N3KYCTBEH MHTEeNEeKT

Tema 19: Abn60KMN HEBPOHHU MPEXXu
(DNN), KOHBONTIOLIMOHHUN HEBPOHHMU
Mpexxun (CNN). OCHOBHM NpUHLUMNN,

APXUTEKTYPM.



"

CbabprKaHue

m BbBeaeHue
m [loHaTue 3a DNN

MW, npod. T. MNanHues, 2023-2024 2



" JE
BbBeaeHme - TepMMUHONIOIrnA

(11960s  w MepuenTpoH
> 1980s m MHOrOCIOMHN HEBPOHHU MpeXxu

,X\ 1990s m [TopobpeHo obyueHune

(", 2006
¢ Obn160KN HEBPOHHU MpEXMK
\ m Deep Learning
(2016 m Deep Neural Networks
\,\ m Deep Structural Learning
12021

\ Deep Belief Networks
2023

WU, npocp. T. MNanues, 2023-2024




" J
BbBeaeHme - TepMMHONIOIrnA

KakBO BCbLUHOCT e ToBa DL?

3allo e TONKOBa LWMPOKO M3M0A3BAHO 3a 3a4a4u
CBbp3aHun ¢ 06paboTka Ha ayano, BUAEO, TEKCT U
HAKOW APYrv TUNMoBe AaHHWU?

3allo Ce HANI0XWU MHEHMETO, Ye TOBa € roasiM Npobus ?

KpaTtbhk OTroBop:

MoaepHo e 3aloTo B nocneaHuTe 7-8 roanHn neyenu
CBETOBHUTE CbCTe3aHus 3a machine learning 3a
pa3no3HaBaHe Ha n3obpakeHud, ayavo, ...

NpunoxeHus: Cb3aaBa KapTUHU, NoeMun, obLlyBa,
ChatGPT-3, 3.5 -- TekcT

GPT-4 c "no-HanpegHann yMeHus 3a pa3cbXaeHue”,
MyntumoaaneH, NoCode, GPTs, Bard (with Gemini) ... ,



BbBeaeHve - TepMUHOJIOMMA
Apyrv Bb3MOXXHU KPaTKU OTroBOpM:

OT necetnnetune 'yrbn, MamkpocodTt, AMa3oH, Meta n gpyrm ronemmn VC
MHBECTUTOPU XapyaT AeCeTKn Mmanapan gonapu 3a npuaobmeaHe Ha
KOHTPOJ/1 BbpXY MNO-MasiKn BUCOKOTEXHOIOMMYHM KOMNaHun: DeepMind,
DNNResearch, Enlitic, Ersatz, MetaMind, Nervana, Skylab, OpenAl...

OT1 2008 Numenta a no-kbcHO U NVIDIA, IBM, Google, Microsoft, OpenAl
n Ap. npeanaraTt oTBOpeH KoA, Moaenu, ...

B Hawwn AHW neceH AoCTbn A0 MHOXecTBOo DL nnatdpopmu, bubnumortekn,
nemo-Tta, MHCTpyMmeHTn — TensorFlow-Keras (Google), Cafee (UBerkeley),
OpenVINO (Intel), Torch-PyTorch-FastAl (Meta), MXNet (MS,
Amazon,CMU, UW)...

... a cbwo u: Chainer (amHamn4yHu rpadgose), Caffe (6bp3nHa), CNTK
(Microsoft Cognitive Toolkit), Deeplearning4j (busHec cpepna)

... ctaHpaptTnsauymnda -- ONNX (Open Neural Network Exchange) —ctaHpapT
3a ML Mogenu ocurypssaly ornepatMBHa CbBMeCTUMOCT M/y nnatopMuTe

Python, Mojo, Scala ...
MegunHa nponaraHaa...



" JE
BbBeaeHue - TEepMUHOJIOMUA

3aujo engBsa cera?

