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Kak s nposen neto. Deep Learning.
Beepenune
LFeed Forward Neural Net

Backpropagation (Rumelhart, Hinton, Williams, 1985)

Input layer “Hidden layer

Xi > » 7, €—0, Target
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Kak s nposen neto. Deep Learning.
Beepenune
LI'Iotuewly deep

Mouemy deep?

e [MocTpoeHmne COXHbIX PyHKLMUI 3aBUCUMOCTM (pasaensitoLnx
NOBEPXHOCTEN )

e [NocTpoeHune cnoxHbix npusHakos (B T.4. feature learning)
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Kak s nposen neto. Deep Learning.
Beepenune
LI'Ipo(inemhl

Mpobnembl HellipoceTeii

e Gonbluoe KONIMYECTBO COBMECTHO HACTPaMBaeMbIX NMapaMeTpPoB
e Hesbinyknas 3agaya ontumMusaymm

o «[lapanunyuy cetn

e C/IOXKHOCTb BbIYUCIEHWIA

e MegseHHoe obyyeHme nepeoro cjios

e CunbHas HYBCTBUTE/IbHOCTb K MHUUWANN3aLnn BECOB
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Kak s nposen neto. Deep Learning.

CsepTtouHble HelipoceTu. LeNet

CBepTo4Hble HellpoceTy

CoennHseM KaXablii HEAPOH TOMIBKO C «COCEAHUMU> HEApOHaMK
npeablayLLEero Cosi.

Convolution Fully connected
> %
>
>
LO (Input) L1 L2 L3
512x512 256x256  128x128 64x64 32x32 (Output)

Y. LeCun, B. Boser, J.S. Denker, D. Henderson, R.E. Howard, W.
Hubbard, L.D. Jackel, 1989
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Kak s nposen neto. Deep Learning.

CsepTtouHble HelipoceTu. LeNet

OcobeHHOCTY CBEPTOYHOrO CJIOS

o KaxAblli HEPOH Ha BbIXOA4E CBEPTOYHOro C/iost — pUALTP.

e CnyuyaliHast cBepTKa — ODbIYHO LETEKTOpP rpaHuL,.

o [lonyckaetcst 3BpUCTMKA: CAENaTh BCE (PUILTPbLI PaBHbLIMN.
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Kak s nposen neto. Deep Learning.

CsepTtouHble HelipoceTu. LeNet

ApxutekTypa LeNet

YepeposaHue cBepToHHbIX 11 max-pooling (subsampling,
downsampling) cnoes.

Max-pooling layer

Pazobbem Tekywuii cnoli Ha HECKOJIBKO HernepeceKkaromuxcsi baokos
N 415 KaXKAOro BblbepemM MakcMmasibHOe 3HauYeHue.

Inpuc layer (51) 4 feature maps

(C1) 4 feature maps (52) 6 feature maps  (C2) 6 feature maps

| convolution layer | subsamplinglajer | convolutionlayer | sub-sampling layer | fully connected MLF
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Kak s nposen neto. Deep Learning.

CsepTtouHble HelipoceTu. LeNet

OcobeHHocTn LeNet

L CpaBHI/ITe.I'IbHO HebobLLIOe KONNYECTBO napamMeTpoB
e OTHOCUTENBHO yCTOI7IHVIBbI K nepeo6yt|eH|/|ro

L4 nO/J,XO/J,VIT ANA pacno3HaBaHUA 0bBbEKTOB Ha KAapPTUHKE,
NHBAPNaHTbl OTHOCUTEJIbHO €ro casura.

e Pekopg Ha MNIST — 23 owunbku ns 10000.
Komnosnuumsa ns 35 LeNet ¢ apxutekTypoii
29x29 — 20C4 — MP2 — 40C5 — MP3 — 150N — 10N

e He WHBaPNaHTHA OTHOCUTEJIbHO MNEPECTAHOBKU TPU3HAKOB
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Kak s nposen neto. Deep Learning.

Apyruve 3spuctukn

Hpyrve sBpuctrku

Optimal Brain Damage (LeCun, 1990)

VckopeHue ctagum BoiBoga (inference) cetn.

Mocne nonagaHnst B IOKaNbHBIA MUHUMYM yaansiem pebpa ¢
HaWMeHbLUEW MO MOAYNO BTOPOW MPON3BOAHON 1 MPOAOIKAEM
onTUMM3aLMIO.
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Kak s nposen neto. Deep Learning.

Apyruve 3spuctukn

Deep Stacking Network (Deng, Yu, Platt, 2012)
O6yyenune DSN:

selicti ~
e [lByxcnoiiHble 6ok obyvatotcs

-

-
. *e nocnefoBaTesNbHO.

