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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouas mporpamma auctuiiHbl (Monyis) «O¢ddeKkTHBHOE MalMHHOE OOydYeHHE»
COCTaBJIEHa B COOTBETCTBUU C (eIepalIbHBIM rOCyIapCTBEHHBIM 00Pa30BaTEIbHBIM CTAHIAPTOM
BbICIIEro oOpa3oBaHusi — OakanaBpuar 1o HampasieHuto 02.03.01 «Marematuka u
KOMITbIOTEPHBIC HAyKu», Tpodutb «IIporpamma nyx aumiomoB HUY BIID u LY «Ilpuknagnas
MaTeMaTHKa W WH(pOpMATHKa», YTBEPKICHHBIM MPUKa30M MHHHCTEpCTBA HAYKH U BBICIIETO
obpazoBanus Poccuiickoit ®eaepannu Ne 807 ot 23.08.2017 rona.

Nzyuenne npucuumauasl (Momynst) «OddekTuBHOE MalIMHHOE OOy4YeHHE» MO3BOJISET
MIPEO0JIETh KIII0UEeBOE OrpaHnyeHre coBpeMeHHOro M — BhICOKHE BHIYMCIUTENbHbBIE 3aTPATHI,
oOecnieunBasi IEPEXo.1 OT IPOTOTUIIUPOBAHUS K IPOMBIIIIJIEHHOMY pa3BEpThIBaHUIO. [lomyueHHbIE
3HAHUS U HaBBIKU KPUTUYECKU BaXHBI JUISI CO3/IaHUSI MAaCIITA0UPYEMBIX, Y3HEProd(hHEeKTUBHBIX U
IPOM3BOIUTENBHBIX CUCTEM MAIIUHHOTO O0YYEHHUS B YCIOBUSIX OTPAHUYCHHBIX PECYPCOB.

MecTto tucuIIMHBI (MOAYJISA) B CTPYKTYpe 00pa30BaTe/IbHOM MPOrpaMMbl

Hacrosmas nucuuniania (MOayJib) BKJIOYEHA B y4€OHBIH I1aH 10 MPOorpaMMe MOArOTOBKH
OakanmaBpuata o HampasieHuio 02.03.01 «MaremaTnka U KOMIBIOTEPHBIE HAYKH», MPOQPHIH
«[Iporpamma ayx auruiomo HUY BIID u LY «llpuknanHas MareMaTuka U HHPOPMATHKA» U
BXOJUT B BapHaTUBHYI0O 4YacTh bioka 1, ¢opmupyemyro ydaCTHHKaMu OOpa3oBaTeIbHbBIX
OTHOLIEHUH, KaK TUCIUIUIMHA IO BEIOODY.

JucuuninHa (MoJynb) u3ydaercs Ha 3 Kypee B 6 cemectpe. [locTynHa K U3y4eHHIO MOcie
YCIEIIHOTO OCBOCHHS TUCHUIUIMH (Moayinei): «OOydenue c mnoakperuieHuem», «Teopus
YIPaBICHU».

Heap wu3ydyeHus: AUCHUILIHHBI (Moayhas): chopmupoBaTh TIyOOKOE MOHMMAaHUE
ApXUTEKTYpbl COBPEMEHHBIX BBIYMCIUTENIBHBIX YCTPOWCTB M Pa3BUTh NPAKTUYECKUE HABBIKU
pa3paboTKu, ONTUMHU3ALUU U Pa3BEPTHIBAHUS BBICOKOIIPOU3BOIUTENBHBIX MOJIEIEeH MAIIMHHOTO
o0yuenust Ha GPU.

3agaun u3y4eHust JMCHUILIMHBI (MOIYJIS):

— H3YYHUTb apXUTEKTYpHBIE OCOOEHHOCTHU Zpu, BKIIOYast HEpapXUI0 MaMATH, MOJIENb simt 1
BBINIOJTHEHUE BapIIOB, I 3PEKTUBHOTO MPOrpaMMUPOBAHUS HA YPOBHE S/Ipa;

— OCBOMTH MPOrpaMMHYI0 MoJieNb cuda U triton, BKIIFOYAsi MHEKCAIMIO, THITbI aMATH U
METO/bl OpraHU3alMK CIUTHOTO JAOCTYIA U UCITIOJIb30BAaHUS pa3AesieMol MaMsITH;

— HayuduThCs pa3pabaThlBaTh W ONTHMHU3UPOBATh MOJIB30BATENILCKUE SApa U OIEpalluy,
UHTErpupyemble B pytorch, ¢ moaiepkKkoi aBToMaTuueckoro 1uddepeHnpoBaHus;

— H3YYUTb METOJIbl MOBBIIICHUS 3((GEKTUBHOCTH 00y4YeHUs: U MH(]EepeHca: CMEUIaHHYIo
TOYHOCTh, KOHTPOJIBHOE COXpaHEHHE, KBAHTU3AILIMIO U pacnpeenénnbie crpareruu (ddp, fsdp);

— OCBOWUTb MHCTPYMEHTHl NPOQWIMPOBAHUS U aHAINW3a TPOU3BOIAUTEIBHOCTH IS
BBISBJICHUS Y3KHX MECT M NPOBEJCHUS CKBO3HOM ONTUMM3AaLMU MOjeNed OT pa3paboTKH 10
pa3BEPTHIBAHUS.

B pe3ysbTare 0cBOCHUSI AUCHUILIUHBI (MOXYJIs1) 00y4arOMiiCsl T0JIZKEeH

3HaAmMb:

— apxuTeKkTypHble ocoOeHHocTH coBpeMeHHbIX GPU (uepapxus namsru, moaens SIMT,
VCIIOJIHEHHUE BapIIOB);

— mnporpammuyto mozens CUDA: uHaekcanuio, TUIBI NaMsTH, NPaBUIa CIUTHOTO
noctyta (coalesced access) u ncronp30BaHus pazaensieMon namsatu (shared memory);

— TMPUHUUIBI HATUCaHUs BbICOKONpon3BoAuTeNbHBIX siiep Ha CUDA u Triton;

— MeXaHu3M aBTomaruyeckoro nudpgepenuupoBanus B PyTorch u cnoco6sl co3nanus
MOJIH30BATEIBLCKUX OTIEPAIUNA C TTOAIEPKKON 00paTHOTO pacnpocTpanenus omuoku (backward);

— MeTOoAbl CMEIIaHHOM TOYHOCTH, TPAAUEHTHOIO KOHTPOJBHOTO  COXpaHEHHS
(checkpointing) u pacnipenenéHHOro o0yueHus;

DNEeKTPOHHBIA JOKYMEHT



— uHcTpyMeHThl npodmmupoBanus (Nsight Systems, PyTorch Profiler) u crparerun
onTUMM3AIKH (CIUsiHUE oneparuii (fusion), KBaHTH3AIHUA).

ymembw:

— Tmmcath, oTaaxuBath U podummrpoBate CUDA-sapa na C++, uaTerpupys ux B Python-
npoeKThl uepe3 pacmupenus: PyTorch;

— paszpabarbIBaTh ONTUMU3UPOBAHHBIE Aapa Ha Triton ¢ 3QPeKTUBHBIM pa30HEeHnEM Ha
Taiyel (tiling) 1 ynpaBieHuEM aMATHIO;

— wucnonb3oBath torch.compile u torch.fx s aBTOMaTHYECKOro YCKOpeHHUs rpada
BBIYHCIICHHI;

— TMPHUMEHATh AaBTOMATHYECKYI0 CMEIIAHHYI0 TOYHOCTh, pacHpeleéHHBbIE CTPaTeruu
o6ydenust (DDP, FSDP) u TeXHUKY S5KOHOMHH TIaMSITH;

— QaHaNU3UpOBAaTh Y3KHUE MecCTa NPOU3BOJAUTEIBHOCTH MOJENed U  MPOBOTUTH
IeJICHANPABJICHHYIO ONITUMHU3AIHIO;

— KBAaHTU3HUPOBATh MOJEIU M SKCIOPTHPOBATH HUX JUISI BHICOKOA((PEKTHBHOIO BBIBOJA
(ungepenca).

enademp:

— HaBblkamu pabotel ¢ CUDA Toolkit, Nsight Compute/Systems u PyTorch Profiler nis
MIOWCKa U ycTpaHeHus: Hed(h(heKTUBHOCTEH;

— TPaKTHKOW CO3JaHMs TMoJb3oBarenbckux pacmmpenuii PyTorch (C++/CUDA) c
00paTHBIM PaCIPOCTPAHEHUEM OIIUOKY;