BoeHHa nHayctpus, 6U3Hec-nHTepec oT roieMmTe Koprnopaumu
[1OCTBMNHOCT Ha pecypcu - roieMm MacuBU OT AAHHMU

JJOCTbNHOCTTA Ha MOLWHWU usyncnutenHun cpeacrtea (GPU,
multicore, WS, BUCOKONPOMN3BOAUTENHN N3UYNCTTUTESTHU
KOMMJIEKCH, super computers)

[10CTBMNHOCT Ha open-source codpTyep, MHOXECTBO MHCTPYMEHTU
Ha pa3/IMYHKU NPOU3BOAUTENN U €3ULM 3a NMPOrpaMUpaHe

MeguninHa nponaraHaa ...

WU, npocp. T. MNanues, 2023-2024
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Jinpepu B DL TexHonormurte
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Ton 50 - nporpecuBHu AI KOHLenuuu

50 Thought Leading Companies on Artificial Intelligence 2023 (thinkers
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v :;_\\ Dr Mehmet STRATEGIC FUT
Yildiz
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Top 50 %"
Thought Leader éy’

Artificial Intelligence 3

ATA

CONSULTANC
SERVICES

‘igon Advisory
S . . rt-ups, cure your disconneg ,
WU, npocp. T. MNanues, 2023-2024 8



" JE
BbBeaneHume B ANN - TepMumHoOnorna

N3KYCTBEHN HEBPOHHUN MPEXMN:

m [1pn O CKpUTKU Cnog: NIMHEEH KnacnpukaTop
Xunep-paBHUHUA

2D npumep:

P

WU, npocp. T. MNanues, 2023-2024 9




" A
BbBeaneHue B ANN - TepMumHoONiornsa

HeBPOHHU MpEXMN:

m [Ipn 1 ckpuT cnou

[[paHMLa Ha KOHBeKCHa obnacTt (0TBOpEH uUan 3aTBOPEH
KOHTYP)

» o
Cé 23 ;; @)

WU, npocp. T. MNanues, 2023-2024 10




" Jd
BbBeneHume B ANN - TepMuHONIornsa

9

HeBPOHHU MpEXMN:

m [1pn 2 ckpuTtn cnod
KoMburHaumMm OoT KOHBEKCHU 0b1acTu

Q : ‘ ( ....... | ‘

WU, npocp. T. MNanues, 2023-2024 11



9

Pa3zno3HaBaHe Ha uMdpu, HanmcaHu
OT YyoBellKa pbkKa (PbKOMUCHMN)

O|QI¥#5L1%9




" A
MLP NN 3a pasno3HaBaHe Ha undppm

W}

Input layer Hidden layer Output layer
X1 .
N
X2 i“\"‘h
\\'e,“." ( N
L \ — out
X3 A“v‘. ?&‘e _“ .
.\"&s@. N o
.-—..r"’\/ \ “ ut,
X4 INKLIN S
SO D
X
5
QOut,,
Xn

WU, npocp. T. MNanues, 2023-2024 13



" B
TpucnoitHa MLP NN

O O O.O Input layer Hidden tayer Output layer

Out,

Qut,

Out,,

WU, npocp. T. MNanues, 2023-2024 14



Noea N1

Ha Bxoana Ha MLP NN ce nogaBa usaa0To
n3obpaxxeHme Ha undppute

WU, npocp. T. MNanues, 2023-2024

15



deTeKkTOop 3a
XapaKTepUCTUu4Hu
onucartenm

9

Input layer Hidden layer Output layer




B B
OlRI¥#5LT189
0 1239547% 9 Kakso npasm
O1234SL7%¥F 1031 HEBPOH?
023456059
o aﬁ’{"Sé?gjf Input layer Hidden tayer
0 | L3LDG /%9 ™7 ’
Figure 1.2: Eramples of handwritten digits from U.$ |[




Noea N°2

MpexaTa ,,BnxXxaa" KOHKPEeTHU 4acTun (pernoHun),
OT unppuTe

WU, npocp. T. MNanues, 2023-2024
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" A
HeBpoHUTE B CKPUTUSA CJIOU CTaBaT
caMooOpraHmM3vpallm ce AeTeKTopu Ha

XapaKTepUCtTuyHum onmcaTtTenm
1 3) 10 15 20 25 ...

