

HUCINOJIBb3YCMbIM  JIJT pa3pa60TKH

HapajieTIbHbBIX COJIBEPOB IS PEIICHUS YPaBHEHHH MaTeMaTU4eCKOl (DU3HUKH;

- q)OpMI/IpOBaHI/Ie moAXxoa0B, OCHOBAHHBIX Ha Ppa3jIMYHBIX METOAAaX OpraHu3aluy IapalyiCJIbHbIX

Berunciiennit MPI, CUDA, OpenMP.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHUS, MOJTyYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U MCIIOJIb30BaTh UX B
npodeCcCHOHAIBHOMN JIeATeTBbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLCHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIC PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3yJIbTaTOB

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
NPOrpaMMHBIE CPEACTBA MIPU PEIICHUHN 33134
poeCCUOHATBHOM JIeTENILHOCTH, COOTIOnas
TpeboBaHug MH)OPMAIIMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanTbHON AEITETBHOCTH

OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MaTeMaTHYeCcKue METOAbl U IPHUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne Al pelIEHUs  HAyYHBIX  3a1ad B

npodeccuoHaIbHON 00nacTu

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTUYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTENbCKOM,
WU3MEPHUTENBHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOH anmnaparype

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3paboTOK

[MK-1 CriocoGeH m1aHupoBarh U MPOBOAUTH
Hay4HbIEC SKCTICPUMEHTHI (B U30paHHON

[IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOU 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CHCTEM




npeaM

€THOH o0nacTu) u (M) TeoOpeTHIECKUE

(aHaTMTHYECKHUE M IMUTAIIMOHHEIC)
WCCIIeIOBAHUS

[IK-1.8 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
SI3BIKAMHU [IPOIPAMMHPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU
ISl HAYYHBIX PacueToB

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEIOBAHUH IS PELICHHS 3a]1a4 B
M30paHHON NpeAMETHOM 00IacTH

[IK-3.3 YmMmeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHON
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB M o0ObeMa
TpeOyeMBIX BHIYHCIUTEIBHBIX PECYPCOB

[MK-4 Crioco0GeH KpUTHYECKH OIIEHUBATh

npumMe

HUMOCTDB UCIIOJIb3YCMBIX MCTOJAUK U

METOIOB

[IK-4.2 3HaeT HCTOYHHUKH TPOUCXOXKACHUA U yMeeT
MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YJIbTAaTOB

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynberare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETb:

- HOPpHUHOUIIBI W MCTOABbI MNPOrpaMMHPOBAHUA rpa(bnqecm/lx nponeccopoB O6I].[Cl"0 Ha3Ha4CHU,
OpraHnu3anuu napajjeJbHbIX BBIYMCJICHUN.

- paspabarbiBaTh NPOrpaMMHBIE KOABI Ha TpaduyecKux MHpoueccopax s YHCICHHOTO pPEIICHUS

KHUHCTHUYCCKOT'O YPAaBHCHUS.

BJIAJIETh:

- METOaMHU KOMITBIOTEPHOTO MOJAEIMPOBAHUS TA30KMHETUYECKUX MPOLIECCOB, METOAAMHU pa3padOTKU
po0JIEMHO-MOJIETTMPYIOIINX CPE HAa COBPEMEHHBIX CYIEPKOMITBIOTEPHBIX CHCTEMAX.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Hcnonp3oBanne mI00ambHON — MaMATH ) ’ 4
GPU.
Hcnonb3oBanue CHUCTEMBI
) pacnapamienuBanug OpenMP. Metonbt ) ’ 4
opranmzauun mnporpamm Ha C++ U
CUDA.
ITpoBenenne pacuyeTroB Ha TpaduIecKux
3 1 3 2 5
kaprax Ha iatgopme Nvidia CUDA.
4 Pa3znensemas namars GPU. 2 2 4
PacnapannenuBanue porpamMmm c
5 2 2 4
ucnonb3oBanueM MPIL
6 PacnapamienuBanue pa3sHOCTHBIX CXEM ) ) 4
JUISL CXEM Pa3HOTO MOPSIIKA.
Co3nanne MHOTOIOTOYHBIX HPOTrPaMM C
7 2 3 5
ucnonp3oBanueM pthreads Ha si3pike C++.
Nroro gacos 15 15 30
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2.

