YHUdUUMpoBaHHaA nporpammHan naatpopma
«Mnatpopma-TrHC».
OTeuecTBeHHaA 3KOCUCTEMA MALUMHHOro obyuyeHus
U UCKYCCTBEHHOro nHrennekrta PLAT

Busunbrep HOpuit BaneHtnHosuuy, a.¢.-m.H., npod. PAH,
ANPEKTOP NO HanpaB/EHUIO — PYKOBOAUTE/Ib HAYYHOIO KOMMIEKCa
«VICKYCCTBEHHbIN MHTENNEKT U TeXHUYecKoe 3peHne» PAY «locHUUAC», viz@gosniias.ru

PLAT-2023 CemuHap-KoHdpepeHuma «PLAT-2023»

Mocksa, locHUUAC, 15.02.2023




Aoknaguumk
HO.Busunnbrtep

AeMoHcTpauusa
M.MesfibHUYEeHKO

Aoknaguumk
Bb.BMWHAKOB

O yem mbl cerogHA paccka)kem
(O6wmm nnaH npeseHTaLMiM U A4eMOHCTpaLnii)

NMnratdopma-THC n skocucrema PLAT

* O Hac. Komnnekc «MUN n TexHnueckoe 3perHmne» locHUUAC. LTUN

* 3ayem u ana Koro paspabatbiBaetca natpopma-MHC

* OcHoBHble cocTtaBasaowme n uutepdenc Naarpopmoil {‘::?

* Yrto HOBOro ana nonb3osartensa B Nnarpopme sBepcun 2.0 «<ABTOMAT» {Z:?

* 3ambicen U NepcneKkTMBbl OTKPbITON A0BEPEHHOM SKOCMCTEMDbI PLAT

Mnatdopma 2.0: Hosoe anA nonb3oBatenei

* HoBble anieMmeHTbl UHTEpPdeElica nonb3osBaTens (+aemoHcTpauma)
* HoBble pyHKUUN NPUKIAAHBIX MAKETOB (+AeMOHCTpaLMA)

 (CpepacTBa aBTOMaTHU4YeCcKoro obyvyeHumsa (+aemoHcTpaums)

Mnatdopma 2.0: HoBoe ana paspaboTumKos

* CpepacTtBa BCTPaAMBAHUA U MHTETPALMN CTOPOHHUX PeLleHnit (+aemoHCcTpaLms)

 CpeactBa pa3paboTku peweHni B akocucteme MJAT (+aemoHcTpaums)

Ob6cyxaeHue u oTBeTbl Ha BONPOCHI



Komnnekc
«UCKYCCTBEHHbIU UHTENNIEKT U
TexHu4yecKoe 3peHue» locHUNAC

LleHmp mexHono2uli UCKYcCMBeHHO20

uHmennekma HALl «MHCcmumym umeHu
H.E. M{ykoacKkoeo» (LITUN)



1991 2011

Jlabopampus
«KomneromepHo2o
MAWUHHO20
3peHuAa»

8!

O Hac.

2016

HayanbHUK
nabopamopuu —
C.IO.}enmoe

UcTopua Konnektusea

2018

2020

2022



1991 2011

Jlabopampus
«KomneromepHo2o
MAWUHHO20
3peHuAa»

)

O Hac. OcHOBHbIe HanpaBaAeHUA NPUKAAAHDbIX 3a4a4

CUCcTeMbl TEXHUYECKOTO 3peHUA U TEXHUYECKOro KOHTPOIA

as‘roma‘msuposaunoro
BOMAEHMA BTOMOOMAEH

Allf ‘OCPUTMbI pEGNDHOIO BPEMEHM ON7 WHPOKOro
CnexrTpa npunomermu CUCTEM TEXHUHECKOIO 3pEHNA

2022



O Hac. OcHOBHbIe HanpaBaeHUA NPUKAAAHDbIX 3a4a4

CnCTeMbl TEXHUYECKOTO 3peHUA U TEXHUYECKOTO KOHTPOoNA

1991 2011

Jlabopampus
«KomneromepHo2o
MAWUHHO20
3peHuAa»

)

CucTemb! yAYULLIEHHOTO, CUHTE3UPOBAHHOMO U KOMOUHUPOBAHHOTO
BUAEHUA ANA CAMONETOB U BEPTONETOB

3agxaa -

NOSLALL CHHe
CHTYIUROHHOH
CCBEAOMN EHIOCTH
KA AN

np® noners n
nocagwe 8
OTPIHHNEHIBIX
YENOSHNK

SR SHMOCTH

YnyJyweHHoe eugeHue

Cm-n'eaupoaal-n-loe EMgeHue
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Cuctesa viyumennore ssyenns (CVH)

CHCTEMA CHRTEINPORIRNOTS
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KombuHupoeaHHoe engerune

2022



O Hac. OcHOBHbIe HanpaBaeHUA NPUKAAAHDbIX 3a4a4

CnCTeMbl TEXHUYECKOTO 3pEHUA U TEXHUYECKOTO KOHTPONA

B 5 cue . ’

s

1991 2011

Jlabopampus
«KomneromepHo2o
MAWUHHO20
3peHuAa»

Sk

doTtorpammeTpua, TEXHONOTUN DECKOHTAKTHbIX
uamepeHu, paborta ¢ 3D gaHHbIMM U MOAENAMM

CucTena peansroro EPSNERR ANR
XOOPOWHST CToik3 CESDHEISVEIX AETS
YRMODCHRE 3 POINLHOM 2DOMEHN
3D wOODAMHAT QYK TONCK CTRIND
CAIDHAICAMADE DETINCA

- Toumocrs - 00254

ToMn wepasA - 150 Ry
Paboras ofnacTs — 30G0mm
CxopocTe AvtMeHn: — 0o 150

mw/c

TEXHONOTHN NAIEPHOTO TRINHPOBIHIN
» ofpaborn xobnaxos rouexs
Cormanmauns 3D aanmsi
NocTpocun 3D MOCACA, TEKCTY DHDOBIHAS
OUDIATHLIA M DT

" ATOMITHIODNIA

aanbposea
ASTOMIATHIODLOS
pomoHn

NPOANCME! CTCPSO
QTCM DECTINSHIE

. ASTOMITHIADOBINHOS
TCACTY DHPODIHAS
MeTans nanyECHts
nanMsle 3D mopencd

Hosnaesc wsmepennit obsémos wrabenei
NECOMITEPHANOY
yhsmcpounta 3D x0opanMaT
TODUOR wTalons i
. TonocTs — 1.0 mm
. ASTOMATHICOLOS
BLOSNSHAS TODUOS
. Lranaaom sy
-120m
SOPMADIIINNG
ana @7C

2022



O Hac. OcHOBHbIe HanpaBaeHUA NPUKAAAHDbIX 3a4a4

DoTorpaMmeTpua, TEXHONOTUN BECKOHTAKTHbBIX
n3mepeHui, pabota c 3D AaHHBIMK U MOAENAMM

Croreua peanuroro speves ann EBEGES
o e 8

aETanSH

BMOMeTpM‘-leCKVIe TEXHOJ/IOTUUN U TNPUNTOKEHUA

Onut pazpaborku pewenunit 4ns GuomeTpun, engeoHabmogeHmua u cucTem naertudurkaumum ¢ 1994 r.

1991 2011 2022

Jlabopampus
«KomneromepHo2o
MAWUHHO20
3peHuAa»

Sk




O Hac. OcHOBHbIe HanpaBaeHUA NPUKAAAHDbIX 3a4a4

CnCTeMbl TEXHUYECKOTO 3pEHUA U TEXHUYECKOTO KOHTPONA

ABTOMaTUUECKOE OBHAPYKEHNE
~ BNMTs cAcTemax (VB

Cuctembl yny

DoTorpaMmeTpua, TEXHONOTUN BECKOHTAKTHbBIX
n3mepeHui, pabota c 3D AaHHBIMK U MOAENAMM

Crcreva peansworo Bpeverit ana

| | Texvonorm IDccamposainn

BomMeTpuyeckme TeXHOI0TUU U MPUIONKEHUA

1991 2011

Jlabopampus
«KomneromepHo2o
MAWUHHO20
3peHuAa»

Sk

2016

2018

2020

2022




O Hac. NMoapaspenerHune 3000. 10 net pesontouyuu N’HC

Inybokxe KOHBONIOLUMOHHbIE HEMPOHHBIE CETH — 2015-16: THC pewatoT Bce 3af,a4M KOMNbIOTEPHOTO SPEHUA
HOBOE NOKoNeHWe anropUuTMOB 06HApYIHEHUA U
nacnuauanauun 00beKTOB Ha uaoﬁnamenum

TnyGoxoe oﬁvm a0 nemamﬂmm mmmmo :umm f
obécneunsatdinan De3yALTaThl EN3YARLHOIO IACH03HABAHNA
CIABHHMBIE € e3YNLTATAMM UENOBRKA WAN /1aske TSRO0 ALINE ) .

2011: First Superhuman Visual Pattern Recognition

-
2

DUNbTPALMA LWYMOB

P g

et vt vt vt w

(€)@ V5] - FEmE

PacnosHaBaHue 1L, B CNOXKHbIX yciosuax (locHUMUAC-2015)

MpumeHenne meTopos rnybokoro obyuenns k 3afaye pacnosHaBaHus nny

~30 man
CpaBHeHHH B
cexynay anz 2000
OurHOrO mabnoHa

C Hbie wab. BbICOKas CKOPOCTb NOMCKA

| ~200man

CpaBHeHHil B
cexynay w200
GurrOro madnona

eparopa
Pacnosgasamme LFW:
200 6ur ~0.95

2000 6ur ~0.987

B ce ®MN-2015 Ha nyuwyo

. b OGS DA s & PO

1991 2011 2016 2018 2020 2022
Jlabopampus lModpa3zdeneHue 3000
«KomneromepHo20 «Cucmemeol
MAUWUHHO20 UHMen1eKkmyasnbHo20
3peHusa» QHA1U3a OGHHbIX,

mexHUYeCcKo20 3peHus,

yA1y4WeHHo20 U

CUHME3UpPOBAHHO20

° 8uOeHUA»

)




O Hac. I'Iop,pasp,enel-me 3000. 10 NIeT pesoNoUUN THC

2011-2021: pecatb NeT TEXHONOTMYECKOM pesonoummn s MU

a

o Aom

PanHuil nepuod paseumusa MH:

U e

ORMZaHHA
2000

b

JaBbieHHble

“3uma MH»
Mporuos:

n

E€pBan BONHA

2040+

«Kpusas xadna» dag MK
2016-17
- [nyBokWe COPEEHYHILUWECA CETH
- M0 c nogrpenaeHHen
- D € HCNONEI0BAHWEM MOgEneH,
Gaz IHAHWIA W NOTHHECKOTO BRIB0AE
- AsTomatuyeckoe obyvenne THC

CHCTeMBI TEXHUHECKOTO 3DEHIA W TEXHUYECKOTO KOHTPONA

peHuit, pabota ¢ 3D AaHHBIMM K MOAENAMM

BTOPaA BOMHA  Bea3agaun ik

MHTeI’IﬂeKTyaﬂbeleTeXHOﬂOI'MM Ha OCHOBe UCCe0BaHNIA U pa3p360TOK

-
Ha AYYWNIA
Bifeu sexmofopi

pesonoymn-FHC “THUF) |

DYHELMOHANEHEI
ui THC (e cnabeiin] MK

AﬂZOpUmeul HH cuney
0 om ARoam

Facnozxasasue [HHP-=0HP)

- MoaenexWe rayGokux HelporHsx ceTel [THC)
- PEWEHHE 3334 KOMNLIITERHO M IPEHKA,
obpaGoTRM CHIHANOE M aHANW33 GONLLIMK JaHHEDX
Ha3 YPOEHE HeNoEeKa W esiwe [superhuman)

2011-12

Mporuos: 2020+

...2011+: e ob. 1

POBANHOTO

" nwus c

2Du3D

IEEE Computer Society Workshop
an Bamatrics in congunction with CVPR 2016

Best Paper Award

Vary Visilar, Viadimir Govbatiench
Andney Voratnikes and Nikits Kearomer
S Reigarh bt of Avsics Syitems
(GaNUASL Moicow, Russia

Real Time Face identitication SRS
via CNN and Boosted Hashing Forest
lune 26, 2015

KOHKYPMPYIOLLMX CETeH
M ECCV 2018
o ok g 0 o
BEST PAPER AWARD
Viadiomir A Knlaz, Viedime V. Kakas, Fablo Rrmandioe

[mage-1>Vomel Model Tramslacien
wieh Condicional Advervarial Networks

s 54 M

- Aecatku npoextos POOU, PHS, MK
- Y4acTue 8 BegyLmux KOHGEepeHUMAX,

- Monorpaduu, y4ebubie nocobua
-2012-2022-6 300 Hay

| Pewenme locHWMAC:

HayuHble uccneosaHua 1 paspaboTrm

MHCKIX W
konpepexupit (T3CY, PSBB)

{100+ WoS/Scopus)

1991 2011

2011-2021:

2016

Jlabopampus
«KomneromepHo20
MAWUHHO20
3peHuUA»

&

\
[ModopazdeneHue 3000
«Cucmemol
UHMenn1eKkmyasnbHo20
OHOU30 OGHHbIX,

mexHuU4eCcKoeo 3peHusA,

yAy4weHHo20 U
CUHMEe3UpPOoBAHHO20
8UOEHUA»

2018

AECATb NeT TeXHonornyeckom pesontouunn 8 U

2020

2022




O Hac. KomnneKc « U n TtexHnuyeckoe 3peHmne» locHUUAC

TexHu4eckoe 3penue (CT3) Otpenenue 3000 Otpenenue 3100 MCKyCCTBEeHHBIN MHTennekT (MN)

«C «MUcKyccTBEHHDIM MHTENNEKT nogAaepXKa NPpUHATUA pemeHMVI
W afanu3 AaHHBI

yNy4LIEHHOE U CUHTE3UPOBaHHOE BUAEHUE

MalUMHHOe 0byueHue
obHapyKeHue n naeHTMPUKaumna o6bekToB

. 77T\ /@ rny6okoe o6yuyeHue HelpOHHbIX ceTei
KOMNJIEKCMPOBAHME MHOIOCNeKTpaibHOM s v
P - P 4 naboparopuu 6 naboparopui obyueHue c nogKkpenneHmem
M MHOTOKaHanbHOU MHPOpMmaLmmn 104 coTpyfHnka 113j€oTpyaHnkoB
N4 % aBTOmMaTuuyeckoe obyueHue

“u oBaAa @OoTorpammeTpua n sugeomeTpua o
4 ¢p ¢ P P A P UHTEeNNEeKTYya/ibHbIU aHAaNU3 AaHHDbIX