I N e

|A

I'ongama cT-cT Ha
TEIJIOBHUTE
KOC(PUIIMEHTH

Manka uin
HYJIEBA

‘ CTOMHOCT
63 WU, npocp. T. MNanues, 2023-2024 19




"
KakBo ,,AeTeKkTupa" HeBpoOHa?

1 5 10 15 20
I N |

|A

['onsama cr-cT Ha
TETJIOBHUTE
KOE(UITUEHTH

Manka uiamu
‘ HYyJIEBA
CTOHMHOCT
63

WU, npocp. T. MNanues, 2023-2024 20




"
KakBo ,,AeTeKkTupa" HeBpoOHa?

1 5 10 15 20
I N |

HEeBPOHBT 11I€ MOKaKE BUCOKA aKTUBALHS
[IPU XOPU3OHTAJIHA JIMHUS B HAU-TOPHUS PEX
UTHOPUPANKHU BCUUYKO OCTAHAJIO

63 WU, npocp. T. MNanues, 2023-2024 21



" A
A KaKBO , AeTeKTupa'" TO3n HEBPOH?

1 5 10 15 20 25 ...
I B H N .

63 WU, npocp. T. MNanues, 2023-2024 22



" A
A KaKBO , AeTeKTupa'" TO3n HEBPOH?

1 5 10 15 20 25 ...
I B H N .

CujiHa akTHUBaIUs 3a 4YepHara 00J1acT B
TOPHUS JISIB BI'bJI

63 WU, npocp. T. MNanues, 2023-2024 23



Figure 1.2: Eramples of handwritten digils from U5,

postal envelopes.















To3n noaxon N3non3Ba KOHKPETHU PErmoHu,
NPV KOETO AEeTEKTOPUTE MOXe Aa He ca
MHBAPWAHTHW CNPAMO NO3ULUMATA HA UnppuTte

WU, npocp. T. MNanues, 2023-2024
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"

3auwo ‘Deep Learning’ e Heo6xoanm?

[Mpobnemute npmn o06yyeHNEeTo Ha TpPaANLMNOHHUTE HEBPOHHMU
mpexu, HanpuMmep MLP NN, ca cBbp3aHu ¢ 6aBHaTa CXo4MMOCT,
AbArnTe naaTta Ha rpewkarTa, nonagaHeTo B CeATI0BUHMN,
3aCs1aHEeTO B JIOKAJIHN MUHUMYMU, N AP.

cost
Very slow at the

plateau
Stuck at saddle point

Stuck at local minima

: L ovco) i ove) T ve(e)
i—> & ~0 _g =0 6. =0

parameter space

MW, npod. T. MNanHues, 2023-2024 30



NMoHaTHe 3a 'Deep Learning’

W, npod. T. Farues, 2023-2024

31



" J
3auwo '‘Deep Learning’?

m OTAaBHa CbUWECTBYBAT HAAEXAHU aNroputMm 3a obydyeHune
(HacTpoMKa Ha napaMeTpuTe, T.e. TErNIOBHUTE KoOedPUUNEHTHN)
Ha TPUCIOUHN MpPEeXW -- C eANH, AOPpU C ABa CKPUTU CJI0S.

m Obaye Te3n anropnTMM He ca HaaeXxaHun npu obyyeHMeTo Ha
HEBPOHHU MPEXWU C roJsiasMm 6pon CKpUTKU CnoeBe.

WU, npocp. T. MNanues, 2023-2024 32



" J
3auwo e Heobxoanma ‘Deep Learning’
TexHoJsiormaTta?