— WHCTpyMEHTapueMm  s3plka  Triton g1t ObICTpOro  MPOTOTHUIHPOBAHUS
npousBoauTenbHbix GPU-niporpamm;

— TEXHUKaMHU ONTHUMH3AIMU HCIOJNB30BaHUS MaMATH (CIUTHBIA fgoctyn (coalescing),
pa3buenue Ha Tailnsl (tiling), pa3nensemas namsTh, IepeBbIYUCIEHUE (recomputation));

— METOAMKON HACTPOUKH A(PHEKTUBHOIO MHOTOKAPTOYHOTO OOYUECHUS C MUHIUMH3AIUEH
KOMMYHHKAIIHOHHBIX U3/IEPIKEK;

— YMEHHEM BBINOJHATH CKBO3HOW LHWKJ ONTUMH3AIHMKA OT TNPOPUIMPOBAHUSA O
MPaKTUYECKOTO pa3BEPTHIBAHMS YCKOPEHHON MOJIEIH.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS IUCHUILIMHBI (MOIYJsS) IpH
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMu YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PaOOThI 00 yJarOIIUXCSL:

Komnerenuus Conep:xanue HNupukatop Iepeuens njaHNpyeMBbIX
KOMIETEeHIN U KOMIETEeHINHU Pe3yJbTATOB 00y4eHHsI 10
JMcCUHMILIMHE (MOAYJIIO)
YK-1. Crioco0eH ocyIIecTBISATh YK-1.1. 3HaeT MeTO/IpI TONCKA 1 aHaTn3a
MTOMCK, KPUTHICCKUI nHpopMaIy B 00IaCTH
aHaJ3 ¥ CUHTE3 HCKYCCTBEHHOT'O MHTEJJIEKTa, OCHOBHBIE
MHQOPMAaLUH, TPUMEHSATh MPUHIUIBI KPUTHYECKOH OLIEHKH
CHCTEMHBII MOIXOA AJIS HUCTOYHUKOB HHGOPMALIUH U UX
peLIeHNs IOCTaBICHHbIX PENeBaHTHOCTH.
3amau VK-1.2. YMeeT KpUTHYIECKU OIICHUBATh
WCTOYHUKHU HH(POPMALIUU U
CHUHTE3UPOBATh AaHHBIE U3 PA3IMIHBIX
HMCTOYHUKOB [UIS PELICHUs 3a1ad,
MIPUMEHSTH CUCTEMHBIH MOIXO0 K
aHaJM3y ¥ PEIICHUIO KOMITIEKCHBIX
pooJieM
YK-1.3. Hmeet npakTHUECKHIA OTIBIT pabOTHI C
COBPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH JJIs1 00pabOTKH
uHQopMayu, GOpPMYTUPOBAHUH U
CTPYKTYpUPOBAaHUH 3a]1a4 Ha OCHOBE
MIOJTy9eHHOU MH(pOPMAITIH
YK-2. Crioco0eH ompenensirTs YK-2.1. 3HaeT JefCTBYIOIINE TPABOBHIE HOPMBI,
KPYT 3aJa4 B paMKax PETYIUPYIOLINE ACSITEIbHOCTD B
MTOCTaBJICHHOH IIETTH U 00J1acTH penIeHus 3a/1a4, OCHOBHBIC
BBIOUPATH ONTUMAITLHBIE METO/IbI U TIOAXOBI K OTIPEIEIICHUIO
CHOCOOBI X PEIICHHUS, Kpyra 3ajgad
UCXOJIS U3 NEUCTBYIOILINX YK-2.2. YMeeT onpenenars Kpyr 3a1ad B paMKax
MPaBOBBIX HOPM, [IOCTaBJICHHOH LIeJH, BEIOUPATh
HUMEIOIINXCS] PECYpPCOB U ONITUMAJIbHBIE CIOCOOBI pelieHHs 3a1a4,
OrpaHUYeHUN YUUTHIBAsI UMEIOIIUECS PECYPCHI U
OrpaHUYCHUS
YK-2.3. NmeeT npakTH4eCKUA OMBIT
NPUMEHEHUS 3HaHUH O MPaBOBBIX
HOpPMaX U pecypcax B peanbHbIX
CUTYyalusX, pa3pabOTKU U peaan3anin
pelIeH i B COOTBETCTBUH C
YCTAHOBJIEHHBIMHU OTPaHUYECHUSIMH
OIIK-1. Crioco0eH HaxXOauTh, OIlK-1.1. 3HaeT OCHOBHBIE METOIBI U ITOAXOIBI K

(hopMyIUpOBaTh U pPelIaTh
aKTyalbHbIC U 3HAYNMbIC
npo0JeMbl PUKIIAIHON U
KOMIIBIOTEPHOM
MaTeMaTHKH

PELIEHUIO 33/1a4 IPUKIIATHON U
KOMHBIOTepHOﬁ MaTE€MaTHKH, BKIIFOYast
aIrOpPUTMBI, MATEMATUYECKOE
MOJEJIIMPOBAHUE U TEOPUIO
OINITUMH3allMU, a TAK)KEC COBPEMCHHBIC
UHCTPYMCHTBI U TEXHOJIOTHH,
HCHOJIb3YEMBIE B 3TOH 001aCTH
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OIIK-1.2.

YMeeT aHaIu3upoOBaTh U
(hopMyITMpOBaTH MATEMATHUECKUC
3a/1a4, IPUMEHSITh COOTBETCTBYIOIIHE
METOJIbI ¥ QIITOPUTMBI JIJISl KX PEIIeHHUS,
a TaKKe WHTEPIPETUPOBATH H
MIPEICTABIIATh PE3yIbTAaThl B IOHATHOMN H
JIOCTYITHOM popme

OIIK-1.3. NmeeT npakTuveckuii ombIT pabOTHI HAJT
MPOCKTAMU HITU UCCIICIOBAaHUSMU B
00J1aCTH PHUKITATHON M KOMITBIOTEPHOM
MaTeMaTHKH, BKJIIOYasl y4acTHe B
KOHKYpCaXx, OJIMMITHA/IaX WU Hay9IHBIX
yOIMKAIUX, TJe ObUTH PEIICHBI
aKTyaJlbHbIC Y 3HAYMMBIC 331a49H
ITK-1. Crnioco6en popmymnupoBatb IK-1.1. 3HaAET METOJIBI M TTOAXOMIBI K
3a7]aud ¢ MaTeMaTu4ecKOM (hopMyITHPOBaHHIO 33724, a TAKKe
TOYHOCTBIO, 000CHOBEIBATH OCHOBHBIE TIPUHIIUITEI MATEMATUIECKOTO
YTBEPKICHHUS CTPOTO U JIOKA3aTeNIbCTBA U aHAIN3a PE3yJIbTaTOB.
aHAM3UPOBATH [K-1.2. YMeeT KOPpEKTHO CTaBUTh U
MOJYYCHHbBIC PE3yTbTAThI B (dhopMynHpoBaTh MaTEMaTHYCCKHE
00acTi MaTeMaTHKH U 3a]auu, IPUMEHSTh CTPOTHE METOIbI
KOMITBIOTEPHBIX HAYK JOKa3aTeNIbCTBA U aHAIN3UPOBATh
MOJTYYCHHBIC PE3yJbTATHI.
IK-1.3. Nmeet ombIT paboTHI ¢ 3a7a49aMU B
00JTaCTH MaTEeMaTHKH U KOMITBIOTEPHBIX
HayK, BKJIIOYas IPUMEHEHUE
MaTeMaTHYECKHX METOJIOB JJIsl PeILICHHS
MPAKTUYCCKUX 33124
[K-2. CriocobeH pemaThb I1K-2.1. 3HaeT OCHOBBI HH()OPMALIMOHHON 1
TUTIOBBIE 33191 oubrorpaduyeckoil KyIbTypsl, a
npodecCHOHANTEHON TaKXe NPUHIMITEI THPOPMAITMOHHOH
JIeATeTLHOCTH B 00J1aCTH 0€30MMacHOCTH U PUMECHEHUS
HUCKYCCTBEHHOTO UHPOPMAITUOHHO-KOMMYHUKAI[MOHHBIX
WHTEJICKTA, OMUPAasACh Ha TEXHOJIOTHH B MPO(hECCHOHATBHOM
UHQOPMAIMOHHYIO 1 JeSITEIBHOCTU
OoubIMorpaduIecKyro IIK-2.2. YnMeeT 3 HEeKTHBHO UCTI0JIb30BATh
KYJIBTYPY, UCTIONB3YS UHGOPMAITMOHHO-KOMMYHHUKAIIMOHHBIE
UHPOPMAITHOHHO- TEXHOJIOTHH JIJISl PEIICHHS CTAHIAPTHBIX
KOMMYHHKAIMOHHBIC 3a1a4 npodeccuoHanbHON
TEXHOJIOTHH U YIUTHIBAS JeSITEIIbHOCTH, YUYUTHIBAs TPeOOBaHMSI
OCHOBHBIE TPeOOBaHHUS UHQOPMAIMOHHOH 0€30MTaCHOCTH
WH(POPMAITUOHHOM IIK-2.3. HNmeet onbIT paboTHI ¢
0e3onmacHOCTH “H(OPMAIMOHHBIMY pecypcaMu U