BUPTYya/ZibHaA U A0NOJIHEHHAA PeasibHOCTb 6MoMeTpuA M BUACOHABI0AEHME

aBTOMaTuuecKoe gewndpuposaHue MHTeNNeKTyaNbHaa poboToTeXHUKa

|

- 2011-2021: pecaTtb 1IeT TeXHONOTUYECKOU peBoatouuu B UA

1991 2011 2016 2018 2020 2022
|
Jlabopampus [ModpazdeneHue 3000 Hayy4Hbil KomrineKc
«KomneromepHo20 «Cucmemel «MIcKyccmeeHHbil
MAWUHHO20 UHMenneKkmyasnbHo20 - YHmMesnaexkm u
3peHua» QHAU3a OAHHBIX,
mexHu4yeckoe

MexHUYeCcKo20 3peHus,
yAy4UeHHOo20 U
CUHME3UpPOoBAHHO20

3peHue»

n 8UOEHUA»




O Hac. Kak mbl pa3spabaTtbiBanu MNnardopmy-rHC

oot ARG 135 0 i 2016+: Aaroputmbl 0BHapyKeHUA 1 pacrno3HasaHua 06 beKToB B

Y
= m& peanbHOM BpemeHu npu nomotim M'HC yxke paboTtator...

yYyyTeve

Lt ot ot et et w

o

1991 2011 2016

DPoHT: uua amy 6es 3D

2016: NPOBMEMbI Bueapenus THC:
LIBETOM yKa33Hbl KN3CChl OBBEKTOB: MENTbIi — - OMCYMCMeUEe OMEYECMEEHHBIX HEUPOSLIMUCAUMENe;
ﬂa6opampuﬂ noapasaae_ﬂe,./ue 3000 DpPOHETEXHUKE, KPaCcHbIH — CaMOAETbI, ronyBon — - omcymcemeue omeyecmeeHHozo 10 oGyyeHus fHC'
TPY30BMKH, CHHMI — BBTOMELUMHDI, 3E1EHbI - 110AM 4
«KomneromepHo20 «Cucmemeol AENCRCRaME (0 DORICE QAW ORI SERNer T
MAUWUHHO20 UHmens1eKmyasibHo2o L UHmMennekm u
3peHUA» aHanusa 00HHbIX,
mexHu4ecKoe
mexHuU4eCKoeo 3peHus,
3peHue»

yAy4UeHHOo20 U

CUHMe3upoeaHHoO20
[

n 8UOEHUA»




O Hac. Kak mbl pa3spabaTtbiBanu MNnardopmy-rHC

2016+: Anroputmbl 06HapyKeHUA U pacno3HaBaHuA 06beKToB B
peanbHOM BpemeHu npu nomoluy MHC yike paboTator...

LIBETOM YKa33Hb! KN3CCbl ODBEKTOB: MENTbIR —
DBPOHETEXHHUKE, KPaCcHbIi — CAMOAETbI, ronyBoi —
TPY30BHMKM, CHHUI — 3BTOMALLMHDI, 3E1EHbIN - T AN

2016: NPOBNEMbI sHeapenus MHC:

—omc N0 obyuenua FTHG

WHrerpupoeaHHas cpepa Heiipocetesoii pazpaborku «Mnardopma-rHC» (2018-2020)

| EQMHEA MHTEr

| = g «MnadgTopma-
"o THC»:

paspaboTaHa
DAY «focHWHACs
NpK NOALEPHKE
MuHnpomTopra

PaboTa ¢ ganHbiMmm

=
-

n 06y HC : -

=

Neelior

reVISION
Stack

AnnapatHas
peanu3sayma THC

Yu M| HH3A nAaT £
PazmeTumk (paboTa c BJ1)

*  Ceprudmumpyemeiii va HB ncxogHe kog

NOPT M2 o - = =

*  Hanu4ne TNOBBIX PELIEHMH AR OCHOBHIX Nopnemrnsaemsie OC: Windows, Linux, Astralinux ™
3aga4 ofyenna THC g, *B6-64, Inbipyc, (

- aresec NVidia CUDA, Nvidia Tesla Roch/HIP, FPGA Xillirx, odlras,

MpoekT «Mnhatpopma-rHC»

1991 2011

a3 da 0na oby THC

2016

Jlabopampus
«KomneromepHo20
MAWUHHO20
3peHuUA»

)

lModpa3zdeneHue 3000
«Cucmemel
UHMenneKkmyasnbHo20
OHO/U30 OGHHbIX,

Mpu noddepixcke MuHnpommopza Poccuu
I—

2018

mexHuU4eCKoeo 3peHus,

yAy4YweHHo20 u
CUHMEe3UpPOoBAHHO20
8UOEHUA»

2018-2020

2020

MpoekT «AsTomar-THC» (2021-2023): Hosble moaynum CMK «Astomat-THC»

CNO «Curuan-THC» - Hafop THNOBLIX
peweHni 418 06patoThi 0OHOMEDHBIX M
MHOTOMEPHBIX CHTHENO0E C LENBI PEILEHHA
3334 KNSCCHEHKE LMK, PETDECCHM,
YCTPEHEHHA WYMOB.

CNO =AsTo-THC» — 370 HaBop NpoOrpaMmHbIX MOgYNEH,
KOTOPbIENO3BONAKIT NONL30BETEND B 3BTOMSTHHYECKOM
pesume chopMHpPOBETE aprHTERTYPY THC

(B 33a3a4ax TP) v nogobpaTe oNTHMEBHBIE THIE PNapaMeT pbl
ofy4eHuA THC.

o wsabrm dats 34

e —_—
B~

. CNO «AyrmeHT-THC: —3T0 HaBop NpPOrpPaMMHbIX MOSYAEH,
— Feorarn

R
%\%‘;'—"\ 'K “?‘{ | iy KOTOPbIE HCNONB3YIOTCA B Npouecce ofy4enua ana
3 N ; it

. \\\\ X\\é{\_ b onpeg; onTl OH CTPETEMHH

YIMEHTaLHA (npeofpa3oBanui) K ofydaowed eoifopre.

CNO «CoseTHMe-THC: —370 Habop NporpammHbIX Mogynes, iim e E"! .
KOTOPbIE BHANHZHPYIOT LEACTEWA NONL30BETENA, POPMHPYIOTH = A [_] S | B “am
Bbl 43T NO/530BATENH0 CHTYETHEHbIE PEKOMEHIALMK Ha - || =l == o =
3Tanax NoAroTOBKH AaHHbIX, 06YHEHHA H TECTHPOBAHHA. L= _—

MpoeKT «AsTomat-FHC»

Mpu noodepxcke MuHnpommopaa Poccuu

= I

2022

Hay4Hbil Komnnekc
«MlckyccmeaeHHblIU
~—— UHMenneKkm u
mexHu4Yeckoe

3peHue»




O Hac. LleHTp TeXHONOrMu UCKYCCTBEHHOTO UMHTENIEKTa

Llenmp co30aH Ha b6a3e 0syx
UHcmumymos HUL| -

DAY «[ocHUNAC» u

DAY «LUUAM umeHu .U. bapaHosa».
ba3zoebie KomnemeHyuu —
UCKYCCMBEHHbIlU uHmennekm

u pacnpeodeneHHbIe
CyrnepKoMnbomepHsbie 8bl4UCAeHUS

2018

LleHmp mexHonozul
UCKYCCMBEHHO20

1991 2011 2016

|
Jlabopampus [MoopazdeneHue 3000
«KomneromepHo2o «Cucmemel
MAWUHHO20 UHMenneKkmyasnbHo20
3peHusa» QHAU3a OAHHBIX,

8!

mexHUYeCcKo20 3peHus,
yAy4YweHHo20 u
CUHMEe3UpPOoBAHHO20
suldeHUA»

—— UHmMennekma HUL|
«MlHCmumym umeHu
H.E. XKykoeckozo»

OOUH U3 K/1roYyeabix
npoekmoes LleHmpa :

gHedpeHue U @
COnposoMcoeHue

[Mnamaeopmesi-FHC

2020 2022

HayyHbilU KomrineKc
«MIcKyccmeeHHbIl

-~ UHMenneKkm u
mexHu4ecKoe
3peHue»




= 00 2

TexHOonoruyeckaa naatpopma
pa3sutua UN. bapbepbl U nepexoabl
3a4yem U 07189 K020 Mbl
pa3spabameisaem lNMaamegopmy-IHC



naBHbIN BONPOC: roaUTCA I HAaM TPaAULUUOHHbIN NyTb R&D B UN?

Kniouesas npobnema: 8 Poccum B AecATKM pa3 meHblue CpeacTs,
pecypcos u cneynanucrtos no UA, yuem B CLLUA n Kutae...

Mupamupa yenoBeuyecknx pecypcos -
ICCV-2019: 300+ ctaten ot CLLUA n Kutaa / meHee 10 n3 Poccum

YHUuBepcuteT/UHCTUTYT

PeweHue: Heobxoanmo co3gaTtb
eAUHYI0O MHTErPUPOBAHHYIO
TeXHONI0rM4YecKylo cpeay
noajepKKu paspabotok B obnactu
WU (FTHC), KoTopasa no3soauna 6bi
o06veanHUTL BCex pa3paboTumkos
MU B ONK 1 Tak 06patutb apdekKr
macwtaba cebe Ha nonb3y

YHurencurtetr/uHctuTvT

MNMporHos: B o6nactu paspabotku n
BHeapeHna U B KOHeuHble nsgenua
HaLWW pa3po3HEHHbIe U
Ma/lIouUC/IeHHble Pa3paboTumnKu
Bceraa 6yayr BbicTynartb Kak "'Manbiif
6usHec", Kotopbin U3-3a apdeKTa
macwtaba npourpbiBaeT KPynHbIMm

WHOCTPaHHbIM pa3paboTumkam.
T BTG

R T i d

YHuBepcutetr NI UHCTUTYT

Mpumep: NMupamupa pecypcos B 061acTn Hay4HbIX
uccneposaHuii B U (nnaepbl — CLUA 1 Kutait)

N _ &4 N
"3_'.3 \ LN

MN- -
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TexHonorunyeckas cpega (nnarpopma) ana npeogoneHmna 6apoepos

Mb! HU B Yem He ycTynaem 3apybeXKHbiMm pa3paboTunKam B niaHe TEXHONOTUN,
HO eCTb ecTb 06 beKTUBHbIE pecypcHble 6apbepbl, KOTOPbIE HY}KHO YYUTbIBATDb:
- OTHOCUTE/IbHaA Ma/IOYUC/IEHHOCTb U Pa306LEeHHOCTb Pa3pPaboTuMKOB;

- OTHOCUTE/IbHO MeHblle PUHAHCOBBIX U BbIYUC/IUTE/IbHBIX PECYPCOB.

TexHonornyecKkas cpega (nnardpopma) no3sonumr:

N - MaKCUManbHO 0baerynTb
coBmecTHOe UcnosibsoBaHue

- obecneunTb MMNOPTOHE3aBUCUMMOCTb
AlK F'HC gna npumeHeHus B OMNK

~ bapee
CnequeGQB‘ e

e A b
E ez s

o e B
- obecneunTb Hauckopeuwee //////////////////{{, N\ pecypcos CKT,
-‘: .'\“\\ Et\"t‘\\ \\
BHegpeHue cambix nepeaosbix MTHC SERE NPOEKTHYI0 U KOMaHAHYIo pabory,
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[ThaTpopma AnAa yCKopeHuna nepexoaos

O6HOBNAEMbBIV PENO3UUTOPUIA CpepcTBa TecTMpoBaHUA M 0TOOPa
NYYLWWUX METOLOB M NOAXO0A,08 NYYLIWX peLleHni

Hayka ANropuTMb|

BusHec /
HapoaHoe
X03AMCTBO

OlNK TpaHcdep

CepTnduLMpoBaHHble ONTUMM3MPOBaAHHbIE
MOZY/ M MoZay M

eneso

OueHKM bbICTPOAEMCTBMA U yUeT
ocobeHHOCTEN peannsalmm

MpunoxeHna

YyeT ocobeHHOCTeN NPUKNALHOM
obnactu 1 3agaun

LLInpoKuit n yaobHbIM Habop
WHCTPYMEHTOB

Pa3paboTtymkm

Bo3morHocTb paspaboTku FTHC
CNOMHbIX CTPYKTYP

NpodeccmoHansl
Data Science

PectopaH

OTeyecTBEHHOE 3apybekHoe

TpaHcdep

NoanepKa,
ONTUMM3ALMA

MoaaepKa,
MMMOPT/3KCnopT

JKCNAyaTaHTbI

(Lifelong Learning)

MpocTble U 3$pdeKTUBHbIE CpeacTBa
A006yyeHns

NHXeHepbl
M NONb30BaTENN

Ha6op rOTOBbIX NPOEKTOB,

BM3ya/IbHOE NPOrPaMMMUPOBAHME

Upena npoeKTa HUKOrga He 3aK/1iouasiacb B NPOCTOM «3amelleHun» umnopTtHoro MO.
3agauya cocTosna B TOM, YTODObl CO34aTb TEXHONIOrMYECKYI0 cpeay, MaKCMMa/IbHO YCKOPAIOLLYIO OTeYeCTBEHHbIe
pa3paboTKK KU NpaKTUUEeCKMe BHeAPEeHUSA 3a CHYeT NpeoaosieHUA 6apbepos U NoAAepPKKU Nepexonos



[ThaTpopma AnAa yCKopeHuna nepexoaos

O6HOBNAEMbBIV PENO3UUTOPUIA CpepcTBa TecTMpoBaHUA M 0TOOPa
NYYLWWUX METOLOB M NOAXO0A,08 NYYLIWX peLleHni

Hayka ANropuTMb|

| A

BusHec /
HapoaHoe
X03AMCTBO

ONK

CepTnduLMpoBaHHble ONTUMM3MPOBaAHHbIE
MOZY/ M MoZay M

«

MpunoxeHna

YyeT ocobeHHOCTeN NPUKNALHOM
obnactu 1 3agaun

eneso

OueHKM bbICTPOAEMCTBMA U yUeT
ocobeHHOCTEN peannsalmm

LLInpoKuit n yaobHbIM Habop
WHCTPYMEHTOB

Pa3paboTtymkm

Bo3morHocTb paspaboTku FTHC
CNOMHbIX CTPYKTYP

NpodeccmoHansl
Data Science

PectopaH

OTeyecTBEHHOE 3apybekHoe

TpaHcdep

NoanepKa,
ONTUMM3ALMA

MoaaepKa,
MMMOPT/3KCnopT

JKCNAyaTaHTbI

(Lifelong Learning)

MpocTble U 3$pdeKTUBHbIE CpeacTBa
A006yyeHns

NHXeHepbl
M NONb30BaTENN

Ha6op rOTOBbIX NPOEKTOB,

BM3ya/IbHOE NPOrPaMMMUPOBAHME

Upena npoeKTa HUKOrga He 3aK/1iouasiacb B NPOCTOM «3amelleHun» umnopTtHoro MO.
3agauya cocTosna B TOM, YTODObl CO34aTb TEXHONIOrMYECKYI0 cpeay, MaKCMMa/IbHO YCKOPAIOLLYIO OTeYeCTBEHHbIe
pa3paboTKK KU NpaKTUUEeCKMe BHeAPEeHUSA 3a CHYeT NpeoaosieHUA 6apbepos U NoAAepPKKU Nepexonos



[ThaTpopma AnAa yCKopeHuna nepexoaos

O6HOBNAEMbBIV PENO3UUTOPUIA CpepcTBa TecTMpoBaHUA M 0TOOPa
NYYLWWUX METOLOB M NOAXO0A,08 NYYLIWX peLleHni

Hayka ANropuTMb|

.

