HenpoHHble cetTn un nx
NPaKTUYECKOE NPUMEHEHME.

JNlekumna 1. O630p.



OCHOBHbIe Tembl

U OpHOC/N0MHbBIN, MHOFOCNOMHbIN NEepPCenTPOHbI
U Anroputmbl 0byyeHums

U Cetn KoxoHeHa

U PekyppeHTHble cetu

1 Cetn rnyboKoro oby4yeHus

U BoiuncnumrtenobHble nnatdopmbl Ana obydeHnsa n npumeHeHua HC



[Toyemy HenpoHHble cetn (HC)

1 O6yuyeHne Ha npumepax
(1 Maccosbliii napannennsm
U YcTonumBoCTb K 3allyMAeHHbIM AaHHbIM

O AganTueBHOCTb



Bo3HMKHOBeHWe U1 pa3sutme HC

OeHOpUTbI
coma

dKCOH

cuuanc

CMHaﬂC

HewnpoH

Cxema HEUPOHG 20/106HO20 Mo32a
L OcobeHHOCTU cTpOoEHUA MOo3ra:
=06Lee yncno HelipoHos 1010
= yucno ceasen 1014
" B3aMMOAENCTBME HEMPOHOB
NocpeacTBOM 3N1EeKTPUUYECKUX
MMMNYNbCOB

® 1943r. Y. MakKRannok, Y. lNMntrc. CtaTbs 0 BbIYMUCAEHUAX
B ceTaAX pOpManbHbIX HEMPOHOB.

= 1951r. M. MUHCKMM. [TepBbIN 3KCNEePUMEHTA/IbHbIN
HeMpokomnbloTep Snark

= 1961r. ®. Po3eHbnat. Co3aaHmne nepcenTpoHa,
naena obyyeHna Ha NpMmepax.

= 1969r. M. MuHckui, C. Nennept. KHura «MNepuenTpoHbl».

= 1974r. N.Ax.Bepboc, A.N.TanywKknH. Anropntm obpaTtHoro
pacnpocTpaHeHnAa ownbKn.

= 1986r. .1.Pymenbxapt, C.U.bapues. Passutmne metoaa
obpaTHOro pacnpocTpaHeHua oWnbKn

= 1998r. A. /leKyH. CBepTOYHbIE CETW.

= 2012r - Tnhybokoe oby4yeHme.

= 2017r - TpaHchopmepbl



TepmuHonoruAa

® ickycctBeHHaa HC — HanpaBaeHHbIW rpad;

= BeplwMHbI — HEMPOHbI (BXOAHbIE, BHYTPEHHMUE,
BbIXOAHbIE);

= [lyrn — CUHANTUYeCKne CBA3U C BECaMU;

= BXoAHble AaHHble — BXOAHOW BEKTOP;

" BbIXOZHble AaHHble — BbIXOAHOWN BEKTOP;

= 3HaYeHuA HeI7IpOHOB nepenaroTcAa No CBA3AM,



Co3aaHune HC

3ajaHue apXUTEKTYPbI O6yuyeHue: onpegeneHmne sHaYeHUM
" TUM aPXUTEKTYPbI; BECosB

" CTPYKTYpa HEMpOHa; " 0byyatoLLan BbI6OPKa;

" pasmep BXOAHOMO U BbIXOAHOIO C/0€B; " 3/IFOPUTM OBYYEHUS;

® KO/IM4eCTBO C/10€eB U HEI\/JIpOHOB; " MHNUMANN3aALMA BECOB,

= CBA3U MeXAYy HEMPOHaAMMW. " npoBeAeHne obyyeHus.



O Cetn npsamoro

pacnpocTpaHeHuA
" O4HOC/IOMHbIN NEPCENTPOH;

" MHOTOC/IOWHbIA NEPCENTPOH.

1 PekyppeHTHble ceTn

Convolution Pooling Convolution Pooling Fully-connected
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O6yyeHmne HC

 NtepaumoHHbIN NpoLecc U Buabl anroputmos obyyeHus

= BbIOOP NpMmepa oby4atoLen BbIDOPKHK " C yuntenem: MUHUMU3ALMA MEXAY

" BblYMCNEHUe 3HaYeHUA Bbixoga HC PE€anbHbIMW BbIXOAAMU U

" OLLEHKA 3HaYeHUA PYHKLMN OLNOKHK OKUAAEMBIMUA.

= Be3 yynTtena: KOHKypeHumMa HEMPOHOB
= Koppekuuna secos HC Y o ypeHL, P
mexagy coooun

 Mpumep apdekTMBHOCTU 0ByUeHUs

" 33434a: ONTMMaNbHOE yrpaBaeHMe NPUn orpaHUYEHHbIX pecypcax.

= CTeneHb O6VH€HMFIZ HW3KaA, CpeAHAA, BbICOKAA, PA3/IMYHAA.