ConeprxaHue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)




Cemectp: 7 (OceHHwmii)
1. Ucnones3oBanue niodansHoi mamaru GPU.

MeTo/ibl COTIaCOBAaHHOTO JIOCTYTA K JaHHBIM, ITpodumrpoBanue nporpamm Ha GPU u ontumu3aiusi.
Wcnonn3oBanne KOHCTAHTHOM ITaMSITH.

2. Wcnonwp3oBanue cucteMbl pacrnapawienuBanus OpenMP. Mertoasl opraHuzanuu mporpaMmm Ha
C++u CUDA.

HUcnonb3oBanue cucremsl pacnapamienuBanus OpenMP.
Mertonst opranuzanuu nporpamm Ha C++ u CUDA, npumenenue cuctemM cOOpKU.
OCHOBHBIE TEXHOJIOTHH pacliapajuIeIUBaHUs AJIsl HAYYHBIX PacyeTOB.

3. IlpoBenenue pacuetoB Ha rpaduueckux kaprax Ha maargopme Nvidia CUDA.

[IpoBenenue pacueToB Ha rpaduueckux kaprax Ha miargopme Nvidia CUDA. Otinuus pacueToB Ha
rpadudecknx kaprax ot pacderoB Ha CPU. OrpannyeHus Ha JUIMHY YUCIIE C IDIABAIOMIEH TOYKOM.
Orpannuenue Ha BeTBieHHe. [lorck onTUManbHON 3arpy3Ku rpaduyueckoro npoueccopa. Paznuunsie
THUIIBI TAMSTH.

4. Paznensemas namsats GPU.
Paznensemas namsates GPU, ucnionb3oBanue pa3aenseMoil maMsTH Jisl ONTUMHU3ALNH.
5. PacnapajurenuBaHue porpaMm ¢ ucnosbs3osanueM MPI.

PacnapaimenuBanue nporpamm ¢ ucnonb3oBanuemM MPIL. Mertonel [yl iepefadyn JaHHBIX, METOZBI
JUTSl CHHXPOHHU3ALMH MTPOLECCA BBIOJHEHUS MEXKTY MPOIIECCAMHU.

6. PacnapaiienuBaHue pa3HOCTHBIX CXEM JIJISl CXEM PA3HOTO MOPSIKA.

PacnapannenuBanue pa3HOCTHBIX CXEM ISl cxeM 1-ro mopsnka. 2-ro nopsaka. TVD cxemsl.

7. Co3manue MHOTOIIOTOYHBIX ITPOrpaMM ¢ ucnoib3oBanueM pthreads Ha si3pike C++.

MeToapl CHHXPOHU3ANHMH, OJOKHPOBKHA, MbBIOTEKChI. (OCHOBHBIE CpPEICTBA MEXIIPOIIECCHOTO
B3anmoieiictus (IPC) — paznensiemas namsts, FIFO, curnasis.

Crpareruun pa3bueHus pacueTHOM 3a7a4n Ha 4aCTH MEXKAY MPOIecCaMi.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueGHast aymuTOpHs, OCHAIICHHAs! pa00O4YMMHU CTAaHLUUSIMHU, 00BbETUHEHHBIMU B CETb.
6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JTEparypa
1. Junamuka paspexeHroro ra3a. Kunernueckas teopus [Texct]/M. H. Koran, -M., Hayka, 1967

2. Teopernueckas ¢pusuka [Texcr] : B 10 T. T. 10 : ®dusndeckas kuHeTHKa : yued. mocodue st By30B /
JI. . Jlanpay, E. M. JIudmun ; nox pea. JI. I1. [lutaeBckoro .— 2-e uzf., ucnp. — M. : ®uzmamiur,
2001, 2002, 2007 .— 536 c.



1. Foster, lan (1995) Designing and Building Parallel Programs (Online) Addison-Wesley ISBN
0-201-57594-9, chapter 8 Message Passing Interface.

2. Gropp, William; Lusk, Ewing; Skjellum, Anthony (1999a). Using MPI, 2nd Edition: Portable
Parallel Programming with the Message Passing Interface. Cambridge, MA, USA:MIT Press Scientific
And Engineering Computation Series. ISBN 978-0-262-57132-6.