BusHec /
HapoaHoe
X03AMCTBO

ONK

CepTnduLMpoBaHHble ONTUMM3MPOBaAHHbIE
MOZY/ M MoZay M

| 2

eneso

OueHKM bbICTPOAEMCTBMA U yUeT
ocobeHHOCTEN peannsalmm

MpunoxeHna

YyeT ocobeHHOCTeN NPUKNALHOM
obnactu 1 3agaun

LLInpoKuit n yaobHbIM Habop
WHCTPYMEHTOB

Pa3paboTtymkm

Bo3morHocTb paspaboTku FTHC
CNOMHbIX CTPYKTYP

NpodeccmoHansl
Data Science

PectopaH

OTeyecTBEHHOE 3apybekHoe

TpaHcdep

NoanepKa,
ONTUMM3ALMA

MoaaepKa,
MMMOPT/3KCnopT

JKCNAyaTaHTbI

(Lifelong Learning)

MpocTble U 3$pdeKTUBHbIE CpeacTBa
A006yyeHns

NHXeHepbl
M NONb30BaTENN

Ha6op rOTOBbIX NPOEKTOB,

BM3ya/IbHOE NPOrPaMMMUPOBAHME

Upena npoeKTa HUKOrga He 3aK/1iouasiacb B NPOCTOM «3amelleHun» umnopTtHoro MO.
3agauya cocTosna B TOM, YTODObl CO34aTb TEXHONIOrMYECKYI0 cpeay, MaKCMMa/IbHO YCKOPAIOLLYIO OTeYeCTBEHHbIe
pa3paboTKK KU NpaKTUUEeCKMe BHeAPEeHUSA 3a CHYeT NpeoaosieHUA 6apbepos U NoAAepPKKU Nepexonos



[ThaTpopma AnAa yCKopeHuna nepexoaos

O6HOBNAEMbBIV PENO3UUTOPUIA
NYYLWWUX METOLOB M NOAXO0A,08

Hayka

CpepcTBa TecTMpoBaHUA M 0TOOPa
NYYLUKX peLleHni

Anroputmbl

BusHec /

ONK ([T ) weponvoe

CepTMdULMPOBaAHHbIE

MOZYNM

eneso

OueHKM bbICTPOAEMCTBMA U yUeT
ocobeHHOCTEN peannsalmm

X03AMCTBO

OI'ITVIMM3MpOBaHHbIe

mozyu

MpunoxeHna

YyeT ocobeHHOCTeN NPUKNALHOM
obnactu 1 3agaun

LLInpoKuit n yaobHbIM Habop
WHCTPYMEHTOB

Pa3paboTtymkm

Bo3morHocTb paspaboTku FTHC
CNOMHbIX CTPYKTYP

NpodeccmoHansl
Data Science

PectopaH

OTEYECTBEHHOE TpaHcdep 3apybexHoe

NoanepKa, MoaaepKa,
ONTUMM3aLUA MMNOpPT/3KcnopT

JKCNAyaTaHTbI NHXeHepbl
(Lifelong Learning) M NONb30BaTENU

MpocTble 1 3 deKTUBHbIE CpeacTBa Habop roToBbIX NPOEKTOB,
A006y4eHus BY3ya/ibHOE NPOrPamMMUpPOBaHUe

Upena npoeKTa HUKOrga He 3aK/1iouasiacb B NPOCTOM «3amelleHun» umnopTtHoro MO.
3agauya cocTosna B TOM, YTODObl CO34aTb TEXHONIOrMYECKYI0 cpeay, MaKCMMa/IbHO YCKOPAIOLLYIO OTeYeCTBEHHbIe
pa3paboTKK KU NpaKTUUEeCKMe BHeAPEeHUSA 3a CHYeT NpeoaosieHUA 6apbepos U NoAAepPKKU Nepexonos



[ThaTpopma AnAa yCKopeHuna nepexoaos
Bo3morHocTb paspaboTku FTHC

O6HOBNAEMbBIV PENO3UUTOPUIA CpepcTBa TecTMpoBaHUA M 0TOOPa
NyYqWwmnx meTogoB 1 noaxoa08 JIY4LnX peIJJEHVIVI CNOMHbIX CTPYKTYP
Hayka Anroputmbl [podeccnoHansl
Data Science

LLInpoKuit n yaobHbIM Habop
WHCTPYMEHTOB

Pa3paboTtymkm

PectopaH

BusHec / A
oK Toarcdep apoproe | oresecroenvoe (M) sapyGenros
X03AMCTBO N 4

CepTnduLMpoBaHHble ONTUMM3MPOBaAHHbIE
MOZY/ M MoZay M

NoanepKa,

MoaaepKa,
OoNnTMMM3aLMA

MMNOpPT/3KcnopT

JKCNAyaTaHTbI
Keneso MpunoxeHun (Lifelong Learning)

OueHku bbICTPOAEMCTBUSA U y4ET YueT ocobeHHOCTel NPUKNaAHON
ocobeHHOCTEN peannsalmm 061acT¥ 1 3afa4u

NHXeHepbl
M NONb30BaTENN

MpocTble 1 3 deKTUBHbIE CpeacTBa Habop roToBbIX NPOEKTOB,
A006y4eHus BY3ya/ibHOE NPOrPamMMUpPOBaHUe

Upena npoeKTa HUKOrga He 3aK/1iouasiacb B NPOCTOM «3amelleHun» umnopTtHoro MO.
3agauya cocTosna B TOM, YTODObl CO34aTb TEXHONIOrMYECKYI0 cpeay, MaKCMMa/IbHO YCKOPAIOLLYIO OTeYeCTBEHHbIe
pa3paboTKK KU NpaKTUUEeCKMe BHeAPEeHUSA 3a CHYeT NpeoaosieHUA 6apbepos U NoAAepPKKU Nepexonos



[ThaTpopma AnAa yCKopeHuna nepexoaos

O6HOBNAEMbBIV PENO3UUTOPUIA CpepcTBa TecTMpoBaHUA M 0TOOPa
NYYLWWUX METOLOB M NOAXO0A,08 NYYLIWX peLleHni

Hayka ANropuTMb|

BusHec /
HapoaHoe
X03AMCTBO

OlNK TpaHcdep

CepTnduLMpoBaHHble ONTUMM3MPOBaAHHbIE
MOZY/ M MoZay M

eneso

OueHKM bbICTPOAEMCTBMA U yUeT
ocobeHHOCTEN peannsalmm

MpunoxeHna

YyeT ocobeHHOCTeN NPUKNALHOM
obnactu 1 3agaun

LLInpoKuit n yaobHbIM Habop
WHCTPYMEHTOB

Pa3paboTtymkm

Bo3morHocTb paspaboTku FTHC
CNOMHbIX CTPYKTYP

NpodeccmoHansl

Data Science '

PectopaH

OTeyecTBEHHOE 3apybekHoe

NoanepKa,
ONTUMM3ALMA

MoaaepKa,
MMMOPT/3KCnopT

‘ NHXeHepbl

JKCNAyaTaHTbI
(Lifelong Learning) M NONb30BaTENU
MpocTble 1 apbekTUBHbIE CpeacTBa Habop roToBbIX NPOEKTOB,

A006yyeHns

BM3ya/IbHOE NPOrPaMMMUPOBAHME

Upena npoeKTa HUKOrga He 3aK/1iouasiacb B NPOCTOM «3amelleHun» umnopTtHoro MO.
3agauya cocTosna B TOM, YTODObl CO34aTb TEXHONIOrMYECKYI0 cpeay, MaKCMMa/IbHO YCKOPAIOLLYIO OTeYeCTBEHHbIe
pa3paboTKK KU NpaKTUUEeCKMe BHeAPEeHUSA 3a CHYeT NpeoaosieHUA 6apbepos U NoAAepPKKU Nepexonos



[ThaTpopma AnAa yCKopeHuna nepexoaos
Bo3morHocTb paspaboTku FTHC

O6HOBNAEMbBIV PENO3UUTOPUIA CpepcTBa TecTMpoBaHUA M 0TOOPa
NYYLWWUX METOLOB M NOAXO0A,08 NYYLIWX peLleHni C/IOMKHBIX CTPYKTYP WHCTPYMEHTOB

Hayka Anroputmbl NpodeccmoHansl Pa3paboTtunkm

Data Science ‘

LLInpoKuit n yaobHbIM Habop

PectopaH

BusHec /
ONnK Tpchq)ep HapogHoe OTeYeCTBEHHOe
X03AMCTBO

CepTnduLMpoBaHHble ONTUMM3MPOBaAHHbIE
MOZY/ M MoZay M

3apybexHoe

NoanepKa, MoaaepKa,
ONTUMM3aLUA MMNOpPT/3KcnopT

JKCNAyaTaHTbI ‘ NHXeHepbl
Reneso MpunoxeHua (Lifelong Learning) W NONb30BaTENM
OueHku 6b|CTpO§EMCTBMﬂ nyder YyeT ocobeHHoCTe ﬂpVIKﬂa,ﬂ,HOD‘I |'|p0CTb|e U 3¢¢EKTV|BHb|e cpeAacTsa Ha60p FOTOBbIX NPOEKTOB,
ocobenriocrertpearysauyv 06nacTit 1 3agauu £,006yyeHus BM3Ya/bHOE NPOrPaMMUpPOBaHMe

Upena npoeKTa HUKOrga He 3aK/1iouasiacb B NPOCTOM «3amelleHun» umnopTtHoro MO.
3agauya cocTosna B TOM, YTODObl CO34aTb TEXHONIOrMYECKYI0 cpeay, MaKCMMa/IbHO YCKOPAIOLLYIO OTeYeCTBEHHbIe
pa3paboTKK KU NpaKTUUEeCKMe BHeAPEeHUSA 3a CHYeT NpeoaosieHUA 6apbepos U NoAAepPKKU Nepexonos



[ThaTpopma AnAa yCKopeHuna nepexoaos

YpoBeHb paboTbl C KOAOM

O6HOBAAEMbIV PENO3UUTOPUI CpeacTsa TeCTMpOBaHMA M 0TOOpa Bo3morHocTb paspaboTku FTHC PectopaH LLInpoKKi 1 yaobHbIA Habop
NYYLWWX METOL,0B U MOAX0A0B NYYLINX peLleHni CNIOHbIX CTPYKTYP ® WHCTPYMEHTOB
x1000 ﬂ‘
Hayka Anroputmbl NpodeccroHa :
Data Science

BusHec /
ONnK Tpchq)ep HapogHoe OTeYeCTBEHHOe
X03AMCTBO

CepTnduLMpoBaHHble ONTUMM3MPOBaAHHbIE
MOZY/ M MoZay M

3apybexHoe

NoanepKa,
ONTUMM3ALMA

MoaaepKa,
MMMOPT/3KCnopT

3apaumn, TpeboBaHuA

BMHOMAd 3199010

JKCNAyaTaHTbI NHXeHepbl
Reneso MpunoxeHua (Lifelong Learni nonb3oBaTeNu
OueHku 6b|CTp0AEMCTBMﬂ ny4er YyeT ocobeHHoCTe ﬂpVIKﬂa,ﬂ,HOD‘I I'lpOCTble U 3¢¢EKTV|BHb|e cpeac o Ha60p FOTOBbIX NPOEKTOB
ocobeHrocre/ipeazysauyv 06nacTi v 3a4a4u £,006y4eHns BU3ya/IbHOE NPOrpaMMUpOBaHHe

YpoBeHb paboTbl C FOTOBbIMM TUMOBbLIMU PELIEHUAMMU

Upena npoeKTa HUKOrga He 3aK/1iouasiacb B NPOCTOM «3amelleHun» umnopTtHoro MO.
3agauya cocTosna B TOM, YTODObl CO34aTb TEXHONIOrMYECKYI0 cpeay, MaKCMMa/IbHO YCKOPAIOLLYIO OTeYeCTBEHHbIe
pa3paboTKK KU NpaKTUUEeCKMe BHeAPEeHUSA 3a CHYeT NpeoaosieHUA 6apbepos U NoAAepPKKU Nepexonos



YTo npeacrasnaer cobou
Mnatdpopma-THC
Obuwasa xapakmepucmuKa



YHUpMumpoBaHHaa nnatpopma HempocetTeBon pa3paboTku «lMnatpopma-MHC»

UHTerpupoBaHHana cpeaa

PaboTa ¢ AaHHbIMKU I O i O
A P

L8 aE

. 5 14 E
S~ L11a APM PaspaboTtumKka
WUDIVIVIDUDCO Y

[MpnKnaagHble NakeTbl Cpeactsa
* [oTOBble TMMNOBbIE peLleHUn BCTPanBaHUA
* WHTerpupoBaHHble pelleHun peLweHnin

* [onb30BaTeNbCKME pelleHuns PlatformAPI

" i

n obyueHune THC

peanusauymua rHC

APM AgmuHuctpatopa

___spewwe || curnanos

YHudUuumposaHHasa naatpopma

CpeacrtBa annapaTHOW Bubnmnorteka malnMHHOro
peanusauunm obyyeHusa (bpenmBopk)
PlatLib

| obyuenme |
'
€22(1BUC

epTnouuunpyembin Ha A4 Db UCXOA4HbIUN KOA

M3Kue TpeboBaHUA K KBaIUPUKaLuUn UTF




Obuwana cTpykTypa Nnatdopmbl

, Vue.Js KnneHtckme Sananis —
APM 3

Pe3ynbTaThl
Nnatdopmbl B Y N CeamEn B g
GUI uHTErpupoBaHHOMU cpeabl >
: : pup , PEA HTTP/HTTPS [Mnatpopmbl £ =
Linux, Windows, Astra-Linux, CentOS Ubuntu. Astra-Linux. CentoS T o
7 /l m —
) ©
APM APM & S [ MAaHUPOBLUMK ] 8_ 2
Pa3paboTtymka AOAMUHUNCTPATOpPA = 3a43HUM E .8.
- Q. =
qg iHTTP/HTTPs O S
~~ — HE) cC =
- 8 © o
5 o BbluncnnTenbHble E T
BbicTpoe dannosoe Q =
XpaHuauLe 1€ Y3/1bl 3: %
v Nvidia, ..., o E
daunnosble XpaHUnnLla HTTP/HTTPS Anbbpyc+tNM6408 o ©
=
XpaHunnuuie 3apaHuA 8
pPasmeyeHHbIX AaHHbIX l( 9- > N\ Q:J
(aHanor Amazon 3D) Bubnuoreku Q
L ] | MalWMHHOro obyyeHus | =]




