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1. IIEJH ¥ 3AAYM JUCLUTLITAHBI

Hean

dopmupoBaHue KOMIIETEHIIHUHA B o0nactu MPUMEHEHUS COBpPEMEHHBIX
BBICOKOIIPOU3BOJAUTENBHBIX ~ BBIYMCIUTEIBHBIX TEXHOJIOTMH B HAyYHBIX U  TPHUKIATHBIX
UCCJIEIOBaHUSIX.

3amauun.

— H3yuenue apxutekTypsl BugeokapT Nvidia u UX pojiu B Hay4HBIX pacueTax;

— @opmupoBaHHME  TpPEACTaBICHMA O  pacmupeHusix  s3pikoB  C/CH+ mng
nporpaMmupoBanus BujgeokapT B TexHonorun CUDA.

— ®opmupoBanue ymenus paspadarsiBate SPMP-niporpammel B TexHosnoruun CUDA.

— ®opmupoBaHHe TMpeACTaBICHUM 0 paboTe mMapaiebHON MpPOrpamMMbl, YMEHUH
IIPOEKTUPOBATH MAPAJIIEIIbHBIE AJITOPUTMBI.

— @opMupoBaHHE YMEHHMH NPUMEHATH BO3MOKHOCTH CUDA-OMOIMOTEK MaIIuHHOTO
obyuenus (TensorRT, cuDNN, DeepStream SDK) B npuxiiagHpIx 3agadax.

— H3yueHue apXWUTEKTypbl U KiIacCHU(PHUKAIMKM MHOTOMPOIECCOPHBIX BBIUUCIUTEIBHBIX
CHUCTEM,;

— @opMupoOBaHHWE TPEACTABICHHA O (QYHKIMOHATBHOCTH OuOmmoTrekn mpi.h m eé
IIPUMEHEHNUU B IPOIPaMMUPOBAHUN MHOTOIPOLIECCOPHBIX CUCTEM.

— @opMHpOBaHHWE YMEHHMM W HaBBIKOB pa3pabOTKH mporpamMMm B TexHojormun MPI mis
kiactepoB 1 MPP cucrem

— Os3HakoMJICHHE C  COBPEMEHHbIMH  METOJIaMU  MapajuleJbHBIX  BBIYUCICHUHN
IIPUMEHUTEIBHO K MAaTEMAaTUUECKUM U IPUKIJIAHBIM 33J1a4aM.

2. MECTO JMUCUMIIJIMHBI B CTPYKTYPE OIIOII BO

2.1. YuebHas nucHMIUIMHA (MOMYJIb) OTHOCHTCS K 00S3aTeNbHON YacTW MPOrpaMMbl H
U3y4aeTcs Ha IIEPBOM Kypce.

2.2. JIns u3ydeHus JaHHOH y4eOHOMN TUCIUIUIMHBI (MOAYJI1) HEOOXOMMbI 3HaHUS, yMEHUS U
HaBbIKM, CGOPMUPOBaHHBbIE cleAyomuMu aucuummuHamu: b1.B.04  Mammunnoe oOydeHue,
b1.0.08 MatemaTuka 1 aHannu3a JaHHBIX.

2.3. IlepedeHpb MOCIEMYIOMUX YYEOHBIX IUCIMIUINH, JUII KOTOPBIX HEOOXOTUMBI 3HAHUS,
YMEHHUS U HaBBIKU, GOopMHUpyeMble TaHHOH yueOHoW nucuurunnoii: b1.B.06 Ananus u ynpasnenue
6onpmmmu ganHbME, B2.0.03(IT) Texnonoruueckas (mpoekTHo-TexHosornyeckas), b2.0.04(11x)
[Ipennunnomuas, 53.01 [loaroroska k cade U caada rocy1apcTBEHHOIO DK3aMEHA.

3. TPEBOBAHMUS K PE3YJIbTATAM OCBOEHUS JUCIUAIIJINHbI

IIponiecc ocBOeHMs TUCUMIUIMHBI HAaNpaBjieH Ha (OpMUPOBAHUE KOMIETEHIUH (3JIEMEHTOB
cnenyromux kommnereHuuil) B cootBeTcTBUM ¢ PI'OC BO mo cooTBeTcTBYyIOLIEMY HamnpaBiICHUIO
MOJITOTOBKHU.

IlepeyeHns MuIaHNPyeMBbIX pe3yJIbTATOB 00y4YeHHS MO0 JUCHUILINHE (MOAYJII0),
COOTHECEHHBIX C HHIMKATOPAMH JOCTUKEHHUS] KOMIeTeHI Ui

HNuaukaropsl
Komnerenuus . Pe3yabTarsl 00yueHus
KOMIIeTeHI il
OIIK-2 Cnocobern | MJIK onxk2.1
3HAeT YNUCIEHHBIE METO/BI, AJITOPUTMbI IPUMEHEHHUS
IPUMEHSATH Crniocoben

KOTOPBIX HOJIAI0TCS pacrapanieIBaHuIo,
CYUIHOCTh HWH(OPMAIIMOHHOTO Trpada anropurMa,
OCHOBHBIC byHKIIN CUDA u MPI,

KOMITBIOTEPHBIE/CY | MIPUMEHSTh
MEPKOMIIBIOTEPHBIE | COBPEMEHHOE

METO/IBI, MPOrpaMMHOE

(GYHKIMOHATBHOCT, M OTPaHMYCHHS OHOIMOTEK
COBPEMEHHOE obecrnieueHue (B . .

CUDA nansa  HEWpOHHBIX CeTed W TIIyOOKOTo
IPOrPaMMHOE TOM qrcie

oOydeHusi, (YHKIMOHATBLHOCTh W OTPAHHYCHUS

obecnieueHue (B OTEYECTBEHHOT O




TOM YHCJIE
OTCYCCTBEHHOT'O
MIPOU3BOCTBA) JIJIst
perieHus 3a1a4y
podeCCHOHAITBHO
U AesITeIbHOCTH

MIPOM3BOJICTBA) ISt
penieHus 3a1a4
po¢eCCUOHAIBHO
¥ IeITeIbHOCTHU

MK ormkz2.2
Cnocoben
MPUMEHSITh
CYNepKOMIIBIOTEPH
BIC METOJBI JJIA
penieHus 3a1a4
npodecCHOHAIBHO
W eI TeIbHOCTH

UHCTPYMEHTOB aHam3a
napajieNIbHBIX POrPaMM.
YMeeT MHTepIIPeTUPOBAaTh MAaTEMAaTHUECKYIO MOJIEIIb,
BBIOMPATH YUCICHHBIE METO/IbI PELICHUS, COCTABIATh
nHpOpManMOHHBIM Tpad anaropuTMa B SPYCHO-
napajieIbHON ¢bopme, ¢bopmynrpoBath
COIIPOBOKIAIOIIEE  ONHMCAHUE,  pealu30BbIBATh
anroput™m B TexHonmorun CUDA w/mmm MPI ¢
HUCIIOIBb30BAHUEM IMOAXOIAIIEN ONOIMOTEKA Wi Oe3
He€,  aHanmu3upoBaTth  I(P(GEKTUBHOCTH  CBOEHU
napajJieIbHOW IPOrpaMMBl.

Brnaneet npuemamu mpoeKTHPOBAHUS TAPAIIIETIEHOTO
aJITOpUTMa U Pa3pabOTKHU MapauIeNbHbIX POrpaMM,
METOZaM{ ONITUMH3AINH NAPaIIEIBHOTO aJIrOPUTMA,
METOAAMHU u UHCTPYMEHTaMH aHanmm3a
3¢ PEKTUBHOCTH napajuleIbHbIX IIpOrpaMMm,
pa3paboTKOl  MapajuleNbHBIX  aJrOPUTMOB  JUIf
HAay4YHBIX M NPUKIAJHBIX 337ad, MOAXOAaMU K
pa3paboTke  HapajyieNIbHbIX  aJrOpPUTMOB IS
MAIIMHHOTO O0YYCHHS

a3 dexTuBHOCTH




4. COAEPKAHME U CTPYKTYPA JTUCIUAIIJIMHBI

O0beM TUCIHMIUTMHBI COCTABIISAET 5 3aUeTHBIX enuHull, 180 gacoB, B TOM yrciie 26 4acoB Ha KOHTPOJIb, MpaKTU4ecKas noaroroska 180 gacos.

dopma MPOMEKYTOUHOM aTTECTALUU: 2 CEMECTP - IK3aMEH.

4.1. COOEP)KAHUE JUCHUIIJINHBI, CTPYKTYPUPOBAHHOE IO TEMAM, C YKABAHUEM BHUJ10OB YUEBHBIX 3AHATHI1 1 OTBEJEHHOI'O HA HUX

KOJINYECTBA AKAJEMUYECKHUX YACOB

Buasbi yueoHoii padoThl, BKJIIOYast
CaMOCTOSITEJIbHYIO padoTy o0yyarommxcs U

TPYAOEMKOCTH (B Yacax)

DopMbI
KonrakTHas padora
Ce TeKyllero
Ne NMPenoaBaTeif ¢ 00y4arIUMHCH
/ Pa3zaen nucuMIMHbL/ TeMBbI mec CaMocTos KOHTPOJIA
mn T Cemunapck
TeJibHAsg | YCIIEBAEMOCTH
ue
Jlekum | (mpakTH4ecC Kosrposts, | pabora +
P o0y4yeHus | KOHTPO.Ib
KHe
3aHSATHA)
1. |OpraHu3anusi 4 cucTeMHoOe nporpammuoe oodecneyenue MBC 2 2 8 2 10
Beenenue. Haznauenne u o0sacTi MpuMEHEHHST BBICOKOTIPOM3BOANTEIHLHON BEIYUCINTEIHHON CamocTosiTenbHast
1.1 |rexuuku. CoBpemMeHHas Kiaccudukanms cynepkommnbiorepos. TOP-500. O6ocHoBanne 2 1 2 pabora
MepCIeKTUBHOCTH HapammBaHus MomHoctd BBC. 3akon ['poma. 3akon Mypa.
ApxuTekTypa BbicoKonpon3BoanTenabHbix DBM. Onpenenenne. Kinaccudukarms daunna.
12 Hepapxudeckas opraHu3aiys NaMsITH KOMIIBIOTEpa. DIEMEHTHI apXUTEKTYPhI MapauIeIbHbIX 2 1 5
" |kommbroTepoB. CBsI3b MEXKAY 3JIE€MEHTaMU NapaljiebHbIX BEIUUCIUTENbHBIX CUCTEM.
Tonosnorus BC. Macmtabupyemocts. CtaTHdeckue Tonojgoruy. JJnHaMuuecKre TOMOJIOTHH.
Tema 3. Pecypchl BeruncnutensHoro kommuekca. Ipoueccsl. CHHXpOHHU3aLKS IPOLIECCOB. [IpakTuyeckas
13 Pacnpenenenne BpeMeHH mpoueccopa. Y IpaBlIeHHe NaMATbI0. BUpTyanbHas naMaTs. 2 8 4 pabora 1,
" |Ynpasnenue BHemHeH namaTeio. Daitnosas cucrema. MIPOMENKYTOUHOE
TectupoBanue 1
2 |Texnoaorus CUDA nporpaMMupoBaHus rpadgpuyecKux mpoueccopos. 2 4 8 2 36
21 ApPXUTEKTypa TpapuuecKux mpomeccopos nvidia 2 1 6 [oxroroBka
. JOKJIaaa
Pacrmpenue s3pika C it CUDA: THIIBI JaHHBIX, JUPSKTHBHI 1P, ONEpaIiui paboThI ¢ IIpakTnueckas
2 o [MAMATBIO, Onepauy oomena nanabivu Mexay CPU u GPU, cetka, OJ10KH, HUTH, BBI30B 2 1 4 10 pabota 2,
" |BBIYMCIUTENBHOTO Spa. IIPOMEXKYTOUHOE

TECTUPOBAHUE 2




Buabl yueOHo# padoThl, BKIKOYAA
CaMOCTOSITEILHYI0 PadoTy 00y4aromuxcs u

TPYAOEMKOCTbH (B Yacax)

DopMblI
KonTakTHast padoTa
Ce TeKyuero
Ne npenojaBaTeis ¢ 00y4aoumuMucs
/ Pazaen nucuunjJnHbl/ TeMbI Mec Camocros KOHTPOJIsA
n/n ™ CeMunapck
TeJbHAs | YCIIEBAEMOCTH
ue
Jleknuu | (mpakTH4iec Korrpoan padora +
P o0y4enusi | KOHTPOJIb
Kue
3aHATHSA)
Buner namsita. Onrtumuzanus paboTh ¢ TII00aTbHOM MaMSTHIO. [pakTryeckas
abora 3,
2.3 2 1 2 8 P
MIPOMEKYTOTHOE
TECTHPOBAHHUE 2
bubnaunorexn CUDA nist paboThl ¢ HEHPOHHBIMU CETSIMU M MallMHHBIM 00y4yenueM (TensorRT, IIpakTuueckas
Deep Stream abora 4
2.4 |°%P ) 2 1 2 12 P :
MIPOMEKYTOUHOE
TeCTUpOBaHUE 2
3. |TexHosorusi napajnjieJbHoOro nporpammuposanust MPI 2 6 8 3 40
Beenenue B napayieibHOS MPOrpaMMHUPOBAHUE ¢ UCTIONB30BaHUeM cTangapta MPI. O6mas Nzyuenue
3.1 [X@PaKTEpHUCTHKA 6ubmorekn MPI. bazosbie nonsitust MPI: mpornece, rpymma npoueccos, 2 1 0 2 MaHyajia paboTbl
" |kommyHHKaTop. SPMD-Monens nepenaun coodumennit. Komnumsinus u 3amyck MPI- C KJIaCTEpOM
npunoxenuil. Ctpykrypa MPI-nporpammst.
Tumer manaeix MPI. Curtakcnc 6a30Bbix ¢yaxmmid MPI: mHANMaNA3aus u 3aBepiieHue, [IpakTuueckas
3.9 [oTpesienenne e aKTHBHPOBAHHBIX MPOLECCOPOB H HOMEPa npotiecca B Ipyne, Tepejata 2 1 2 10 pabota 5,
" |cooOr1eHnit MeX Iy OTIEIbHBIMU IPOIIECCOPAMH. MIPOMEKYTOTHOE
TecTUpOoBaHue 3
JIByxTOUeUHBIIt 00MeH cooOieHusIMu. KoyutekTuBHbINA 00MeH AaHHbIMU B MPI IIpakTnueckas
abora 6
33. 2 2 2 10 p
IIPOMEXKYTOUHOE
TEeCTHpPOBaHUE 3
Ynpasienne 001acThi0 B3aMMOICHCTBHA U TPYIIIO mporieccoB. [Ipon3BoAHbBIE THITHI TaHHBIX. IIpakTuueckas
abora 7
3.4, 2 1 2 6 P '
MIPOMEKYTOUHOE
TecTHpoBaHue 3
[MapannenbHbple MaTEMaTHYECKUE OMOITNOTEKN [MpakTrueckas
35 P 2 1 2 12 P

pabota 8§,




Buabl yueOHo# padoThl, BKIKOYAA
CaMOCTOSITEILHYI0 PadoTy 00y4aromuxcs u
TPYA0eMKOCTh (B 4acax)
DopMblI
KonTakTHast padoTa
Ce TeKyuero
Ne npenojaBaTeis ¢ 00y4aoumuMucs
/ Paszjgen nucuMminHbL/ TeMbl mec CamMocTost KOHTPOJIsA
n/n ™ CeMunapck
TeJbHAs | YCIIEBAEMOCTH
ue
Jleknuu | (mpakTH4iec Korrpoan padora +
P o0y4enusi | KOHTPOJIb
KHe
3aHATHSA)
MMPOMECIKYTOYHOC
TeCTUpOBaHuE 3
4 |Anann3 3¢ ¢$eKTHBHOCTH NapaiieJIbHBIX MPOrpaMM. 2 4 8 3 36
Paspaborka 3(1)(1)€KTI/IBHI>IX napamiCIbHBIX IIPOIrpaMM: JIATCHTHOCTD, IIPUYKUHBI, CJIOKHOCTH CamocrosensHas
41 P P porp ' - 1P ’ 2 1 12 pabora (ananu3
TOBBIMIEHUS 3 PEKTUBHOCTH
MPOTPaMMBbI)
. IIpakTuueckas
4.2 |Uuctpyments! ananu3a 3¢ pexruBHocT: AIMS 2 2 4 12 pabota 9
. IIpakTuyeckas
4.3 |ucTpymenTs! ananm3a d¢pexrnBHOCTH: Jumpshot 2 1 4 12 paGoa 10
Hroro yacos 16 32 10 122
4.2. TINAH BHEAYJUTOPHOI CAMOCTOSITEJABHOI PABOTBI OBYYAIOIUXCSI MO JUCHUILINHE
CamocTosiTeIbHAast pa60oTa 00y4aI0IUXCA Yuedno-
MeToAnYecKoe
Cemec Bun Cpoxn 3aTpatsl Ouenounoe 8
Ha3zBanue pa3iena, TeMbl olecreuyenne
P €caMOCTOSITe/Ib | BBINOJHE BpeMeHH CpPeACTBO
N CaMOCTOSITEJIbH
HOI paboThI HUSA (uac.) .
0ii padoThbI
Opranusanms 4 cMCTeMHOe IPOrpaMMHoOe ol0ecrieyeHue
2 MBC 10