JomnonHurensHas aureparypa
1. UucnenHble METOBI pacueTa siepHbIX peakTopoB [ Tekcr], Monorpadus/I. Y. Mapuyk, -M.,
Atomm3nar, 1995
2. J. Nickolls et al. "Scalable Programming with CUDA" ACM Queue, vol. 6 no. 2 Mar./Apr. 2008 pp
40-53.
3. A.benn, C. I'meccron Teopus simepHbIX peakTopos, - M.: Atomuszaar,1974.
4. A.[1.®pank-Kameneukuit MonennpoBaHue TpaeKTOpU HEUTPOHOB NMPU pacdeTe PeaKTOpOB
MeTogoM MoHre-Kapio, ®@u3nka siiepHbIX peakTopos, - M.: Aromusaar, 1978r.

7. llepedyeHn pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI5l OCBOEHHST TUCHMIIJIMHBI (MOTYJIs)

https://developer.nvidia.com/category/zone/cuda-zone
http://lib.mipt.ru/catalogue/1604/?t=492 — snexrponnas 6ubnuorexa dusrexa

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nexunoHHBIX 3aHATHAX UCTIOJIB3YIOTCS MYJIBTUMEANIHBIC TEXHOIOTHH, BKIIIOYask IEMOHCTPALIHIO
npeseHTauui. B npouecce caMocTosTeNsHONU PabOThl 00YHarOIIMECs HCIIONB3YIOT CIEAYIOLIIE
nHpopmanuonnsle Texnonorun: GMSH, MPI, OpenGL.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CrynenTsl, nzydatoniue Kypc «MeToasl 1 TEXHOJOTHH MPOrPaMMHUPOBaHUS (PU3UUECKUX MPHIIOKCHUN
Ha TpaduyecKkux IMpoleccopax», MOIKHBI OBIAJeTh OOIIMM MOHSATUHHBIM arnaparoM U HAayIUThCS
MPUMEHATh TEOPETUYECKUE 3HAaHUS Ha IpakTHKe. B pesynprate u3yuyeHHs] AMCUUIUIMHBI CTYACHT
JOJOKEH MMETh OCHOBHBIE NPEACTaBICHHUS OO0 WHCTPYMEHTAJIBHBIX CPEICTBAX pa3paboTKu Ha
rpagpuuecKkux mpoueccopax, cozfgaBath O(P(EKTUBHBIC  BBIYUCIUTEIBHBIC  aJTOPUTMBI  JUIS
MOZEIMPOBaHUS (U3NUECKUX MHPOLECCOB, JISKAIIUX B OCHOBE KHMHETHYECKOW Teopuu bonblimaHa,
YMETb 33/1aBaTh TPAaHUYHBIC YCJIOBHA JUIsl PA3UYHBIX 33]a4 KMHETHYECKOW TEOPUH, PACCUUTHIBATH H
aHAJIM3UPOBaTh TIa30KUHETHUYECKHUE IIPOLECCHl TEIJIOMACCOIEPEHOCA, PACCUUThIBaTh OCHOBHBIE
(¢u3nYecKue XapaKTePUCTUKHA Ta30KMHETUYECKMX IPOLECCOB, 3HAaTh 00NacTH NpPUMEHEHHS
KOMIIBIOTEPHOTO MOJieNupoBaHus kK KHynceHOBCcKMM MHKpoHacocaM pasinyHoro tuma. [lokazarenem
BIAJCHUSI MaTepuajoM CIYXXUT yYMEHHME pellaTh 3aadd U OPUEHTUPOBATHCS B KpPyre BOIPOCOB,
CBSI3aHHBIX C TMpoOieMamMM ONTHMHU3AIMM M HPOQUIMPOBAHMSA TNPOTPAMMHBIX KomoB. Jlims
($hopMHUpOBaHUSI YMEHHSI NMPUMEHSITh TEOPETHYECKUE 3HAHUS HAa NPAKTUKE, CTYACHTY HEoO0XoanMa
pa3paboTka MporpamMM U aJrOpuTMOB YHCICHHOTO pelIeHHs ypaBHeHHs boibimMana.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, IPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITENIEHOM PabOoThI CTy/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHITHAX;

— IOATOTOBKY K BBITIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOHN aTTeCTalnu.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.



BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHMYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHUS OTICNBHBIX TEM, BOINPOCOB, CleIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpENoAaBaTelto.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: CynepKoMIbIOTEPHOE MOAETUPOBAHUE SIACPHBIX IPOLIECCOB U TEXHOJIOTUI
Du3TEX-1IKOIAa TPUPOAONOAOOHBIX, INIA3MEHHBIX U SIIEPHBIX TexHOoJoruid uMm. U.B.
Kypuatosa
Kadeapa MOJICINPOBAHUS AEPHBIX IPOLIECCOB M TEXHOIOTHI

Kypc: 4

KBaJIMpUKALUS: GakanaBp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 7 (OCEHHUH) - DK3aMeH

Pa3zpatGoTunk: 10.10. Knocc, a-p ¢pus.-mMar. HayK, TOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-2 CnocobeH ucronbp30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTHU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IS TeIBHOCTH, COOTIonas
TpeboBaHus HHPOPMAIIMOHHON 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTENIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHET B
obmactu (cdepe) mpodeccrHoHaTHHON AeATEIIEHOCTH

OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
MaTeMaTH4ecKue METOAbl W TNPHUKIAJHOE MPOrpaMMHOE
obecrieueHMe I PEUIEHWs  HAay4yHBIX  337ad = B

npodeccruoHanbHOM 00IacTH

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
HayYHO-HCCIIEI0BATEIBCKOM,
U3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEIMETHOM 001acTH) U (M) TEOPETUIECCKHUE
(aHATMTHYECKHUE ¥ IMUTAIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.3 Brageer KynpTypoil IOCTAaHOBKM HAyYHOW 3aJ1aud U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYUYHBIX OOBEKTOB M CHCTEM

[MK-1.8 Brnameer HaBbIkKamMu pabOTBI C COBPEMEHHBIMU
SI3BIKAMH [IPOIPAMMHPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU
ISl HAYYHBIX PacueToB

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHON peAMETHOM 00IacTH

[IK-3.3 YmMmeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHOU
CIIO)KHOCTH  MCIIONB3yEMBIX  aJTOPUTMOB M o0ObeMa
TpeOyeMBIX BHIYHCIUTEIBHBIX PECYPCOB

[MK-4 Crioco0OeH KpUTHYECKH OLIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.2 3HaeT HCTOYHHUKH TPOUCXOXKACHUA U yMeeT
MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH YKCIIEPUMEHTAIBHBIX PE3YIbTAaTOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHHA

B pe3yabTaTC MU3YUYCHHUA JUCLHHUIIIMHBI

«MeTombl

U TCXHOJIOTMH IMPOrpaMMHUPOBAHUA (1)I/I3I/I"ICCKI/IX

MPUIIOXKEHUH Ha rpauuecKux Mpoueccopax» o0yJyaromuics J0KeH:

3HATb:

- TNPUHIUIBI M METOAbl NPOrpPaMMHPOBAHMSA TIpaUUEeCKHX IPOLECCOPOB OOILIET0 Ha3HAUYCHHMS,
OpraHu3aluy NapauIeIbHBIX BEIYUCICHUH.

yMeTh:

- paSpa6aTLIBaTB MporpaMMHBIC KOJbI Ha Fpa(i)I/ILICCKI/IX mnmponeccopax ajd YHUCJICHHOI0 PpPCHICHUSA

KMHETUYECKOIO YpaBHEHHU.
BJIaJeTh:

- METOAaMU KOMIIBIOTEPHOTO MOACIHMPOBAHUA Ta30KMHETUYCCKUX ITPOLCCCOB, METOAAMU pa3pa60TK1/I
HpO6J'IeMHO—MO)IeJ'II/Ipy}OH_II/IX Cpca Ha COBPECMCHHBIX CYIICPKOMIIBIOTCPHBIX CUCTCMAX.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

He nmpexycmotpeHo.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[TepeyeHb KOHTPOIBHBIX BOIIPOCOB AJIA ClIa4M 3K3aMEHa B 7-OM CEMECTpE:

. OCHOBHBIE TEXHOJIOTHH pacrapajiuieInBaHus.