[ predictons | input pata_| e Kaxaplli ns aByx cnoes oby4vaercs
OTAeNBHO.

u
e [Mocne 3Toro 3anyckaercs
wi| |we

backpropagation

[ Predictions || inputata | [MpenmyLuecTsa:

° BbII'IyKJ'Iaﬂ ONTUMN3aunA.

U
e Huskasi cknoHHOCTb K
W1 W2

nepeobyyeHuto.

e Xopowo pacnapannenneaeTcs.
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Kak s nposen neto. Deep Learning.

Apyruve 3spuctukn

A Takxe:

e [IpopexmnBaHue Ha cTaguu npegobyyeHus

e Hopmanusaums Bxoasilymx BECOB KaXkAOro HelipoHa
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Kak s nposen neto. Deep Learning.
Deep Belief Network n Deep Boltzmann Machine
LDeep Belief Network. Autoencoder

Deep autoencoder

AnropuTm:
e [IpepobyyeHne no cnosim ¢ nomouysto RBM
e CYMMETpUYHOE OTpaXKeHMe MOJyYeHHOR CeTu

e Ob6yuyeHme be3 yuutensi ¢ nomowbto backpropagation
(cuMmeTpust BeCOB HapyluaeTcsi)

Hinton, Salakhutdinov, 2006
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Kak s nposen neto. Deep Learning.

Deep Belief Network n Deep Boltzmann Machine

LDeep Belief Network. Autoencoder

Decoder
[30]
w
Too
RBM
wi
[ 2000 |
[ 500 ] w3
W, [ 1000 |
[ 1000 ] w3
RBM 3
wi
—T— Cotelirst
w, Wa
m_RBM
Wy
[_1000 ]
wZ
[ 2000 ] [ 2000 ]
W4 W4
RBM _Encoder ...
Pretraining Unrolling
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Kak s nposen neto. Deep Learning.
Deep Belief Network n Deep Boltzmann Machine
LDeep Belief Network. Autoencoder

OcobeHHocTun autoencoder-a

e HenuHeliHoe cxaTune gaHHbIX

e [eHepauusi CNOXKHBIX BbICOKOYPOBHEBLIX Npu3Hakos (feature
learning)

“bottleneck” hidden layer

input layer output layer

(reconstruction of input layer)

all layers are fully connected but not
drawn
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Kak s nposen neto. Deep Learning.
Deep Belief Network n Deep Boltzmann Machine
LDeep Belief Network. Autoencoder

(1) ncxoptble 0bBEKTHI

[ ]
¢ (2) oxaTne c nomowbto Autoencoder-a
e (3-4) okatue c nomowpbto PCA
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Kak s nposen neto. Deep Learning.
Deep Belief Network n Deep Boltzmann Machine
LDeep Belief Network. Autoencoder

Deep Belief Net

e CHoBa yaansieM CKOMMPOBAHHYIO YacTb CETW
e [lobaBnsiem BbIXOAHOW COA

e 3anyckaem oby4enue c yuutenem (cHosa backpropagation)
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Kak s nposen neto. Deep Learning.
Deep Belief Network n Deep Boltzmann Machine
LDeep Boltzman Machine

Deep Boltzman Machine (Salakhutdinov, Hinton, 2009)

DBM wuHorga ncnonbsyeTtcs Ha cTaguu npegobyyeHnsi BMECTO

Autoencoder-a.
OcHogHoe oTtanymne ot RBM — mMHorocnoliHasi apxutekTypa.
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Kak s nposen neto. Deep Learning.

Dropout

Dropout

MpocTas sBpucTuka: Ha Kakgoi ntepauun backpropagation
«BbIKMAbIBAEM > MOJIOBUHY HEPOHOB CKPLITLIX CJ0EB, BMECTE C UX
BXOAALMMU 1 UCXOAALMMI BECAMU, @ NOCE 3aBEpLIEHNs!
NTepauun — BO3BPALLAEM.

Mocne okoHYaHus oby4eHUs genum Bce Beca nonosiam.

Hinton et al., 2012

Oner Xapauugun BMK MIry 19/34



Kak s nposen neto. Deep Learning.
Dropout

chaBHeHVIE Ha peanbHbIX AaHHbIX

MNIST

Mpeapiaywuii pesynstat: 160 owunbok

DBN: 118 owwnbok

Dropout DBN: 92 owubku

DBM + backpropagation: 94 owunbkn

DBM + dropout backpropagation: 79 owubok
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Kak s nposen neto. Deep Learning.
Dropout

LCpaaHel-me Ha peanbHbIX AaHHbIX

@)

(b)
MpusHakn nepeoro ckpeitoro cnos gas MNIST: (a) 6es dropout (b) ¢
dropout

Oner Xapauuan

=1
BMK Mry
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Kak s nposen neto. Deep Learning.