TEXHOJIOTHSIMU B 00J1acTH
HNCKYCCTBCHHOI'O MHTCIIJICKTA, BKIIFOYas
coOutto/IeHre HopM HH(OPMAIIMOHHON
0e30nacHOCTH
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3. TemaTu4yeckuii mjian

Nen/ TpynoeMkocTh, akageMH4YeCKHe YAChl
n Ounas gpopma
AyaurtopHas
HaumenoBanue patora
paszaeia AMCHUILITMHE 2 T}( M
(MoayJin) = 3 = CamocrosiTeIbHAs (TeKyLMii KoTpoits
§ 2 E KouTpoJn paGora ycneBaeMOCTH)
: |2
S | g3
=3
=
1 Apxurekrypa GPU u 6 6 26 JomaliHee 3a1aHue
OCHOBBI KonTect
MPOrpaMMHUPOBAHUS
CUDA
2 WuTerpanus ¢ PyTorch 10 10 34 JlomamHee 3amaHue
U IIPOJIBUHYTOE Konrect
MPOrpaMMHUPOBAHUEC
CUDA
3 [Ipodunmposanne n 6 6 26 JlomamHee 3amaHue
CHUCTEMHas Konrect
ornrrumu3anus PyTorch-
Mozenen
4 Crieruaiu3upoBaHHbIC 6 6 42 JlomamHee 3aaHue
sIpa ¥ IIPAKTUYECKUI Konrect
MIPOEKT
3auém c oueHnkoil 4 [IpoekT
Hmozo: 26 26 4 134
O6vem oucyuniunst (Mo0y/s) 190
(¢ ax. u.)
Obvem Ooucyunaunvt (Mooynsn) 5
(6 3au. eo.)
4. CopepxxaHue ITMCUUILTHHBI (MOTYJIs)
Nen/m HanMenoBanue pasgea Conepxanue TUCHUNIHHBI (MOYJIs1) IO TeMaM
AUCHUNJINHBI (MOYJIs1)
1 Apxurektypa GPU 1 ocHOBBI I'ereporennbie  BbhlumcieHuss u  apxurekrypa GPU: mnortoxoBble

nporpammupoBanus CUDA

MYJIBTHITPOIIECCOPBI, BApIIbl, HEPAPXUsS MaMsITH. Mo/ellb BBITTOTHEHUS
CUDA. O0630p unctpymMeHTOB (nvce, Nsight).

OcnoBel CUDA-siiep: uWHAEKcalusl MMOTOKOB, paboTa ¢ Tri1o0aibHOM
namsTeio. [losnemMeHTHBIE omnepanuu W peayKuus. 3ammyck siaep H3
Python (cupy, PyCUDA) kak moct k PyTorch.

OnruMu3anus J0CTyna K maMsATH: CIATHBIN goctyn (coalesced access),
paszensieMas maMsATh 1 KOHQIUKTHI 0aHKoB naMATH. [IpodunupoBanue
npocThIX siziep ¢ nomomsio nvprof u Nsight Compute

Wnrerpamms ¢ PyTorch u

IIPOJIBUHYTOE

nporpammupoBanne CUDA

[MponBUHYTHIE TEXHUKW ONITUMH3AIINY SIZICp: Pa3BOPAYMBAHUE ITUKIIOB,
MPUMHTHUBBI YPOBHS BapmoB (II€pEeMEUTNBAHIE), aTOMapHbIE OMEPaIInH.
OntrMu3anys OpoIycKHON CIOCOOHOCTH U 3a/IEPKKH.
ITonw3oBatensckue pacmmpenuss PyTorch: co3manme Monmyns Ha
C++/CUDA ¢ pybindll wu setuptools. Peanuzanms mnpsmoro wu
00paTHOTO MPOX0Aa AJIsl aBTOMATHUYECKOT0 G depeHIrpOBaHHSL.
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Beenenne B Triton: HamucaHWE TOJIB30BATENbCKUX SAEp Ha SI3bIKE
Triton, pazouenue Ha Taunel (tiling), aBTOMaTHYeCcKass ONTHMH3AIAS
nont apxutekTypy GPU. CpaBuenue ¢ «pyunsiMn» CUDA-gaapamu.
CMmemranHass TOYHOCTh W ONTHUMHM3aUUs mamsTH: torch.cuda.amp,
FP16/BF16, ynpaBneanme mamareto PyTorch (pacmpenenurens,
KOHTpOJIbHOE coxpanenue). Causaue saep depes nvFuser.
MmuoromnpoueccopHoe obyuenue: DistributedDataParallel, crpareruu
mapaupoBanus  (FSDP), kommynmkaumn NCCL, mnepekpsitTie
BBIUMCIICHUN U Tepeiadn JaHHbBIX

IIpodunmpoBanre U CUCTEMHAs
ontumuzanus PyTorch-moneneit

WNuctpymentsr mpodunuposanns: PyTorch Profiler, tpaccuposka,
miamsi-rpaduku (flame graphs). AHaIN3 y3KUX MECT M MCIIOJIb30BaHUE
Nsight Systems s ckBo3HO# Bu3yanm3anmu padbotsr GPU.
Kommunsroprapie ontmmm3arui: torch.compile, 6skenmer (Inductor,
TensorRT), cnusaue omneparopoB. Pabora ¢ torch.fx  mus
npeoOpa3oBaHus rpada BEIYUCICHUH.

KBanTu3zanusi u pa3BépThIBaHUE (JCTIIONMEHT): MOCTTPEHUPOBOYHAS
kBanTH3anus (PTQ), o0ydenue ¢ yuérom kBantuzauuu (QAT), sxcropt
B TorchScript u ONNX, yckopenue BbiBojia ¢ momonisio TensorRT

Crienaian3upoBaHHbIC apa U
MPaKTUYECKUN TPOEKT

O¢ddexTuBHble MO maMATH sAApa IS KIIOYEBBIX  OIEpPALMid:
FlashAttention, onTHMHU3HPOBAaHHEIN softmax/HopMaI3aus MO CIOIM
(layer normalization), ciauTble sapa. AHaJIU3  COOTHOIICHUS
BBIYUCITUTEIBHO-OTPAHUYEHHBIX M OTPAHUYEHHBIX 110 TTAMSITH 3a/a4.
CoBpemeHHbIE TpeHABI B J(PQPEKTUBHOM MAITUHHOM OOyYEHUH:
Pa3peKEeHHOCTH, YCIIOBHBIC BBIYHCIICHUS, POCKTHPOBaHHUE
HEHPOCETEBBIX APXUTEKTYP ¢ YUETOM anmnapaTHBIX 0COOCHHOCTEH
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoOCTPaHsIEMOro IPOTPAMMHOTO OOECHEeYeHHs, BKJIIOYas TPOAYKTHl OTEUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CUCTEMBI IPEIOCTaBIISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(GOPMAITMOHHBIM CIIPABOYHBIM CHCTEMaM.

OcHnognas numepamypa:

1. Bumnesckuii, B. M. Teopust ouepeneit u MammHHOe 00y4yeHue : MoHorpadus / B.M.
Bumnesckuii, [1.B. Eppocunnn. — Mocksa : UTHOPA-M, 2025. — 370 c. : un. — (Hayunas
Mmeiciib). - ISBN  978-5-16-020572-4. -  Tekcr : oamektponnbii. -  URL:
https://znanium.ru/catalog/product/2204580.

2. Pom3un, C. V1. MammaHOE 00ydeHue: METa’BpUCTUKH TU((HepeHIIHATEHO-BEKTOPHOTO
nBrxkeHus : yaeoHoe nocodue / C. U. Poazun, O. H. Ponsuna. - Yebokcapsl : Cpena, 2024. - 140
c. - ISBN 978-5-907830-17-2. - Teker AIIEKTPOHHBIH. - URL:
https://znanium.ru/catalog/product/2171753.