CamocTtosiTesbHasi padoTa 00y4alonuxcs

Cemec Bun Cpoxn 3aTpatsl OuenouHoe
Ha3Banue pa3sjaeJsia, TeMbl
TP CaAaMOCTOATEIb BbIITIOJIHE BpPEeMEHHU CpeacTBo
HOIi padoThI HUA (uac.)
BBenenne. Hasnauenme u  ob6iacTu  NPUMEHEHMS
o v st oBiageHust
BBICOKOIPOM3BOAUTE/IBHON  BBIYHCIUTENPHON — TEXHHKH. | jro oo o 3ananue 1
2 CoBpemenHas kinaccuukanus cynepkoMnbiorepoB. TOP- | nononsmurensroit 1 Henens 2 CaMOCTOATENNLHOM
500. OO6ocHOBaHME MEPCTEKTHBHOCTH — HAPALIMBAHUS | (o1PToP patorsr 1, 2
mouHocti BBC. 3akon ['poma. 3akon Mypa. TIOHCK B CeTnt
141 ;
ApxuTekTypa BBICOKOTIPOHU3BOMTEIBHBIX OBM. | Jlug sawpenenus n
Ompenenenne. Kmaccudpukanus Onuana. Mepapxudeckas | cucrematnsaumn
3HaHuii: pabora ¢
OpraHu3alus naMsTH KOMIIbIOTEpA. ODIEMEHTBI | o cneicrom neximm: 3aanme 11
2 APXUTEKTYPHI MAPALICTLHBIX KOMIBIOTEPOB. CBSA3b MEXKY | BhinonHenne 1 Henens 2 CaMOCTOATENLHOM
MPOEKTHOTI'O 3ana}ms{l pa6OTI)I 3
DJIEMEHTAMH  MAPAUIETbHBIX BBIYUCIMTENBHBIX CHCTEM. | g o 5o it
Tomonorus BC. Macmtabupyemocts.  CTaTHUECKHE | i mpaktirdeckux
pabor;
TONOJIOTMH. /IMHaMHUYECKHE TOMOJIOTHH. Jlast opmuposans
Tema 3. Pecypchl  BBIYUCIUTEIBHOTO  KOMIUIEKCA. | YMenmii: pemcnne
CUTyallMOHHBIX 3a/1a4,
ITpouecchl. CHHXpOHM3AIMSA TIPOLECCOB. PaclpeNenenue | cpopwymmposanmmix s -
AaKTHYCCKasa
2 BpEMEHU npoieccopa. VYnpasnenue MAMSTBFO. | MPaKTHUCCKHX 2 "Henlenu 4 P 6ota |
o paboTax; BBITIOIHEHHE paooTa
BupryanbHas mamaTh. YTpaBAeHHE BHEMIHEH NAMATBIO. | ppocxrmoro samanms
dalisoBasi cuctema.
5 Texnosorns CUDA nporpaMMupoBaHus rpapuuecKux 36
NPOIECCOPOB.
ApxuTekTypa rpapudeckux mpoieccopon nvidia st oBJIajIeHHSI 3ananue 1
2 3HAHUSAMMU: YTCHHUE, 1 HEOCIIsA 6 CaMOCTOSITEILHOM
JIOTOJIHUTEIILHOM pabotsI 4
JIUTEpaTypHl,
Pacmmpenne s3pika C s CUDA: TUIBL  JAHHBIX, | gomcrexta ek,
5 JIUPEKTHUBBI Spa, OTIEpalluu PadOThHI C TaMATHIO, ONIEPAIHH pouex b cetn 2 Hexenn 8 [TpakTuueckas
HTEPHET,
oomena nanabiMu Mexty CPU u GPU, ceTka, OJIOKH, HUTH, | fag sakpenacrns pabora 2
BBI30B BBIYMCIIUTENBHOTO SIIPA. CHCTEMATH3ALHH
— | 3HaHHuii: pabora ¢
5 Buapr mamsta. Ontumuzarust paObOThl € TVIOOATBHOM | xomcnexrom meximm; 2 Hexenn 10 [IpakTuueckas

IIaMATBIO.

BBIIIOJIHEHUE

pabora 3

YueoHo-
MeTOAHYECKOe
o0ecreueHue
CaMOCTONATEJILH
0ii paGoThI

Marepuainst
Kypca B D0C
bki.forlabs.ru

Marepuaisl
Kkypca B D0C
bki.forlabs.ru




CamocTtosiTesbHasi padoTa 00y4alonuxcs

Cemec Bun Cpoxn 3aTpatsl OuenouHoe
Ha3Banue pa3sjaeJsia, TeMbl
TP CaAaMOCTOATEIb BbIIIOJIHE BpPEeMEHHU CpeacTBo
HOIi padoThI HUA (uac.)
bubnuorexu CUDA m1st paboThl ¢ HEPOHHBIMU CETSMU U pposor0 san,
BBIIIOJIHCHHU!  JaHUH
MarHHbIM o0yueHueM (TensorRT, Deep Stream) JUTS TIPAKTHHECKHX
pabor; IIpakTuyeckas
o Has pa6ota 4
OPMHUPOBAHUS
2 YMeHMii: penieHye 2 HEACIH 12 3anianne s .
3aja4, CaMOCTOATCIIBHOU
c(hOpMyIUPOBAHHBIX B paboTel 5
MPAKTUYECKUX
paboTax; BBIIIOJIHEHUE
TIPOCKTHOI'O 3aJaHUs
2 TexHoI0THs MAPAIEIHLHOTO MporpaMmvMupoBanus MPI | /L osaazenus 40
BBenenne B mapamienbHOE  NpOrpaMMHpPOBAHUE  C
ucnosnb3oBaHueM crangapta MPIL. O6mas xapakTepucTika Sananue s
oubnuorexu MPI. Ba3ossle monstus MPI: i CaMOCTOATE L HOIH
2 . . IpOHECC, IPyNIIa | Tus osiagenus 1 Heens 10 pa60TI>I 6
MpOIECCOB, KOMMYHHKATOp. SPMD-mozens mnepegayu | 3Hauusmi: uretie,
2 o JIOTIOJIHUTETIBHOM HpaKTI/IquKaﬂ
coobmennit. Kommwmsanuss u 3amyck MPI-ipunoxeHuit. | mreparype, pabota 5
Crpykrypa MPI-nnporpammsl. KOHCIIEKTa JIeKIMid,
IIOUCK B CCTH
Tuner nanaeix MPI. Cunrakcuc 6a30Bbix GyHKmuid MPI: | vureprer;
WHULMANU3alAs U 3aBEpLICHHE, OIpPENeICHUE YHUCIa Aot saKpenaennst
cHUcCTeMaTHu3aluu HpaKTquCKaﬂ
2 AKTUBUPOBAHHBIX TIPOILIECCOPOB M HOMEpA TMPOIECCa B | smanmii: paGora c 2 "Heens 10 paGora 6
1 KOHCIICKTOM JICKIIUH,
rpynmne, Tiepeqada COOOIIEHUH MeXAy OTACIbHBIMH e ercrte s
Imponcccopamu. JUTSL IPAKTHIECKUX
- ~ | pabor; BeIIONHEHUE
5 JIByXTOUeUHbIE OOMEH cooOmeHusMu. KoIIeKTUBHBIM poexoro sapasmns | 7 preend 6 HpaKquec;(aﬂ
oOmeH mauasiMu B MPI Tl pabora
5 VipasineHnue 00JaCTbiO B3aUMOJCUCTBHS W TPYIIION g’;gr:yf";:;'::m
niporieccoB. [Ipon3BoIHbIE TUIIBI JAHHBIX. 3aau,
[apanienbHbIe MaTeEMaTHUECKHE OHOIMOTEKH E‘;’;’mﬂﬁiﬁa}mm * TpakTHyeckas
paboTax; pabora 8
2 2 Heaelun 12 3ayaHue s
CaMOCTOSITEIbHOMN
pabotsl 7
2 AHaau3 3()peKTUBHOCTH NapaLIeJbHbIX IPOrPaMM. 36

YueoHo-
MeTOAHYECKOe
o0ecreueHue
CaMOCTONATEJILH
0ii paGoThI

Marepuaibl
kypca B D0C
bki.forlabs.ru




CamocTtosiTesbHasi padoTa 00y4alonuxcs Yu4eOHo-
MeTOHYeCKOe
Cemec Bun Cpoxn 3aTpatsl OuenouHoe 8
Ha3Banue pa3sjaeJsia, TeMbl obecnevyeHue
P CaMOCTOSITEeJIb | BBINOJIHE | BpeMeHH CpeacTBO
. CaMOCTOSITEIbH
HOIi padoThI HUSA (uac.) N
0ii paGoThI
Pazpabotka 5>(¢eKkTHBHBIX MapauieTbHBIX MPOTPAMM: i:‘a’; P"[':::a?e:;’k'[m 3amanue M
2 JJATEHTHOCTb, ~ IPUYMHBI,  CIIOKHOCTU  IIOBBILICHUS | nononmnrenshoit 1 Hemens 12 CaMOCTOSTENBHOM
s dexTuBHOCTH JIATEpaTypEL, paboTsr 8
KOHCIIEKTA JIEKLHH, I
AKTHYCCKaA
2 WNuctpymenTs! ananmza dpdexruBHoctr: AIMS Jomel B et 2 "Henenu 12 P
Hurepner, ayauo u pa60Ta 9
BUACOMATEPUAIIBL
PEKOMEHJOBaHHBIX
MOOK; Marepuainst
Jlist 3aKpenuieHust 1 Kypca B 20C
CHCTEeMaTH3alUH .
3HaHmii: paboTa ¢ bki.forlabs.ru
KOHCIICKTOM JICKIIHMH,
BBITIOJIHCHHE 33/1aHUI IIpakTraeckas
2 WucTpymenTh! aHanm3a 3¢ dextuBHOCTH: Jumpshot A ———— 2 Henenu 12 I; aGora 10
pabort;
s popmupoBaHust
YMEHHIi: peleHe
3ajad,
c(OpMYITHPOBAHHBIX B
MPAKTUYCCKUX
paboTax;
OO611ast TpyJOEMKOCTh CAMOCTOSATEILHON paOOThI MO AUCIUILUIMHE (Yac) 122
N3 HUX 00BEM CaMOCTOSATETHLHOM pabOThI C UCITOJIH30BAHUEM AJIEKTPOHHOTO O0YUCHHUS U 106
JIMCTAHIIMOHHBIX 00pa30BaTeNIbHBIX TEXHOJIOTUH (Yac)

4.3. COIEPXKAHUE YYEBHOI'O MATEPUAJIA

Coneprxanue yueOHOT0O MaTepuaa nponucaHo B Tadnuue 4.1.




4.3.1. IlepevyeHb ceMMHAPCKHX, NPAKTHYECKUX 3aHATHI 1 J1a00paTOPHBIX padoT

TpynoemkocTh
(uac.)
Bcero "3
D
Ne Ne paznena HaumeHoBaHHMe CEMUHAPOB, NPAKTHYECKHUX U JIA00OPATOPHBIX Hacos HHX OueHouyHbIe OpMHpYeMbIE
MnmpaKT KOMIICTCHIIUHN
n/n U TEMBI pabor cpeacTBa %
HYECK (MHIMKATOPBI)
ast
noJAro
TOBKA
1 2 3 4 5 6 7
Opranu3anusi ¥ CHCTEMHOEe MNPOrpaMMHoOe olecredeHune
1. 2 8
MBC
Pecypchr BBIYUCIIUTEIEHOTO KOMILJIEKCA. [Tpomeccsr.
13 CunxpoHuzanusi  mporeccoB.  PacrmpeneneHne  BpeMeHU 2 8 [TpakTrueckas pabota OITK-2.1
' mmporeccopa. YInpasieHHE NaMATbiO. BupryanbHas namMATh. 1 '
YnpaneHnue BHelIHel naMaThi0. DailioBast cucrema.
5 Texnosorus CUDA mnporpaMMupoBaHMsl TrpapuyecKux 4 4
NPOLECCOPOB.
Pacumpenue s3pika C qyis CUDA: Tunbl JaHHBIX, AUPEKTUBbI
29 saapa, omeparuud padoThl ¢ TMaMAThlO, onepanuu OOMeHa 2 4 [Tpaktrnueckas padora | OIIK-2.1,
' nauaeiMu Mexay CPU u GPU, cerka, OIOKM, HUTH, BBI30OB 2 OIIK-2.2
BBIYHMCIUTENLHOTO S/Ipa.
Bunel namaru. Ontumusanus paboTsl ¢ T7100aabHON MaMSTHIO. [Mpaktnyeckas padora | OIIK-2.1,
2.3 1 2
3 OIlK-2.2
bubmuoreku CUDA ngns paGoThl ¢ HEHPOHHBIMU CETSIMHU H OI1K-2.2,
[IpakTuueckas pabora
2.4 MamHHBIM 00ydenueM (TensorRT, Deep Stream) 1 2 OIIK-2.3,
4
OIIK-2.4
3. TexHoJiorus napauiejibHoOro nporpammuponsanust MPI 6 8
Tuner manapix MPL. Cuntakcuc 06a3zoBbix (ynkmuii MPI:
39 WHULMANM3AMs W 3aBeplleHue, ONpeNeJeHUuEe  4YHcia 2 5 [TpakTuueckas pabora OIMK-2.1
' AKTUBUPOBAHHBIX MPOIIECCOPOB W HOMEpa Ipoliecca B TPyIIIe, 5 '
nepenada COOOMICHU MEXTY OTJEIbHBIMH MPOIIECCOPAMHU.