KaK BbIrNAONT MHTerpVIpOBaHHaFI cpe,u,a |_|J'IaT(|)OprI ANA NO21b30BaTe A
- T T T T T T T T T T AN T T T T T OCHOBHbIE 3/1eMeHTbI
Pabota c gaHHbIMU .
KIMEHTCKUX NPUNOKEHUN

PASMETYUK
CUrHANOB

PEAAKTOP
BbIBOPOK U
AYITMETALUN

PASMETYUK
U30BPAXEHUN

NPOEKTOoB

| PasmeTKa
| BbI6OpKY
| AyrmeHauum

——————— 3arpysumK

$UNbTP TEM NPOEKTOB,
rpadpumyeckan CTaTUCTUKa No

I
I
| ApmuHuctpartop
I
I
I

UHTepdeiic
aBTOpM3aLUn

MOAY/b
PABOTbHI
C KoOaom

: Pa6oTa c R :
PeWeHnaMN — onyn |
| PAGOTbI MOAY/b
C TMNOBbIMU BU3YAZIbHOTO I AamMmuHUcTpaTtop
| PELLEHMAMM NMPOrPAMMM- | pPecypcos
| POBAHUA |
I |
I

| dopmuposaHue,
| obyuyeHue n annaparHan

| | KoHTpoAnb 1 pacnpepeneHue pecypcos
| peanusauus NHC

| KoHTpoab focTyna K AaHHbIM U NPOEKTam
| I—



PA3METHYMK
MU30BPAXEHUN

MOAY/1b PABOTbI
CTMNOBbIMU
PELLEHUAMU

PASMETYMK
CUTHA/NIOB

3arpysumkK

$uUnbTp TEeM NPOEKTOB, rpaduyeckasn
CTAaTUCTUKA NO NPOEKTam

MOAY/1b PABOTbI
CKogom

MHTerpupoBaHHaAa cpeaa MNaatdopmbl: 3arpysymk

PEOAKTOP
BblEOPOK U
AYIMETAUUMA

MOAY/b
BU3YA/IbHOTO
NPOTPAMMMU-

POBAHMS

Bbi6op TeMbl MpoeKkTa

CTaTyc NpoeKTa (He BbibpaHo)

JedonTHaa Tema

CraTycbl npoekToB: *1 =1 =9

£ 25 baz2 JaHHbIX

b 0 € 8w

Knaccudukaums

B 3T0i4 Teme BCe CTyeHYecKue
NpOeKTHI

CTaTychl NPOEKTOB OTCYTCTBYIOT

£ 4 Baz jaHHBIX

o ® OB 1w

CermeHTauumsa

TecToBas Tema
CTaTychl NPOEKTOB OTCYTCTBYIOT

£ 1 ba3 paHHeIX

NG RO I

Knacc npoekTa (He BbiGpaHo)

Monynb

Tema Ana TeCTUPOBaHWUS BBeALHUSA
HOBOr0 TWMNa pa3MeTKK IMHUAMA

CTaTychl NPOEKTOB OTCYTCTBYIOT

£ 2 ba3s paHHbIX

b 0 @ 8w

O[HOMEPHLIE CATHal bl

CTaTychl NpoeKToR: * 2

£ 4 ba3 JaHHbIX

NG RO I g

CTaTychl NPOEKTOR OTCYTCTBYIOT

£ 2 ba3 gaHHBIX

NG IO B

3arpysuMk

TWN NpoekTa (He BbIGpaHo)

ObHapy>XeHune

elbrus
CTaTychl NPOEKTOB OTCYTCTBYIOT

£ 7 ba3 JaHHBIX

b 0@ 8w

CTaTychl NPOEKTOR: * 2 o1

£ 3 ba3 JaHHbIX

NG IR R

TecT kKoga
3[eck TECTUPYEM KoJl
CraTychl NpoeKkToR: *2 ¢1 =2

£ 1 ba3 faHHEIX

NG RO B

Noaxioveno O @ * 6

.1l MokasbiBaTh: CHauana HoBble

TecTsl MnaTdopma
AnaA uenen TecTMpoOBaHUA
CraTycbl NnpoexkToB: 19 4

£ 58 baz2 faHHeIX

b 00 € 8w

PenepHele 3TaNoHbI

testl2
CTaTychl NPOEKTOR OTCYTCTBYIOT

£ 1 ba3 JaHHbIX

NG AR IR g

SKcnepuMeHTa/lbHasa TeMa

CraTychl npoekToR: * 1 L

£ 3 ba3 faHHEIX

NG IR B

Q

x

AAMUHUCTpaTOp
pecypcos

AaMUHUCTPaTOp
NpPOEeKTOoB

PaboTta B MnaTtdopme HaumHaeTca ¢ BbiIbopa UaM co3aaHnsa TeMbl. BHYTpM Tembl CO34at0TCA NPOEKTDI.
MpoeKT BKAtoYaeT apxmuTeKTypy M'HC, 6a3bl aHHOTUPOBAHHbIX AaHHbIX 418 06Y4EeHUA N TECTUPOBAHMA,
a TaK)Ke a/IfoOPUTMbl U HACTPOMKM NapameTpoB Ana 0b6yyeHuA. MPoeKT XpaHUT BCIO UCTOPUIO paboTbl

3ananue

3anyck #1
ApxuTekTypa
MNapameTpbl
BbibopKu
AyrmeHTauma

3aganmne

3amyck #2
ApXUTeKTypa
MapameTpsl
Bbi6opKM
AyrmeHTaumA

3apanme

3amyck #3
ApXuTeKTypa
MapameTpol
BbibopKku
AyrmeHTaumA

3amanmne

3amyck #4
ApxuTeKTypa
MapameTpsl
BblbopKuM
AyrmeHTaumA




NHTerpupoBaHHana cpena Nnatdopmbl: Cpeactsa pasmeTKU AaHHbIX

Hrops BusTopoaus Weson oo ESC.50 o [Ciassication] e— Hropm Barropomea oy fo_F5C 50 traky  [Chosiication] *~— o

PASMETYHUK

CUTHANOB r
N

PASMETYMK Y PEOAKTOP
U30BPAKEHUN BbIBOPOK U
AYIMETAUUMA

3arpysumkK

$uUnbTp TEM NPOEKTOB, rpapuyeckasn
CTAaTUCTUKA NO NPOEKTam

MOAY/b

BU3YA/IbHOTO

NPOTPAMMMU-
POBAHMS

MOAY/1b PABOTbI
CTMNOBbIMU
PELLEHUAMU

MOAY/1b PABOTbI
CKogom

AgMUHUCTpaTOp AaMUHUCTPaTOp
pecypcos NpPOEeKTOoB

YHUPUUUNPOBAHHbIN popmaT pa3meTKa npeaBapuTesibHO
obyyeHHOW ceTblo

MMMNOPT Pa3MeTKK

penakTnpoBaHUE PasmMeTKN CO34aHWne PasMeTKn cnexeHmem ot

OAHOro M306parXKeHUA K Apyromy
CO34aHNe HOBOW Pa3METKM




MHTerpupoBaHHana cpeaa MNnatpopmbl: PeaakTop BbIOOPOK U ayrMeHTau M

Wropb BukTopoeuy ViBaHoB ® [loaxniouyeHo

BA3bl JAHHbIX
PASMETYMK CratucTtmka DUNbTPLI AyrmeHTauumn
CUrHANOB

PASMETYUK PEOAKTOP Basol fiaiHbix BbiGopKie CTaTMCTKa M0 KONIMUECTBY KITaCCOB M306paXeHuit

MU30BPAXEHUN BbIBOPOK M
AYFMETAUUMA
i Car-33

mmm Helicopter - 22
mm Plane - 63
1 for_test markup_detection - 8.3% T Tank - 25

3arpysumk = k- 13
$UNbLTP TeM NPOEKTOB, rpaduyeckas Ll gl 4 2% ‘

CTAaTUCTUKA NO NPOEKTam 1 _test mpi_v2 -4.2%

MOoaY/ib
MOAY/b PABOTbI BU3YA/IbHOTO et o e B35

CTMNOBbIMU NPOrPAMMMU-
PELLEHUAMU POBAHMS

MOAY/1b PABOTbI
CKoAOM

AgMUHUCTpaTOp AaMUHUCTPaTOp
pecypcos NpPOEeKTOoB

Bbibop npeobpasoBaHnit noaxoaawmx ans [oCTynHbl AN U3MEHEHUS:

peanbHbIX AAaHHbIX
CmeweHunsa KoHTpacTHOCTb

Busyanusayma npeobpasoBaHmi MoBopoThI HacblWweHHOCTb
OTparkeHuna OTTeHOK
MacwTab NHBepcus
ApKocTb CykeHue

Cnucok npeobpasoBaHUi s moayna
aBTOMATM3MPOBAHHOIO NPMMEHEHUA ayrMeHTaLnm

HacTpolika Luenoyku npeobpasoBaHnii Pe3KkocTb rpagauuu useta




MHTerpmupoBaHHada cpena MNnatdopmbl: Moaynb paboTbl C TUNOBLIMU PELLIEHUAMM

PASMETYMK
CUTHA/NIOB

PA3METHYMK PEOAKTOP
MU30BPAXEHUN BbIBOPOK M
AYIMETALMIA

3arpysumkK

$uUnbTp TEM NPOEKTOB, rpapuyeckasn
CTAaTUCTUKA NO NPOEKTam

MOAY/b

BU3YA/IbHOTO

NPOTPAMMMU-
POBAHMS

MOAY/b PABOTbI
CTMNOBbIMU
PELLEHUAMU

MOAY/1b PABOTbI
CKoaom

AAMUHUCTpaTOp AAMUHUCTpaTOp
pecypcos NPOEKToB

Cpok obyueHus — 3 gHA

# Hactpoiikn ceTn B BuiBopka gns obyqenna

AgMuHACTPATOP
lab3010 Octioga cetn resnet50 train

8 MPOEKT Paauep u3obpaxeHnit 300x300 541 9 ?;uﬁg:ifwma

BLIEOPKA CocTaB BbIGOpKM
OBYHYEHWE

TECTUPOBAHWE

MPOLLIMBKA

N 100.0% Cton(obyveHune)
fAon. napameTpil...

® Npowmska {3 Mapawmerpsl 06yqeHns

H Buibopka gns TecTupoBanms

~ task_4

~ task 3
PasMeueHHLIX
06bekToB v task_2

~ default_task(1)

O6bEKTOB Mo Klaccam + task_1

default_task

P Obyuerve

MuHumanbHble TpEGOBaHMﬂ K nonb303a'remo

Lienesoii NMA koMniekc (W LAETr eI

+ Habop FOTOBLIN: TUNOBLIX PELICHUA 5
+ NaKeT 33ay, TeXHUYECKOTO 3pei£mwea'"“'°‘

Paamep Barua

KOSt il

BbI0OpKM (0bY!./BANKA.) 9,8C

+ pacnpeaeneHHoe obyueHue
+ OLleHKa Npon3BoAUTE/IbHOCTHU

Ipadukm obyyeHus

u cls loss
= cls val loss

® loc loss
loc val loss
= total loss

total val loss

Bua YeHus

15 0
ELT

100%

> Crapt

O6yueHuWe 3aBepLIEHD

v' Co3paHue n mogudukaLma BbIBOPKM

Co3pgaHue 3aga4 gna obyyeHums
N TECTUPOBAHMSA

HacTpoiika 1 3anyck obyyeHus 3agay

3apaHuve u NMPOCMOTP HACTPOEK CETU

OTobparkeHune rpadumka obyyeHus
M cTaTyca 3aga4yu

CTaTyc U CTaTUCTUKM No 6a3e AaHHbIX

3anycK reHepaumu NPOLWKNBKK ANA
0by4yeHHOW 3a4a4n U BbIBPaHHOMN
APXUTEKTYpbI




MHTerpupoBaHHana cpeaa lNaatdopmbl: BusyanbHoe nporpammmpoBaHue

4 Busyansbiii npoexr stest 31-01»

PASMETYMK .

CUTHANOB AaMuHUCTpaTop

DOYHKLUA NOTEPb

23

PASMETYMK PEQAKTOP NOTVKA

MU30BPAXEHUN BbIBOPOK M
AYIMETALMIA

CETb

SO
wiovgdauky

£

CTATUCTUKA

FEHEPATOP

3arpysumkK

$uUnbTp TEM NPOEKTOB, rpapuyeckasn
CTAaTUCTUKA NO NPOEKTam

BA3A IAHHbIX
CYMEPB/IOKA

MOAY/b

MO/Y/b PABOTbI R

C TUNOBbLIMU TR
PELLUEHMAMM SRR

TECTUPOBAHUE

OINTUMU3ATOP

2 % & M < |

%‘?