/Jlonoanumensvhasn numepamypa:

1. Crenamkuna, A. C. YUucneHHble METOJIbl M MAalllMHHOE OOY4YEHHE B METPOJIOTUU
yuebHoe ocobue / A. C. Crenamkuna. - Mocksa ; Bonorna : Undpa-Umxkenepus, 2024. - 144 c.
- ISBN 978-5-9729-1954-3. - Texkcr : AIIEKTPOHHBIH. - URL:
https://znanium.ru/catalog/product/2170894.

6. MartepuajibHO-TeXHHYECKOe o0ecrevyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JIEMCTBYIOIINM MTPOTHBOIIOKAPHBIM TPaBUJIaM U HOPMaM M 00ECTIeYHBAIOIIEH IPOBEIEHUE BCEX
BUJOB JUCUUIUIMHAPHOW M MEXAUCHUIUIMHAPHONW TMOATOTOBKH, IPAKTHMYECKOW UM Hay4yHO-
HCCJIEIOBATENIBCKOM paboT 00ydaromuxcsl, IPe1yCMOTPEHHBIX YU€OHBIM MJIAHOM.

[TomerieHus1, KOTOpPbIE MPECTABISAIOT CO00M yueOHbIE ayAUTOPUH AJIsl TPOBEACHUS 3aHATHH
JEKIIMOHHOTO THUIMA, 3aHATHH CEMHHApCKOro (MPaKTHYEeCKOTO0) THIA, TPYIIOBBIX H
UH/IMBUYaJIbHBIX KOHCYJbTAIUH, TEKYIEro KOHTPOJIS U MPOMEXYTOYHOM aTTeCTalllH, a TaKKe
MOMEILEHUS JUIsl CAMOCTOSTEIbHON pabOThl M IOMEUIEHUS JAJI XpaHEHUS U MPOPUIaKTHYECKOTO
oOciy>xuBaHus yueOHOro oo6opynoBanus. IlomemeHuss yKoMIIJIeKTOBaHbI ClIEHUAIN3UPOBAHHOM
MeOEeNbI0 U TEXHUYECKHMMM CPEJICTBAMHU OOYy4YEHMS, CIYyXallUMU JJIsl NPEeACTaBlIeHUsl y4eOHOI
uHpopManuu OOJIBIION ayTUTOPUH.

N3ydeHne quCUMIUIMHBL (MOyJIsl) 00ecrieunBaeTcs B yueOHBIX ayAUTOPHSIX, OCHALICHHBIX

— CTOJIaMH U CTYJIbSIMU;

— KOMIIBIOTEPHOM TEXHUKOW;

— MEXaHWYECKHMHU KaJIbKYJISITOPAMHU;

— CIEeUMaIU3UPOBAHHBIM 000PYI0BaHUEM, BKIIIOUYasi JEMOHCTPALlMOHHOE 000pYyI0BaHUE.

[TomereHust 151 CaMOCTOSITEIIBHON pabOThl 00YJaIOMIUXCsl, B TOM YKCIIE TPUCTIOCOOICHHBIE
JUI WCHOJb30BAHUS WHBAJIUAAMU M JUIAMHU C OTPAaHUYEHHBIMH BO3MOXHOCTSIMH 370POBBS,
OCHAIIIEHbl KOMIBIOTEPHON TEXHUKON C BO3MOXKHOCTHIO MOAKIIOUEHUs K ceTu «MHTepHeT» H
o0ecrieyeHHEM  JIOCTyNa B  3JEKTPOHHYIO  HH(POPMALMOHHO-00pPA30BATENIbHYIO  CPEdy
YHuBepcurera.
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OO0yyarmumMcsl TPeaoCTaBIsSeTCs JOCTyn (B TOM 4HCIE YAAJICHHBIH) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHCIIe JJCKTPOHHBIM OHOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPOQECCHOHAIBHBIM 0a3aM

JAHHBIX 1 UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHoBaHue nopraiia CcbLika
(u3naHus, Kypca, 10KyMEHTAa)
1. | Hayunas snextponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
onbnmoTeka
2. | ba3za mannbix s | T-crienuanvcTos https://habr.com
3. | ba3a nanneix ScienceDirect https://www.sciencedirect.com
4. | OdunmansHbii cailT MUHUCTEPCTBA HAYKU https://minobrnauki.gov.ru/
BEICIIIEro oOpazoBanus Poccutickoit ®eaeparuu
5. | ®enepanbhbiii mopran «Poccuiickoe obpasosanue" | https://www.edu.ru/
6. | Uudopmarmonnas cuctema "Equnoe okno qoctyma | http://window.edu.ru/
K 00pa3oBaTenbHBIM pecypcam”
7. | EnunHas xomekims nudpoBsix obpasoBatenbubix | http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHPOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB
[lepeuenr WHDOPMAIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPH  OCYIIECTBICHHH
00pa30BaTeNbHOTO MpoIiecca Mo JUCIUILINHE (MOAYIII0), B TOM YHCIIEe KOMIUIEKT JTUIEH3NOHHOTO
MPOrPaMMHOTO  OOCCIICYCHHS, COBPEMEHHBIE TpPO(ecCHOHANbHBIC 0a3bl  JaHHBIX U
WH(OPMaILMOHHBIE CIIPABOYHBIE CUCTEMBI:
HaunmenoBanue I1O IIpousBoacTBoO JluneH3nonHoe / cBOOOIHO
pacnpocTpaHsieMoe
OnepanuoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapy6exmnoe | muuensmonHoe
bpaysepsbl:
Slupexc.bpaysep OTEUYECTBEHHOE | CBOOOJHO PacIpoCTpaHsIeMoe
Google Chrome 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Od¢ucHble NpUIOKEHHUS
Microsoft Imagine (Visio, OneNote) 3apy0exHoe JIUIEH3HOHHOE
TeXstudio 3apy0exHoe cBOOOJTHO PACIPOCTPAHSIEMOE
Adobe Acrobat Reader 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
IIporpammHoe o0ecneyeHne Uisl IVIAHUPOBAHHUSI M YYeTa BPeMEHH:
Toggle app | 3apyOexHoe | CcBOOOIHO pacIpocTpaHsieMoe
CucreMbl ynpapJjieHHsI TPOEKTAMM:
Microsoft Imagine (Project) | sapyGexHoe | nuuensuonnoe
Cucrtembl ynpapjieHHs1 0a3aMHi JaHHBIX:
Microsoft Imagine (SQL Server) | sapy6exnoe | nurensnonnoe
Cucrtembl pesepBHOro konuposanus (backup):
Acronis Backup Advanced for HyperV | 3apy6exHoe | muuensnonHOe
CnpaBoYHO-NIPAaBOBBIE CHCTEMBI:
Koncynprantllimtoc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE | JIMIICH3UOHHOE
cucTeMa
CpeicTBa AHTHBUPYCHO#i 3aIUTHI:
Kaspersky Endpoint Security asst 6usneca OTEUECTBEHHOE | JIMIIEH3UOHHOE
Cranpmapraeiid Russian Edition
Cpeabl pa3padoTkm:
Visual Studio Code 3apy0exHoe CcBOOOJTHO PACIIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOIHO PaCIPOCTPaHIEMOE
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Anaconda 3apyOexkHOE CBOOOHO pacIpoCTpaHsIeMOe
Robotic Operating System 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHIEMOE
CopelliaSim 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0exHOe CcBOOO/THO PACTIPOCTPAHSIEMOE
IlakeThbl MPOrpaMMHBIX CPeICTB M OHOJIHOTEK:

AutoPsy 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
CucTteMbl ynpasjieHHs1 0ubanorpapudeckoii nugopMmanueii:

Zotero | 3apyOexKHOE | CBOOOHO pacIpOCTpaHsIeMOe
CepBHCHI B CITYKOBI:

Bind 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
Docker 3apyOeKHOE CBOOOJTHO pacIpoCTpaHsIeMoe

7. MeToanyecKue v OlleHOYHbIe MATEPHAJIbI
MeToauyeckne yKazaHus il 00y4alOUIUXCS 10 OCBOEHUIO TUCIHILIMHBI (MOYJIs1)

B mpouecce uzydeHuss AUCHUIUIMHBL (MOAYmsl) «DddexkTuBHOE MamMHHOE 00ydeHue» B
pamMKax TEKYIIEero KOHTPOJIS YCIEBAEMOCTH HCIIONB3YIOTCS TaKWe BHIBI yU4eOHOW pabOThI, Kak
JICKIIMHM, CEMHUHApbl, JOMAIHUE 3aJaHusl, KOHTECTbI, MPOCKT, a TAaKKE pa3JIMYHbIC BHJIBI
CaMOCTOSITENIbHOW paboThl 00ydaromuxcst 1O 3aJaHHI0 TIPETOoAaBaTeNs, HANpaBJICHHbIC Ha
pa3BUTHE  HABBIKOB  NPO(MECCHOHANBLHOW  JIGKCHKH,  3aKpCIUICHUE  MPAKTHYCCKHUX
PO ECCUOHATBLHBIX KOMITIETEHITHI, TTOOIPEHNUE HHUIHATHB.