33 JIByxTOueuHbIW 00MeH cooOmeHusMu. KoJieKTHBHBIN O0OMEH 2 2 [Ipaktuueckas padora | OIIK-2.1,
e nmaHaeiMuA B MPI 6 OIlK-2.2
VYnpasieHue 0671acTbi0 B3aUMOJICHCTBUS U TPYIIION ITPOLIECCOB. TpaKTiecKkas pabora OIIK-2.1,
3.4. [Ipon3BoHBIE TUIIBI JAHHBIX. 1 2 7 p P OIIK-2.2,
OIlK-2.3
[TapannenbHple MaTeMaTH4eCKHEe OUOINOTEKU [Ipakruyeckas pabora | OIIK-2.3,
3.5 1 2
8 OIlK-2.4
4 AHau3 3PpPeKTHBHOCTH NaPaJLIeJIbHbIX IPOrPAMM. 4 8
) [Ipaktuyeckas padora | OIIK-2.3,
4.2 HNuctpymenTs! ananuza g dexkruBHOoCcTH: AIMS 2 4
9 OIlK-2.4
) [Ipakruyeckas padora | OIIK-2.3,
4.3 WNuctpymenTs! ananuza d¢dextuBHoctr: Jumpshot 2 4 10 OIK-2 4
Bcero 16 16
4.3.2. llepeyenb TeM (BONPOCOB), BBIHOCHMBIX Ha CAMOCTOSITEJIbHOE H3y4YeHHE CTY/IECHTAMH B PAMKAaX caMocTosATe1bHOM padoTsl (CP)
Ne Tema 3aganue ©@opmupyemast HIK
n/n KOMIIeTeHIIUS
1. | Knaccupukanuum MHOTOMPOIECCOPHBIX  BBIYMCIUTENBHBIX y OIIK-2 OIlK-2.1
3aganue Ui cCaMOCTOsITENbHON paboThr 1
CUCTEM, UX CPAaBHEHHE
2. | Peiituar Top-500 u Top-50 3ajanue 1uis caMOCTOATENbHOI paboThI 2 OIlK-2 OI1K-2.1
3. | Tomosyioruu MBC 3ananue s CaMOCTOSATEIIFHON paboThI 3 OIIK-2 OIIK-2.1
4. | Apxutektypa BugeokapT NVIDIA pa3ubIx nokoneHui 3ajaHue s CaMOCTOATEIBHOM paboThl 4 OIIK-2 OIlK-2.1
5. | bubnmuoreka TensorRT 3azanne [ist CaMOCTOSTEIILHON paboThI 5 OIIK-2 OIIK-2.2, OIIK-
2.3, OIIK-2.4
6. | bubmmoreka Deep Stream 3ajaHue i CaMOCTOATEIbHO# PabOThI 5 OIIK-2 OIIK-2.2, OIIK-
2.3, OIIK-2.4
7. | OCHOBBI  yIpaBiACHHS MapaUIeJbHON MNpOrpaMMOil Ha | 3aJaHue [Uis CaMOCTOSTEIbHON padoThI 6 OIIK-2 OIlK-2.1
KJIactepe
8. 3amaHuie Al CAaMOCTOSTEIBHOM paboTh 7 OIIK-2 OIIK-2.2, OIIK-
[MapannenbHbIe MaTEMaTHYECKUE OMOIMOTEKU 2.3, OIIK-2.4
0. 3amaHue Al CaMOCTOSTEeIbHOM paboThl § OIIK-2 OIIK-2.2, OIIK-
OynkuuoHanbHOCTh AIMS 2.3, OIK-2.4
10 3amaHue Al CaMOCTOSITEIbHOM paboThI § OI1IK-2 OIIK-2.2, OIIK-
dyHKIMOHATKFHOCTH JumpShot 2.3, OIIK-2.4




4.4, METOJIUYECKHUE YKA3AHUS 1O OPTAHU3ALIMA CAMOCTOSITEJIbHOM PABOTHI CTYJIEHTOB

MeTtonuyeckue ykazaHus 110 OpraHU3aluu caMocTosATebHON paboTsl pacnonoxkenbl B MOC Educa CamocrositensHas paboTa CTyIEHTOB BCEX
¢opM U BHIOB OOYUYCHHS SIBISIETCS OJHUM M3 00S3aTENBbHBIX BHJOB 00Pa30BaTENLHON NEATEILHOCTH, OOCCIIEUMBAIOIIEH peau3auio TpeOoBaHU
@®enepalbHbIX TOCYIApCTBEHHBIX CTaHAApPTOB BBICHIETO MpodeccuoHambHOro obpazoBanus. CoriiacHO TpeOOBaHMSIM HOPMATHUBHBIX JIOKYMEHTOB
CaMOCTOsTENIbHAs paboTa CTYJEHTOB SIBIAETCS 00s3aTEIbHBIM KOMIIOHEHTOM 00pa30BaTEILHOTO IMpOIecca, TaK KaKk OHA 00ECIeYnBaeT 3aKperiCHHe
MOJly4YaeMbIX Ha JICKIIMOHHBIX 3aHATHSIX 3HAHUW IMyTeM NPUOOpPETEHHs] HABBIKOB OCMBICICHHS W PACHUIMPEHUS UX COJAEP)KaHUS, HABBIKOB PEIICHUS
aKTyaJbHBIX MpoOJIeM (GOpPMHUPOBAaHUS OOIIEKYJIBTYPHBIX H MPO(PECCHOHATBHBIX KOMIETEHIUH, HAayYHO-MCCIIEAOBATEIBCKOW JEsTEIbHOCTH,
MOJITOTOBKA K CEeMHUHapaM, JlabopaTopHbIM paboTam, claue 3aueToB M Sk3aMeHOB. CamocTosiTelibHas paboTa CTYAEHTOB IMPEICTaBIseT COOOi
COBOKYIHOCTb ayJUTOPHBIX M BHEAYAUTOPHBIX 3aHATUN U pabor. CamocrosTenabHas paboTa B paMKax 00pa3oBaTENbHOIO IMpOIEcca B By3€ pelraet
CIEAYIOIINE 3a/1aUH:

— 3aKpEIUICHHUE U paclIMpEHUE 3HaHUN, YMEHUM, TOJIy4EHHBIX CTYJEHTaMU BO BpEeMs ayJUTOPHBIX U BHEAYIUTOPHBIX 3aHITUH, IPEBPALLIEHUE
UX B CTEPEOTHUIIBI YMCTBEHHON U (PU3UUECKON AESITENbHOCTH;

— MpUOOpPETEHNE NOMOJHUTENBHBIX 3HAHUN U HABBIKOB I10 IUCLHUIUIMHAM y4e€OHOTO IJIaHa;

— (opmupoBaHue U pa3BUTHE 3HAHUH U HABBIKOB, CBA3aHHBIX C HAYYHO-HCCIIEI0BATENIbCKON AESITETbHOCTHIO;

— pa3BUTHE OPUEHTAINH U YCTAHOBKU Ha KAYECTBEHHOE OCBOEHHE 00Pa30BaTEIbHON MPOTPaMMBI,

— pa3BUTHE HABBIKOB CAMOOPTraHU3alUu;

— (OpMHUPOBAHHE CAMOCTOSTEILHOCTH MBIIUICHHUS, CTIOCOOHOCTH K CAaMOPa3BUTHIO, CAMOCOBEPIICHCTBOBAHHUIO M CAaMOpPEaJIH3aliH;

— BBIpAOOTKA HABBIKOB d(PPEKTUBHOI CaMOCTOSATENBbHON NMPO(heCcCHOHATBFHON TEOPETUYECKOM, MPAaKTUYECKON U yueOHO-HCCIe10BaTeIbCKON
JESITEIIbHOCTH.

[ToaroroBka k nexiuu. KauecTBO OCBOEHHUs COJEp>KaHUS KOHKPETHON MUCIUIUIMHBI MPSIMO 3aBUCUT OT TOTO, HACKOJBKO CTYAEHT cam, 0e3
BHEIIIHETO NPHHYXJIEHUS (HopMUpyeT y ceOs YCTAaHOBKY Ha MOJYYEHHE Ha JIGKIUSAX HOBBIX 3HAHWM, JOTOJIHAIONIUX YK€ MMEIOMIMECs 1O JTaHHON
JUCUUIIMHE. BpeMs Ha MOATrOTOBKY CTYJIEHTOB K JIByX4acOBOM JIEKLIUU 110 HOpMAaTUBaM cocTaBisieT He MeHee 0,2 yaca.

[loaroroBka K mpakThdeckoMmy 3aHATHIO. [IOAroToBKa K NPaKTUYECKOMY 3aHSTHIO BKJIIOYAET CIEAYIOLIUE AJIEMEHTHl CaMOCTOSITEIbHOM
JEATEIbHOCTH: YETKOE MPEACTABICHHUE 1IEJIM U 3aJ1ay €ro MPOBEJAECHUS; BbIICICHUE HABBIKOB YMCTBEHHOM, aHAJTUTUYECKOM, HAYUYHOH JEATEIbHOCTH,
KOTOpbIE CTaHYT pe3yJbTaTOM IpelcTosneld padoTbl. BbipaOoTka HABBIKOB OCYIIECTBIISIETCS C IMOMOIIBIO MOJY4YeHHUsS HOBOW HHQpOpMaunuu o0
M3Yy4aeMbIX MTPOLECCaxX U C IOMOLIBIO 3HAHUS O TOM, B KAKOM CTENIEHH B TaHHOE BPEMs CTYACHT BJIaJIC€T METOIaMH MCCIIEOBATENbCKON AESITENBHOCTH,
KOTOPBIMH OH CTaHET M0JIb30BaThCs HA MPAKTHUECKOM 3aHATHU. [10Ir0TOBKA K MPAKTUYECKOMY 3aHATHIO HEPEIKO TpeOyeT mo10opa Marepuaa, TaHHbIX
U CIIELUATbHBIX HCTOYHUKOB, C KOTOPBIMH MPEICTOUT yueOHas padota. CTyI€HTHI IOJKHBI I0Ma IMOATOTOBUTS K 3aHATHIO 3—4 npumepa GopMyJTUPOBKH
TEMBl HCCIICJOBAHMsS, MPEICTABICHHOIO B MOHOTpadusax, HAay4dHBIX CTaThsX, OTYETAaX. 3aTeM OHH CaMOCTOSITEIbHO OCYIIECTBISIOT TOUCK
COOTBETCTBYIOIIUX HCTOYHUKOB, OMPENESIOT aKTyalbHOCTh KOHKPETHOTO HCCIIEOBaHUS IMPOLIECCOB U SIBJICHHH, BBIIEISIOT OCHOBHBIE CIIOCOOBI
JI0Ka3aTelbCTBA aBTOPAMH HAay4HBIX pabOT IIEHHOCTH TOTO, YeM OHHM 3aHUMaloTCA. B Xope caMoro mpakTH4ecKOTro 3aHATHS CTYICHTHI CHayala
MPEJICTaBISIOT HaliIEHHbIE MU BapuaHThl (POPMYJIHPOBKHU aKTyaJIbHOCTH UCCIIEJOBaHUSI, 00CYXJAI0T MX U 0OOCHOBBIBAIOT CBOE€ MHEHHE O HAUITyUIlIeM
BapuaHTe. Bpems Ha MOATrOTOBKY K IPAaKTUUYECKOMY 3aHSATHIO II0 HOpMaTUBaM cocTasisieT He MeHee 0,2 yaca.



[ToaroroBka k sk3ameHy. CamocTosITeNIbHAs MOATOTOBKA K 9K3aMEHY CX0a C MOJATOTOBKOH K 3a4eTy, 0COOEHHO eciiu OH Au(depeHIIUPOBAHHBIN.
Ho o6weMm yueOHOTO MaTepuana, KOTOPBI HYKHO BOCCTAHOBUTH B MAMSITH K 3K3aMEHY, BHOBb OCMBICIIHTD M MOHSTh, 3HAYUTEIHLHO OOJIBIIIE, TOATOMY
TpeOyeTcst 0oJble BpeMEHU M YMCTBEHHBIX ycuinid. Baxkno chopmMupoBaTth 11€710CTHOE MPEACTaBICHUE O COJEPKAaHUU OTBETA Ha KaXK/Ibli BOIPOC, YTO
MpEeJIoiaracT 3HAaHUE Pa3HbIX HAYYHBIX TPAKTOBOK CYIIIHOCTH TOTO WJIM WUHOTO SIBJICHHSI, IPOIIECCa, YMEHUE PACKPBIBAThH (DaKTOPHI, OMPEASISIONINE UX
MPOTUBOPEUYMBOCTh, 3HAHME HMMEH YYEHBIX, M3Yy4aBIIUX oOCyxgaemyro mnpobiemy. Heobxomumo Takxke mnpuBecTH HHGOPMALMIO O MaTepuaiax
AMIMPUYECKUX UCCIEIOBAHNMN, YTO YKa3bIBAE€T Ha BCECTOPOHHIOIO MOJTOTOBKY CTY/JIEHTA K dK3aMeHY. BpeMsl Ha MOATr0TOBKY K 3K3aMEHY [10 HOPMAaTHBAM
cocTanJisieT 36 4acos.

@DopMBbI BHEAYAUTOPHON CAMOCTOSITETLHOU PabOTHI

CocraBnenue rioccapus Llenb camocToATenbHONW pabOThI: MOBBICUTH YPOBEHb MH(OPMALIMOHHBIA KYJIBTYPBI; MPUOOPECTH HOBBIC 3HAHUS,
oTpaboTaTh HEOOXOAMMBIE HABBIKM B TPEAMETHOW obOnacTu ydyeOHOro Kypca. [loccapuwii — cioBapb CIEUUAIN3UPOBAHHBIX TEPMHUHOB M HX
onpezaenenuii. CtaTes riioccapus — onpenaenaeHue repmuna. Coneprkanue 3a1anus: cOOp U cucTeMaTU3alus MOHATHI WM TEPMUHOB, 00bEIMHEHHBIX
obmieil cnenuduueckoil TEMATHKOM, M0 OJHOMY JTHOO HECKOJBKUM HCTOYHHKaM. BreimonmHeHuWe 3amanus: 1) BHHUMATEIbHO MPOUYUTATH paboTy; 2)
OTpeIeNIUTh HanboJee YacTo BCTPEUAIOIUECS TEPMUHBI; 3) COCTaBUTH CIIMCOK TEPMHUHOB, 00bETUHEHHBIX O0IIIeH TeMaTUKOM; 4) pacIoIoKUTh TEPMUHBI
B aJ()aBUTHOM TOPSIZIKE; 5) COCTABUTH CTATHH TJIOCCAPHS: — JIaTh TOUYHYIO (DOPMYJIIMPOBKY TEPMHUHA B UMEHUTEIILHOM Ta/IeKe; — OOBEMHO PACKPHITH
CMBICTT JaHHOTO TepMuHa I[lnaHupyemble pe3yJabTaThl CaMOCTOSITENIBHON paboThl: CHOCOOHOCTh CTYJEHTOB pellaTh CTaHAApTHBIE 3aJauyd
npoeCcCHOHATBPHON JIeATEIbHOCTH Ha OCHOBE WH(MOPMAIMOHHOW U OuOIHOrpadmueckol KynbTyphl € TpPUMEHEHHEM HH()OpMaIMOHHO-
KOMMYHHKAIIIOHHBIX TEXHOJOTUH U C y4€TOM OCHOBHBIX TpeOOBaHU MHPOPMAITMOHHON 0€30MaCHOCTH.

PazpaboTka mpoekta (MHIMBHAyaldbHOTO, rpymnmnoBoro) llens camocTosiTenbHOM pPaOOTHI: pa3BUTHE CIIOCOOHOCTH MPOTHO3UPOBATH,
MPOEKTUPOBATh, MOJIEIHPOBaTh. [IpOEKT — «OrpaHWYEeHHOE BO BPEMEHH IIeJICHANpPaBICHHOEe U3MEHEHHE OTAENBbHON CHCTEMBI C YCTAaHOBIEHHBIMU
TpeOOBaHUSAMHU K KadeCTBY pe3yJIbTATOB, BO3MOXXHBIMH paMKaMH pacxojla CPeACTB U PECypCOB M CHENH(PHUECKONW OpraHu3anuei». BeimomHenne
3a/laHus:

1) nmarnoctuka cutyaruu (mpodJieMaTr3anys, IeJierojiaraie, KOHKPETH3aIus 1eld, OpMaTHPOBAHUE MPOCKTA);

2) npoekTHpoBaHue (yTouHEHHE 1enu, QYyHKIUH, 3a7a4 U MIaHa paboThl; TEOPETHUECKOE MOJIETMPOBAHIE METOJIOB M CPEJCTB PEIICHUS 3a/1aY;
JeTanabHasi TpopadOTKa ATAMOB PEHIEHUsT KOHKPETHBIX 3aJ1a4; MOIIAroBO€ BBHIOJIHEHUE 3alJITAHUPOBAHHBIX MPOEKTHBIX ACHCTBUN; CHUCTEMATH3aIUs U
0000111eHIE TOTYYeHHBIX PE3YJIbTaTOB, KOHCTPYHPOBAHKE MPEINONIAaraéMOro pe3yJbTaTa, MoIIaroBOe BHIIOJIHEHNE IPOEKTHBIX JAeHCTBUN);

3) pednexcus (BBISICHEHHE COOTBETCTBUS IMOJIYYCHHOTO PE3YJIbTaTa 3aMBICITY; ONpPeIeJICHIE KauyecTBa MOTyYEHHOTO MPOYKTAa; IEPCIIEKTUBHI €T0
Pa3BUTHUA U UCTIOJIB30BAHUS).