MOZAY/1b PABOTbI + BU3ya)

CKogom

+ pobaBneHme NoNb30BaTE/IbCKUX CI0EB
+ HarnagHoe npeactasneHue FrHC

AAMUHUCTpaTOp AaMUHUCTpaTOpP Wtepauwn: 100 us 100 A

pecypcos NpoeKToB

Busyanusayma npouecca obyyeHus
He TpebyeT HaBbIKOB NPOrpaMmMpPOBaHMS

HarnagHoe npeacrasjieHuUe npoLecca

0byyeHus 3agaHne GyHKUMIM NoTepPb U METOA0B
obyyeHuA
Bbibop ceTtu Y

Bbi6op 6a3bl AaHHbIX Co3paHune Nonb30BaTeNbCKUX CNOEB




NHTerpuposaHHas cpeaa Naatpopmbl: Moaynb paboTbl ¢ Kogom (= >pa3pa60TqMKaM)

PASMETYMK
CUTHA/NIOB

PASMETYUK PEOAKTOP

MU30BPAXEHUN BbIBOPOK M
AYIMETALMIA

3arpysumkK

$uUnbTp TEM NPOEKTOB, rpapuyeckasn
CTAaTUCTUKA NO NPOEKTam

MOAY/b
BU3YA/IbHOTO
NPOTPAMMMU-

MOAY/1b PABOTbI
CTMNOBbIMU

PELLEHUAMMU POBAHMS
MOAY/1b PABOTbI L

CKoAOM

AgMUHUCTpaTOp AaMUHUCTPaTOp
pecypcos NpPOEeKTOoB

MpoekT «28-06-coden

AgMuHACTPATOp

lab3010 -

oo

e e 1 import math
2 import time

3 import random
4

5 import

KOZ|
BbIBOPKA

OBYHYEHWE

8 def main() -> None:

9 params = get_dashboard_settings()
10
1
12 generate_dataset(dataset)

13

14 save_progress_for_platform(0.0)
15

16  for epoch in range(1, params[ T+1):

MaKcumanbHble TpeboBaHMA. K.padpaboTunky:

+ HanucaHue Koaa Ha Asbike python oo

dataset = get_dataset_by_name(params[

NoaknKYeHo

+ oTeyecTBeHHan 6 ﬁﬂlﬂ@lﬁ:ﬂahﬂﬁyquMﬂ PlatLib

24 epochs = params[

+ BO3SMOX>XHOCTb Ha ﬂGa‘HFMﬂssfFHﬂOBﬁIX PELLIEHMM

26 iters = len(dataset) // params[

8. 8HNHONI cpelie

29 foriinrange(1, iters + 1):

+ rubKkas paspabor

ACTBa B M3yan aa L&aww A4- log2((((epoch - 1) * iters) + i) / (epochs * iters)) / 10
31 lue = value + (value * ( random() / 25))

v' HanwucaHue Koga Ha a3bike Python

v' Otnagka koga B Jupiter

v' Co3faHue HOBbIX TUMNOBbIX
(nonb3oBaTeNbCKMX) peLueHuni

«XuBol» aawbopa peweHnn

MopaeprKa U NOACBETKa CUHTaKcKca
PlatformAPI

MopaeprkKa pasINYHbIX
dbpenmBopKoB 0byyeHUn




NHTerpupoBaHHana cpeaa Nnatdopmbl: ADMUHUCTPATOP PeCYpCcoB

@D ceerros = TMomKmoHeHo € Wdopmaums e 1ab3010

CocrosiHue cucTeMbl
PASMETYMK
CUTHANOB

3arpyaka LNy figep LNY 3arpyaka 03y Wcnonsayeman 03y 3arpyaka xpaHunuia Wcnonbayemoe XpaHnnuuie

PA3METYMK PELLAKTOP o 324% 48 9468 GiB ) 6590 TiB

MU30BPAXEHUN BbIBOPOK M
AYIM ETAU,M n ul 3anyueHHble KOHTeHHepbl 3arpyaka cucTeMbl WUcnonsayemoe 1/0

60 20 19.1 MiB
20 143 MiB
9.54 MiB
3 2‘; : 477 MiB
0B
ar py3q UK 232 2234 2236 2238 240 242 24 - - £ 2 3 . 2232 2234 2236 2238 2240 2242 2244

$uUnbTp TEM NPOEKTOB, rpapuyeckasn
CTAaTUCTUKA NO NPOEKTam

3arpyaka KoHTeiiHepamu LMY

abstract_solution_Shiryaevak

MoAay/b afchi_data 0.00%
BU3YAJIbHOIO afchi_vscode 001%
NMPOrPAMMMU- boring_jones 0%

POBAHUA boring_solomon 0.00%

— cluster_master_node 0.03%

MOAY/1b PABOTbI
CTMNOBbIMU
PELLEHUAMU

2239 22:40 2241 : 22:44 Z5Ap 8 o DRI e g

MOAyl'Ib PABOTbI 3arpyaka KoHTeiHepamu 03Y
CKoaom 37368

min max
» == abstract_solution_ShiryaevakE 17222 MiB 17222 MiB  172.22 MiB
77968 == afchi_data 10413 MiB 10413 MiB  104.13MiB
186 GiB == afchi_vscode 1.97 GiB 1.97GiB 197GiB
== boring_jones 413 MiB 413 MiB 413 MiB

9.31GiB == boring_solomon 108.64 MiB  108.64 MiB  108.64 MiB

&— CsaepHyTs MeHIO e e e e e e == Cluster_master_node 16827 MiB  169.86 MiB  168.98 MiB
() B e ———————————————————— i

AamuHucTpaTop AQMUHUCTPATOP
pecypcos NpPOEeKTOoB

v" KOHTPO/Ib COCTOAHUA KNacTtepa v' Pe3sepBHOe KonupoBaHue

v' BblgeneHue Bbl4UCINTENbHbIX PECYPCOB v' O6HOBNEHME CUCTEMDbI




NHTerpupoBaHHaa cpena Nnatdopmbl: ADMUHUCTPATOP NPOEKTOB

€ Vndopmauua e 1ab3010
PASMETYUK S22 Tpynnei nonsaosatened

CUTHANOB S reen sl 21.691 MIH 5.

‘W: Tembl npoexTos
MpoexTsbl no crarycy Basbl AaHHBIX
PASMETHYUK PEOAKTOP
M30BPAXEHUN BbIBOPOK U

AYIMETAUUMA

MpoexTsl
Ba3sbl AaHHBIX

3arpyska u3o6paxeHuin

3arpysumkK

$uUnbTp TEM NPOEKTOB, rpapuyeckasn
CTAaTUCTUKA NO NPOEKTam

MOAY/b

BU3YA/IbHOTO

NPOTPAMMMU-
POBAHMS

MOAY/1b PABOTbI
CTMNOBbIMU
PELLEHUAMU

Xypran cooduieHmi Boeare son Q 2012023 - 30012023 4 Crovams

MOAVI'Ib PAEOTbI 2623-81-30 89:23:61 Wropb B. W. [1ab3816] Monbaosatenb 1ab3816 wamenwn 3afanue new 9(1) B NpoexTe TECTOBbA NPOEKT ANA TECTHPOBAHMA HOBOTO 3anycka
CKoAOM
2623-01-36 69:22:45 Wropb B. M. [1ab3616] Monbaosatens lab3818 wamennn 3ajanve new 9(1) B NpoekTe TECTOBbM MPOEKT j/A TECTHPOBAHWA HOBOTO 3anycka

2623-81-36 89:22:28 Wropb B. W. [1ab3816] M3mennn panHbe cBoero npogunsa

2623-81-36 89:22:21 Wropb B. W. [1ab3818] WameHnn paHHbe cBOEro npoguns

AgMUHUCTpaTOp AamuHucTpatop
pecypcos NPOEKToB

[JobaBneHne nonb3oBaTenen

v' Co3paHue NpoeKToB
B NPOEKT

v" KoHTposb gocTyna nonb3osatenei OTcnexuBaHue nporpecca
K 6a3am AaHHbIX Mo NPOEKTY




CpeacTBa annapaTHoM peanusauuu: Lienesble annapaTHble nnaTtpopmbl

UHTerpuposaHue
MopapepiKa K OcywecrteneHo
HanpaBneHue CYLL,eCTBYHOLLUX CocrosaHue
HacroALlemy - npakTuyeckoe
pewieHnit uan Pa6or
MOMEHTY TectTupoBaHue
pa3paboTtka

CPU x86-64 Aa Pa3pabotka 3aBepLueHbl Aa
CPU ARM (Baitkan-M) Da Pa3pabotka 3aBeplieHbl Da

o 3aBepLueHbl
CPU + NVidia GPU (CC 6.0+) Da MHTerpupoBaHue ha
CPU + AMD GPU (gfx9) Da MHTerpupoBaHue 3aBepLieHbl Da

NeuroMatrix (HTL, «Moaynb») Aa Pa3paboTtka 3aBepLueHbl Aa

NINC UltraScale+ (Xilinx) Da Pa3pabotka 3aBepLieHbl Da

Robodeus (HML «3nBuc») Da MHTerpupoBaHue 3aBsepLueHbl Da

PASMETYMK
CUTHANOB

PEOAKTOP
BblEOPOK U
AYIMETAUUMA

PA3METHYMK
MU30BPAXEHUI

3arpysumkK

$unbTp Tem NpoekTos, rpaduyeckas
CTAaTUCTUKA NO NPOEKTam

MoAayb
MOoAY/b PABOTbI BU3YAJIbHOIO

CTMNOBbIMU NPOrPAMMMU-
PELLEHUAMU POBAHMSA

MOAY/1b PABOTbI
CKogom

ApmuHucTpaTop
pecypcos

AaMUHUCTPaTOp
NpPOEeKTOoB

CPU 3nb6pyc (AO «MLCT») Da Pa3pabotka 3aBepLieHbl Da
. UHTerpupoBaHue
CHK IVA (IVA technologies) ha 3aBepLieHbl ha

+ pa3pabotka




CpepacTtBa annapaTHoi peanusaummn: Uenesble annapaTtHble naaThopmbl

CpasHUTeNbHOE TeCTUPOBAHME OTEYEeCTBEHHbIX annapaTHbIX cpeacTs B 3aga4vax UA

PeweHne anA poccuickoro ONK:
nporpamMMa CpaBHUTENEHOro TecTupoBannA oT NocHUWMAC

Habop 3anay ana TectupoBanuA (ver. 02 2022)
3afava KnaccHpHKaLMK H30DpaHeHH A

Pewexre anA poccuilckoro ONK:
nporpamMma CpaBHUTENEHOrO TecTpoBanuAa ot MlocHUMAC

PASMETYUK CocTaB TecTMpYEMEIX annapaTtHeIX nnatdopm (ver. 02.2022)

CUTHAIOB ¢ TectupomaHue El ann oby+ennn n TecTapoBanna | ILSVRC 2014 : DataueHTp
BLIuMCINTENE [T —— v ResNetis Xeon Silver 4112 ntel (2017)
y v ResNet 34 i
OTEYECTBEHHBIX - Bnb6PYCEC A0 «MUCT» (2014
P ' ResNetZ0 noTpetnAemMy MOWHOCTE. ST TRl )
«_MobileNet v1 1692BM248 «RoboDeus» A0 HNL|, «3NBIACs (2021)
WCNONEIyENBLIE METDUKW K34ECTES | Accuracy, Tops ; oo .
PE AKTOP o o ) «bOpPTOBOE WCNOMHEHHE»™ — bop
PASMETYUK . A = — <aTeropAnofpasymesact K1945BM028 IVA H TPU TVA Technobogies
U30BPAXEHUU BbIBOPOK M., CA WKPOKO = = Gt i AL (TK «XaiiTaks) (2021)
AYITMETALMIA HEHHBIE 3303 STy [ Ty £Egy 3HepronoTpedneHm T i
p— Wcnonkayeniie apxATeRTYPEI  SSD-ResNet4 BLIMMCIUTENA 4o 100 Batt
A, )  S5D-Mobilenet v2
HUE I CETMEHTALMA - — = * «BOpTOBOE MCTONHEeHHe B (20 BatT)
TECTUPOBAHUN T —— AxE12E12 - aMogynes
" B — TEropiA 1879BMEA NMG408 AOHTL, &M (2017)
3aga i Cernen 18692BM248 «RoboDeus» AD HL, «3NBIACs (2020)
3arpysumkK SO = TLTE Tetson Nane Fovida (3020)
Wen v U
d)Manp TEM NPOEKTOB, rpadwlqecr(aﬂ MNUC, Pentium Silver JS005 Intel (2019)
Vcnonmayentie werpks kavecrsa | miOU NUC, UHD Graphics 605 Intel (2019)
CTaTMCTMKa NO NpOeKTam e o

MOZAY/b
BU3YAJIbHOTO
NMPOrPAMMM-
POBAHMA

TecTupoBaHWe OTEYECTBEHHLIX BolYMCNUTENEN
ver. 02.2022

Pesynsratel cpaBHUTENBHOrO TecTupoBaHusa (ver. 02.2022)
ONA KaTeropuu «QataueHTp»

MOAY/1b PABOTbI
CTMNOBbIMU
PELLEHUAMU

TecTMpoBaHWE CYMTAETCA YCNEWHEIM, CRM NPOAREH 5% Nopor KAYeCTEa No COOTEETCTRYIOWEN MeTpUKe e T e e 1 naker MHOTO NakeTos

o T oo [ [ s [ oo [ e | i oo [
e anz Silwar 15005 Gragnics 605 PUEX X L

e | | D | @O O Q| OO O OO

MOZY/b PABOTbI e [ | @ | Q| @O (O | O | O | © | © | ©
CKoAOM wmas (v | @ | Q| @O | O | O | O | O O
w1, | | Q| QOO | OO O O O

i || Q| Q@ O Q | Q| Q| OO

e (s | @D (O Q| Q| OO | @O | O | O

e i, | @ (O O OO (OO OO

o - TecT npoigeH 0 - TECT He NPOodeH NO KayecTey o - A3HHEIE HE NPEO0CTABNEHK

Peayneratel cpaBHUTENBHOrO TecTupoBaHus (ver. 02.2022)
ans kateropuu «BopToBoe ucnonHexue (20 Batr)»

Pesynbratel cpaBHWTENBHOrC TecTUpoBaHua (ver. 02.2022)
ANA KaTeropuu «5opToBOE UCNOMNHEHNE»

Cpamumi FPS N Bosm TecTam Cpamuil FPE N0 BoéM TEcTEM 1 naker

lNepBaa Bepcua tectuposaHua: 02.2022
Bropaa Bepcua tectuposaHua: 03.2023 T . e

VA HTPU
INTEZ




YTO0 HOBOro AnA No/sb3oBaTend B
NMnatdpopme Bepcun 2.0 «KABTOMaT»

AHOHC 0eMoHCcmpayuu
[Mlnamgpopmebi-2023




MpoekTt «AsTomaT-FTHC» (2021-2023): HoBble moaynu CIMNK «Asromart-FTHC»

CMNO «CurHan-rHC» - Habop TUNOBbIX
peweHnin ana o6paboTkm ogHOMEPHbIX U
MHOTOMEPHbIX CUFHAN0B C LEe/blo peLleHuns
3a4a4 Knaccupukaumm, perpeccum,
YCTPaHEHMA LUYMOB.

CNoO «ABTo-THC» — 370 Habop NPOrpaMmHbIX MOAYNEN,
KOTOpble NO3BO/IAOT MN0/Ib30BaTe /0 B aBTOMATUYECKOM
pexxume chopmmnpoBaTb apxmutekTypy MHC

(B 3agayvax TP) n nogobpatb onTUManbHbIE TMNepnapameTpbl
obyyeHusa M'HC.

raw waveform data (16 kHz) poold softmax

Iz window

(T=15)

(a) Raw feature extraction

(b) Processing on

feature-map
3x3
> 24000 50NN
1 L’rﬁﬁpool 40

input convl convl

40 40 160

7 S
Architecture

3. S

Architecture

A Transfer

sk Learner

Learner

"

Updates
A

Updates

CNO «AyrmeHT-THC» — 370 Habop NPOrpaMmMHbIX MOAYNEN,
KOTOpble MCNOb3YHOTCA B Npouecce obyyeHns gna
onpeaeneHna onNnTMManbHOM CTpaTerMm NPUMeHeHUs
ayrmeHTaumm (npeobpasoBaHmii) K obydatollein BbiIboOpKe.

CMNo «CoseTHUK-THC» — 310 Habop NporpamMmmHbIX MOoAY/1EN,
KOTOPble aHAaNN3UPYIOT AEeNUCTBUA NONb30BaTeNda, GopMUPYIOT U
BblAlOT MNO/1b30BATE/IO CUTYATUBHbIE PEKOMEHAALMN HA
3Tanax NOAroTOBKU AaHHbIX, 0by4yeHnAa n TeCTUPOBAHMUS.