. Ucnone3oBanue cucremsl pacmnapauienuBanus OpenMP,

. Co3nranue MHOTOIIOTOYHBIX ITPOrpaMM ¢ ucnoib3oBanueM pthreads Ha si3pike C++.
. MeTonpl CHHXpOHH3AINH, OJIOKUPOBKH, MBIOTEKCHI.

. OcHOBHBIE cpencTBa MexkIpoIieccHoro B3aumozeicteus (IPC).

. PacnapannenuBanue nporpaMm ¢ ucnoiab3oBanuem MPI.

. MeTtonpl A1 CHHXPOHU3ALMK MPOLECCa BHIMOIHEHUS MEXK]Y TIPOLIECCaMU.

. Ctpareruu pa3OueHus pacueTHOW 3a/1a49y HA YaCTHU MEXITY IPOIECCaMHU.
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. PacnapanmnenuBanue pa3HOCTHBIX CXEM ISl CXeM pa3Horo mopsjaka (1-ro mopsmaka. 2-To Topsaka,
TVD cxembr).

10. TIpoBenenue pacueroB Ha rpaduueckux kaprax Ha miatdopme Nvidia CUDA.

11. OTnuuns pacdeToB Ha rpaduuecKkux Kaprax ot pacuetoB Ha CPU.

12. OrpanunueHus Ha AJIMHY YUCIIE C TUIABAIOIIEH TOYKOM.

13. Ucnions3oBanue nobansHoi mamsitu GPU.

14. Paznensemas namate GPU, ucnons3oBanue pasznensieMoi MaMsaTy AJ11 ONTUMHU3AIIH.
15. Vcnonbp3oBaHne KOHCTAHTHON IaMSITH.

16. Metonb! opranuzanuu nporpamMm Ha C++ u CUDA, npumeHeHne cucrteM cOOpKH.

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.

1. OcHOBHBIE TEXHOJIOTHH pacnapaiienBaHus.

2. [IpoBenenue pacueToB Ha rpaduieckux kaprax Ha margopme Nvidia CUDA.
buner 2.

1. Ucnonb3oBanue cuctemsl pacnapaienuBanus OpenMP.

2. OTnu4us pacueToB Ha TpaduuecKkux Kaprax ot pacuetoB Ha CPU.

buner 3.

1.Paznensiemas namsate GPU, ucnionp3oBanue pasenseMoi TaMsITH 1715 ONTUMHU3AINH.
2. Ucnonb3oBaHue KOHCTaHTHON IaMsTU

buner 4.

1. Otnuuus pacdetoB Ha rpaduyeckux kaprax ot pacyeroB Ha CPU.

2. OrpaHnyeHHs Ha JUIMHY YHCIIE C TIABAOIIEH TOUKOM.

buner 5.

1. Crpareruu pa30ueHus pacueTHON 3a1a4u Ha YaCTU MEX/Y MPOIECCaMH.

2. PacmapanieniBanne pazHOCTHBIX CXEM JJISi CXEeM pasHoro mnopsjka (1-ro mopsijaka. 2-To Topsiika,
TVD cxemsr).

Kputepun onennBanus

Onenka "ommuno" (10 GayoB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHWSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
INPUMEHATh UX Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 OamioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0OamioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.



Onenka "xopomo" (7 0anioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJyYCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.

Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa MNPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYIACHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPaKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAaMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHO" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBII,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus 1
C TPYZIOM IIPUMEHSET MOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0ajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKax OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)KaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHYECKHX
3aj1ay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[Ipu mpoBeneHNU olleHWBaHMS 3HaHWK OOydYarolIeMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
yCMOTpeHue 3K3aMeHaropa. Ompoc oOyuaromierocs 1mo OuiIeTy Ha YCTHOM 3K3aMEHE HE JOJKEH
MPEBBIIIATH OJHOTO acTPOHOMHUYECKOro yaca. OlleHWBaHWE 3HAHUI MPOU3BOAUTCS B COOTBETCTBUH C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPHKAHUEM TUCLUIUIIMHEI.