[Ipenmnonaraembie pe3ynbTaThl CaMOCTOSITENILHON PabOThl: TOTOBHOCTH CTYJEHTOB HCIOJIB30BaTh 3HAHHME COBPEMEHHBIX MPOOJIEM HAYKH U
o0pa3oBaHus NPHU pElICHUH 00pa30BaTENbHBIX U MPOo(eccHOHANBHBIX 3aj]a4; TOTOBHOCTh MCIOIb30BaTh HHAUBUAYaIbHbIE KPEATUBHbBIE CIIOCOOHOCTH
JUTSL OPUTUHAIBHOTO PEIISHHS HCCIIEA0BATENbCKUX 3a/1a4; — CIIOCOOHOCTH MPOTHO3UPOBATH, MPOCKTHUPOBATH, MOACIUPOBATH.

Nudopmanmonnsiii mouck Lleas camocTosTeIbHOM paboThHI: pa3BUTHE CIOCOOHOCTH K MPOSKTUPOBAHUIO U MPEOOPa30BaHUIO YUEOHBIX ACHCTBUN
Ha OCHOBE Pa3IMYHBIX BUJOB HH(DOpMAIMOHHOTO TTorcka. MH(DOpMaMOHHBINA TOUCK — MOWCK HECTPYKTYPHUPOBAHHON JOKYMEHTAIBHON HH(OPMAITHH.
Cnucok COBpeMEHHBIX 3a7ad WH(GOPMALMOHHOTO TIOHMCKA: pEIIeHHWE BOMPOCOB MOJETUPOBAHUS; KiIacCHU(pUKALUs JOKYMEHTOB; (uipTpanus,
KJIacCU(pUKAIUs TOKYMEHTOB; MPOCKTHPOBAHHE APXUTEKTYp IMOWCKOBBIX CHUCTEM M TOJB30BaTEIbCKUX HHTEpQeicoB; M3BIeUYeHHE HH(DOpMamu



(arHOTHpOBaAHUE U peepupoBaHUEC JOKYMEHTOR); BEIOOP HMHPOPMAIIMOHHO-TIONCKOBOTO S3bIKA 3aIpOca B MMOMCKOBBIX cucTeMax. CoaepikaHue 3aaHus
10 BHJAM TOMCKA: MOMCK OMOIuorpauueckuii — MOUCK HEOOXOIMMBIX CBEJIEHHI 00 MCTOYHHMKE W YCTAHOBJICHHE €r0 HAJMYUS B CHCTEME JIPYTHX
HMCTOYHHMKOB. BeaeTcs myteM pasbickanusi Oubnuorpadudeckoit nHbopMauu u 0udimorpaguieckux mocoouit (MHGOPMAIMOHHBIX U3IaHUHN); TTIOMCK
caMuxX HMH()OPMAIMOHHBIX HCTOYHHKOB (IJOKYMEHTOB W W3/IaHUI), B KOTOPBIX €CTh WM MOXET COAEpXKAThCcs HyXHas HH(pOpMamms, — TOUCK
bakTUYeCKUX CBEACHUM, COIepKAIIUXCSI B TUTEpaType, KHUre (Hampumep, 00 UCTOpUUYEeCcKUX GakTax U COOBITHUSIX, 0 OMorpadUuecKux JaHHBIX U3 )KU3HU
U JIeATeIbHOCTH MUCATENs], YIeHOTO U T. 11.). BrinonHeHne 3aaanusi:

1) onpenenenne 06JaCTH 3HAHUMA;

2) BBIOOp TUIA U UCTOYHUKOB JaHHBIX;

3) c6op mMaTepHrasioB, HEOOXOAUMBIX Ul HAMIOJHEHUS! HH(POPMAIIMOHHON MOJIEINH;

4) or6op Hamboee noIe3HON HH(OpMAaIH;

5) BBIOOp MeTo1a 00paboTKK nHpOopMaIuu (KaaccuduKaIus, KacTepu3alns, perpeCCUOHHBIN aHAIU3 U T.11.);

6) BBIOOp aiNropuTMa MOoMCKa 3aKOHOMEPHOCTEH;

7) mouck 3aKOHOMEpHOCTEH, OPMANIbHBIX MTPABUII U CTPYKTYPHBIX CBsA3€H B cOOpaHHON MH(pOpMALINU;

8) TBOpuecKasi HHTEpPIIPETaIHs TOJTyYEeHHBIX PE3YIIbTATOB.

[Inanupyemble pe3ysbTaThl CAMOCTOSITEIBHOW pabOThl: — CIOCOOHOCTh CTYACHTOB pElIaTh CTaHAapTHBIE 3a7aud MpodeccHoHAIbHOMN
JESITEILHOCTH Ha OCHOBE MH(POPMAITMOHHON U OuOIrorpaduueckoil KyJIbTyphl C IpUMEHEHHEM WH(POPMAITMOHHO-KOMMYHHKAITIOHHBIX TEXHOJIOTHHA H
C y4€TOM OCHOBHBIX TpeOoBaHUH MH(DOPMAIIMOHHON 0€30MacHOCTH; TOTOBHOCTh UCIOJIB30BaTh 3HAHUE COBPEMEHHBIX MPOOJIEM HayKd U 00pa30BaHUS
IPY PELICHNH 00pa30BaTeIbHBIX U MPO(EeCCHOHANBHBIX 3a/1a4.

Pa3zpaboTka My IbTUMEUITHON Mpe3eHTAITUN

enu camocTOATENEHON PaOOTHI:

— OCBOCGHHUE (3aKperuieHrne, 0000IeHIE, CHCTeMaTH3alns ) y4eOHOTo MaTepuaa,

— o0ecrieyeHre KOHTPOJISI KauecTBa 3HAHUIA;

— (popmupoBaHue criennaIbHBIX KOMIIETEHIIUH, 00eCTIeYnBaIOIIUX BOZMOKHOCTE pa0OThI ¢ UH()OPMAIIMOHHBIMU TEXHOJIOTHSIMH;

— CTAHOBJIEHUE OOIIEKYIbTYPHBIX KOMIIETCHIINH.

Brinonnenue 3a1anus:

1. Dtan mpoeKTUPOBaHMSI: — OIPEICICHHE [IeJIeH HCIIOIb30BAHUS MPE3EHTAINH; — cOOp HE0OX0IUMOT0 MaTepralia (TEKCThI, PUCYHKH, CXEMBI
u J1p.); — (hopMHpoBaHHUE CTPYKTYpPHI U JIOTUKH [I0IaYU MaTepuaa; — CO3JaHHe Marky, B KOTOPYIO MOMEIIeH coOpaHHbIN MaTepual.

2. DTtan KOHCTPYyUpPOBaHUS:

— BBIOOP MPOTPAMMBI;

— ONpEJCIICHUE Au3aiiHa CIan10B;

— HAroJHEHHWE CIai0B COOPAaHHON TEKCTOBOW M HAIISITHON WH(MOpMaIen;

— BKJIII04YeHHUE 3(h(PEeKTOB aHUMAIMH U MY3bIKQIBHOTO COTIPOBOXKICHUS (TIPH HEOOXOMMOCTH);

— YCTaHOBKa peXHMa I0Ka3a CJlailoB (TUTYJbHBIN claii, BKIIOYAIOUIMI HauMeHOBaHUE Kadeapbl, IIe BBIOJHEHA paboTa, Ha3BaHUE
MPEe3eHTAINH, TOPOJ U TOM; COACPKATEIBHBI — CIHCOK CIIAiI0B MPE3CHTAIlUH, CTPYIIUPOBAHHBIX 110 T€MaM COOOIICHUS; 3aKIIFOUNTENBHBIN Claiia



COJIEP’KUT BBIBOJIBI, TOKEIAHMsI, CIIUCOK JINTEPATYPHI U TIP.).

3. Dran MoJIeMpOBaHUs — MPOBEPKA U KOPPEKIHS MOArOTOBICHHOTO MaTepualia, OIpe/esieHIe MPOA0DKUTEILHOCTH €ro IEMOHCTPALIUH.

[Tnanupyemble pe3yabTaTbl CAMOCTOSTEIBbHOU PabOTHI:

— TIOBBIIIEHUE WH(OPMAIIMOHHON KYJBTYPHI CTYJIEHTOB M 00ECIEYeHHE MX TOTOBHOCTH K HMHTETPAllMU B COBPEMEHHOE MH(OPMALMOHHOE
IPOCTPAHCTBO;

— CcHocoOHOCTh pemaTh CTaHIApTHBIE 3a7aud MPO(ECCHOHANBHON NeATeNPHOCTH HAa OCHOBE HMH(OpPMAIMOHHOW W Oubmuorpaduyeckon
KyJbTYpPbI C IPUMEHEHHEM UH(POPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHI U C YYETOM OCHOBHBIX TpeOoBaHMM HH(DOPMALIMOHHON O€301MacHOCTH;

— CMOCOOHOCTH K KPUTHYECKOMY BOCIPUATHIO, 0000IIEHITO, aHaTN3y podeccHoHaIbHON HH(pOpMAIIHK, TOCTAHOBKE IIEJIA U BBIOOPY MyTe ee
JOCTUXKEHHS; — CIOCOOHOCTh NMPUMEHATH COBPEMEHHBIE METOAMKM M TEXHOJOTHMH OpraHM3allii U pealin3allid 00pa3oBaTelIbHOro Mpolecca Ha
pa3MyHBIX 00pPa30BATENBHBIX CTYIECHAX B Pa3IMYHBIX 00Pa30BaTEIbHBIX YUPEKICHHUIX;

— FOTOBHOCTb MCIIOJIb30BaTh UHAUBHUIYAIbHbIE KPEATUBHBIE CIIOCOOHOCTH I OPUTMHAIBHOTO PEHICHUSI UCCIIeI0BATENbCKUX 3a/1a4.

B ®BI'OY BO «MUI'Y» opranuszauus camMOCTOSITEILHOM pabOThI CTYJIEHTOB periameHTupyetcs llookeHrnemM o caMOCTOSITeNIbHOW padoTe

CTYJICHTOB, NPUHATHIM Y4eHbIM coBeToM MI'Y 22 utons 2012 r.

4.5, TIPUMEPHASI TEMATHKA KYPCOBBIX PABOT (ITPOEKTOB)

He npenycmoTtpeno.



5. YYEBHO-METOJINYECKOE 1 UH®OPMAIIMOHHOE OBECITEYEHUE
T CHATITAHBI (MOY.JIS)

a) mepeveHb JUTepaTypbl

1. T'eprens, B. I1. Teopus n npakTuka napajuieabHbIX BEIYUCIECHHH : yueOHOe mocodue / B.
I1. I'eprenb. — 2-¢ u3a. — Mocksa : UHTYUT, 2016. — 500 c. — ISBN 978-5-94774-645-7. —
Texcr : anexTpoHHsIi // JlaHb : 31eKTpoHHO-OMbIMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/100527 . — Peskum mocTyma: i aBTOPH3. MOJIb30BATEIEH.

2. MansBko, A. A. INapannensHoe mporpaMMUpoBaHHe Ha OCHOBE TexHosoruit OpenMP,
MPI, CUDA : yuyebHOe mocobue / A. A. Manssko. — HoBocubupck : HI'TY, 2015. — 116 c. —
ISBN 978-5-7782-2614-2. — TekcT : 3neKTpOHHBIH // JIaHb : 31eKTpOHHO-OMOIMOTEYHAsT CHCTEMA.
— URL.: https://e.lanbook.com/book/118245 . — Pesxum mocTyma: i aBTOPH3. MOJIb30BATEIEH.

3. Owmnmnos, @. B. MHorosiepapie Mpoueccopbl U MmapauieIbHOE MPOTPAMMHUPOBAHUE :
ydyeonoe nmocoobue / ®. B. ®ununmos, A. H. ['youn. — Cankr-IletepOypr : CII6I'YT um. M.A. bonu-
BpyeBuua, 2013. — 99 c. — Tekcrt : 3nekTpoHHBIH // JIaHb : 3MEeKTPOHHO-OMOIMOTEHAsI CHCTEMA.
— URL.: https://e.lanbook.com/book/180060 . — Pesxum moctyma: i aBTOPH3. MOJIb30BATEIEH.

0) mepuoauYecKUue N3TAHUSA

1. CODATA Data Science Journal https://datascience.codata.org/ CODATA Data Science
Journal - 3To perieH3upyeMBlii 3IEKTPOHHBII KYPHAI C OTKPHITHIM JJOCTYIIOM, ITyOJIHKYIOIINI CTaThH
[0 YIOPABJICHUIO, PACIPOCTPAHEHHIO, HCIOIB30BAaHUIO U TOBTOPHOMY  HCIIOJIb30BaHHUIO
UCCIIEI0BATEIbCKUX JAHHBIX U 0a3 TaHHBIX BO BCEX

B) CIHCOK aBTOPCKUX METOAUYECKUX Pa3padoToK:

CrpaBounbie MaTepuaiisl 1 3aaanus B DOC bki.forlabs.ru

r) 0a3bl JAHHBIX, HHPOPMAIMOHHO-CIIPABOYHbIE U MIONMCKOBbIE€ CHCTEMBI

1. Eaunoe okHO noctyma K oOpa3oBaTelbHBIM pecypcaM. [1omHOTEKCTOBas 3MEKTpOHHAs
OuOmMoTeka y4eOHBIX M y4eOHO-METOJIMYECKMX MarepuaioB ((eaepalbHbIl  pecypc).
http://www.window.edu.ru.

2. Obpa3oBaTenbHBIA MaTeMaTHIECKHi caiiT. http:// www.exponenta.ru.

3. MOCKOBCKHI LEHTp HENpephIBHOIO MaTemarhdyeckoro obpasosanus, MIIHMO.
Marepuansl  (MOJIHBIE  TEKCThI) CBOOOJHO  pAacCHIpOCTpPaHSEMBIX KHUT IO  MaTeMaTHKe.
http://www.mccme.ru/free-books.

4. ba3a 3HaHU# 1 HAOOp BEIYMCIUTEIBHBIX aIrOpUTMOB. hitp://www.wolframalpha.com.

5. DIeKTpoHHO-OMONMMOTeUHass CcHCTEMa W3/1aTelbCTBa «FOPAMT» https://www.biblio-
online.ru/

6. DnekTpoHHO-OMOIMOTEeUHas cucTeMa u3zarenberBa «Jlanby https://e.lanbook.com/

7. 1OC UT'Y EDuca

8. OHnaifH-KypChI OT BEAYIIMX BY30B M KoMIanuii crpanbl https://welcome.stepik.org/ru

9. O0pa3oBaTeNbHbINH OHIAMH-TIPOEKT Nitps://www.coursera.org/

10. KDNuggets — kpymHeWmmii pecypc o HayKe O IaHHBIX, TJie COOpaHbl 3HAHUS I BCEX
YPOBHEM: OT HAUMHAIOIINX CHEIHAINCTOB 10 MPOPECCHOHATHHBIX HHKEHEPOB.

11. Indigo — BHenmpenue data science-pelieHWid Ha TNpPUMEpPe KOHKPETHBIX KEWCOB,
pacckazaHHBIX KOMIAHUEH-Pa3pabOTIUKOM.

12.  http://www.parallel.ru — HMHpopMannOHHO-aHAINTUYECKUE MaTepHajbl MO
HapauIeIbHBIM BHIYUCIICHHUSIM.

13. http://www.software.unn.ac.ru/ccam  — HWudopmanronnsie Marepuansl LleHTpa

KOMIBIOTEPHOTO MOJICIMPOBaHHsl HMkeropoackoro yHUBEpCHTETA.
14. http://www.ieeetfcc.org — Wudopmarmonnsie matepuansl padoueit rpynmsl I[EEE 1o
KJTACTEPHBIM BBIYHCIICHHUSIM.