CNO «CuHtes-THC» — 310 Habop NPOrpamMMHbIX MOAY/EN,
KOTOpble peanmsytoT BO3MOXHOCTb PeasIMCTUYHOrO
HEeMpOCTEBOro CMHTE3a N306parKeEHMN U CUTHANOB.

pto || sample B _ T
A select v
- Kt
DU Y
E M train H
(K)
Dtrain MI8) E
split . .
a3l , o)
- 1 | P— -
DY || “sample B 7.V ™
H | DO [CIORE]:  select N Il
"’ Ao i Augnjlent«r -
[t ) ‘ Policy 7= '
Dii
train i evaluate xT apply i

(1)
D rain M(8)

ke
B
>

-
\ 4
A
—
>

train)




Mpouecc co3gaHua KOHeYyHoro pelieHusa. OCHOBHbIe 3Tanbl

OT ChoXKHOCTH
3ajaum,
obvema u
KauecTBa
MCXOAHbIX
AAHHbIX

W OT onblITa
pa3paboTumka
3aBUCMUT,
HACKO/IbKO
aonrum byaer
npouecc:
CKONbKO pa3
npuaerca
BO3BpaLL,aTbCA
K NPOLWbIM
3Tanam

1. C60p AaHHbIX

2. AHHOTaUMA AAHHDIX

3. PopmuposaHue
Bbl6bOpoK/ayrmeHTauma

4. Bblbop apXuUTeKTypbl
ceTu nopa 3agauy

5. Bbibop napamertpos
obyueHus

6. OueHKa pe3ynbraTta
obyueHus

7. NopTuposaHue obyueHHOMU
MOAENN Ha BbIYUCAUTEND

4YTO BaXXHO Ha Haw B3rnag

Noppepkka popmaros

Yno6HbIli PyHKUMOHAN pa3meTKu/penakTMpoBaHUA
ABTOMaTM3auma npouecca

MbKocTb popmuposaHna n 6anaHcupoBKa BbIGOPOK
[dononHeHue obyualowmx aaHHbIX / BAMAHUE HA
nepeobyyeHne c NOMOLLbLIO ayrMeHTaLuu AaHHDIX.

Mepebop n3BecTHbIX apXUTEKTYP (NOMCK KOMNpomucca
MeXay KauecTtBom U bbicTpogencTamem)
MoacTpoitka napameTpoB apXUTeKTypbl nog b/,

PasnunyHble pyHKLUM NOTEPD,
Noactpoitka napameTtpos obyueHus nog b/
onTMMM3aALUA UCNO/Ib30BaHUE PecypcoB

MeTpuku KavectBa

OnpepaeneHue Kakue 06BbeKTbI XyXe pacno3HaloTCA

MNoaapeprKKa MaKCMMaNbHO BO3MOXXHOI0 Yncna
annapartHbIX N1aTPopm «U3 KOPOOKN»



Mpouecc co3gaHuAa KOHeyHoro peweHua. l[ge ato npoucxoaut B MNnatpopme

1. C6op AaHHDbIX

2. AHHOTaAUUA AAHHbIX

3. PopmuposaHue
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Mpouecc co3gaHuAa KOHeYyHoro peweHua. Yto Hosoro B Nnatdpopme-2023

AaMuH

pecypcos
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NPOEeKToB

1. C6op AaHHDbIX

2. AHHOTaAUUA AAHHbIX

3. PopmuposaHue
Bbl6boOpoK/ayrmeHTauma

4. Bblbop apXuTeKTypbl
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5. Bbibop napamertpos
obyueHus

6. OueHKa pe3ynbraTta
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MOAENU HA BbIYUCAUTEND

PASMETYUK
CUrHANOB

PEOAKTOP
BbIEOPOK U
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3arpysumkK

GUNbTP TEM NPOEKTOB,
rpadmuyeckan CTaTUCTUKA
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PABOTbI MoAv/b
C TUNOBbIMU BU3YAJIbHOIO
PELLEHUAMU NPOrPAMMM-
POBAHUA
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PABOTbI
C KooM

Ana nonb3osartena

e HoBble anemeHTbI
uHTepdeica

- Beb-Bepcua MNnatdopmbi;
- BcTpoeHHble cpeacTsa
ayrMeHTaumnmn OaHHbIX;

- HoBble BU3yanbHbIe
NHCTPYMEHTbI (rpadumkn u
CTaTUCTUKN);

¢ HoBble pyHKLMM TUNOBDbIX
pelleHuit:

- HoBble peweHuna

- HoBble TMNbl AaHHbIX;

- HoBble apXnTeKTypbl;

- MHTerpmnpoBaHHbIe
peLleHuns

- CoBeTumKkM (3 Tnna)

e CpeactBa
aBTOMAaTU4YeCKOro obyuyeHus
- noabop apxXMTEKTYp

- nogbopa rmnepnapameTposB
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6yayT NpoAEeMOHCTPUPOBAHbI BO 2-1 YacTu

Ana nonb3osartena

e HoBble anemeHTbI
uHTepdeica

- Beb-Bepcua MNnatdopmbi;
- BcTpoeHHble cpeacTsa
ayrMeHTaumnmn OaHHbIX;

- HoBble BU3yanbHbIe
NHCTPYMEHTbI (rpadumkn u
CTaTUCTUKN);

¢ HoBble pyHKLMM TUNOBDbIX
pelleHuit:

- HoBble peweHuna

- HoBble TMNbl AaHHbIX;

- HoBble apXnTeKTypbl;

- MHTerpmnpoBaHHbIe
peLleHuns

- CoBeTumKkM (3 Tnna)

e CpeactBa
aBTOMAaTU4YeCKOro obyuyeHus
- noabop apxXMTEKTYp

- nogbopa rmnepnapameTposB




Mpouecc co3gaHuAa KOHeYyHoro peweHua. Yto Hosoro B Nnatdpopme-2023

Ana nonb3osartena
1. C6op AaHHDbIX * HoBble 3n1eMeHTbI

uHTepdeica
Ho cHauyana - Be6-Bepcua MaaThpopmbi;
2. AHHOTaLUMA AAHHDIX HECKOJIbKO C/10B O HOBbIX - BcTpoerHele cpefcTea
ayrMeHTaUuu AaHHbIX;
PelleHUAX N apXUTeKTypax, - HoBble BU3yanbHble
3. dopmuposaHue KOTOpble He TaK NPOCTOo MHCTPYMEHTbI (rpadmKkn un

Bbl6OpPOK/ayrmeHTauums NPOAEMOHCTPMPOBaTD CTaTUCTUKM);
L,
P HarARHO . HOBbIeUd)yHKLI,MVI TUNOBbBIX
. Bbibop apxuteKkTypbl peleHuni:
ceTu nopA 3agavy - HoBble peweHuna

- HoBble TUnNbl AaHHbIX;

MOAY/Nb

MOAY/b
BU3YAJILHOTO
NPOrPAMMMU-
POBAHMA

PABOTbI
C TUNOBbIMU
PELUEHNAMMU

- HoBble apXxuUTeKTypbl;
- - UHTErpupoBaHHbIE
peweHua

5. Bbibop napamertpos
obyueHus

MOoaYNb

3/1emMmeHmeol

- CoBeTunKku (3 Tnna)
u pyHKyuu

PABOTbI
C KooM

6. OueHKa pe3ynbraTta
e CpeactBa

obyueHun
v aBTOMaTU4YecKoro obyyeHus

7. NopTupoBaHue obyuyeHHOM - N0A60p apxuTeKTyp
- nogbopa rmnepnapameTpos
MOAENN Ha BbIYUCUTEND




Yto HOoBOrO B Bepcuu «Astomat» (Mnatpopma-2023): PewneHnA U apXUTEKTYpbLI

* TunoBble peweHusa — cogepxat TunoBsoe pelweHne 419 TUNOBOM 3a4a4M BK/IOYaeT Habop peLLeHuiA.
ﬂpOTECTM pOBaHHb|e Cpe,ﬂ,CTBa O6yl-|eHMﬂ PewieHue BKAOYAET : APXUTEKTYPY I'HC, 6a3y dHHOTUPOBAHHbLIX AaHHbIX ANA
N apXUTEKTYPbI, KOTOPbIE BO3MOMKHO 0by4yeHMs N TeCTUPOBAHUA, aNrOPUTMbI M NapaMeTpbl 0byyeHms
‘A o o
IOBECTU A0 annapaTHOM peanunsauuu. — o IEI ™
PAg apXUTEKTYP MMeeT NoAAEPIKKY A . P peanmsaunn W ormverenii
MOPTUPOBAHMA Ha OTEYECTBEHHbIE Npumep: TUNoBas 3aaa4a 06HapYMKeHMA
Bb|l'|V|Cf| MTeﬂM Anﬂ nosb3oBaTtensa [py3oBow aBTOMO?g\?BbOBOﬁ 2BTOMOBMAL
*  WHTerpupoBaHHbIe pelleHna — Koj, -R -R
rewule' rgwmlg
HanncaH aBTopamm CTaTbu UIN
BOCMNPOM3BEAEH Hay4YHbIM COODLLLECTBOM.
Peann3oBaH npoLecc ynpasaeHnem ﬁ
0by4yeHMA M OLEHKKN KayecTBa 0byyeHus. Rerkosoi astomotuns 77"

Bo3Mmo’KHa BbIrpy3Ka apXuUTeKTyp B Buae Bxoaroe uso6parenie PesynbTaT 0BHapyeHHs
ONNX mogenu; [lna nonb3osartens Mpumep: TunoBan 3apavya CeMaHTUYECKOW CErMeHTauum

* Monb3oBaTenbcKue pelleHUsa — peLleHuns,
CaMOCTOATENIbHO CO34aHHbIe UK
MOrpy*KeHHble No/1b30BaTeNAMM B
Mnatdopmy cpeacTsamm pa3paboTku

I_In aT¢O pM bl Anﬂ pa3pa60‘rq UKa BxoaHoe usobpaxeHue Pe3ynbTaT cermeHTauumn




Y10 HoBOro B Bepcuun «Astomart» (Mnarpopma-2023): HoBble TNOBbLIE peLleHuns

Tunbl AaHHbIX 3apaum TunosBble peLwleHUn
N306parkeHus Knaccudpumkauyma Knaccudpumkauma nsobpaxkeHumn
Ob6HapyXeHune 0b6beKkToB Ob6HapyXeHune 06beKkTOB
Ob6HapykeHne 06 beKTOB NO MHOTOCMEKTPAIbHbIM AaHHbIM
OewndpunposaHue
OpuneHTnpoBaHHOEe 0bHapyXeHne 06 beKTOB {::?
CermeHTauuA CemaHTUYeCKaa cermeHTauuA
ConpoBoxaeHne obbeKkToB ConpoBoXKaeHne oAMHOYHOro 06bEKTa
ConpoBOXKAEHNE MHOXKECTBA 0OBHEKTOB {::‘,?
ObpaboTKa n3obparkeHnm YcTpaHeHue wyma
YcTpaHeHMe cmasa (pacpoKycnpoBKM)
KomnnekcnpoBaHue n3obparkeHum
CuHTe3 Be3ycnoBHbIN CMHTE3 M306parkeHn {:,:,?
YCNOBHbIN NapHbIl CMHTE3 n306parkeHul
YCNOBHbIN HEe NAPHbIN CUHTE3 U306parKeHUn
CurHanbl Knaccudpukaums Knaccnodukaumsa ayp,mo{:::i’

ObpaboTKa curHanos

YcTpaHeHue wymos/Cenapauus ay,u,mo{::?

Perpeccusa

Perpeccua curHanos {Z}




Yto HOoBOrO B Bepcuu «Astomat» (Mnatpopma-2023): PewneHnA U apXUTEKTYpbLI

Tunosbie ApXUTEKTYpbl Tunosble ApXxuUTeKTypbl
peweHus peweHua

Knaccndukayma
n3obparkeHum

CemaHTMYecKan , :

cermeHTauunA

e

CemeirctBo ResNet:
*ResNetl%}4,50,101,18
SE-ResNet, SE-ResNeXt,
WideResNet50,101; esNeXt":}
AnbtepHaTtuBa ResNet:

HRNetV2, EfficientNet, InceptionV4
JlerkoBecHble ceTu:
*MobileNetV1,V2

Camble nepsble:

*VGG11,13,26,16

SqueezeNet, *LeNet;* AlexNet

AtromapHblie: *Unet, HDSE_Unet
dHKogepbl: SeResNext50,101
MobilenetV2, ResNext101,
WideResNet50, HRNetV2 (N2l B cnucke
nmpepos aataceta Cityscapes), Xception
Dekogepbl: DeeplabV3, DeeplabV3+ (Nel
B CMMCKe InaepoB gataceTa PASCAL VOC
2012 test), SegAdpHead,

SqRDU, LightHamHead

ObHapyrKkeHue
obbekrTos /
ObHapyrKeHue no
MHOTOCMNEKTPabHbIM
AaHHbIM

OpHoatanHbin SSD getektop ¢ THC gna
N3BNEYEHMS NPU3HAKOB:
*ResNet18,34,50, *MobileNetV1,V2,
*ShuffleNetV2, *EfficientNet

HeteKktop cemenctea YOLO v4

OpUeHTUPOBaHHOE {Iﬁ.’{’ BBAVectors
obHapyxeHue

OnwedpunposaHue OByxatanHbin getekTop Faster R-CNN

CnexxeHue 3a ogHUM SiamMask

obbeKkTom

CnexkeHue 3a {ﬁ,}’ ByteTrack (N2l B cnucke nuaepos

HECKOJIbKUMMU pataceta BDD100K, Ne3 no patacety
obbekTamm MOT20)

ObpaboTKa *DnCNN, *Unet, *ResNet,*Pixel,
n3obpaxkeHumn: *PatchGAN

yCTpPaHeHMe cMa3a,
LYyMa, KOMMNAEKCHp-€.

*AnnapaTHaﬂ peannsdayma Ha ote4eCTtBEHHbIX BbIHNCNTUTENAX



[Mnhatpopma-2023: UHTerpupoBaHHble peweHua. lNonynsapHble Ha github

Be3 60/1bLLIOM KOMaHAbl U MMPOBOIO COOBLLECTBA C/IOKHO NOAAEPKUBATL BCE
COBPEMEHHbIe apXMUTEKTYpbl. OA4HUM 13 NonyaspHbIX coobuecTs asnsetca OpenMMLab.

Camas pacnpocTpaHeHHas 3aga4a - 0bHapyxeHue obvekToB. Hag pa3paboTkomn
peno3suntopna MMDetection pabotaeTt okono 400 aBTopoBs (22.800 3Be3na).