Jlexyus — CHCTEMAaTH4YeCKOe, MOCJIEI0BATEIbHOE, MOHOJOTHYECKOE  H3JI0KECHUE
npernoiaBaTesieM yueOHOT0 MaTepuaia, Kak IMpaBuiio, TCOPETUYECKOTO XapaKTepa.

B mpomecce neknuii peKOMEHIyeTCsS BECTH KOHCIICKT JICKIUW: KPaTKO M CXEMAaTHIHO
(UKCUPOBATh OCHOBHBIC HJCH, BBIBOJBI W OOOOIICHUS JICKIIMW; BBIICIATH BaXKHBIC MBICIIH,
KITIOYEBBIC CJIOBAa M TEPMHHBI. HEoOXOIMMO OTMETHTH BOMPOCHI WM MaTepUaIbI, KOTOPHIC
BBI3BIBAIOT 3aTPYAHEHHUS, U TIOMBITAThCS HAWTH OTBETHI B PEKOMEHJI0BAaHHOW nmuTepatype. Eciau
pa3o0parbcsi B Marepuaie He yaaercs, cieayeT chopMyIupoBaTh BOIMPOC W 3a1aTh €ro
MPernoAaBaTeNo Ha KOHCYIbTAIUMU UM BO BPeMsI CEMUHAPCKOTO (MTPAKTHYECKOT0) 3aHATHSI.

Cemunap — 310 (hopma yueOHOUM IesATeTbHOCTH, IPOBOAUMAs B Y4€OHOM 3aBEEHUU IO/
PYKOBOACTBOM TMpemNojaBaTess, TI/A€ CTYACHTbl AaKTUBHO YYacTBYIOT B OOCYXICHHSIX,
MPAKTUYECKUX 3aJaHMsIX U IPYrux (opMax B3aMMOACHCTBHUSL.

Jlns ycrenrHoi moAroTOBKA K CEMUHAPY PEKOMEHAYETCS 3apaHee 03HAKOMUTHCS C TeMOM
3aHATHA WU OCHOBHBIMHU MaTCpUalaMH, 4TO0Bl MMETHh BO3MOKHOCTH AKTHBHO y4aCTBOBAaTh B
oOcyxaeHuu. Takxke MOJNEe3HO MOATOTOBUTH BOIMPOCHI U HUJIEU ISl OOCYKIEHUS, YTO MOMOKET
r1y0Ke MOHATh MaTepUal U NMPOJIEMOHCTPUPOBATH 3aUHTEPECOBAHHOCTD.

Homawmnee 3a0anue — Habop 3a/1a4 O TEMaM HeJIENH.

[lpu pabGore Ham JOMAIIHUMH 33JaHUSMH BaXHO BHUMATEIhHO O3HAKOMHUTBCS C
TpeOOBaHUSAMHU M CPOKaMU BBINOJHEHUS. PexomeHayeTcs pa3douBaTh 3afaHus Ha STarbl, YTOOBI
n30eKaTh TEPerpy3Kd W JIydille yCBOUTH Marepuai. croib30BaTh pa3iUYHbIE HCTOYHUKH
uHpOpMalKK, BKIIIOYasi yUeOHUKH U OHJIaWH-PECypChl, Ui 6osee Iiy00oKoro MOHUMAHUS TEMBI.

Konmecm — wHTepakTuUBHas miaTdopMa C 3aJaHUSMHU PA3HOTO YPOBHS CIOKHOCTH H
ABTOMATHYECKON ITPOBEPKON pe3yIbTaTOB.

KonTecT mo3BosiseT onepaTuBHO OIEHUBATh YCBOCHUE MaTepHalia M BHISBISATH MPOOEIHI B
3HAHUSAX dYepe3 TECThl M MpaKTUYeCKHWe 3aaadd. Takoil (opmaT CIocoOCTBYET pEryJsIpHON
CaMONPOBEPKE U MOBBIIIAET MOTUBALMIO K U3YYEHUIO JUCIUTIINHBL.

HpoeKm — HCCICA0BATCIIbCKasa pa60Ta o AUCHUIIIINHE (MO,Z[yJ'IIO) U TPC3CHTALNA
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PE3yJIbTATOB.

JI71s ycriemHoM MOATOTOBKU K IMIPOEKTY PEKOMEHAYETCS: YETKO OIIPEACIINUTD LIENIN U 3a1a4U
IIPOEKTA; COCTABUTH IUTaH PabOTHI, pa30MB MPOEKT Ha JTAIbl C YKa3aHUEM CPOKOB BBITIOJHEHUS
KaXJIOTO M3 HUX; UCIIOJIb30BaTh pa3HOOOpa3Hble HCTOUHUKU MH(OPMAIIMM U MHCTPYMEHTHI IS
WCCJICIOBAHMSI TEMBI; PErYJISIPHO MPOBEPATH MPOTPECC M BHOCHTHh KOPPEKTUBHI B IUIAH, €CIIA 3TO
HEOOXO0INMO.

Camocmosmenvhas paboma — padoTa CTYIESHTOB, HaIpaBJICHHAs Ha YIIyOJICHHOE
W3YYCHHUE OTJICIBHBIX TEM U BOIIPOCOB YUYCOHON AUCIUILTUHBI (MOTYIs).

B nporiecce camocToATeNnbHON pabOThI CTYACHTHI B3aUMOJICUCTBYIOT C PEKOMEHI0BAaHHBIMU
MaTepuaIaMy MPyu MUHUMAIBHOM yYacTHH MPEIoiaBareis. 3a1aud CTyIeHTa BKIIOYAl0T paboTy
C KOHCITeKTaMHu JICKITuH (00paboTka TeKCTa), MOBTOPHOE M3yUEHUE YUeOHBIX MaTepHaJIOB TIAHOB
U TE3UCOB OTBETOB, U3YUCHHUE JOTOJHUTEILHBIX TEM, BHIMIOTHCHHE yU4eOHO-UCCIIEeI0OBATEIbCKIX
3aJlaHUl U Ipyroe.

Cucrema OLlCHUBAHUSA PE3YyJbTATOB oﬁyqe}mﬂ o JTUCHUIIJINHE (MO}IyJIlO)

Kpurepun nosy4eHusi ypoBHA M OLCHHBAHUA C()OPMHUPOBAHHOCTH KOMIICTCHIHMI 110
AUcHUILUInHe (Moay/i10) «J¢deKTHBHOE MAIIMHHOE 00y4YeHue»

OneHuBaHue YpOBHs Y4€OHBIX JOCTHKEHHH, oOydaromuxcs N0 AUCHUIUIMHE (MOIYIIO),
OCYILIECTBIISICTCA B BUJE TEKYIIEr0 KOHTPOJIS YCIIEBAEMOCTH M IIPOMEXYTOYHOM aTTECTALMH.

IIpoMeskyTouHasi aTTecTanMs IO JUCUUIUIMHE (MOJIYJIO) OCYILECTBISETCS B (opme
3auéma ¢ OWeHKou, TPU STOM IPOBOJUTCS OLIEHKA KOMIETEHLMH, CHOPMHUPOBAHHBIX IIO
JUCLIUILINHE.

I[JISI OLCHUBAHWA TCKYWICIO KOHTPOJIA YCIICBACMOCTU H HpOMG)I(}ITO‘IHOﬁ arrecraluu
HCIIOJIB3YCTCA )IGCSITI/I68.JIJ'IBH8.H [KaJIa OHCHHMBAHHA, KOTOpas COOTHOCHUTCA C TpaﬂHHHOHHOﬁ
OATHOAJILHOM KoM CJICAYIOIUM 06p2130M, €CJIM UHOC HC YKa3aHO B cnnna6yce JUCLUIIINHBI.