6. MATEPUAJIBHO-TEXHHUYECKOE OBECIIEYEHMUE JUCIIUIIJINHbI

6.1. YUEBHO-JIABOPATOPHOE OBOPY/IOBAHHUE:


http://www.wolframalpha.com/
https://www.biblio-online.ru/
https://www.biblio-online.ru/
https://e.lanbook.com/
https://welcome.stepik.org/ru
https://www.coursera.org/
https://www.kdnuggets.com/

Jl11g ipoBeieHH sl JICKIIMOHHBIX 3aHATUH HE00X0IMMa ay JUTOPHS C IPE3EHTAllMOHHBIM
000py0BaHUEM, JJIsl IPOBEACHUS MPAKTUYECKUX 3aHATUI HeoOXoanuMa ayuTopus Ha 15-
30 pabounx MecT (B 3aBUCHUMOCTH OT YHCJIICHHOCTH Y4YeOHOW rpymmbl), 000pyaoBaHHAS
JIOCKOM, MPE3EHTALIMOHHON TEXHUKOM.
6.2. IPOTPAMMHOE OBECIIEYEHUE:

Cpok
HaumenoBanue Hdara N
Oo0ocHoBaHHe JJI5 neicTrBua
Ne IIporpammMHoOro Koa-Bo BbIIA4YH
npoayKkTa noab3oBanus IO - npasa
NM0Jb30BaHUS
1. | Java8 VYcnosus | YcaoBus VYcaoBus OeccpouHo
MpaBoo0Jia | WCIONB30BAHUS 110 mpaBooOIaz
JaTens CCBUIKE: aTens
https://www.oracle.co
m/legal/terms.html
2. | Joomla 3.6 VYcnoBust | Ycnoust Ycnosus 6eccpoyHo
MpaBoo0Jia | MCHOIB30BAHUS 110 mpaBooOIaz
JaTens CCBUIKE: aTens
https://docs.joomla.org
/JEDL
3. | Microsoft Office Professional 25 Howmep Jlunensun 01.12.2009 | Geccpouno
Plus 2007 Russian Academic Microsoft 46211164
OPEN No Level I'oc.koHTpaKT
Ne 03-162-09 ot
01.12.2009
4. | Microsoft Office Professional 10 Howmep Jlunensnuu 27.04.2007 | GeccpouHO
Plus 2007 Russian Academic Microsoft 42095516
OPEN No Level
5. | UbuntuLinux 16.04.1 Venosuss | Ycnosus VYcnosus 6eccpoyHo
MpaBoo0Jia | WCIONH30BAHUS 110 mpaBooOIaz
JaTens CCBUIKE: aTens
https://www.ubuntu.co
m/legal/terms-and-
policies/terms

6.3. TEXHUYECKHE U SJIEKTPOHHBIE CPEJICTBA
MPEe3CHTAIlMOHHOE O0OpYy/J0BaHUE, TMEPCOHANbHBI KOMIIBIOTEp C BO3MOKHOCTHIO
JeMOHCTpanuu Tpe3eHtanuid B Qopmare pdf, mnepcoHambHBIE KOMIBIOTEPHl C
yctaHoByieHHBIM [10, onucanHbIM B 1. 6.2.

7. OBPA30OBATEJIBHBIE TEXHOJIOT' A

[Tpu peanu3anuu mporpaMMbl JAHHOHW JUCIUTUTMHBI UCTIOIB3YIOTCS Pa3IUYHBIC
00pa3oBaTesibHbIE TEXHOJIOTHUH.

1. IIpobremHoe oOydecHHE. Co3zmanne B yueOHOM JIEATETbHOCTH MPOOJIEMHBIX CUTYAIHH U
OpTraHHU3aIs AKTUBHOW CAMOCTOSTEIPHOMN JIeITeTFHOCTH YUAIINXCS 110 UX Pa3pelIeHHUI0, B
pe3yJbTaTe Yero MPOUCXOAUT TBOPUECKOE OBJIAJICHUE 3HAHUSMHU, YMEHHUSIMU, HABBIKAMH,
Pa3BHBAIOTCS MBICITUTEILHBIC CTOCOOHOCTH

2. PaszHoypoBHeBoe oOydeHHe. Y mpenofaBaTelis MOSIBISIETCS BOZMOXHOCTh TTIOMOTaTh
ci1aboMy, yIIeNsATh BHUIMaHUE CUIBHOMY, PEalIU3yeTcs KeJlaHUe CHIIbHBIX YYalIuXcsi ObICTpee U
ri1y0sxe mpoABUTaThes B 00pazoBaHuu. CHIIbHBIE yYallluecs: YTBEPHKIal0TCA B CBOMX
CHOCOOHOCTSIX, CJIA0BIE MOTyYal0T BOSMOXKHOCTD UCTIBITHIBATH YUEOHBIH YCTIEX, TOBBIIIACTCS
YPOBEHb MOTHUBAIIUU YUEHBS.

3. IIpoexTHBIE METOBI OOYUYCHHS. Pabora no naHHON MeTOIUKE Ja€T BOZMOXKHOCTh
pa3BUBaTh WHAMBUIYaJIbHbIE TBOPUECKHE CIOCOOHOCTH yYalIUXcs, 00ee 0CO3HAaHHO MOAXOIUTh
K IpO(h)eCCHOHATBHOMY U COIIMAIIEHOMY CaMOOTPE/IEICHHUIO

4, HccnenoBaTenbCKrue METOBI B OGy‘lCHI/II/I. I[aeT BO3MOXHOCTb yUalllUMCHH



CaMOCTOSITENILHO MOMOJIHATH CBOU 3HAHMSI, INTyOOKO BHUKATh B U3y4aeMyIo IpoOiieMy U
IperonaraTh MyTH €€ PeLIeHUs, YTO BaXXHO MPU (POPMHUPOBAHUN MUPOBO33PEHUS. ITO BAXKHO
JUTSL ONIPEIENICHNS UHANBUAYATbHON TPAEKTOPUU Pa3BUTHUS KaXA0ro o0y4daroerocs

5. JlekmoHHO-CEMUHAPCKO-3aueTHas cucteMa. [lanHas cucreMa JaeT BO3MOXHOCTh
CKOHIICHTPUPOBATh MaTepuai B OJOKH U MPETNOJHOCUTE €r0 Kak €HHOE IIeJI0e, a KOHTPOJIb
MPOBOJMTS IO MPEABAPUTETHHON TOJTOTOBKE 00YUYaOIUXCS

6. I/IH(l)OpMaHI/IOHHO'KOMMYHI/IKaI_[I/IOHHI)IC TCXHOJIOT'HUH. H3menenune u HEOTPpaHUYCHHOC

oOoraienue coepkaHust 00pa3oBaHus, HCIOIb30BAaHUE HHTETPUPOBAHHBIX KypCOB, JOCTYII B
NHTEPHET.

HanMeHoBaHMe TeM 3aHATHI € MCNIOJIb30BAHUEM AKTUBHBIX (POPM 00yUeHus :

e Tema 3amsTms Bun ®opma / MeToIsI THTEPaKTHBHOTO Kon-Bo
3aHATHUSL o0OyueHus 9acoB
1 ITocTpoeHune NByMEPHBIX CETOK B [IpakTuyeck [Ipobnemuas curyanus, paboTa B 2
' nporpammax Ha CUDA as pabota MAaJIbIX TPyIIax
2 TensorRT, Deep Stream [IpakTuyeck Ketic-meron, pabota B MabIx 2
as pabota Tpynmax
3 MaremaTtuueckue napauieabHble IIpaxTuueck Mertop aHanu3a KOHKPETHBIX 2
' oudmmorexkun MPI as pabota CUTyalun
4 Ananus 3¢ GeKTHBHOCTH [pakriueck | IIpoGnemuas cutyanus, pabora B 5
' napajyIeNIbHBIX IPOrpamMM as pabota MaJIbIX TPyIIax
HWroro yacos 8

8. OHEHOYHbIE MATEPUAJIBI VISl TEKYIIEI'O KOHTPOJISI U
INPOMEXYTOYHOU ATTECTALIUHN

8.1. OUEHOYHBIE MATEPHAJIBI JJIs1 BXOJHOI'O KOHTPOJISA
He npegycmoTrpeHsl.

8.2. OIEHOYHBIE MATEPHUAJIbI TEKYIIIEI'O KOHTPO.IS

IIpakTueckue padoTbl
[Ipaktuueckas pa6ora 2. OcaoBst CUDA

Yacts 1. BzauMojieiicTBHE C KJIaCTEPOM
BBIOTHUTS KOMITHIISIIAIO ¥ 3aITyCK Ha KJIACTepe MPUBEAEHHON B MIPE3CHTAIMH MPOTPaMMBI
TECTUPOBAaHUS YCTPOHCTBa M BHIBOJA HAa DSKpaH TEXHUYECKUX XapaKTEPUCTHK BHUICOKApPTHI.
Pe3ynbTarsl paboThl mporpaMMbl 0popMHUTH B BUJIE TaOauils! B ¢aiiine popmara *.docx mn *.pdf.
Jlis BXo/a Ha KilacTep MOKHO MCHOJb30BaTh mporpammy putty (aass OC Windows) uim
koMaHaHy10 cTpoky B OC Linux. [Tporoxon SSH.
IP:194.176.114.13
login:
password:
Komannaa noaxmouenust B OC Linux: ssh <login>@<ip> <password>
mc - Be130B npuiioxenus Midnight Comander
WcxXomHBIN KOJI IPOTPaMMBI [T BUACOKAPTHI COXPAHSIETCS ¢ PACIIUPEHUEM *.cu
JU1sl KOMIUJISIUY UCTIONIB3YETCSl KOMaH1a
>>nvce <UMsI_MCXOJHHUKa™> -0 <uMsl_00BeKTHOTro (aiina>

JUnis 3anycka - ./ums_aiina
Yacts 2. SAnpo CUDA, nepenada faHHBIX HAa BUIEOKAPTY
I[OHOHHI/ITB pa3o6paHHy}0 Ha 3aHATHUHA IIpOorpaMMy epecucTa JaHHbIX OIHOMCPHOI'O
MmaccuBa (cM. examplel.cu) cienyromum oOpa3om:
1. 3amepuTh BpeMst pabOThI apaIeIbHOM MPOrpaMMBbl:
a) C YYeTOM Iepelau JaHHBIX ¢ XOCTa Ha JieBaiic 1 00paTHO




0) Tonbpko Bpems pabotsl sapa CUDA
2. HaiiTu cnoco0 3aMepa BpeMEHU B MHJIJIMCEKYH/AAX ISl [I0CJIE10BATEIBHOM POrpaMMBbl.
3. HanucaTh aHaJIOTHYHYIO ITOCIIE0BATENbHYIO IPOrpaMMy M 3aMEPUTh BpeMs €€ paboThl (TOJIBKO
BBIYUCIUTEILHON YacTH, BpeMs (JOPMUPOBAHUS UCXOIHBIX TaHHBIX HE YUUTHIBATH)
4. CpaBHUTH pe3yJIbTaThl TPEX 3aMEPOB BPEMEHHU.
5. Ilpukpenuts KOJbl MapajuIesIbHON U IIOCJIEI0BATEIbHOM IporpaMm. B koae nmapasuienbHon
IIPOrpaMMBbl B KOMMEHTapHsIX yKa3aTb Pe3yJbTaTsl 3aMepoB. KoMMeHTapuu ¢ 3amepamu
pacIoyIoKUTh B Havase (aiina.

Yacte 3. OnHOMEpPHBIE CETKU

1. Hanumure napaiienbHyo IporpaMMy CIOKEHHs JBYX MaCCUBOB JJOCTATOYHOIO 0ObeMa.
2. 3amepbTe BpeMs paboTsl sapa CUDA Bamiel mporpaMMel.
3. BugousmeHuTe ceTKy U 3aMepbTe BpeMsl CIIE pas.
4. Hanumute aHAJIOTHYHYIO TTOCIIEA0BATENbHYIO IPOTPaMMy, 3aMepbTe BpeMsi pabOThl OCHOBHOTO
pacyeTHOro Lukia (00paTuTe BHUMaHKUE, YTO 3aMEPSITh BpEMsl Hal0 B MHJIJIMCEKYH/IaX, a
cTaHgapTHas OMOIHoTeKa time.h BRIMOTHAECT 3aMephl B CEKYHIaX, T.€. Ha/l0 HAUTH HEOOXOIUMBIE
¢ynkuun). CpaBHUTE BpeMs IOCIIE0BATEILHON IPOrpaMMbl U HarboJiee ObICTPOil apasuienbHOM.

[Ipaktuueckas pabota 3. Buasl mamsaTi BUACOKapTH U padoTa ¢ HUMH

Yacts 1. 'mobanbHas naMsTh
1. Hanmcars nmapasuiesbHyr0 IpOrpaMMy IEPEMHOKEHHSI MaTPHIL
2. Hamucare mnapamiensHyto nporpammy pemenus CJIAY  MeTronoM HOpoOCThIX HTepanuit
(ucmonmp3oBanue coalesing modasisieT OamIb)
3. 3amepuTh BpeMs paboThI siipa KaXKa0i NporpaMmbl
[TporpamMMmebl pa3zMeniaTh B CBOEH Harke Ha KiiacTepe.
Yactpe 2. Pa3nenseMas maMATh

Peanu3oBaTh pacCMOTpEHHBIE HA JICKIIUH aJTOPUTMbI IEPEMHOKEHUSI MATPHUL] U PELyKIUH C
UCIIOJIb30BaHUEM pPa3/IesieMON MaMsITH.

3aMepuTh BpeMsi pabOoThl KaXKJOr0 ajJropuTMa M CpaBHUTH CO BpEMEHaM pabOThl TAaKOTO XK€
ajropuTMa, Ho 0e3 ncronp3oBanus shared memory

[Ipaktuueckas pabora 4. TensorRT
W3 snekTpoHHOH cpeabl ckauaTh Beca MpeaoOyYeHHOH MOJIeNN paclo3HaBaHUs TailsloB
UTpsl MaKOHT, CKavaTh CEThI JaHHBIX.
Hcnons3ys Beca M JaHHBIe, HamucaThb MPOrpaMMy paclo3HaBaHUS TalIoOB C
ucnoibp3oBanueM oudnuorexku TensorRT
[Ipaktuueckas pabora 5.
IMapassiesbHoe mporpaMmmMupoBanmne Ha ocHoBe MPI.

Hucrpykuusa k 3anycky v xkomnwiasuuu MPI-mporpammbl Ha kiacrepe claster-
sfu.krasn.ru.

1. 3aiiguTe Ha KJacTep MO CBOUM JIOTHHOM.

2. 3arpysute Midnight Commander koman10ii mc

3. Co3spaiitre mamnky Jis XpaHSHHsI POrpaMM KiraBuieit F7, nmepeliquTe B CO3aHHYIO MAIIKY .

4. 3arpy3ure B CO3JaHHYIO MAaNKy HCXOJAHBIA KOJA mporpamMmbl ¢ momouisto WinSCP wiu
co3zaaiite HOBBIN (Paitn B Midnight Commander, naxxa Shift+F4 u orpenaktupoBas ero B
TEKCTOBOM pe/lakTope mc (Tepexo/] B TEKCTOBbIHN penakrop F4)

5. HaGepure Texct mporpammsl, BeiBogsmie coobmenus (Hello, world!!) ot mpormeccos
(mpumep u3 nekuuu 14). [lng coxpaHeHUss HW3MEHEHHH B TEKCTOBOM pEIaKTOpe mc
ucnonp3yiite F2.

6. Jas KOMIWISILIAY TIPOTPAMMBI:

a. Cgepnute ma"enu mc (ctrl+o)

b. Bemonnute kommwisnmioo — (aiia  mporpamMMbl  KOMaHaoi:  MpicC  —0
<umsi_00beKTHOro_¢aina> <ums_komnuaupyemoro ¢aiiaa>. nu mpiCC -0
<umsi_00beKTHOro_daiiaa> <uMf_KoMnuiaupyemoro_caiisia>..Eciu



KOMITWJISILIASI BBITIOJIHEHAa 0€3 OmuOOK, TO B TAIKe MOSBUTCA OOBEKTHBIA (aiin
(BBIIETIEH 3€TIEHBIM I[BETOM)

7. 3amycTHTe MporpaMmy Ha BBIIIOJHEHUE KOMaHIO0H: MPirun —np <koJIM4ecTBO_MNPOIeccoB>
-maxtime 1 <umsi_o0bekTHOro_¢aiiia>
3anavu (JIA «OMBITHBIX»).