Hawa Luesib - 4aTb NO/1b30BaTE/THO I'IOI'IpO6OBaTb AdaHHble peleHna, 4yTO0bObI UCNONBL30BATb
UJIN CpaBHNBATDL C pa3pa6aTbIBaEN\blN\M METO4aMUN B CBOUX peLLEHUAX

WHTErpUpPOBaHbI

B nnatdopmy
(Mo¥HO npoboBaTh,
Henb3s A0BECTM A0
annapaTHou
peannsauunmn)

NEW! DDOD (ACM MM'2021)

PeweHus i\/\/\,\r

TOOD (ICCVv'2021)

Deformable DETR (ICLR'2021)
YOLOX (ArXiv'2021)

YOLOF (CVPR'2021)

Sparse R-CNN (CVPR'2021)
VarifocalNet (CVPR'2021)

DETR (ECCV'2020)

Dynamic R-CNN (ECCV'2020)
Side-Aware Boundary Localization
(ECCV'2020)

AutoAssign (ArXiv'2020)
NAS-FCOS (CVPR'2020)

ATSS (CVPR'2020)

Double-Head R-CNN (CVPR'2020)

Foveabox (TIP'2020)
FreeAnchor (NeurlPS'2019)
RepPoints (ICCV'2019)

FCOS (ICCV'2019)
TridentNet (ICCV'2019)
Libra R-CNN (CVPR'2019)
CenterNet (ArXiv'2019)
FSAF (CVPR'2019)

Guided Anchoring (CVPR'2019)
Grid R-CNN (CVPR'2019)
YOLOv3 (ArXiv'2018)
Cascade R-CNN (CVPR'2018)
RetinaNet (ICCV'2017)

RPN (NeurlPS'2015)

& mmdetection.readthedocs.io

pytorch fast-rcnm transformer yolo
ssd faster-renn object-detection

instance-segmentation mask-renn

0 Readme

&B  Apache-2.0 license
& Code of conduct
L% Cite this repositary -
¥r 228k stars

& 362 watching

¥ 8.3k forks

Releases 46

© MMDetection V2.28.0 Release ( Latest )
2 days ago

+ 45 releases

Packages

Mo packages published

Used by 839

& t + 831

D T"9&SEO
PR

387 contributors



Mnatpopma-2023: UHTerpmpoBaHHble pewieHnA. SOTA: «Tonosbie» peLleHusn

R _ Uses Extra
O 6 H a py)lll(e H M e O6-be KTO B Task Dataset Mode Metric Name :jjir: :;ial Training Result Benchmark
Focal Modulation Networks
(NeurIPS 2022) Semantic ADE20K FocalNet-L (Mask2Former) Validation
58.5 #11 x = C
Segmentation mloU
Ohject Detection COCQ minival FocalNet-H (DINQ) box AP 642 #5 o =l
Panoptic Segmentation COCO minival FocalNet-L (Mask2Former (200 PQ 57.9 #a x =
querizs))
Object Detection COCO minival  FocalNet-T (LRF, Cascade Mask R-CNN)  box AP 51.5 #51 x 5l
APS50 70.3 #19 x !
APT5 56.0 #11 x 2l
PeweHue Object Detection COCO minival FocalNet-T (SRF, Cascade Mask R-CNN)  AP50 70.1 #20 x =
UHTErpnupoBaHoO
B nI'IaT(IJOpMV APT5 55.8 #13 x 2l
(MO}KHO I'IpO6OBaTb, Object Detection COCOtest-  FocalNet-H (DINQ) bax AP 4.4 46 x 5
Henb3Aa oBecTn Ao dev
annapaTHoM theod tocal-modulati y
aperswithcode.com/paper/tocal-moadulation-networks
peannsauumn) pap /paper/




Mnatpopma-2023: UHTerpnpoBaHHble pewieHnA. SOTA: «Tonosbie» peLleHus

O6Ha py)-l-(eH nme O6'be KTOB Results from the Paper wedi
Hierarchical Shot Detector (ICCV 2019)

Py Ranked #3 on Object Detection on PASCAL VOC 2007 -1 Get a GitHub badge

Dataset Model Metric Mame Metric Value Global Rank Benchmark

__________ . . ] _—
bt b (0] ect Detection COCO test-dev HSD (Rest101, 768x768, single-scale test) box AP 493 #170 Compare

D regressed box (b1) AP50 61.2 #127 Compare

box regression sampling offset 1

regressed box (b2)
APT5 46.9 #108 Compare

APS 228 #1138 Compare

@ offset features for cis1

® offset features for reg2

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: APM 473 #87 Compare
|

|

|

|

|

|

|

|

I

|

|

|

|

| features for regl
|

|

|

|

|

|

|

|

|

| & offset features for cls2
|

3 APL 55.9 #98 Compare

classification 2 sampling offset 2

Hardware Burden MNone 1 Compare

PeweHue
UHTErpnupoBaHoO Operations per network pass ~ None #1 Compare
B nnatpopmy

(MoXHO npoboBaTh,

Hen b3ﬂ ,EI,OBeCTl/I .ﬂlo Object Detection  PASCALWVOC 2007 HSD (VGG16, 320x320, single-scale test) MAP 81.7% #6 Compare

Object Detection  PASCALVOC 2007  HSD (VGG16, 512x512, single-scale test) MAP 83.0% #3 Compare

annapaTHom

peanusaumm) https://paperswithcode.com/paper/hierarchical-shot-detector




Mnhatpopma-2023: UHTerpuposaHHble peweHnsa. SOTA: «TonoBble» peLleHusn

Results from the Paper o Edit

Knaccndunkaums

Global Filter Networks for Image
Classification (NeurlPS 2021) - - e G U

Class |'— Image Classification CIFAR-10 GFNet-H-B  Percentage correct 99.0 #16 v Compare
e ) 8 ! '
i I

i~ Ranked #9 on Image Classification on Stanford Cars (using extra training data) -l Get a GitHub badge

-
3
I

; PARAMS %
. [ Qlobel ucrage Pooling ] / ( Layer Norm | 54M #216 Compare
O T { FFN
E { Feed il K (FEN) ] E [ Image Classification CIFAR-100 GFNet-H-B Percentage correct 20.2 #24 v Compare
: 2D IFFT ]

PARAMS 54M #192 o Compare

§00086088 |— =

Image Classification Flowers-102 GFNet-H-B  Accuracy 988 #16 < Compare

fi v

) feat::res global filters

Patch Embedding ] 2D FFT | PARAMS 54M #47 v Compare

T 1 I _
‘ 1 [ Layer Norm I
L ol :‘-,__ Global Filter Layer | Image Classification ImageNet GFNet-H-B  Top 1 Accuracy 82.9% #372 x Compare

N\% Top 5 Accuracy 96.2% #88 X Compare
|
PeweHue i\/‘i‘f&vf

Number of params 54M #624 x Compare
UHTErpnupoBaHoO

Hardware Burden Nane #1 x Compare
B nnhatpopmy
(MO)-KHO npO6OBaTb’ Operations per network pass None #1 * Compare
HEfl b3ﬂ AOBeCTM ,ﬂ,O GFLOPs 8.6 #260 x Compare
annapaTHoOw ] h h hicalch
peanusaLmn) ttps://paperswithcode.com/paper/hierarchical-shot-detector




Mnatpopma-2023: UHTerpmpoBaHHble pewieHnA. SOTA: «Tonosbie» peLleHus

E Ranked #1 on Image Classification on CIFAR-10 (using extra training data) - Get a GitHub badge

Uses Extra

Knaccndunkaums
V|T-H/14 (ICLR 2021) Task Dataset Mode Metric Name Metric Value ;"Zi Tr;:t'ang Result Benchmark

Tpa Hcd)o pMep Anﬂ CV Image Classification CIFAR-10 ViT-H/14 Percentage correct 995 #1 vy 5 Compare

Visgion Teansformes (ViT)

- g0 dda a0 |

Transformer Encoder PARAMS 632M #0227 v 5 Compare

Top-1 Accuracy 99.5 #1 v = Compare

Image Classification CIFAR-10 ViT-L/16 Percentage correct 99,42 #3 v =) Compare

PARAMS 307M #225 v = Compare

 Exin krnahl
(eLirsa] embesding | Linear Projection of Flaened Paches ]

SEE [T T T T 111
s o —— 8 O O
saE

Image Classification ImageMNet ViT-H/14 Top 1 Accuracy 88.55% #36 vy ] Compare

Number of params ~ 632M #3816 4 3 Compare
Image Classification ImageNet ViT-B/16 Top 1 Accuracy 85.22% #1983 X = Compare
p NEW!
elleHue GFLOPs 33.03 #370 x 5 Compare
UHTErpnupoBaHoO
Image Classification ImageNet ViT-L/16 Top 1 Accuracy 87.76% #63 v 5] Compare
B nnhatpopmy
(N\O)-KHO I'IpO6OBaTb, Number of params ~ 307M #791 v 2 Compare
H en b3ﬂ lﬂlo BeCTM 'ﬂlo Image Classification ImageMNet Real ViT-H/14 Accuracy 90.72+0.05% #10 vy ] Compare
J
annapaTtHoOu

peanusaumn) https://paperswithcode.com/paper/an-image-is-worth-16x16-words-transformers-1




Mpouecc co3gaHuAa KOHeYyHoro peweHua. Yto Hosoro B Nnatdpopme-2023

1. C6op AaHHDbIX

2. AHHOTaAUUA AAHHbIX

3. PopmuposaHue
Bbl6boOpoK/ayrmeHTauma

W
"fl: Bblbop apXxuTeKTypbl

ceTu nop, 3agady

5. Bbibop napamertpos
obyueHus

6. OueHKa pe3ynbraTta
obyueHun

7. MopTnpoBaHue obyueHHOMU
MOAENU HA BbIYUCAUTEND

UTaK, Tenepb Mbl MOXKem
nonpobosartb B Mnatpopme
ropasgo 6onblie BapnaHTOB...

3arpysumkK

GUNbTP TEM NPOEKTOB,
rpadmuyeckan CTaTUCTUKA
no NpoeKTam

Ana nonb3osartena

e HoBble anemeHTbI
uHTepdemnca

- Beb6-Bepcua MNnatpopmbi;
- BcTpoeHHble cpeacTsa
ayrMeHTaumnmn OaHHbIX;

- HoBble BU3yanbHbIe
NHCTPYMeEHTbI (rpadmnku m
CTaTUCTUKN);

¢ HoBble pyHKLMM TUNOBDbIX
pelleHuit:

- HoBble peweHun

- HoBble TUnNbl AaHHbIX;

MOAY/Nb
PAGOTbI
C TUNOBbLIMM
PELUEHMAMM

MOAY/b
BU3YAJILHOTO
NPOrPAMMMU-
POBAHMA

MOoaYNb

- HoBble apXxuUTeKTypbl;
- UIHTerpupoBaHHble
peweHua

anemeHmol
u pyHKyuu

PABOTbI
C KooM

- CoBeTumKM (3 TMNA)

e CpeactBa
aBTOMAaTU4YeCKOro obyuyeHus
- noabop apxXMTEKTYp

- nogbopa rmnepnapameTposB




Yto HOBOro B Bepcuun «Astomat» (Mnarpopma-2023): ABTomatnueckoe obyueHume (AutoVIL)

1. C6op AaHHDbIX

2. AHHOTaAUUA AAHHbIX

L

3. PopmuposaHue
Bbl6boOpoK/ayrmeHTauma

S
. Bbibop apxuteKkTypbl

ceTu nop, 3agady

5. Bbibop napamertpos
obyueHus

X
X
X

6. OueHKa pe3ynbraTta
obyueHun

7. MopTnpoBaHue obyueHHOMU
MOAENU HA BbIYUCAUTEND

NEW!

UTaK, Tenepb Mbl MOXKem
nonpobosartb B Mnatpopme

ropasgo 6onblie BapnaHToOB...

... WK aBTOMaTU3UpPOBaATb
npouecc 1 NPouTU Becb NyTb
coscem 6e3 Bo3BpaLweHUM!

MOAY/Nb
PAGOTbI

C TUNOBbLIMM

PELUEHMAMM

MOAY/b
BU3YAJILHOTO
NPOrPAMMMU-
POBAHMA

MOoaYNb
PABOTbI
C KooM

anemeHmol
u pyHKyuu

Ana nonb3osartena

e HoBble anemeHTbI
uHTepdeica
- Beb-Bepcua MNnatdopmbl:

- BcTpoeHHble cpeacTsa
ayrMmeHTaumMmn OaHHbIX;

- HOBble BU3YyabHble
NHCTPYMEHTbI (rpadumkn u
CTaTUCTUKN);

¢ HoBble pyHKLMM TUNOBDbIX
pelleHuit:

- HoBble peweHun

- HoBble TUnNbl AaHHbIX;

- HoBble apXnTeKTypbl;

- MHTerpmnpoBaHHbIe
peLleHuns

- CoBeTumKkM (3 Tnna)

e CpeactBa
aBTOMATHU4YECKoro obyuyeHus

- Nnoabop apxXUTEKTYp
- nogbopa rmnepnapameTpos




ABTOMAaTUUECKOe 0byueHue Kak NnpombilieHHana TexHonorusa (2019-2020+)

- ™

B -
iR+ %%2<&.