Examples/pe0.mpeg
Examples/pe200.mpeg
Examples/pe999.mpeg
Examples/pe999200.mpeg

[TonmeHeHne HC

Bupg apxutektypbl  ObpabartbiBaemble gaHHble Pelwaemblie 3agaum
[NepcenTpoH 3apaHHble TabanyHO Knaccudpumkauums;
Perpeccus.
CBepTo4yHana ceTb CurHanbl: paguo, ayauo, Knaccudpumkauums;
n3obparkeHuna u T.n. Perpeccusa.
PekyppeHTHada ceTb [locnenosatesibHOCTMK: Knaccudpumkauums;
TEKCT, peyb U T.M. Perpeccus;
[MporHo3npoBaHue;
[eHepaTUBHbIE moaenu.
TpaHchopmepbl N306parkeHune, TEKCT, peub, Knaccudpukaums;
MYNbTUMOZA/IbHbIE. Perpeccus;
[MporHo3npoBaHue;

[eHepaTUBHble Moadenu.




Knaccndpumnkauma obpasos

U OTHeceHMe obpa3a K 04HOMY M3 33JaHHbIX K1acCcoB

U Mpumep. PacnosHaBaHMe pyKOMUCHbIX LUdp

Al L

= CBepToyHana cetb (Yann LeCun, 1998)
= baza MNIST (70000 npumepos)
* OwmnbKa 0.45% (10000 npmumepos)
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bFasa nsobparkeHun ImageNet

O ImageNet
= Co3pgaHa B 2009
= bonee 14M n3o0bparkeHni c aHHOTaUMAMM
" 1M nsobpakeHnM B OTMEYEHHbIMM 0ObeKTamM /
= Bonee 20K KNaccoB (HECKO/IbKO COTeH M306pasKeHMi KaKaoro
K/acca

O ImageNet Large Scale Visual Recognition Challenge (ILSVRC)
= [TpoBogutca ¢ 2010r
= Knaccuduraums nsobpaxkeHnin, obHapykeHne o6beKkTos

O ILSVRC. KnaccuduKauma nsobpaxeHui
= 1.2M n306paxkeHuni (obyyatowan BbibopKa)
= 100K TecTtoBbIX n306parkeHnmn
= 1000 knaccos
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HenpoHHana ceTb AlexNet

O ILSVRC 2012
= [lepBan cBepTOYHaA ceTb Nnobeautens ILSVRC
= OQwmnbKa Top-5: 15.3%
= CBepTo4Hana HC, 8 cnoes, 60M napametpos (A. Krizhevsky et al,
2012)
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ba3a M306pa>KeHMMCOCO

[ COCO (Microsoft Common Objects in Context ) #
= Co3paHa B 2015r; 1
= bonee 123K nsobparkeHunn;
= Fonee 886K 06beKTOB;
= 91 Knacc.

U KoHkypcbl COCO
= [IposBogATca ¢ 2015 24 B
= O6HapyxeHue (cermeHTaumA) O6'b€KTOB
dOHa, KNoYeEBbIX TOYEK 0OBEKTOB

[ COCO. ObHapyskeHUe 06bEKTOB Ha M306paXKeHMAX
= 200K n306parkeHuni
= obyyarowwana Bbibopka: 500K o6beKTOB
= 80 Knaccos



COCO 2017. ObHapykeHne obbeKkToB

L Cetb MegDet (C. Peng et al. MegDet: A Large
Mini-Batch Object Detector. 2018)

" mmAP: 52.5%
= YBEe/INYEHHDbIN pa3mep nakeTa npu
obyyeHnmn, apPeKkTMBHOE NCMNONb30BaHKE
128 GPU
= ba3osas HC ResNet-50 (50 cnoes, 0.8M
napameTpoB) + CeTb A/1A NOKann3aunn
Feature Pyramid Network.
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MHTepnpeTauma cueH

O Dave-2 (NVIDIA)

Recorded
steering
wheel angle Adjust for shift Desired steering command
and rotation
7 Network
Left camera computed
steering Y
f Random shift command /O
Cri g B -)
;
Back propagation Error
‘weight adjustment
Network
computed
steering
command | Drive by wire

L ApxuteKktypa HC
= 27M cBA3en
= 250K napameTtpos

https://blogs.nvidia.com/blog/2016/05/06/self-driving-cars-3/

= ObyyeHue Ha AencTBUAX BoAUTENA
" YnpaB/ieHME Ha OCHOBE AaHHbIX C OAHOM Kamepbl
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Output: vehicle control

Fully-connected layer
Fully-connected layer
Fully-connected layer

Convolutional
feature map
64@1x18

Convolutional
feature map
64@3x20

Convolutional
feature map
48@5x22

Convolutional
feature map
36@14x47

Convolutional
feature map
24@31x98

Normalized
input planes
3@66x200

Input planes
3@66x200
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nvidia.avi