1. Hamucate mporpamMmy, KoTopas nepenaér HEKOTOPOE YMCIO IO KOJIbLly: OT Ipouecca ¢
panrom 0, Ha ipoutecc 1, mporecc 1 mpubapsieT k uncay 1 u nepegar Ha mporiecc 2 U T.1.
[TosrydyeHHOE B pe3yibTaTe YUCIO BBIBOAUTCSA HAa KOHCOJb IIporeccoM ¢ panrom 0. 3aMepuThb
BpEMsl BBIIIOJIHEHUS IPOIPaMMBbl

2. CocTaBUThH MapauIeIbHYI0 INPOTpaMMy MOJCUETa CyMMBbl HEUETHBIX DJIEMEHTOB BEKTOpA.
3aMepuTh BpeMs BBIIIOJHEHUs MporpaMMel. Mcnonb3oBaTh (GyHKIMH MHPOKOBEIATEIbHON
pacchuTky U penykiun. *Mcnons3oBarh GyHKIMIO pactpenenenus nanasix MPL Scatter(...)
niu MPI_ Scatterv(...)

Jlns kaskaou 3axaum:

a. 3amyCTUTh IIPOrpamMMy C OJJHOM U TOH K€ pa3MEpHOCThIO BEKTOpa HECKOJIBKO pa3 Ha
2-X, 4-x, 8-mmu, 16-Tu u 32-x mporeccopax C (UKCAIMEe BPEMEHH BBITOJHEHHS
IPOTrpaMMBbl IIPH KAXKA0M 3aIlyCKe.

b. Tloctpouts B Excel rpaduk 3aBUCHMOCTH CKOPOCTH BBIMOJIHEHHS MPOTPaMMBbI OT
KOJINYECTBA MPOLIECCOPOB.

C. 3amycTuTh MporpamMMmy HECKOJIBKO pa3 Ha 16 mpoiieccopax, U3MEHssE pa3MEpPHOCTb
MacCHBa B HECKOJIBKO pa3 IpHU KaXkJJOM 3amycke. 3aMKCUPOBATh BPEMs BBIITOJIHEHHS

d. IMoctpoutsh B Excel rpadmk 3aBUCHMOCTH CKOPOCTH BBITIOJIHEHHS MPOTPAMMBbI OT
YBEJIMYEHUSI KOJIMYECTBA BXOJAHBIX JAHHBIX IPU OJHOM U TOM JK€ KOJHYECTBE
IIPOLIECCOPOB

3anauu (I «HAYMHAIOIIHX)).

1. Hanwucats napamiensHyto nporpammy «Hello, world!!»

2. Hammcarte mporpammy, KoTopas rnepenaér HEKOTOpPOe YHCIO IO KOJBILy: OT Iporecca ¢
panrom 0, Ha npouecc 1, nponecc 1 npubasnseT Kk yucay 1 u nepeaaér Ha npouecc 2 U T.1.
[TosrydyeHHOE B pe3yibTaTe YUCIO BBIBOAUTCS HAa KOHCOJb IporeccoM ¢ panrom 0. 3aMepuTh
BpEMS BBIIIOJIHEHUS TPOIPaMMBbI

s kaxnoit 3agaum (kpome «Hello, world»):

a. 3aIyCTUTbh POrpaMMy C OJHOM U TOW K€ Pa3MEPHOCTBIO BEKTOpPA HECKOJIBKO pa3 Ha
2-X, 4-x, 8-mu, 16-Tt m 32-x mporeccopax C (UKcAIMel BPEMEHH BBITOTHEHHS
IIPOrPaMMBI IIPH KaXKJIOM 3aILyCKe.

b. Tloctpouts B Excel rpadmk 3aBUCHMOCTH CKOPOCTH BBIMOJHEHUS MPOTPAMMBI OT
KOJIMYECTBA IPOLIECCOPOB.

C. 3amycTUTh HporpamMMy HECKOJIbKO pa3 Ha 16 mporeccopax, U3MEHss pa3MepHOCTh
MaccHBa B HECKOJIBKO pa3 MU KaXkJJOM 3amycke. 3aUKCUpOBaTh BPeMs BBIITOJTHEHHS

d. TMoctpouth B Excel rpadmk 3aBUCHMOCTH CKOPOCTH BBITIOJHEHHS MPOTPAMMbI OT
YBEJIMUYEHUS KOJMYECTBA BXOJHBIX JAHHBIX NPU OJHOM M TOM JKE€ KOJUYECTBE
MIPOLIECCOPOB

[IpakTuueckas padota 6. [lapHbie U KOJJIEKTUBHBIC ONIEpaIliU Mepeiauu COOOIESHUM.
Yacrs 1. [lapHble onepanuu nepeaavyu JaHHbBIX
J1s «HAYHHAOIMX»
3aganme 1.

2. Jlns mporpaMMBbl TIepelayd YHCiIa TI0 KOJBILY (CM. MpeasIAyIyto padoTy). [Ipu Hanmcanun
IPOrpPaMMBI:

a. Hcrmonp3oBaTh CTaHAAPTHBIA PEXUM TEpeiadu COOOIICHMI

b. JloGaButh pacuér BpemeHH pabOTHI MPOrpaMMBbI, 3aUKCHPOBATH BpEeMs PadOTHI
nporpamMmel Ha 20 mponeccax.

3. HM3MeHuTh pexuM nepegaun AaHHBIX Ha Oy(epu3oBaHHBIN U 3apUKCHPOBATH BpeMsi pabOThI
nporpammel Ha 20 mponeccax.



4. VI3MeHUTh pexHM Iepelayd JaHHBIX Ha PEKUM MO TOTOBHOCTH U 3a(pUKCHUPOBATH BpeMs
paboTsI mporpammsl Ha 20 mpoueccax
5. M3meHuTHh pexuM Iepelayd JaHHBIX Ha CUHXPOHHBIA PEXUM U 3aUKCUPOBATh BpeMs
paboTsI mporpammsl Ha 20 mpoueccax
6. Omnpenenuth Hauboiee OBICTPHIN U HAMOOJIEE MEIJICHHBIA PEXKUMBI PAOOTHI IPOTPAMMBI.
3aganme 2.
1. Hamucath nporpamMmy CyMMHPOBaHHS 3JIEMEHTOB BEKTOPA, B KOTOPOIi:
a. J0o/DKHA OBITh JomMcaHa (DYHKIHS 3alOJHEHMs MCXOJHOTO MaccuBa (CIlydailHBIMHU
YHUCJIaMU WM COTJIACHO KaKOW-I100 MateMaTuieckoi hopmye);
b. momxeH OBbITH JOOABICH pacueT BPEMEHH BBITOJHEHUS IPOTPAMMBI
2. 3amycTUTh MPOTPaMMy C OJTHOM M TOH e Pa3MEepPHOCTHIO BEKTOPAa HECKOJIBKO pa3 Ha 2-X, 4-

X, 8-mMu, 16-tu 1 32-x mpoueccopax ¢ (ukcanueil BpeMEHH BBITOJIHEHUS TPOTPAMMBI MIPH

Ka)KIOM 3aIlyCKe.

3. Toctpouts B Excel rpaduk 3aBUCUMOCTH CKOPOCTH BBITIOJIHEHUS TPOTPAMMBI OT KOJTMUECTBA

MIPOLIECCOPOB.

4. 3amycTUTh IpOrpaMMy HECKOJIBKO pa3 Ha 16 mpoueccopax, U3MEHsIsl pa3MEpPHOCTh MACCHUBA B

HECKOJIBKO pa3 MpHu KaXKI0M 3aIycke. 3a(UKCUpOBaTh BPEMs BBHITIOJTHEHHS
5. Tocrpouts B Excel rpadguk 3aBUCUMOCTH CKOPOCTH BBITTOJHEHHS IIPOTPAMMBI OT YBEITHUCHHS

KOJIMYECTBA BXOJAHBIX TAHHBIX MPU OJTHOM U TOM K€ KOJIMYECTBE MPOILIECCOPOB

JJ1s1 «ONBITHBIX»
3amaua 1.

Hanmcate mnporpaMMmy mepeMHOXKEHUS JAByX wmarpuill. *Mcmonbp3oBath — (pyHKIUIO

pacnpenenenus nanabix MPI Scatter(...) nou MPI_ Scatterv(...)
3agaua 2.

Hanucats mporpammy nepeMHOKEHUSI IBYX MaTpHUll, MPH YCIOBHH, YTO B ONEPATUBHYIO
namsATh NPoLIEccOpa HU OJHA M3 MAaTpHIl NOJHOCTHIO HE MoMemaercsa. T.e. B OIUH U TOT XK€
MOMEHT BPEMEHH Ha MPOIIECCOPE €CTh HECKOIBKO CTPOK MEPBOM MaTPHUIIbI, HECKOJIBKO CTOJIOII0B
BTOPOl MaTpHIIBl MU HECKOJIBKO CTPOK pe3yibTHPYIOIIeH MaTpullbl. Jlns perieHus 3agaqu
MCXOJHbIE TaHHbIE TOJIKHBI IEpeIaBaThCs OT Mpoliecca K Mpolieccy 0 JIIo00My alropuTMy Tak,
4TOOBl B MTOTE€ BCE PE3YJIbTHPYIOIIME AJIEMEHTHI OKa3alUCh HAa CBOMX MECTaX Ha HY>KHBIX
npoueccax. Jlyis ynopoIleHHs pEIIeHUs CYUTATh, YTO MPHU OIpPENeJeHUH KOJUYECTBA CTPOK
(cTonbI0B), XpaHuMbIX Ha Tporiecce (k = N/p), mamsTi Ha mpolecce JOCTATOYHO IS XpaHEHUs
JTAHHBIX U PE3YyJIbTATOB.

TBopueckoe 3ananue. /s uHTEpecyOMMXCH.
I'eneTnuyeckue aJaropuTMbI.
1. Tlo3HakOMHUTBCS € MaTepHalaMd IO €CTeCTBEHHBIM MOJENSIM TapaieIbHBIX
BeryncieHnit (nexmuust MI'Y, ko mocineaoBaTeIbHON TPOTPaMMBI).
2. [TpoBepuTh paboOTy MOCIIEOBATEIBHOTO AITOPUTMA
3. Peanu3oBarh napasuienbHbI T€HETUUECKUI alTOPUTM HENPEPHIBHON MUHUMHU3AIUH N-
MEpPHOW HENpephIBHOW (yHKIMK (HAWTH TOYKYy TIOOATRHOTO MHUHUMYyMa). DYHKIH
Rosenbrock’s valley:
n—1
£ = ) 10002 = x0)? + (6, — 7.
i=1
rae n = 103, xi € [-100, 100], size = 2'2, tmax = 10%, dt = 102, fraction = 4
Pesynprarsr:
1) cpeanee u nydiiee 3HaueHHWE (YHKIMHM KadyecTBa OT HoMepa uTepauuu fi;
2) Bpemsi T paGoThI MpOrpamMMbl OT KOJIHMUECTBA IPOIIECCOPOB .
4. Tloctpouth TpaduKM 3aBUCHMOCTH BpPEMEHH pabOThI ajlropuTMa OT KOJIWYECTBA
MIPOLIECCOB MapaljIeIbHOM MPOrpamMMbl
5.* Peanu3oBaTh pacnpeeleHHYI0 MOJIeIb MUTpalluy
Yactsp 2. KovieKTHBHBIE ONEPAIIUN NepeIavn JaHHbIX



3ananmne 1. YuebHoe
PeanuzoBaTh mporpamMmy yMHOXKEHHUS MaTpHIIbI Ha BEKTOp C pa3OMEHHEM MaTpuIlbl Ha
HEpaBHbIE YaCTH M PACCBUIKY 4YacTell Ha KaXIbld MpoLecc C TMOMOLIbI (YHKIHUU
MPI_Scatterv(...). IlpoBecTn cepui0 BBIYUCIUTENIBHBIX 3KCIEPUMEHTOB M CpPaBHHUTH
pe3yJIbTAThI C BEpPCUEH ITporpamMMbl 0e3 KOJIJIEKTUBHBIX Ollepaluii:

a. 3amycTUTh NpOrpaMMy C OJHOM M TOW K€ PA3MEPHOCTbIO MAaTPULIbI M BEKTOpa

HECKOJIbKO pa3 Ha 2-X, 4-X, 8-Mu, 16-tu u 32-X mporieccopax ¢ (pukcanued BpeMeH!
BBITIOJIHEHUSI IPOTPAMMBI IIPU KaXOM 3aITyCKe.

[Toctpouts B Excel rpaduk 3aBHCUMOCTH CKOPOCTH BBIIIOJIHEHHUS NPOTPaMMbl OT
KOJIMYECTBA IPOLIECCOPOB.

3amycTUTh MPOrpaMMy HECKOJIbKO pa3 Ha 16 mpoleccopax, U3MEHSs pa3MEpHOCTh
MAacCCHMBOB B HECKOJIBKO pa3 TpH KaXAOM 3amycke. 3auKCUpOBaTh BpeMs
BBITIOJTHEHHS

[Moctpouts B Excel rpaduk 3aBHCHMOCTH CKOPOCTH BBIOJHEHUS MPOTPAMMBI OT
YBEJIMUYEHUSI KOJIMYECTBA BXOJHBIX JIAaHHBIX MPU OJHOM U TOM K€ KOJIUYECTBE
IIPOLIECCOPOB

3ananmne 2. TBopueckoe. OnpeneanThb, CMOKET JIM KOCMHYECKHH KOpadJb NPOWTH Yepe3

acTepouaHoE 110JI€.

NS

Yupouenus:

PaccmatpuBaeTcs 3aaua Ha MIIOCKOCTH

YacTuIiel IBHXKYTCS IO KPYTOBBIM OpOUTaM

CTOJKHOBEHHMSI YaCTHUIl U TPABUTAIIMOHHOE B3aUMOJICHCTBUE B MOJCIIM HE YUUTHIBAIOTCS
CKOpOCTh KaXK/10M YaCTUIIbl CYUTATH TOCTOSTHHOM

YcioBue 3aga4u.

EcTp «poil yacTuir»y, Ha3BaHHBIX acTEpOMJIaMH. ACTEPOMJIbI BPAIMIAIOTCS MO KPYTOBBIM

opOUTaM BOKpPYT HEKOTOpOH IeHTpajdbHOW obmacTu. Hauano KoopauHAT HAXOAWTCS B IIEHTPE
obmnactu (puc. 1).

@
Puc. 1. Obwas cxema 3a0aqu

Kaxxnas yactuna xapakrepusyercs (puc 2.):
1) <@ — yroa Mexay MOJOXKHUTEIbHBIM HanpasieHneM ocd OX U OTpe3KOM, MPOBEICHHBIM U3

Ha4dajia KOOpAUHAT K MCCTOIIOJIOKCHHUIO YaCTHUILIBI;

2) I — pacCTOsIHUE 10 YaCTHIBI OT HaYajla KOOpAUHAT;
3) V M/C — CKOPOCTh IBMKEHHS YaCTHIBI BOKPYT UX OOILETo LEHTpa



Puc.2. Xapakmepucmuxu uvacmuyul
Ecth kpynHoe (IO CpaBHEHHUIO C acTEpOMJIaMH) KOCMHUYECKOe Tesno — Kopabub. Kopabib
XapaKTepU3yeTcs:

1) <@s — yron Mex1y HMOJOKHTEIBHBIM HanpaBieHreM ocd OX U 0Tpe3KOM, MPOBEICHHBIM U3
Hayaja KOOPAWHAT K MECTOIMOJIOKEHHUIO KOPaOJIs;

2) IS — paccTosiHUE JI0 KOpalJIs OT Hayaia KOOpANHAT;

3) Vs M/C — CKOpOCTb JIBU)KEHHSI KOPaOIIs.
3ajaua: onpenenuTh, CMOXKET JIM KOpalib MPONUTH CKBO3b PO YacTHLl O€3 MOBPEKACHUH.
Yxa3zanus:

1. KonmdecTBo uacTuil He MeHee 5x10%,

2. Pemenue 3amaun MOXET OBITH IOCTPOEHO OT TOTOBOT'O BapHAHTA MPOXOXKACHUS KOpaoIi, T.€.
MOYKHO CT€HEpUPOBATh KOH(UTYPALIUIO YACTHLl U KOpaliist, KOTOpas pelaer 3ajady, a 3aTeM
BBITIOJIHUTH CEPHIO OOPaTHBIX MPE0Opa30BaHUN U NOJIYUYHTh UCXOAHBIE yciIoBHs. OOpaTHYIO
«TIPOKPYTKY» BBINOJIHUTH HE MEHEE, UEM 3a YCIIOBHBIH yac.