JecaTubannbuas IlaTudanabuas O0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusl 1Mo
OILICHKA OIICHKA AUCHHILUINHE (MOYJIIO)
10 OTnnyHO CTyZIeHT NOJHOCTBIO BIAJEET 3HAHMUAMU, HU3JIOKEHHBIMH B
9 OTIUYHO paboueil nmporpamme, U rIyOOKO OcMbICiseT aucuuiuiuHy. OH
OTIMYHO CaMOCTOSITENIbHO U JIOTUYECKU I10CJIE0BATENbHO OTBEYAET Ha

BCE BOINPOCHI, AKLEHTHPYS BHUMaHHWE Ha Haubojiee BaKHOM.
YMeer aHaIM3MpOBaTh, CpPaBHUBATH, KIAcCU(PHUIMPOBATH,
0000maTh,  KOHKPETHU3UPOBAaTH M CHCTEMaTHU3HPOBATH
W3yYeHHBIH MaTepuall, BBLACTSS KIIOYEBBIE MOMEHTHI U
yCTaHaBNUBas  NPUYUHHO-CIEJICTBEHHBIE  CBs3U.  YeTko
(bopMynupyeT OTBETHI, YBEPEHHO UHTEPIIPETUPYET PE3YIbTAThI
aHAJIM30B W JIPYTUX WCCIEJOBAHMHN, a TAaK)Ke PEIIaeT CIO0KHbIE
3agaud. CTyJI€HT XOPOILIO 3HAKOM C METOAaMU MCCIIECAOBaHMUS,
HEOOXOIUMBIMH JUISI TPAaKTHYECKOH AEATENIbHOCTH, U YMEET
CBA3BIBATh TEOPETHUYECKUE ACTIEKThl IUCIUIUINHBI (MOIYJIS) C
MPaKTUYECKUMHU 3aJa4uaMH.

XOpOH.IO CTy,Z[GHT 06J1azxaeT SHaHUAMU NOpeAMETa MOYTHU B IIOJHOM

6 Xopomo obbeMe pabodeil mporpaMMbl U CaMOCTOSITEIIBHO, JIOTHYECKH
MOCIIEIOBATEILHO U BCECTOPOHHE OTBEYAET Ha BCE BOIMPOCHI,
aKIIEHTUPYS BHUMAaHUE Ha HauboJiee 3HaYNMMbIX MOMeHTaX. OH
yMeeT aHAlM3UpOBaTh, CpPaBHUBATh, KJIACCH(UIIMPOBATH,
0000maTh, KOHKPETH3WPOBATH W  CHCTEMAaTH3UPOBATh
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decaTubannbuas Ilarudanasuas O0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusl 1Mo
OLICHKA OLICHKA AUCUHUIJINHE (MOIYJIIO)

V3YYCHHBI MaTepuaj, BBIICTSAS €ro KIIYEBBIC ACIEKTHl U
yCTaHaBIUBAs PUIMHHO-CIIEICTBEHHBIE CBsI3U. DopmynupyeT
CBOM OTBETHl, YBEPECHHO HHTEPIPETUPYET PE3YyIbTAThI
aHAJN30B U JIPYTUX UCCIECIOBAHUMN, & TAKXKE PEIIAET CIOKHBIC
CUTyalMoHHbIE 3a1a4i. CTYACHT XOPOIIO 3HAKOM C METOJIaMHU
HCCIICIOBAHUS, HEOOXOIUMBIMU JUISE MIPaKTUYECKOM
JIEeSTEIbHOCTH, U YMEET CBI3BIBATh TEOPETUYECKHE ACIIEKTHI
MpeaAMETa ¢ MPAKTUYECKUMU 3a1a4aMHu.

5 Y noenetBoputensHo| CTyaeHT o0iagaeT O0a30BBIMU 3HAHUSAMU 10 JUCIUTUIMHE

4 y,E[OBHeTBOpI/ITCHI)HO (MO,Z[y.TIIO), HO HCIBITBIBACT TPYAHOCTU ITPU CaMOCTOATECIIbHBIX
OTBETaX M MCIIOJB3YET HCTOYHBIC (l)OpMYJ'H/IPOBKI/I. B xonme
OTBETOB OH OOITYyCKAcT OIHI/I6KI/I, Kacaromuecs CyTUu BOIIPOCOB.
CTy,Z[CHT CII0CcOOcH peuraTte TOJBKO CaMBIC IIPOCTBIC 3a1a4r U
BJIaacecT JIMIIb MHWHUMAJIbHBIM Ha60pOM METOO0B

UCCIICI0BAHUS.
3 He cnan CryneHT He OBNaIeN 00sM3aTeIbHBIM MUHUMYMOM 3HaHUH 110
He cnan IpeaMeTy U He MOXKET OTBETUTh Ha BONPOCHI, AAXE €CIIU

He cnan MpenoaBaTenb  3aJaeT  JONOJHUTENIBHBIC  HABOSIIHE

BOIIPOCHIL.

Jucuummna (Moyib) «3¢h(hEeKTUBHOE MAITUHHOE 00YUEHHUE) OLIEHUBACTCS CICAYIONINM
obpazoM:

AKTHBHOCTD Bec |KoanuecTBO Onucanue
Jomamnwue 3aganns | 40% 12 Habop 3amad o remam Heenu
Kontect 40% 12 WHTepakTUBHBIE 3a/IlaHUS PA3HOTO YPOBHS CIIOKHOCTH C

ABTOMATHYECKOH NPOBEPKOH PE3yJIbTATOB

3a4éT ¢ OLEHKOHU 20% 1 IIpoekr - UccnemoBarenbckas padoTa 10 AUCIUTUTHHE
(MOJTyITI0) U TIpe3eHTAIUs PE3YIBTATOB

®opmysa pacyéra MTOroBOM OLEHKH IO JHCHUILIHHE (Moay0) «IddeKTHBHOE
MalMHHOe o0yuenue»: «0,4 X cpennee 3a nomarraue 3aganus + 0,4 X cpeanee 3a konrtect + 0,2
X 324€T C OLICHKOM».

Texkyumii KOHTPOJIb ycreBAeMOCTH 00y4aKOIIUXCs M0 JAUCHUIIIHHE (MOAYJII0)
IIpumepHbIe TOMaLIHAE 32aHUS
JlomamHee 3aganue 1.

1. OGbsicHUTE, KaKk ycTpoeHa uepapxus namsatu B coBpeMeHHbIXx GPU u B uém pasHuia
MeXly TI100aJIbHOM, pa3ensieMoi 1 perucTpoBOi NaMsThIO;

2. Onummre, 4ro Takoe Bapm U kak Mmojens SIMT Biusier Ha NMPOU3BOAUTENBHOCTH
BoinonHeHust CUDA-snep;

3. Peanmuzyiite CUDA-s11p0 Ui TO3JIEMEHTHOTO CJIOKEHHS IByX MAacCHBOB U 3aIlyCTHTE
ero u3 Python ¢ ucnonszoanuem PyCUDA unu CuPy;

4. Hanummre sapo pEeAyKUUMH CYMMBI C HCIOJIB30BAaHMEM pa3/esieMOl MaMsATH W
00BsicHUTE, KaK N30€XaTh KOH(MIMKTOB OAHKOB MaMSITH;

5. Ilpoananu3upyiTe NPOU3BOAUTEIBHOCTD IPOCTOTO si1ipa ¢ momolisio Nsight Compute u
OTIpeIeNIUTE, SIBJIAETCS JIM JOCTYI K rI100anbHON NaMsITH CIUTHBIM (coalesced).
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JlomamHee 3aganue 2.

1. Cospnaiite nonszoBatensckuii PyTorch-monyns na C++/CUDA ¢ momomnisio pybindl1 u
peanu3yiTe npssMol U 00paTHBIN IPOXOI ISl Olepaluu, Hanpumep, leaky relu;

2. Hanummre siapo Ha Triton uisi YMHOXEHHS MaTpUI, HCIIONB3Ys pa3OneHne Ha Tailsibl
(tiling), u cpaBHUTE €ro MPOU3BOAMTEILHOCTH ¢ torch.matmul;

3. O0ObsAcHHUTE, Kak NPUMUTUBBI ypoBHA Bapma (warp shuffle) mosBomsior yckopuTh
BBITMIOJTHEHHUE PEAYKLIUN U aTOMapHbIX ONEepalnii;

4. IlpumMeHUTE aBTOMATUYECKYI0 CMELIaHHYI0 TOYHOCTb (AMP) kx o0ydeHuro mpoctoit
MOJIEIM U OIICHUTE BBIUTPBILI 10 MAMSTH U CKOPOCTH;

5. Hactpoiite obydenue ¢ ucnons3oBanueM DistributedDataParallel (DDP) na nyx GPU u
M3MEPhTE YCKOPEHHE, a TAK)KE MPOAHAIU3UPYUTE 3arpy3ky komMmyHukanuii uepes NCCL.

JomamnHee 3a1anue 3.