Knaccnoukauma aenctsmm no BUAEO

U Onpeaenutb TN AencTBMA NO NocaeaoBaTeIbHOCTU Kagpos.
1 Ba3bl BMAaeoO:
= UCF101: 13K Bnaeo, 101 kaTteropumin AencTemi
= HMDB51: 6K Buaeo, 51 TunoB aencremnm
(1 HC DB-LSTM (Deep Bidirectional Long Short-Term Memory)
= CBepTOYHaA CeTb ANA BblAeNeHUA
AEeCKpMNTOpOoB n3obparxkeHusn
= |STM gna 3anommnHaHuUAa UCTopumn
® TOYHOCTb pacno3HaBaHMA
91.21% (UCF101), 87.64% (HMDB51)
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[eHepaumna peun
Mpeobpa3oBaHuMe TecTa B peyb (text-to-speech).

U YTeHme TeKcTa
» [I[ponsHeceHMe HanevyaTaHHOro UM CKaHMPOBAHHOIO TEKCTa

O CospaHume nckycctseHHbIx ronocos (Cere Proc)

" [I[poM3HECEHME TEKCTA CUHTE3MPOBAHHbLIM FO/1I0COM.
* MoaennpoBaHMe ro/IocoB PeasbHbIX NHOAEN.

TTS

O Cepsuc Spotify: aybnsxKy noakacTos. Text To Speech

[eHepupyeTca peyb, UMUTUPYA CTUNb BeAyLEero i

—_—

NoAKacTa N MHTOHALUWUNU

(https://newsroom.spotify.com/2023-09-25/ai-voice-translation-pilot-lex-

fridman-dax-shepard-steven-bartlett/) 17



https://www.cereproc.com/en
https://www.cereproc.com/en
https://www.cereproc.com/en
https://youtu.be/G-zyTlZQYpE?t=414
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O6paboTka ayamo

KnaccuduKkauma ayamo (My3sbiKanbHble KaHpbl, ronoc, cneudddekTnbl), LLyMmonoaaBieHUE,
aKTUBALMSA YCTPOMNCTB FO/IOCOM.

O Cuctema BblgeneHus ronoca Ha ¢poHe wymos (Krisp)
" [MpumeHeHune rnybokmnx HC
= Ba3a ana obyyeHus: 20K Tnnos wymos, 50K cnukepos, 2500 yacos ayano

NaHHbIX

Krisp microphone

krisp speaker
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https://krisp.ai/

 Chat Generative Pre-Trained

Transformer
O JoobyueHHas mogenb GPT-3
O 175 mnpa napameTtpos

Content Creation

Call for action lines for twitter

Create personalised chatbot
conversations

View

Domain name generator

ChatGPT (2022)

Crafting Customer Testimonials
for your product or service

View

Creating a viral reddit headline

Explain concept as a poem

Categories

Assistant Automation

Creativity & Experiments
Fitness Games
Language

Learning

Product Programming

Assistant

CEO Duties - Agenda for all-
hands meeting

View

College suggestions for PhD in
ERICe]

View

Grammar

Clothing & Apparel

Customer Support

Legal

Prompt Writing

CEO Duties - Company values
to build a culture

View

Create a shopping list

Data Design

Healthcare

Machine Learning

Content Creation

Home

Marketing

Search Engine SEO

Customer Support

Answer Shopify support
queries

View

Create a list of pain points for
target user base that can be
addressed

https://cookup.ai/chatgpt/usecases/

Cooking

Exam & Competition

Jailbreak [ Tricks / Hacks

Music Opinion

Startups Writing

Compose Complex
Spreadsheet Formulas

View

Create email automation
sequences that will nurture
leads and convert them into
customers

View




[lpegynpexxaeHne



0 HC He ABNAKOTCA MHCTPYMEHTOM, KOTOPbIN MOXKHO NONYYNTb, KHAXKaB OAHY
KHOMKY»;

0 «MatemaTtmyeckume» afiropuTmbl, €C/IN OHU eCTb, B 6ONbLUNHCTBE Cy4Yyaes
NO3BONAIOT NONYYNTb Bonee apPeKTUBHOE peLLeHUE;

L CnokHOCTb NpoBepKM NyTen NPUHATUA PeLleHus;

0 Huskan adppekTMBHOCTb NPU aKTUBHOM MPOTUBOAENCTBUM.

Qhttps://3dnews.ru/1082209/igroklyubitel-viigral-v-go-u-ii-s-podavlyayushchim-
preimushchestvom-primeniv-taktiku-podskazannuyu-kompyuternoy-programmoy
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N

Bonpochol

OcCHOBHbIe 3Tanbl Pa3pPaboTKU HEMPOHHOMN CETW.

KaKasi ocHOBHaA uenb npouecca obyyeHnAa HEMPOHHOM ceTu?
YeM HEMPOHHbIE NPSMOro PacnpPOCTPaHEHMS OTAMYAKOTCA OT
PEKYPPEHTHbIX CETEN?