3. MecTononoxeHne YacTul] CreHepUpoBaTh, UCXOAs W3 ykazaHus 2. CKOpOCTH dYacTHIl
reHepupyroTes ciaydaitHo B auamnazone 4000 m/c £+ 5%.

4. Pamuyc opOUTHI aCTEPOUIOB IOJKeH ObITh B Auanasone oT 7x10° m 10 9x108 m
[Tpaktuueckas padora 7. IIpousBonnsie Tunsl qaHHbIX B MPI. Co3nanue
KOMMYHHKATOPOB.

Yacrs 1.
1. ITpoueccsl pa3duTh Ha aBe Tpynnbl. O HA COAEPAKUT MIPOLIECCH C YETHBIMU PaHraMu, a Apyras — ¢
HEUETHBIMHU.

2. Ha Oaze KaXKI01 Ipynibl c03/1aTh COOTBETCTBYIOIINN KOMMYHHKaTOP
3. Oprann3oBath nepeaady Mo KOJbIly B KaXKIOM KOMMYHUKATOpe
Yacrs 2.

Co31aTh COOCTBEHHBIN THIT JAHHBIX JJIs IEPECHUTKU KaXJI0TO TPETHETo 3JIEMEHTA MacCHBa.
2. BBINOJIIHUTB NIEPECBUIKY
3. YGenutscs, 4TO ajipecaTy NPUILTH TOJIBKO HYKHBIE 2JIEMEHThI

[Tpaktuueckas padora 8. [lapamienbHbie MaTeMaTHYECKUE OMOINOTEKH.

PeanuzoBaTh napayulenbHBIA  anroOpuTM  ObICTporo npeoOpazoBaHuss Dypbe I
JUCKpETH3alM1 aHAJIOTOBOTO 3ByKOBOT'O CUTHaJIa ¢ Ucnosib3oBaHueM onbimuoreku FFT

[Ipaktuueckas pabora 9. UHCcTpyMeHThI aHanu3a 3QGEeKTUBHOCTH MapalieIbHOMI
nporpamMmbl. AIMS.

[IpoananusupoBats ¢ nomombio AIMS sddexTuBHOCTS NapayienbHON MPOrpaMMBbl
pemenusa CJIAY wmeronom ['aycca. Haiitm Touku moTtepu NpOU3BOIUTENBHOCTH. lIpemnoxurs
BapHaHTHl YCTPAHEHHS HEJOCTATKOB.

[Ipaktuueckas padota 10. UncTpyMeHTHI aHanu3a 3¢ (GEeKTUBHOCTH NapalieIbHON
nporpaMmmal. Jumpshot.

[Ipoanamu3upoBath ¢ momormbo JumpShot 3pGEeKTHBHOCTh MapaIeIbHON TPOTPAMMEI
pemwenus CJIAY meronom Skobu. HallTh TOUKM moTepu NPOU3BOAUTENBHOCTH. IIpennoxkurhb
BapHUaHTBl YCTPAHEHHsI HEJJOCTATKOB.



CamocrosiTeibHBIE PA0OTHI.
3aoanue ons camocmosmenvrotl pabomst 1. Knaccugpuxkayuu MBC, mononozuu,

pelmuneu

[ToAroTOBUTH NOKJIA HA OHY U3 TEM:
1. Pefitunr Top-500 ayyimmx BbICOKONPOU3BOAUTEIBHBIX CUCTEM MUpa
2. Peiitunr Green-500 J1yumunx 3HEPro9KOHOMUYHBIX BBIYMCIUTENIBHBIX CUCTEM MUpA
3. Pefitunr Top-50 my4dmmx BbICOKONIPOU3BOAUTENbHBIX cucTteM CHIT
4. Knactep JlomoHocos-2. McTopusi, apXUTEKTypa, BO3MOKHOCTH.
5. Cepus cynepkomiibiorepoB BlueGene
6. dusnuecKkue 3a1a4y, pelacMble Ha BBICOKOIIPOU3BOAUTEIBHBIX CUCTEMAX

3aoanue ona camocmoamenvrou pabomoi 2. IhpexmusHocms napaiieibHo20

aneopumma
1. Ouenute yckopenue u 3h(PEKTUBHOCT MPEAJIOKEHHOTO AJITOPUTMA BBIYUCIICHUS
CKaJISIPHOTO IIPOU3BEJIEHUS IBYX BEKTOPOB
2. Ilycts HyX)HO ycKOpUTh paboTy mporpammsl B 10 pa3. 1/10 mporpaMMbl MOKHO YCKOPHTB
He Oosiee yeM B 5 pa3. Bo ckonpko pa3 HyHO yCKOpUTh ocTtaBuuecs 9/10 nporpammsl,
YTOOBI TOCTUYb TIEJIH
3aoanue ons camocmosmenvrotl pabomst 3. Apycrno-napannenvras popma epagha

napaiienbHoco ajiecopummda.
1. Tlpennoxxure napauieabHbIN AITOPUTM MTOUCKA CKAISIPHOTO MTPOU3BE/ICHUS JIBYX BEKTOPOB.
OnummmTe KaIbIii 3Tal HOCTPOCHHS AITOPUTMA.
2. Hapucyiite nHopMarmoHHbIi rpad Ui NOCIeI0BATENBHOTO U IJIs TAPAIIICTEHOTO
aJITOPUTMOB

3aoanue ona camocmosamenvrHou pabomwl 4. Apxumexmypa uoeokapm.

[ToaroToBUTH TOKIIA 00 APXUTEKTYpE BUACOKAPT TOKOJICHUI:
Kepler
Maxwell
Pascal
Turing
Volta
B noknane ooparute BHUManue Ha Compute Capability, onrcats BO3MOXHOCTH BHICOKAPT,
J00aBJICHHBIE B PACCMAaTPUBAEMOI apXUTEKTYPE.
Jns noknana BeIOpAaTh OJHY W3 MEPEYHCICHHBIX apXUTEKTyp. OCHOBHOW HWCTOYHHUK
uHpopManuu: caiit nvidia.com
3aoanue ona camocmosmenvhol pabomsi 5. bubruomexu NVIDIA ona pabomei ¢

HEeUPOHHLIMU CeMAMU U MAUUHHO20 00VYEHUSL.
Wzyunte nokymentanuio no TensorRT SDK. Haiitu npumeps! npumenenus: Oubanotexu. B3ste
HEHpOHHYI0, 00yueHHYI0 B Kypce «MamuHHoe o0yueHue» U mepepaboTaTrh C UCIHOJIb30BAaHUEM
TensorRT.
3aoanue ona camocmoamenvuou pabomsi 6. Bzaumooeiicmaue ¢ kiacmepom.

HSqu/ITB MaHyaJl IOJb30BaTeIsd 1A pa6OTBI C KIIaCTECpPOM. HpOTeCTHpOBaTB BCC KOMaH/IbI

Ha rpuMepe yueOHOM 3a1aun.
3aoanue ona camocmosamenvuou pabomst 7. I[lapannenvnvie mamemamuyeckue
oubIUOMeEKU.

Peann3oBarh MHTEPHONMPOBAaHHE TAHHBIX MHOTOWIEHOM JlarpaHxka ¢ HCIOJIb30BaHHEM
oubmuorexn LAPACK. JlanHbIe 111 MHTEPIIOJIUPOBAHUS B 3JIEKTPOHHOM yueOHOI cucteme.
3aoanue ona camocmosamenvrou pabomul 8. Ananuz s¢hgpexmusHocmu napaiienbHulx

npocPaAMM.



N3yuuts nokymenTtarnuio no AIMS u JumpShot. [IpoananuzupoBaTs STUMU HHCTPYMEHTAMHU
pOrpaMMbl, HAIMCAHHbIE TPU BBIMOJIHEHUH NPAKTUYECKOH paboThl 6. BBIABUTH TOUKH HOTEpU
MPOU3BOIUTENBHOCTH. [IpeI0KUTh CIOCOOBI yITydIIeHus

8.3. OUEHOYHBIE MATEPHAJIbI TIPOMEXYTOYHOI'O KOHTPOJISA

No Kommerenumm,
i Bun xoHTpOIS Konrposmpyemsie TeMbl (pa3aessl) KOMITOHEHTBI KOTOPBIX
KOHTPOJIUPYIOTCSI

[IpomexyTounoe TectupoBanue | Apxutexrypa MBC

1

[Ipomesxyrounoe TectupoBanue | Texnomorus CUDA OIIK-2

2

[IpomexytouHoe TectupoBanne | TexHonorus MPI

3

OI_IGHKa Ha 5K3aMCHC BBICTABJIACTCA KaK CPCAHEC apI/I(l)MCTI/I‘-IeCKOG OLICHOK, IMOJIYYCHHBIX B
PE3YIbTATC MTPOXOKACHUA TECTA U OLUCHKH, HOqueHHOﬁ Ha IMTPaKTHKCE.

JleMOHCTPAUMOHHBIH BAPHAHT TECTA

1. OTMCTBTe, KaKHEC YTBCPKIACHUA O MACCHUBHO-ITAPAJIJICJIbHBIX KOMIIBIOTEpax BepHI)I?
a) MaCCHBHO-TIApaJIJICJIbHBIC KOMIIBIOTCPBI HC MOT'YT pa6OTaTb 0e3 XOCT-MalllnuHBbI;

b) OCHOBHBIMHU OTJIMYUTCIIbHBIMU XapaKTepI/ICTI/IKaMI/I MacanHO-napannenLme
KOMHLIOTepOB SABJIIAKOTCA. I/ICHOJ’IL3yeMLIe MHKpOHpOHeCCOpH nu KOMMyHI/IKaI_II/IOHHaSI CCTh
(cpena);

C) B MacCHBHO-TIApAJLICIbHBIX KOMIIBIOTEpAX HE MOXKeT ObITh Oomnbine 1024 nporeccopos;
d) KOMMyHHKAI[MOHHAsI CETh MAaCCHBHO-TTAPAJIICIIbHBIX KOMIIBIOTEPOB BCET1a OPraHU3YeTCs
B BUJIE TPEXMEPHOTO TOPA.
2. OTMeTbTe BepHBIC YTBEP)KACHHUS O KJIACTEPHBIX BEIYMCIUTEIBHBIX CUCTEMAX:
d) KJIacTepHBIE CUCTEMBI CTPOSITCS Ha 0a3e CEpUIHBIX MPOIIECCOPOB;
b) Ha kaxmOM y3i€ KIacTepa UCTIOHACTCS CBOM AK3EMILISP ONEPAIIMOHHON CHCTEMBI,
C) MaKCHMaJbHO BO3MOKHOE YHUCIIO TIPOLIECCOPOB KIACTEPHON CUCTEMBI paBHO 128;
d) omuH KJIacTep MOXKET CTPOUTCS C HCIOIBb30BAHUEM HECKOJIBKMX KOMMYHHKAIIMOHHBIX
TEXHOJIOTUH.
3. Pa3HOBHAHOCTEHIO pacrapauIeTMBaHuUS SIBISIOTCS TEXHOJIOTHH U TIPUEMBI:
a) CyNepCKalsipHOCTH;
b) crpykTypHOro mporpaMMHpOBaHHS;
C) MHOTONPOLECCOPHOCTH;
d) 00BEKTHO-OPUEHTUPOBAHHOTO MPOrPAMMHUPOBAHUSI.
4. OtTMeTbTE BEPHbIEC YTBEPIKICHHS:
a) MPI - sto cokpamenue ot Message Passing Interface.
b) ®yskums MPI Comm_size omnpexpenseT oOImee YMCIO 3alyIICHHBIX MapaulelbHBIX
MIPOLIECCOB MPUIIOKEHHUS.
¢) Kaxnpiit mapamnensHblil npouecc B MPI nmeet Homep.
d) MPI - sto cokpamenue ot Multiple Parallel Interface.
5. Kaxkas onepanust MPI He OTHOCHTCS K KOJJIEKTUBHBIM OIEpaliusam?
a) MPI_Bcast;
b) MPI_Send,
¢) MPI_Reduce;
d) MPI_Gather.
6. OTMeTbTe BEpHBIE YTBEPKICHUS:
a) wucnons3zoBanue ¢ynkuumii MPI Send m MPI Recv MoxeT mnpuBecTH K TYHNHKOBOW
cutyanuu (deadlock);
D) B KOJJIEKTHBHBIX ONEpALUSIX YYaCTBYIOT BCE MPOIECCHI PUIIOKCHUS;



c)
d)

(GyHKIMS, COOTBETCTBYIOIIAS KOJJIEKTUBHOM Olepalyu, JoJKHa ObITh BhI3BaHA KaXIbIM
IPOIIECCOM, OBITh MOKET, CO CBOMM HAOOPOM MapaMeTpoOB;

BO3BpaT Imporecca U3 (yHKIWU, PEaTu3yIoUlel KOJIJIEKTUBHYIO OIepaluio, Bcerjaa
03HAYaET, YTO ONEPALIUS y)KE 3aBEPLICHA;

7. ®parMeHT mporpamMMmsl:

a)
b)
c)
d)

MPI_Comm_size( comm, &size);

MPI_Send( buf, 15, MPI_INT, size+1, 8, comm);
MPI1_Send( buf, 8, MPI_INT, size-1, 15, comm);
MOET OBITh IIPpaBUJIbHBIM;

3aBE1I0MO COJIEPKUT OJIHY OLIUOKY;

3aBEJOMO COJICPKUT JIBE OLTHOKH;

3aBEJIOMO COJICPKUT TPH OIIUOKH.

8. OrMmetbTe BepHbIe yTBepkaeHus 0 dyHkunun MPI Recv:

a)
b)

c)
d)

nepen Bb3oBoM ¢yHkuuu MPI Recv mamo oOparuthes k pynkimn MPI Get count;
BO3BpaT M3 (yHKIMM O3HA4YaeT, 4To JIMOO mpousonuia oumundka, Jau00 MNPUHATOE
COO0OIIeHNE PACIOI0KEHO B IEPBOM ITapaMeTpe;

¢dbynkuueit MPI Recv Henb3st npuHUMATh COOOIIEHHE, TTOCITAHHOE ¢ TTIOMOIIBIO (yHKIIUH
MPI_Ssend;

HeJb3s Ucnoiab30BaTh GyHkuio MPI Recv, eciii Hen3BeCTHBI OTIPABUTENH COOOILIEHUS
WIN TET COOOIICHUSI.

9. TIloceuika coobmenust ¢ OmokupoBkoir (MPI Send) o3nawaer, 4to BO3BpaT U3 (QyHKIHUH
IIPOM30MAET TOr 1A, KOraa:

a)
b)
c)
d)

MO’KHO IOBTOPHO MCIOJIb30BaTh MapaMeTphbl JaHHOU (YHKIINY;
coo0IeHEe TTOKUHET TPOLECC;

COOOLIEHNE IPUHSTO aIPecaToOM;

ajipecaT MHULMUPOBA IPUEM JTAaHHOTO COOOIIECHUS.

10. ®dynxmus MPI_Send Bo3Bparmaer:

a)
b)
c)
d)

YHCII0 0alT, 3asIBJICHHOE B BBI30BE IS MIEPECHUIKY;
sHauenne MPI _SUCCESS wnmm xox ommoku;
HOMED MpOoIECCa, KOTOPOMY aJIpECOBaHa Nepe1aya;
YHUCJIO PEAThbHO MepeJaHHbIX OalT.