»PBUYHO" Cb3gageHnTe onmncartenun, C KoUto paboTaT KinacnveckuTte
meToan 3a ML nMaT MHOXeCTBO OrpaHn4yeHus:

m 3a ycnewHo npunaraHe Ha ML MeToauTe ce U3nCKBa eKCnepTHOo
3HaHMe 3a npobnema -- AbN60oKo pa3zbupaHe 3a npouecuTe,

NWHOAWKATOPUTE U KPUTEPUNTE, KOUTO AedPUHMPAT peELLEHUNETO Ha
npob6nema

m Cb3naBaHeToO UM e TpyAOEMKO M OTHEMA MHOIo BpeMe -
Heo6Xxo4AMM e 3HauUnTeNleH YOBELLKU pecypc 3a Cb3aBaHe Ha
~CMUCNEeHN" onuncatenun Ha nHpopmMmauusaTa, obekTuTe,
CbOUTUATA, CbCTOAHUATA, NOBEeAEHUATA, NpouecuTe...

m Onucatenute n ML Mmoaennte o6MKHOBEHO Ca Cb34a[AeHU 3a
KOHKpeTeH npobnemM (Tun ob6eKkTn) n He ca yHUBEpPCaaHM 3a
ApYyrn cnyyau

m Hepobpa mawabupyemocT — TpyAHOCTU Npu NpaHacsHe Ha
peleHneTo KbM Apyrm noaobHmn npobnemMmm nnm ysennyaBaHe Ha
MawabuTte Ha 3agadara...

WU, npocp. T. MNanues, 2023-2024 33




"

NMoHaTHe 3a CNN

m [paamumnoHeH ML anroputobm

CMMO, np@&d. T. NaH4yeB



" JE
Kak pa6botu ‘Deep Learning’?

Feature representation

m BBb3MOXHOCT 3a OTKpMUBaHe

3rd layer Ha OCHOBHUTE ,efieMeHTn"
e 5 OT KOUTO Ce CbCTOAT
Objects OaHHUTE.
m [lpumep: pa3no3HaBaHe

Ha Mua oT n3obpaxkeHus
2nd layer
“Object parts”
1st layer
llEdgesﬂ

Pixels

MW, npod. T. MNanHues, 2023-2024 35



" JE
KakBoO BCbLHOCT e ‘Deep Learning’?

KpaTthbKk OTroBop:

s OT rnegHa To4Ka Ha apxutekTtypaTta: M3non3saHe Ha HEBPOHHA
MpexXa C HAKOJIKO CKPUTU C/os

BCbHbLUIHOCT:

MHOroc/ioMHUTE HEBPOHHU MpeXxn oT nepuentpoHu (Multilayer
Perceptron Neural Networks, MLP NN) ca Wnpoko u3nosi3aBaHu oT
npeaxoaHus (t.e. XX) BexK.

Koe e HOBOTO?

WU, npocp. T. MNanues, 2023-2024 36



"
KakBO BCbUWHOCT e ‘Deep Learning’?

HoBoTo npu DL € OCHOBHO B

AnropntMuTte 3a o6yuyeHue Ha MHOTOCJIOMHM
HEBPOHHU MpPEeXMW

@ HO HE CaMo...

WU, npocp. T. MNanues, 2023-2024 37



" J
KakBO BCbUWHOCT e ‘Deep Learning’?

KpaTtbK OTroBop:
s OT rmegHa Touka Ha OYHKLUMOHAJTHOCT:

N3non3BaHe Ha NocnenoBaTeSIHOCT OT CKPUTU ClloeBe
3@ OTKpUBaHe Ha onucaTtenn/xapakTtepucTukm Ha
obekTUTE/CHLOUTUATA B pa3IMyHK Mallabu Ha
pa3rnexaaHe.

MepapxuuHocT npu o6pab6oTka Ha nHdopmaumaTa!

Pa3nimvyHa pa3pelwaBalla CnocobHocT
(pe3onouma) B oTAeNIHUTE eTanv npm
MoAaeNnimpaHe Ha obektn/corbutnusa/npouecm.

WU, npocp. T. MNanues, 2023-2024 38



" J
KakBO BCbUWHOCT e '‘Deep Learning’?