MNonbop
APXUTEKTYPbI

TunoBasa cxeMa MaLUMHHOIO O0by4YeHus

He sepmonern
UTorosoe peweHune

ObyuyeHue
McxopHble AaHHble

ABTOMaTU4YeCKOe MalIMHHOE 06y4eHue

ABTOMaTMYeckoe MallMHHoe oby4vyeHue (AutoML) —
aBTOMaTmnyeckui nogdop apxutektypbl FTHC 1 napameTtpoB
o0yyeHna. «3ameHAeT» creyuanucTa no rryookomy
0o0y4YeHUI0 MeToaoM ONTUMU3aLUN

NMpumeHeHUe — co3gaHue NporpaMmMHoNn NnaTtgopmbl,
NO3BONAOLWEN aBTOMAaTUYECKN co3aaBaTh
HeMpoceTeBble aNropuTMbI ONsi KOHEYHbIX U3aenun:

* aBTOMaTU4eckoe OOyYeHue Onsi HOBbIX U3AEnui

¢ aBTOMaTU4yeckoe Jooby4eHune
B npoLiecce aKkcnnyarauum
e NS HOBbIX TUMOB OOBLEKTOB,

K * 514 HOBbIX CLEH U yCﬂOBMVI CbEMKUA

Vs

O6nactn npumeHeHuUsA
S == |
Juu
| BupeoHabniogeHune Tpoussoactso PoboToTexHuka MepuuuHa

4 3agaua knaccudukauum CIFAR10 / ImageNet )
MoTpebHble BbIMNCAUTENNbHbIE MOLLHOCTH
25000 NAS
20000
15000
10000
5000
AmoebaNet
0 NASNet
2015,5 2016 2016,5 2017 2017,5 2018 2018,5 2019 2019,5 2020 2020,5
DARTS OFA
Proxyless
CHMKeHMe BbIYUCUTENIbHDbIX 3aTpaT 6osee uem
B 100 pa3 (g0 nopaaka 200-300 GPU-yacos) /

=

'/
)i/
."V_

oo B8 1T

i

- /)

Mpumepbl paboTbl aBTOMaTUYECKU CO34aHHON HEUPOCETH




ABTOMAaTUUYECKOe 0byueHue Kak NnpombiwieHHasa TexHonorusa (2019-2020+)

ABTOMaTUYecKoe obyyeHue + TexHonormyeckasa naatpopma:
BO3MOXHbIi aCMMMETPUUHbIN OTBET Ha HeAOCTAaTOK pecypcoB

Mbi TONbKO HauMHaem macwTtabHoe BHegpeHue UU B Poccum.
EcnAn mbl HauHeM cpasy ¢ aBTo0byueHuA, TO Ham BoobLe He NoHaZbATcA
KOmaHAbl Npo¢decCMoHaN0B Ha NpeanpUATUAX
Mbl MOXXeM «NepecKkouymuTb Yepes 3Tan» U NOAYYUTb «BbIroAy OT OTCTaBaHUAY

Aemomamuyeckoe obyuerue + mexHonozu4ecKas naamegpopma: ABTOMaTM4eECKOE NporpaMMMpoBaHue
€03MOXHbIU acummempu4HoIli omeem Ha HEAOCMAMOK pecypcoe

e AlphaCode
Npo6aema: & Poccum B e DeepMind
BecATkH pas Menbue Codex (OpenAl) —— (S0 (Deephlind)
CNEUNANUCTOB, Y4em B t | Wt P pheien 'II|.-. .
CLLIA 1 Kutae... e GPT-3-like model trained on T
Fasled toal both naturallanguage and i

WUcTopus sHeapeHns ! S0Urce codes.

o
Waa Tem ke nyrem, Mbi NATEMHBIX CHCTEM ..z;?::'&.?:
AE ORI e e Mpumep «BoIUrpbILE s [ 11-0penAl Codex is most capable frompafionisy

BPEMA CO3AaTH BLe BUAbI OT OTCTaBaHMAN:

P in Python, but it is also
uspenui c Ui | Kutaii nauan

proficientin over adozen Bachigacs sewor tws
languages. | e owed

em +

| macwrabHoe BHeApeHue
| cpasy c MOBWABHBIX NAATENEN K NEPBLIM

var tat; it L
var fai int ]l
i
“e:u | BBen undpOBON 10aKb B 2022 oAy / ' tetalTam += run,Té It hasa memery of 14KB for et
+ aBTO0GYuEHHE BHER Ha 3UMHUX OTMMAUIACKUX WTPaX. : i Python code, compared o " s
L)
e S0 Gl Moy unpodasuy doc S ' GPT-3 which has only 4KB.

FOROR. YV, = conp HyMbCa cMapmag wersgenunt ne := floutes{totaling) / Floasealen(runs) - falleduns) [ 1920
S — s https:ideepmind.com/blog/article/Com
ﬁ Mbi TOAbKO HauuHaem macwTabHoe sHeapexne MU B Poccuu. o hitps flopenai comiblogfopenai-codex petitive-programming-with-AlphaCode
Buegpus asTo0GyuEHNE B TEXHONOTMYECKYIO NAATHOPMY, Mbl MOMEM HauaTh Cpasy C asToobyueHus

Ir1,qen cnaiga: Grigory Sapunov, NLP in 2021, OpenTalks.Al/ 2022




Mpouecc co3gaHuAa KOHeYyHoro peweHua. Yto Hosoro B Nnatdpopme-2023

1. C6op AaHHDbIX

2. AHHOTaAUUA AAHHbIX

3. PopmuposaHue
Bbl6boOpoK/ayrmeHTauma

. Bbibop apxuteKkTypbl
CceTu noa 3agauy

. Bbibop napameTposB
obyueHus

. OuyeHKa pe3ynbrarta
obyueHus

Adoknapgumk
B.BMLWHAKOB

PASMETYUK
CUrHANOB

PEOAKTOP
BbIEOPOK U
AYTMETAL WA

PASMETYUK
M30BPAXKEHUN

3arpysumkK

GUNbTP TEM NPOEKTOB,
rpadmuyeckan CTaTUCTUKA
no NpoeKTam

MOAY/Nb

PABOTbI MoAv/b
C TUNOBbIMU BU3YAJIbHOIO
PELLEHUAMU NPOrPAMMM-
POBAHUA

MOoaYNb
PABOTbI
C KooM

Dna paspabotumka

7. MopTnpoBaHue obyueHHOMU
MOAENU HA BbIYUCAUTEND

N oyHryuu

9T HoBble PYHKUMM U Bubnnotekn bygyr

NPOAEMOHCTPUPOBaHbI B 3-i1 YacTu

e CpeacrBa BCTpauBaHUA

WU MHTErpaLum peLeHunit:

- Bubnunoteka PlatformAPI;

- CpeacTBa 3anycKa peLleHun,
Ha pPa3INYHbIX GpernMBOpPKax;
- PegakTtop Kopa ¢
BCTPOEHHOM NOACBETKOM
PlatformAPI;

e CpepacrBa pa3paboTku
peleHuni :

- OTeyecTBeHHaa bubanoreka
MaLWKnHHOro obyyeHus platlib
(HoBble cBOICTBA,
nHTepdenc);

- NepeBoa peweHnm c
PyTorch Ha platlib;

- BubnnoTeka Knaccos Ans
CO3/4aHMA NO/Ib30BATE/IbCKUX
peweHun (abctpakTHoE
TUNOBOE peLleHune).




= o

3ambicen u nepcneKTUBLHI
sKocuctembl PLAT

Kak Ha 6a3e lNnamgopmbel co30ame
OMKPbLIMYH, HO 008EPEHHYIO
omeyecmaeeHHy akocucmemy UU



Mnatdopma-THC Kak MHTerpupoBaHHaA cpeaa / KOHCTPYKTOP NPOrpamMmmHbIX NPUIOXEHWNA

CUCTeMHbIN YPOBEHbDb NMpuKknagHou ypoBeHb
‘ II._I Peno3suntopun (b) MpuknagHoe MO
| 1414111
GUI uHTerpupoBaHHOU cpeabl. 2 Nonb3oBaTtenu 0
T = — B T I
Q — § 4 = % =
e s Pecypcbl T B 3 O 3 v =
AVIMETALMIA > T 5 'E C E (8] g
3arpysumk Q. ) g & v g & 5 g_ g
Sz = MpoeKTbl ool | S =l s cE
O x o=l c k=8 S I
= E<ll ezfEl 3k
Monb3osaTtenn > |_L MakeTsl v S S J X I
L o Q :'ﬁ’ ™ a aa]
= 3 125 |=5g
= [laHHbIe S 4 g E s =
XpaHunuuie = ¥ o 8 3 S O
i < IR < S L EEs
= Mogenu el 2 CEl 5 GIE
Penosntopum et Bbiy. y3/bl T C E S g = 2 3 o
1 MMN1anHbl — = o) o
| Pa3paboTumku g avizduHo E é. a
i a = o
PlatformAPI PlatLib T Bubnmotern
Upea skocuctembl PLAT: Ha NHTerpupoBaHHaa nporpammHas naatpopma —
cuctemHom pyHpaameHTte Mnarpopmbl YACTHbIN C/ly4ali NPOrPaMMHOro KOMMIEKCa, KOTOPbIW BKAOYaeT —
MOXHO NOCTPOUTb uenmﬁ ropogp, KaK NPpUKAagHble nakeTbl, TaK 1 NO0J/Ib30BaTe/ibCKUE NPOEKTbI




dkocuctema PLAT: CaBur ¢oKyca c pa3paboTKkm Ha BcTpauBaHue (MHTerpauuio) pelueHuni

v’ Memodonozus co30aHus
peweHul N usHayanbHo
8 naamdeopme -
naamgopmeHHbIU
UHMCUHUPUH2
(platform-based design)

v’ Memo0donoausa nozpyrceHus
CMOPOHHUX peweHul UA
8 naamdeopmy -
naamgopmeHHbIU
PEeUHMCUHUPUH2
(platform-based redesign)

BCTpanBaHue

nobasneHue Bbizosos APl, popmmpoBaHme aawbopaa, cbopka
[OKepa, 3anycK

PEUHXKUNHUPUHT

-AE€KOHCTPYKLUA HA MOAEeNb U NANNANH,
-0bpaTHbI CUHTE3 HA OCHOBE MMEIOLLLENCA A0BEPEHHON Moaenu
U3 peno3uTopua u nmerowenca 6ubanorekn Knaccos

ontTmMmumusauua
hpo, NPYHWHT, KBaHTOBaHWE, AUCTUNNALNSA

NnoOpTUPOBaHUE

OLLEHKA BO3MOKHOCTU, OLIEHKA PEeCcypCoeMKOCTU, BbIBOp annapaTHOM
nnatopmbl, reHepauunsa Koga ana sbibpaHHoro AO

BHeApeHue
BCTPanBaHWE B KOHEYHOE NpUoXKeHune, 4oobyyeHue B [cumynaTope]

N[ 4enesou cMcTembl, 3KCMOPT KOHEYHOTO NPUIOKEHMS




KoHconnpaauusa ycunmm otpacam Ha 6a3e skocuctemsl Plat (cnou, ppeitimBopku, nnatdpopmbli)

[MporpammHble cnon  bubnnotekn mawmHHoro obyyeHna CoaepXMmoe U MHCTPYMEHTDI UHTerpauma

MwupoBoi —-—— - -
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2L ' 1 N Il Papers & Codes Basosoe
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— — —t— — — - - PlatformAPI
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NPUKNAAHbIX nathopmbl 0BUbHbIE | *[locmynHel 0418 cneyuanucmos-
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KoHconnpaauusa ycunmm otpacam Ha 6a3e skocuctemsl Plat (cnou, ppeitimBopku, nnatdpopmbli)

[MporpammHble cnon  bubnnotekn mawmHHoro obyyeHna CoaepXMmoe U MHCTPYMEHTDI UHTerpauma

MwupoBoi

— oy

s S St -

(Arxive+ :— - H— - :-:— - ==l _y nozpyxceHue
.1 1 1\ AR e R R e a  p  ——— — H =
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e e e e e = = = 1 BbIMOJIHEHWA, OTNAAKUN
( N I H) H) y - Nepexop, Ha
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Penosutopui 1 B 11 e 610KM, peLleHus - llepexoA Ha
ML-peweHui | S Z 11 e | o oTe4yeCcTBeHHOE
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I h 1 1 1 1 Ha annapaTtHble NAaTGopMbl d)peVIMBOpK
Peno3utopumn ! 1 1
nporpamn:)uo I===="=-==="1"4=-==" o Ll : - TNepexop
' I I ! AutoML | Ha AutoML
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o T Y T [ pagiigdload ot inp il - Na1aTGopPMbl
Penosutopuu p =zks==zk ===k 7 dop
NPUKNAAHbIX nathopmbl 0BUbHbIE | *[locmynHel 0418 cneyuanucmos-
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KoHconnpaauusa ycunmm otpacam Ha 6a3e skocuctemsl Plat (cnou, ppeitimBopku, nnatdpopmbli)

lNozpyxceHue

[MporpammHble cnon  bubnmnotekn mawmHHoro obyvyeHna  CoaepKMmoe U MHCTPYMEHTbI
e nnameopmy

MwupoBoi
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KoHnmponupyemas
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KoHconnpaauua ycunum otpacaun: passutue skocucrembl Plat (npuknagHbie nakerbi)
[MporpammHble Tematnyeckune MopgrotoButenbHbI 3Tan 3aBepweH. B 2023 rogy mbl npeacTaBum
MupoBoii NaKeTbl BCe Heobxoanmble MHCTPYMEHTbI, BK/IlOUasa 06a1auHblii cepBuUC
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Mnatdopma-rHC n PLAT: NMepcneKkTuebl pa3sutua (Jo0poXKHaA KapTa)

Bepcua 1.7

2022

HoBble Tunobl

AbcTpakTHOe

JloctynHa ana
TeCTUPOBAHUA U
MCNONb30BaHMUA

Bepcua 1.8

AaHHbIX |

TUnoBsoe
pelueHne

Hosble
NPUKNAAHbIE NAKETHI
ABTOMaTHYecKkoe RL, NLP....

Hosble Tunbl
DaHHbIX |

ABTOMaTM4eCKoe
0byyeHue |

NHTenneKktyanbHble
NOMOLLHUKHK

2023

O6nayHoe
pelweHue

O6yqume”/

Bepcusa 2.0
«ABTOMaT»

MpoeKT PN

«[Mapagurma»
byaeT goctynHa

ANA TeCTUPOBaHUA

M NCNONIb30BaHUA

c nona 2023

2024



PacnpoctpaHeHune n nnueHsnposaHue lNaatpopmbl

YCTaHOBKA NMoppepiKka ABOHEeHTCKanA
u obHoBNEeHUSA nnarta

PIatformAPI 6ecnnaTHoO 6ecnnaTtHo 6ecnaaTHO

yCﬂOBHO becnnatHo 6ecnnatHo HeT
6ecnnatHo

Knuent (APM YCNOBHO becnnatHo NAaTHO HeT
Pa3paboTtumnka) becnnaTHoO (AMcTaHUMOHHO)

Cepsep + APM YCNOBHO NAaTHO NNATHO HeT
AamuHuctpatopa [J=lelEasile

MpuknagHoie YCNOBHO 6ecnnaTtHo NAaTHO HeT

WELGELG 6ecnnatHo/ (AMcTaHUMOHHO)

focHUNAC/ BO3MOHO NAaTHO

MapTHepbl

O6nauHoe HeT HeT HeT ecTb

pelleHne (33BMCHMT OT MCONb3yEMbIX

BbIYMCUTENbHBIX PECYPCOB U
nakeTtos)

*YcnoBHo becniaTHO = 6ecnnatHo AnA y4ebHbIX U UCCneaoBaTeIbCKUX LieNIen.
Ecan ucnonb3oBaHo A8 CO34aHUA MPOU3BOAHbIX NMPOAYKTOB - NAATHO.



YHupunuymposaHHaa nporpammHan nnatpopma «lMnarpopma-frHeC».
OTeuyecTBEHHAA IKOCUCTEMA MALLUUHHOTO 0byueHusn
U NCKYCCTBEHHOro nHrtennekra PLAT

Busunbrep KOpuit BaneHtnHosunuy, a.¢.-Mm.H., npod. PAH, anpekTtop
No HaNPaBNAEHUIO — PYKOBOAMTENb HAYYHOIro KoMmnaeKkca «MCKyCCTBEHHbIN
NHTENNIEKT U TeXHUYecKoe 3peHne» PAY «locHUUAC», viz@gosniias.ru

Cnacubo 3a aHumaHue!

PLAT-2023 KoHmakxkm no Naamegopme Plat:

CemuHap-KoHpepeHuusa «PLAT-2023» Support.plat@gosmlas.ru

Mocksa, locHUUAC, 15.02.2023