1. Ucnonw3yiite PyTorch Profiler s ananmsa mnpou3BOAUTEILHOCTH OOYYCHUS
HEOONIBIIION HEWpPOCeTH W BBIIBUTE Y3KHE MECTa: BBIYMCICHUS, OXHJIAHUE TIaMATH WU
KOMMYHHUKAIIHH;

2. Ilpumennre torch.compile k Mozenu u cpaBHHTE BpeMsl BBIIOJHEHHS C U 0e3
KOMIWISILIAK;, OOBSICHUTE, KAKWE ONITUMU3ALUN OBbLIN MPUMEHEHBI aBTOMATHUYECKU;

3. Ilpeobpasyiite rpad BbIUHMCICHHN ¢ TOMOINBIO torch.fx, BCTaBUB MOJIB30BATEIHCKYIO
OTIepaIuio, ¥ MPOJIEMOHCTPUPYITE BOZMOKHOCTh MoupuKamu rpada;

4. BbInoJHUTE MOCTTPEHUPOBOUHYIO KBaHTU3auuo0 (PTQ) Moznenu u oueHuTe U3MEHEHHE
KauyecTBa U CKOPOCTU MH(EpeHca;

5. Dkcnoptupyiite moaens B ONNX u 3amyctute €€ ¢ nmomomisio TensorRT, uzmepun
YCKOpPEHHUE BBIBOJIA 110 CPaBHEHUIO ¢ UcXoaHbiM PyTorch.

IIpumepHbIe 3aJaHUs 1JIs1 KOHTECTA
Konrecr 1.

1. Onpenenure KOIMYECTBO aKTUBHBIX BapIoB B Os10ke u3 128 norokoB Ha GPU ¢ pazmepom
Baprna 32 ¥ BBEIUTE YNCIIO;

2. Peamuzyiite CUDA-sapo vHa PyCUDA a5t MO3JIEMEHTHOTO YMHOYKEHUS IBYX MacCHBOB
u 3amycture ero u3 Python; BBeauTe pe3ynpTaT yMHOKEHUS IIEPBOTO HJIEMEHTA;

3. Hammmmre sapo peayKIuy CyMMBI MacCHBa C HCITOJIb30BAaHUEM PA3/IEIIeMOM MaMsITH U
n30exxaHueM KOH(IUKTOB OAaHKOB; BBEAUTE pe3yJbTaT CyMMHMpOBaHUs MaccuBa u3 1024
AIIEMEHTOB;

4. OueHute, SBISETCS JU JOCTYN K rio0anbHON mamsTé ciauTHBIM (coalesced), ecmm
KaKIbIH MOTOK B OJIOKE U3 32 yuTaeT dJIEMEHT ¢ maroM 1; BBeaute "ma'" uinn "Her";

5. Ilpoananusupyiite npo¢uib BEIIOIHEHUs npocToro aapa B Nsight Compute u BBeuTe
3HaueHue NMPOMYCKHOM ciocoOHocTH namsATu (B GB/s) ¢ TOUHOCTHIO A0 OJTHOTO 3HAKA.

Konrecr 2.

1. Hanumure siapo Ha Triton st ymMHOXKeHUst MaTtpull 64x64 ¢ pa3OueHueM Ha Taiibl
16x16; BBeauTe pe3ynabraT yMHOXKeHUA 31emeHTa [0][0] ¢ TOUHOCTBIO 10 TPEX 3HAKOB;

2. Co3pmaiite monb30BaTenbckylo ¢yHkmuoo PyTorch ¢ kacromabeiM backward Ha
C++/CUDA uepe3 pybindl1; peanusyiiTe rpaiveHT A ONepalyd X> U BBEAUTE 3HAUCHUE
rpaiueHTa MpU X=3;

3. Bkiounte aBTOMaTHYECKyIO CMelIaHHYK ToyHOCTh (AMP) npu oOyueHun mpoctoii
MOJIENT ¥ U3MEPhTE MTUKOBOE MOTPEOJICHHE TaMsITH; BBEIUTE 3HAUEHUE B Meradairax;

4. Hactpoiite DistributedDataParallel (DDP) nns oOyuenus na nsyx GPU u BBenuTe oO1iee
BpEMs OJTHOW ATIOXH C TOYHOCTHIO JI0 IBYX 3HAKOB;

5. Ucnonesyiite npumutus warp shuffle 8 CUDA-sape st arperaiu MakcuMyma B
npejienax Bapra; BBeIUTE pe3yibTarT JUIsl 3aIaHHOTO MaccuBa U3 32 3J1€MEHTOB.

Konrect 3.
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1. 3anycture PyTorch Profiler mns oOydeHuss Momenu W ompeneauTe IO BPEMEHH,
3aTpayeHHOI0 Ha KOMMYHUKaLuu (B %); BBEAUTE YUCIIO C TOUHOCTBIO JI0 LIEJIOTO;

2. Ilpumenure torch.compile Kk Mozenu W U3MEpbTE YCKOPEHHE BpEeMEHH HWH(pepeHca;
BBEMTE OTHOLICHHE BpeMeHH (0€3/C KOMIMISAIUEH) C TOUHOCTBIO /10 JIBYX 3HAKOB;

3. Ilpeobpazyiite rpad Mozenu ¢ momorisko torch.fx, BcTaBuB orupoBaHue mepen CioeM
Linear; BBequTe KOJUYECTBO Y3JIOB B MOIUPHUITUPOBAHHOM rpade;

4. BoimonHuTe NOCTTpeHHpPOBOUYHYI0 KBaHTH3auuio (PTQ) mMomenn u usMepbTe Bpems
uH(epeHca; BBEUTE 3HaUeHUE B MIJUTUCEKYHAAaX C TOYHOCTBIO /10 OHOTO 3HAKa,

5. Dkcnoptupyiite Monenbr B ONNX u 3amyctute depe3 TensorRT; BBemmte cropocTh
BBIBOJIa (B M300PaKEHUSAX/CEKYHY) C TOYHOCTBIO JI0 LIEJIOTO.

[IpumepHoe onMcaHue 3aIaHNS U KPUTEPUHU OLIEHUBAHMS K MPOEKTY

Ieapr mnpoekrta: pa3paboraTh, MHTETPUPOBATH U ONTHUMHU3UPOBATH I10JIb30BATEIBCKOE
BeryrciuTenbHoe sapo Ha CUDA wm Triton, oOecrieunBaroriee yCKOpeHUe KIUYEBOH oreparun
B PyTorch, u mnpoBecTH CKBO3HOH aHANW3 MPOU3BOJUTEIBHOCTH C MPOQHINPOBAHUEM,
CPaBHEHHMEM U OLIEHKOW MPUMEHUMOCTH B pealbHbBIX CLIEHAPHSIX.

3agauu npoekra:

— BBIOpATh BBIYMCIHUTENBHBIA y3ed (Hampumep, MOJb30BaTEIbCKash AKTUBAIMSA, CIOU
HOpMAaJIM3aliK, ONepanns peAyKLIUd UM YMHOXKEHHE MaTpUll) U 000CHOBATh €ro 3HaYMMOCTb
JUISI IPOU3BOIUTENIBLHOCTH MOJIeJIel TIIy00KOro 00y4eHus;

—peanuzoBath dddekruBaoe sapo Ha CUDA ¢ onTumm3amueil moctyna K HaMsTH
(CAMTHBINA DOCTYI, pasaensemMas maMsaTh) Wik Ha Triton ¢ UCIOIb30BaHNEM pa30MEeHNUs Ha TalIbl
(tiling) 1 aBTOMaTUYECKOI BEKTOpU3ALIUECH;

—unTerpuposath sapo B PyTorch: co3pate monb3oBaTenbCKUii MOAYNb € MOJIIEPIKKOM
npsMOTo U 00paTHOro npoxoa uepes pacumpenue Ha C++/CUDA wunu uepes torch.compile;

—TPOBECTH TECTUPOBAHHE MPOM3BOJUTEIFHOCTH: CPAaBHUTHb BPEMs BBIMIOJIHEHUS C
HaTUBHBIMU oniepauusimu PyTorch (Hanpumep, torch.matmul, torch.softmax) Ha pa3ubix pazmepax
TeH30poB U apxurekrypax GPU;

— BBIIIOJHUTH NpoduuinpoBanue ¢ nomoibio Nsight Systems u PyTorch Profiler, BeisiBuTSH
y3KH€ MeCTa U MPEATIOKUTh MYTH JadbHelIIel OnTUMHU3AIINH;

—MOATOTOBUTh OTYET W TPE3CHTAIMIO, BKIIOYAIONINE OMUCAHHE apXUTEKTYphl SApa,
pe3yabTaThl 3aMepOB, rpadUKN YCKOPEHUs, aHaIu3 3((HEKTUBHOCTH U 00CYKI€HHE BO3ZMOXXHOCTH
MCIIOJIb30BaHUS B IPOMBIIIUICHHBIX MOJIETISX.