OApyrv noao6peHus:

m [loBeye ,,CKPpUTU" HEBPOHM N MHOXECTBO CJ/I0EBE KOETO BOAMU
00 no-gobpa Bb3MOXHOCT Aa ce moaenupat ocobeHocTH (a
He camMo 06LWmM X-KNn)

m [lo-gobpa onTnMmsaumnsa Ha napametpute (on-line)

m ,HoBW" HeNMHenHn akTUBMpaLLM PYHKLUN OT CEMENCTBOTO
NNHENHN PyHKUMKM Cc HacmwaHe (RelLUs)

m [10-6bp3un (NapanenHun) naumcneHns ypes multicore CPUs,
GPUs »n ap.

WU, npocp. T. MNanues, 2023-2024 39



" A
HAKOJIKO nocsiegoBaTesiHU CJNos
MOraT Aa Hay4daT XapaKTepUCTUKHN oT

no-BUCOK pen
1 5 10 15 20 25 ...

OTKpI/IBaT JJMHUH Ha
KOHKPCTHHU ITO3HUIIUH

[To-BUCOKO HUBO Ha
a0CTpaKIus
(XOpHU30HTATHU JIMHUH,
BEPTUKAIHU JIMHUU,
TOPHH KpbI'yeTa U T.H.

WU, npocp. T. MNanues, 2023-2024 40



"

5 10 15 20 25

1

OTKpHUBaT JUHUU Ha
KOHKPETHHU MO3ULINHU

etc ...

[To-BHCOKO HUBO Ha
aOCTpaKIus
(XOpU30OHTAIHY JINHUH,
BEPTUKAJIHU JIMHUH,
TOPHM KpbI'ueTa U T.H.

etc ...

KakBo 111€¢ 0TKpHue TO31 HEBPOH?

41



" A
N3Boa: MHOXXeCTBO CKPpUTU cioeBe
MO>X>Xe Aa NOMOrHar

® 0 0 0 @
@ O O @ @
o O @ O 0O

9

optic radiations

:_:,"l.
.,['f

@Q

optic tract |, npod. T. MaHues, 2023-2024 42
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" A
MHOroc/1IoOMHNTE HEBPOHHU MPEXU, KOUTO
HayuJaT eJileMeHTapHuTe ,,eZieMeHTUN" Ha
AaHHuUTe 6Mxa MOrnu aa reHepanusupar
MHOIO YCNeLwHo ...

® 0 0 0 @
& O @ @
o @ @ @
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Nockopo obaue cTpaTermurte 3a HacTpoMka
Ha Ternarta (backpropagation) He paboTexa
Aobpe ¢ MHOrocJIOMHN HEBPOHHU MPEXXM...

9

44



NedpuHnuma 3a '‘Deep Learning’

W, npod. T. Farues, 2023-2024
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"
HoBMAT HauYMH 3a obyuyeHue Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXM...

e

MW, npod. T. MNanHues, 2023-2024 46




"
HoBMAT HauYMH 3a obyuyeHue Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXM...

2338

[MTbpBO
obyuyaBame
TO3U C/0un

W, npodp. T. MNanyes, 2023-2024 47



"
HoBMAT HauYMH 3a obyuyeHue Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXM...

gy

[MTbpBO
obyqasa Cnep TOBa

TO3N CNIC 1453 croi

MW, npod. T. MNanHues, 2023-2024 48



"
HoBMAT HauYMH 3a obyuyeHue Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXM...

e

[MTbpBO
oby4asa Cnen ToI
TO3W CNC 1311 cne CNEA TOBA
TO3M C/I0M

MW, npod. T. MNanHues, 2023-2024 49



"
HoBMAT HauYMH 3a obyuyeHue Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXM...

13iide

[MTbpBO
oby4asa Cnen ToI
TO3W CAC 1311 cne CN€A TOB:
TO3W CAOV

Cnepn ToBa
TO3U CJI0U

MW, npod. T. MNanHues, 2023-2024 50



"
HoBMAT HauYMH 3a obyuyeHue Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXM...