11. B ﬂeKapTOBOﬁ TOIIOJIOTUH MHOZKCCTBO IMPOLUCCCOB NPCACTABIIACTCA B BUAC!

a)
b)
c)
d)

IPSIMOYTOJIBHOW PEIIETKY;
rpaga npou3BOIBHOTO BHUJIA;
MOJIHOTO Tpada;

3BE3/IbI.

12. MPI nojyiep>kuBaeT TOTOJIOTHH BUJIA:

a)
b)
c)
d)

NpSMOYTOJIbHAs PeHIETKA MPOU3BOJILHON Pa3MEPHOCTH U rpad MPOU3BOJIILHOTO BUIA;
TOJIKO MIPSIMOYTOJIbHASI PEIIETKA TPOU3BOJILHON Pa3MEpPHOCTH;

TOJIbKO I'pad) NPOU3BOIBHOTO BUJIA;

TOP MPOU3BOJIBHON Pa3MEPHOCTH U Ipad MPOU3BOIBLHOTO BH/IA.

13. Omepanus MHUPOKOBEIATEIEHONW PACCHIIKU TaHHBIX ITO:

a)
b)
c)
d)

orepanusi pacChbUIKM 3HAYEHUI BeAyIIMM IPOLECCOM BCEM OCTaJbHBIM IpoLeccaM
KOMMYHHUKATOpPA; BCE MPOIIECCHI MOTYUYaIOT YACTh UCXOJ/IHBIX JIAHHBIX;

orepanusi pacChbUIKM 3HAYEHUI BEAYIIMM IPOLIECCOM BCEM OCTAJbHBIM Ipolieccam
KOMMYHHKATOpPa, BCE MIPOLIECCHI MTOJIy4al0T PacChlIAEMBbIE TAHHBIE LIETTUKOM;

oriepanus pacChUIKH Pa3INYaIONINXCs 3HAUEHUH BEIYIIIUM MPOLECCOM BCEM OCTaIbHBIM
npoueccaM KOMMYHUKATOPa;

orepanusi pacChbUIKM 3HAYEHUI BEAYIIMM IIPOLIECCOM BCEM OCTaJbHBIM IpolieccaM
IIPUIIOKEHUS, BCE MPOLIECCHI MOTYYaOT PacChlIa€Mble JaHHBIE LIEITUKOM.

14. Omepanuro penykunu nanabix MPI Reduce moxxHO omucats:



15.

16.

17.

18.

19.

20.

21.

22.

a) omepamyio Iepeladd JAHHBIX, IPH KOTOpOW HaJ COOMpacMBIMH 3HAUYCHUSMH
OCYILIECTBIISICTCS Ta WIM MHAs 00pabOTKa, IPHU 3TOM pe3yJIbTaT 00paboTKH MOTy4aroT BCe
IpoIecChl KOMMYHHUKATOPA;

b) xak omepammio mepegayn NAHHBIX, NMPHU KOTOPOW HaJ COOMpACMBIMU 3HAUYCHHSIMU
ocylecTBisercss 00paboOTka, MpU 3TOM YacTH4YHbIE 3HA4YeHUs peE3yJIbTaToOB
pelylMpOBaHU MOIyYaOT BCE MPOIECCHI MAapauIeIbHOM MPOrpaMMBbl;

C) Kak oONepalHi0 Nepeqayd IaHHBIX, MPU KOTOPOHW Haj cOoOMpaeMbIMH 3HAYCHUSIMU
ocyiecTBisieTcsi 00paboTka B Ipolecce Mepeiadyn, Mpu 3TOM pe3ylbTaT 00pabOTKU
HOJIy4aeT TOJIbKO BEAYIIUI MPOLEcC;

d) omepamus nepenauu JaHHBIX, P KOTOPOM BCE IMpoIllecca KOMMYHHKATOpPa MOIYYaroT
pasnyaroImuecs 3HaYeHHUs.

B KOJIJIeKTHBHBIX ONepanusix rnepeaadn JaHHbIX 00s3aHbl IPUHUMATh Y4acTHE:

a) Bce MPOLECCHI IPOrPaMMBI;

b) Bce mporecchl rpymIbl KOMMYHUKATOPOB;

C) Bce MPOLECCHI OJTHOr0 KOMMYHHKATOPA;

d) HekoTOpbIC MPOIECCH OHOIO KOMMYHHUKATOPA.

PexuM nepegauu o roroBHOCTH MOKET OBITh MCIIOJIB30BaH TOJIBKO €CIIH:

a) ormepanus npuéma cooOIIEHHS Y)KE MHULIUMPOBAHA;

b) omepanus mpuéma cooOlieHHs rapaHTHPOBAHHO OyJET 3alyllieHa I03JHEe MOMEHTa
HayvaJa nepeaadu COOOIICHUS;

C) mpu pazMmepe cOOOLICHNs, MEHBIIEM pa3Mepa CUCTeMHOro Oydepa.

B OydepuzoBanHOM pexrmMe (GyHKIHS OTIIPABKH COOOIEHUS 3aBEePIIACTC:

a) cpasy ke Hociie KOMPOBaHHs COOOIICHHS B CUCTEMHBIN Oydep;

b) nmpu momyueHuum OT Tpouecca-moNyyaTens MOATBEPKICHUS O Hayaie mpuéma
OTIIPABJICHHOI'O COOOIIEHUS;

C) npu Havasie paKTHYECKOH Nepeiaun COOOIICHNSI.

B cuHXpOHHOM pexuMe Tiepeiadn 3aBepiieHue (pyHKIIUN OTIIPABKU COOOIICHUS IIPOUCXO/IHT:

d) Tpu cTapTe Nnepeiavyn JaHHbBIX MPOIECCOM-OTIPABUTENEM I10 CETH;

b) mpwu 3aBepiIeHNU KONMPOBAHKS COOOINEHHS B CUCTEMHBIN Oydep;

C) mpu TONyYeHHH OT Tpolecca-ToNyyarTeiass MOATBEPKICHUS O Hayaie mpuéma
OTIIPABIICHHOTO COOOIIEHHS, TPH ATOM OTIPABICHHOE COOOIIEHHWE WU IOJHOCTHIO
HPUHATO MPOLIECCOM-TIOTyYaTeIeM WIN HAXOJUTCA B COCTOSIHUU MPHEMA.

[Tpuém cooOmienwnii npu nomomu ¢pyHkuu MPI Recv MoxeT ObITh BBIIOJIHEH:

a) ot ro00ro apecaTa u ¢ JIF0OBIM TETOM IPU YKa3aHUH CIICIIMAIBHBIX 3HAYCHU I B KaUeCTBE
apaMeTpoB BbI30Ba (DYHKIIUH,

b) ot nroboro axpecara, 0HAKO, TET COOOIIEHUS JOIDKEH OBITh YKa3aH OJHO3HAYHO,

C) TOJBKO OT OJIHO3HAYHO OIMPE/ICISIEMOT0 aJipecaTa ¢ 3aJaHHBIM TErOM.

ITpuem cooOmenus npu nomouu pyHkun MPI Recv MoxeT ObITh HHULIUUPOBAH:

a) TOJBKO 10 MOMEHTA Havaja OTIPABKU COOOIICHNS;

b) TomBKO MOCIIE MOMEHTa Hayasa OTIPABKH COOOIICHMS;

C) /70 MOMEHTa, B MOMEHT WJIM TI0C/Ie MOMEHTA Havalia OTIIPABKH COOOIICHHS;

d) TONBKO B MOMEHT HayaJsia OTIIPaBKH COOOIICHHUSL.

Bce nannpie qis nepenavn B kauectBe coodmieHus MPI onuceiBaroTcs ¢ MOMOIIBIO TPHAIBL:

a) ajapec MaMsATH, paHT MPOIecCa-OTIPABUTENS, UCTIONIB3YyEMbIi KOMMYHUKATOP,

b) aapec mamsaTH, paHT MpoIecca-moaydaress, HCIOIb3yEeMblii KOMMYHHUKATOP.

C) ajapec MaMsTH, KOJMYECTBO U TUI JIIEMEHTOB JJAHHBIX,

Oyukiusa MPI Recv:

a) B 3aBHCHMOCTH OT HCIIOJIb3yEMOH OIepanuy epeaadn MOXKeET Kak 3a0JIOKUPOBAaTh, TaK U
He 3a0JI0KHPOBaTh MPOLECC-TI0TyYaTeNb.

b) Gmoxupyer nporiecc-monyvaTesb 10 MOMEHTa (PaKTHUECKOTO MOTyUEHHs COOOIIICHHS,

C) mpuHUMaeT cooluieHne B (POHOBOM PEXHME, IIPOLIECC B 3TO BPEMsI MOXKET IPOIOKATh
BBIYUCIICHUSL.



23.

24.

25.

26.

27.

28

29

30

31.

32.

33.

VYka3zaHue UCIOJIb3yeMOTr0 KOMMYHHUKATOpa SBISETCS:

a) o0s3aTeIBHBIM /IS BCEX Olepaluii mepeaadu JanHeix B MPI,

b) HeoOs3aTENBEHBIM 1711 HEKOTOPBIX ONEpaluii epeaadn JaHHbIX B MPI,

C) oO0s3aTeIbHBIM JJIsl HEKOTOPBIX OIEpaIyii epenadu TaHHbx B MPL

[Tox kommyHnukatopom B MPI monnmaercs:

a) TpyIa IpoIeccoB, B paMKaxX KOTOPOU BBITIOJHSIOTCS ONEPAIMU TIepelauu JaHHBIX,

b) mapa nporieccoB, B paMkax KOTOPO MPOUCXOTUT HHYOPMAIIMOHHOE B3aMMOICHCTBHE.

C) cCHeuuasbHO CO3/[aBaEMbIi CITyKEOHBII 00BEKT, 00BETUHSIOUINI B CBOEM COCTABE IPYIITY
MIPOLIECCOB U PsA AOIMOJHUTENBHBIX MapaMeTPOB, HCIOJIb3YEMbIX MPU BBITOJIHEHUU
onepauuii nepe1adyn J1aHHbIX,

[Ton mapannensHOM iporpamMmoii B pamkax MPI nmonumaercs:

a) MHOXXECTBO OJHOBPEMEHHO pabOTaIOIINX MPOLIECCOPOB.

b) MHOXECTBO OIHOBPEMEHHO BBIMOJIHSICMBIX MPOIECCOB,

C) MHOXECTBO OJHOBPEMEHHO BBITIOJIHSAEMBIX TIOTOKOB,

[Ipoueccyl napaniensHOM porpamMmel B pamkax MPI:

d) MOTYT BBINOJNHATHCS HA Pa3HbIX MPOIECCOPaX, HAa OJHOM MPOLECCOPEe MOTYT
pacnojaratbCcsi HECKOJIbKO MPOLIECCOB,

b) 00s3arenbHO BBITIOIHSIOTCS HA OJHOM IIPOIECCOPE.

C) MOTYT BBINOJHITHCS TOJBKO HAa Pa3HBIX MPOIECCOPaXx,

3aBepieHue BpI30Ba (DYHKIIMU HEOJOKUPYIOIIETO OOMEHA 03HAYACT:

a) (akTHYECKOE BBIMOJHEHNE OOMEHA TaHHBIMH;

b) daxrTuyeckoe BbIoTHEHUE MpUEMa AaHHBIX (JUI1 QYHKUIUH HEOJIOKUPYIOLIETO IpUeMa)
WM Havasio GOoHOBOM nepefaun (st GyHKIUHA HEOJIOKUPYIOIICH Iepeadn ),

C) WHMIHUALMWIO 3aIPOLICHHON ONepalyyu IepeJadd, HO HUUero He TOBOPUT O Havaje WIN
3aBepIIEHHOCTH OOMEHa.

Jana wmarpuna pasmepoM NxM. HanucaTte nporpaMmy TpaHCIIOHUPOBAHUS MATPULIBL.
[Tpennoxute crnoco® pazOueHHs 3aJayd HA MOJ3aJadyM, ONMUIIUTE HWH(OPMAIMOHHBIE CBS3H
MEXy T03aJa4aMHU.

Ha pucynke nzobpaxén rpad nHpopMamOHHBIX 3aBUCUMOCTEN M0/13a7ja4 HEKOTOPOH 3a/1a4u.
Kakum o6pazom MOKHO YKpYIHUTH noj3anaun? Kakum Oyner rpag nocie yKpynHeHus?

Hanel matpunsl pasmepoM NxM um MxN. Hamwmcars nporpaMMy yMHOXKEHUS MAaTpHLL.
[Tpennoxute crnoco® pazOueHHUs 3aJayd HA MOJ3aJadyM, ONMUIIUTE HWH(OPMALMOHHBIE CBS3U
MEXy T03aJa4aMHU.

Kak mnepemats ¢ 1-ro mpomecca Ha 8- 1mejgoe 4YMCIO 5 B paMKax KOMMYHHKaropa
MPI_COMM_WORLD?

Kak nepenats ¢ 3-ro nponecca Ha 0-if MacCHB BEIIECTBEHHBIX uKcen u3 10 371eMEHTOB B paMKax
kommyHukatopa MPI COMM_WORLD?

Kak mnepematb ¢ 0-ro mporecca BceM OCTaIbHbIM MaccuB K3 20 CHMBOJIOB B paMKax
kommyHukatopa MPI COMM_WORLD?



34. Ha nyneBoMm mponecce chopmupoBad maccuB u3 100 menbix ymcen. Kak mepecnaTe paBHBIC
yacTH MaccuBa Ha Bce Impoueccel kommyHukatopa MPI COMM_ WORLD, eciu B
KOMMYHHUKaTOp BXoauT 10 mporeccon?

35. Ha 10 mpomeccax xommyHukatropa MPI COMM_WORLD BbIUHCIEHBI TPOMEXYTOUYHBIE
3HaueHus. Hanumure GyHKIUI0, KOTOpas NEPEeMHOXKUT JaHHbIe ¢ 10-TH MpoLeccoB U nepeaacT
pe3yabTaT Ha 0-i mpotecc.

36. Ha 15 mpomeccax kommyHukatopa MPI COMM WORLD BbMHCICHBI NPOMEXYTOUHBIC
3HayeHusa. Hanumumre (yHKIHMIO, KOTOpas HaWAET MaKCHUMalbHOE 3HAYCHHWE W TEepelacT
pesyJsibTaT Ha 0-i mporecc.

37. lanbl 1Ba BexkTopa. Hy)kHO HaliTH uX cKanspHoe pousBeaeHue. [peanoxure cnocod pazonenus
JAHHOU 3aJla4yM Ha M0/13a/1a4¥, KOTOPbIE MOTYT BBINOJIHATHCS MapaieabHo. ONUIINUTe XapakTep
CBA3EM MEX Ay NPEI0KEHHBIMU 1013aJa4aMHU.

PazpaboTumkm:

noreHT, k.11.H. Cokoibckasg M.A.

[Tporpamma cocrapnena B coorserctBuu ¢ TpeboBanusimu @I'OC BO no HampaBieHuto
noarotoBku 02.04.02 «®PyHgameHTanbpHas MHGopMaTHKa U HHPOPMALIMOHHBIE TEXHOJIOTHI»
(YpOBEHb MarucTpaTyphbl), yTBEpKI€HHBINA TpUKa30M MuHUCTEpCTBA 00pa30BaHUs U HAYKH
Poccuiickoit @enepanuu ot «23» asrycra 2017 r. Ne 811, 3apeructpupoBanHsslii B MuHrocte
Poccun «13» centsa6pst 2017 r. Ne 48168 ¢ n3MeHeHHsIMHU U 10N0JHEHUsIMU OT 26 Hoa6pst 2020 1., 8
despans 2021 .

[IporpaMma paccMOTpeHa Ha 3acenaHuu Kapenpbl AnreOpanyecKux W MH(GOPMAIMOHHBIX
cucrem UMUT UT'Y «24» mapta 2022 1. //
[TpoTokon Ne 9 3ag. kadenpoit M [Tantenees B.A.
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Hacmosawasn npocpamma, ne modxcem Ovimb 60cnpoussedeHa Hu 6 Kakou gopme 6e3
npeosapumenbHo20 NUCbMEHHO20 pazpeulenus Kagheopvl-pazpadomuura npospammsi.