Kputepuu onieHuBaHus MPoOeKTAa:

— KOPPEKTHOCTh peaJin3aliiy SApa U €ro YUCIeHHast TOUHOCTb 10 CPABHEHMIO C 3TAJIOHHOM
peanu3anuei;

— Ka4yeCTBO ONTHMM3ALMU: HCIOJIb30BAHUE CIUTHOIO AOCTYHa, pasfensieMod MaMsTH,
pa30ueHs Ha TallsIbl ¥ IPYTUX TEXHUK MOBBIIIEHUS 2P PEKTUBHOCTH;

—ycnemHocTh  uHTerpaumu B PyTorch ¢ momaepxkoil  aBTOMaTH4ecKOTro
nudPepeHIpPOBaHNS 1 COBMECTUMOCTBIO C Tpad)OM BBIYHUCIICHUI;

—ri1yOrHa aHayn3a MIPOU3BOUTENILHOCTHU: KOPpPEKTHOE UCIIOJIb30BaHUE
npOGUTHPOBIIUKOB, UHTEPIIPETAINS METPUK U OOOCHOBAHUE PE3YIIHTATOB;

—TMOJIHOTa OTYETa, BHU3yalmW3allus JTaHHBIX M PEATUCTHYHAs OIICHKA MPUMEHUMOCTH
PEIICHHS B PEaTbHBIX YCIOBHUSX, BKIIOYAst MOTEHIINAT TSl Pa3BEPTHIBAHUSI.

3apaHus AJ1s1 MPOMEKYTOYHOM ATTeCTAIlUM MO AMCUMILUINHE (MOTYJIIO0)

Ne 3aganue OtBer Kommnerennus
n/n
1 | Ha3zoBuTe OCHOBHBIE YPOBHHU HEPAPXHUH MTAMATH B gpU U riobagpHas, YK-1
HX OTHOCUTENBHYIO CKOPOCTh U 00BEM paszaenseMas, K1,
PETUCTPBI
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CTa0MIIBHOCTH

TOYHOCTB / amp

2 | OOBsiCHUTE, YTO TAKOE Bapl U KaK OH CBSI3aH C MOJEIbIO rpynna u3 32 YK-1
BBITIOJTHEHHS simt MIOTOKOB,
BBITIOJTHSIEMBIX
OJTHOBPEMEHHO Ha
Sm
3 | VkaxuTe, 3a4eM HCIIOJIB3YETCS UHJICKCAIIHS TIOTOKOB JUIS1 OTHO3HAYHOTO YK-1
blockldx, threadldx u blockDim B cuda oTpeIeIICHUS
MO3UILIMH MTOTOKA B
OJIOKE U CeTKe
4 | HazoBure THI AOCTyIA K TII00ATBHON MTaMATH, PU CIIMTHBIA JOCTYTI / YK-1
KOTOPOM MaMsITh YUTaeTCsl Hanbosee 3 (HEKTHBHO coalesced access
5 | OObsicHuTE, KaK pasaensiemMas NaMiaTh MOXKET YCKOPHUTh MO3BOJISIET YK-2
BBITIOJTHEHHE SIIpa U TPH KaKUX YCIOBHUSIX BO3HUKAIOT MHOTOKpaTHO
KOH(JIMKTHI OaHKOB MaMsITH WCTIONIb30BaTh
JTAHHBIE;
KOH(IJIUKTHI TIPH
OJTHOBPEMEHHOM
JOCTYIE K OTHOMY
0aHKy
6 | Ha3oBuTe HHCTPYMEHT VIS ICTATBHOTO nvidia nsight VK-2
npodUINPOBaHUs IPOU3BOAUTENBHOCTH cuda-siep Ha compute
YPOBHE MHCTPYKIIMA
7 | YkaxuTe, Kak MPUMHUTHBEI YpoBHS Bapma (warp shuffle) | mepemaua manHBIX YK-2
TIO3BOJISIFOT M30€KaTh MCIIOIBb30BaHUS pa3aesieMon HAINpsSIMYI0 MEXIy
MaMsITH TP OOMEHE JJAHHBIMU MEX/Ty TOTOKaMH MOTOKaMH B
npezesnax Bapna
8 | OObscHHTE, 3a4eM UCTIOIB3YETCS aTOMapHask OTIePaIIHs TUTS YK-2
IIPY OTHOBPEMEHHOH 3aITUCH B OJHY SYEHKY MaMATH MIPEOTBPAIICHHS
HECKOJBKUMH IOTOKaMHU TOHKH JIaHHBIX /
race condition
9 | Ha3oBuTe crioco0 MHTErpanuy MOJIb30BATEILCKOTO co3zaHue custom OIIK-1
cuda-sapa B pytorch ¢ mogmepskkoit odoparHoro mpoxoma | function ¢ forward
u backward yepe3
ct++/cudan
pybind11
10 | OO®wsicHuTE, KaK paboTaeT aBTOMATHYECKOE 4yepe3 cCoXpaHeHHe OIlK-1
nuddepeHnmpoBanre B pytorch mpu uCrnoab30BaHUM KOHTEKCTa U
KaCTOMHBIX Ollepanuii peannzarmio
¢ynkuun backward
11 | Ha3oBure sI3bIK, TO3BOJISIOMINI MUcaTh d3QPEeKTUBHBIC triton OIlK-1
gpu-sapa 6e3 riry0okux 3HaHMIA cuda, ¢
AaBTOMATHYECKOW ONTUMH3ALMEH 1101 aPXUTEKTYPY
12 | O0OwsicHuTe, KaKk pa3dueHue Ha Taiiibl (tiling) B triton YMEHbBIIIAeT OIlK-1
yIY4IIaeT UCTIOIb30BaHKE KAIIa U TPOITYCKHOM KOJINYECTBO
CIOCOOHOCTHU MaMSTH oOparieHuit Kk
ro0ansHON
MaMsITH 3a CUET
JIOKaJIbHOM
00paboTKH 0JI0KOB
13 | Ha3zoBwuTe CTpaTeruio, NO3BOJISIONIYIO0 YMEHBIIUTh KOHTPOJIbHOE IIK-1
OTpeOJICHUE MTaMATH MPH 00YUECHUH 3a CUET coxpaHeHue /
MIEPEBBIYMCIICHHS aKTUBAIIUI gradient
checkpointing
14 | Ykaxure, Kakasi TEXHUKA TTO3BOJISIET KOMOMHHUPOBATH aBTOMAaTUYECKas [K-1
fpl6 u fp32 s yckopenust o0ydenus 6e3 norepu CMeINIaHHas
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computation

15 | Ha3oBute MeTo[ pacrpeaenéHHoro o0y4eHus, npu distributeddataparal IK-1
KOTOPOM IapaMeTPhl MOAEH PEIUTHIIUPYIOTCS Ha lel / ddp
HECKOJIBKUX gpU C CHHXPOHH3ALUEH TPaIHeHTOB
16 | Ha3oBute uHCTpyMeHT pytorch ams Bu3yanuzanuu pytorch profiler [1K-2
Y3KHX MECT B IPOM3BOANTEIHHOCTH MOJIEITH
17 | OObsacHuTE, Kak torch.compile yckopsieT BbIITOTHEHNE 3a C4ET CIUAHUSA [1K-2
MOJIETIH OIIepaTopoB,
yCTpaHEHUS
HaKJIaTHBIX
pacxoqoB U
HCTIONTb30BAHUS
O9KeH/10B
(inductor)
18 | HazoBute MeTo]1 yckopeHus: HHMEpeHca, Ipu KOTOPOM KBaHTHU3aLIUS I1K-2
Beca MOJIENN TIPeodpa3yroTcs B 0ojiee HU3KYI0 TOYHOCTh
(Hanpumep, int8)
19 | Vkaxkute, Kakas apXUTEKTypa sApa UCTIONb3YeTCs B tile-based IK-2
flashattention mmst ymeHbIIIEHUS OOpaIeHUd K TAMSTH BBIYHCIICHUS C
KIIIUPOBAHHUEM B
pazzaensieMon
aMSTH
20 | Ha3zoBuTe COBpeMEHHBIN TPEH/, TPH KOTOPOM YacTh YCIIOBHBIC [1K-2
BBIYHCIICHHUH TPOIYCKACTCS TUHAMHYECCKHU IS BBIYHCIICHHUS /
YCKOPEHHS BBIBOIA conditional
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