SRy

[MTbpBO
oby4asa Cnen ToI
TO3W CAC 1311 cne CN€A TOB:
TO3W CAOV

Cnen 10

TO3K cn Hakpas u
TO3M C/ON

W, npod. T. Farues, 2023-2024 51



"
HoBMAT HauYMH 3a obyuyeHue Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXM...

t33ids

Bcnykun cnoese
(6e3 n3xoaHmnA)
ce obyyaBarT Aa
6baaTt auto-
encoders

TakaBa cTpaternsi 3a oby4yeHue rm rnpuHyxaaBa
/1@ HayyaT rnpaBuIHUTE XapaKTepPUCTUKN /
onucaTesin KOMTO ONMCBAaT KakBO M/ABa OT

npeax O'%ll-l n”p’ﬁ 'FgHQeIB/,’2023—2024 52



"
HoBMAT HA4YMH 3a obyuyeHune Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXMU...

Auto-encoder-a ce obyyaBa ype3 cTaHAapTHUTE
aropuTMM 3a HAaCTpoMKa Ha Tersiata Ha HEBPOHUTE,

TaKa Y€ M3xXoaa Aa Bb3rnponmsBexiga BXOAHUTE AAHHN

output -

Tdecode
hidden -

encode

Input

53

W, npod. T. Farues, 2023-2024



"
Auto-encoder-a ce obyuyaBa upes
CTaHAAPTHUTE aJIrOPUTMM 3a HACTPOMUKA Ha
Tersiata Ha HeBpPpOHMTE, TakKa 4ye usxoaa Aa

Bb3rpounssexKga sxogoHmte AaHHMUA

output -

Tdecode
hidden -

encode
iInput

Korato ToBa ce HanpaBu C MHOIro Nno-mMasiko HeBpPOHU B
CKpUTUA cnon (B cpaBHeHMe C BXOAHWUS) pe3ynTaTa e ye
HEBPOHUTE B CKPUTUA CNOW Ca NPUHYAEHU Aa CTaHaT
nobpu geTekTopu Ha onucaTenu

W, npod. T. Farues, 2023-2024 54



"
HoBMAT HauYMH 3a obyuyeHue Ha
MHOIOCJ/IOUHU HEBPOHHUN MPEXM...

$333d-

MexanHHuTe cnoese ce oby4yaBaT Aa
6baat auto-encoders

W, npod. T. Farues, 2023-2024 55



N3XOAHUAT CJIOUN ce oby4yaBa aa
npeackKkasBa KJjlaca Bb3 OCHOBA Ha
n3xoamTe Ha npeaxoaHus CJIOMU

33333

MW, npod. T. MNanHues, 2023-2024 56




Yann LeCun v
Yoshua Bengio
nyénunkyeat
KOHUEeNuMaTa Ha
KOHBOJIIOLUMOHHUTE
HEBPOHHUN MpEXW
(convolutional
neural networks,
CNN) npe3 1995r.

m CNN ca BAbXHOBEHM OT OTKPUTUATA HA HEBPOBMONOrnAaTa,
noka3Balin Yye B obnactrta oT Mo3bKa (Vvisual cortex), kosaTo
oCblleCcTBABa PYHKUMNTE HA 3PEHUNETO, MMa HEPBHU KJIE€TKN KOUTO
Ca JIOKa/IHO YyBCTBUTEJIHN N Ca YYBCTBUTEJIHU KbM OpUeHTauudara.

m Yann LeCun un Yoshua Bengio cb3gaBaT CTPYKTypa Ha Mpexa

KOSATO No noapasbupaHe u3BAMYA CbOTBETHUTE XapaKTEPUCTUKMU
Ha obekTuTe.

m Convolutional Neural Networks moraT ga ce pa3rnexpaTt KaTo
eanH ena multi-layer neural networks.



" A
3aLwo aa M3noJsiasamMme no-aAbnnboka
MpeXka?

Q

Mo-abnboknTe Mpexun MoraTt ga U3rnon3saT A0CTa NO-MaskKo
HEBPOHU 3@ C/ION M MHOIO NO-Masiko NapaMeTpu

YecTto nmaTt no-aobpa TOYHOCT Ha TeCTOBUA HAbop OT AaHHMU
BbMpPeKn Yye ca N0 MKOHOMUYHM.

[1o TpyAHW ca 3a onTUMMU3npaHe!

Korato n3bmnpame abnboka apxmtektypa 0bMKHOBEHO CMe
MOTUBMPAHN OT AONyCKaHeTo (BsApBaMe), 4e nckame aa
,HaY4YMM" KOMMNO3NUTHA PYHKLUNSA KOATO C€ CbCTOU OT HAKOJIKO
No-eneMeHTapHn MYHKLUUMN.

Nnn obyyeHneTo nma 3a uen aa otkpme Habop OT OCHOBHMU
daKkTopu Ha Bapunaund, KOMTO MOraT Ha CBOM pepj Aa 6baaTr
OMWCaHW OT rnegHa To4yka Ha Apyru, No-rnpocTtm OCHOBHM
dakTopn Ha U3MEHUYUBOCT.

CMMO, npod. T. NaH4eB 58



" A
NMNoHaTHe 3a CNN

XapaktepucTtmndHm kapt (Feature maps)

i

3BnnyaHe Ha onucateny
Feature extraction layer
Convolution layer

Pooling/ueumMmpau_tienyumpam crom
IHBapMaHTHOCT KbM OTMECTBaHE U
nedopmaunm
Shift and distortion invariance or
Subsampling dayer



N3B/InYaHEe Ha XapaKTepUCTuku

CMMO, npod. T. lNaH4yeB 60



" A
N3B/InYaHEe Ha XapaKTepUCTuku

m CnoaeneHu TernoBHU KoepuUUMeHTN: BCUYKU HEBPOHM OTHACH
ce 3a AajeHa XapaKTepuCcTukKa cnoaensT eqHakBU TersioBHU
KoedunumeHTn. ToBa He ce oTHacs 3a oTMecTBaHusATa (biases).

m [aKa, BCUYKM HEBPOHU OTKpPMBAT €4Ha U Cblla XapaKTepucTtuka
Ha pa3/indHn nosmumn BbB BXOOHOTO M306pa>KEHVIe.

m Hamansaea ce 6poaT Ha cBoboaHUTe napameTpu (obyyaemunTte
Terna).

INnputs
CMMO, npdd. T. NaH4yeB

o/ 4/



" A
NpeanmcTBa Ha DNN

m DNN paboTn ¢ MMHUMaNTHM yCUnsa 3a npeaBapuTenHa
o6paboTKa, KOHCTpyuUpaHe U HopManmlaumsa Ha onucaTtenun/
aeckpuntopu, noabop Ha HaN-ANCKPUMUHATUBHUTE onuncaTenm
N T.H.

m He ce nsnckBat Abnb60oKu npeaBapuTenHn 3HaHUsa 3a npobnema
KOWTO e ce pellaBa

m [1bpBuda etan Ha obydyeHne MoOXe aa e unsupervised, T.e. C
AJaHHW KOUTO HAMAT Tarose/aHoTaumna U eaBa B 3aKIHOUYNTENHUS
eTan Ha oby4YeHUeTo Aa ce OCUTypSAT AaHHU C Tarose.

WU, npocp. T. MNanues, 2023-2024 62



" A
aKaro4yeHue

m ToBa e obwarta naed

m ChblecTByBaT MHOrro pasnin4yHu tunose deep learning,

m Pas3nnyHu autoencoder-u, pasnmuHmM apxXmTekTypu, u
pa3finyHu oby4daBallm airopuTMm ...

m bypHO pa3BuTMe npe3 nocnegHuTe 15 roauHn, MCTUHCKU
HanpeabK B nocnegHuTe 3 roguHu ...

WU, npocp. T. MNanues, 2023-2024 63
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