Dropout

LCpaBHenwe Ha peanbHbIX AaHHbIX

TIMIT

TIMIT — 6eHumapk no pacrno3HaBaHUIO peyu.

Dropout ymenbLiaet gonto owmnbok knaccucpukaumn ¢ 22.7% pno

19.7%

Training Set Error

Validation Set Error

— 15 frames 3 layers 2000 units
—— 15 frames 3 layers 4000 units
— 31 frames 3 layers 4000 units
— 31 frames 4 layers 4000 units

= 15 frames 3 layers 2000 units
—— 15 frames 3 layers 4000 units
— 31 frames 3 layers 4000 units

N
Falal — 31 frames 4 layers 4000 units

Classification Eror %
g

P— MKMW
finetuning u{umwm

¥

TIMIT
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Kak s nposen neto. Deep Learning.
Dropout

LCpaBHenme Ha peanbHbIX AaHHbIX

ImageNet
ImageNet — Habop n3 ~ 1.3mnH kapTuHOK U3 uHTepHeTta 1 1000
T3ros.

Dropout cHuxaeT gonto owmnbok ¢ 48.6% no 42.4%.
ApxutekTypa ceTu

(224x224)— C—MP—C—MP—C—C—C—MP—F(4096) — F(4096) —(1000)

dropout
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Kak s nposen neto. Deep Learning.

MpumereHns Ha npakTuke

Kaggle Job Salary Prediction

1 n 2 mecTo — HelipoceTu.
Jlyqwinii pesynbtat: HelipoceTb C apXUTEKTYpPOIi

15000 — 4000 — 1000 — 1

1 ucnonb3osaHuem dropout.
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Kak s nposen neto. Deep Learning.

MpumereHns Ha npakTuke

1-ii pesynbTaT — HeiipoceTb ¢ ncnosib3oeaHuem dropout. bes

Kaggle Merck Molecular Activity Challenge

NPENpPOLLECCHIa JaHHbIX :)

#

1

Alw Team Name *inthe money

gggg it *
13 DataRobot & *
10 gt

12 Gangnam Style

156 Luxtorpeda
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Kak s nposen neto. Deep Learning.

MpumereHns Ha npakTuke

Google Image Search

DNNResearch — ctaptan, co3gaHtbiii Geoffrey Hinton, Alex
Krizhevsky n llya Sutskever (2011).

B 2012 npuobpeten komnanueii Google.

PazpaboTaH anroputm noucka no msobpakenusim Google,
aHaNornYHbIi MeTogy, ucnosb3osaHHomy ansi ImageNet. OcHoBaH
Ha raybokoii HelipoHHoi cetn Tuna LeNet.
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Kak s nposen neto. Deep Learning.

MpumereHns Ha npakTuke

Hpyrve npumeHeHus

e [lepeBop (aHrnwniicknii — kuTaiicknii, Microsoft)
o Pacnosnasatue peun (Google Search, Bing)

e HosoctHas nenta B Fabebook (B paspabotke ¢ ceHTsibpsi
2013)
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Kak s nposen neto. Deep Learning.

Kak Hanucatb HeiipoceTb

[Mnwem HelipoceTb

Heobxogumeie TpeboBaHus

e CranpgapTHasi 3afja4a perpeccun uau kiaccudmkaymm
e Bonblas obyyatouias eeibopka

e MHoro npusHakos

NHcTpymeHThI

e Bbubnnoreka Theano (Python + CUDA)
e Bubnnoreka Deepnet (Python + CUDA)

e Hanucatb pykamn B MATLAB
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Kak s nposen neto. Deep Learning.

Kak Hanucatb HeiipoceTb

ApxnTekTypa ceTu

e Ecnu obbekThl obyyatoueli BbIGOPKN — N306paxkeHns, To
pekomeHayeTcst ucnosibzoaTtb LeNet
(Pekomengaunu no Hactpoiike LeNet ectb 3pech)

e MHaye — obbiyHas HelipoHHas ceTb ¢ fully-connected cnosimm

HelipoceTb ¢ fully-connected cnosimn

e Kosnnyectso cioeB — 0bbIvHO 3-5
e Ha ckpbiTbix cnosix 0bbivHo ot 500 go 2000 HeiipoHoB.

e [Npenobyyermne Autoencoder-om (onumoHanbHO)
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http://deeplearning.net/tutorial/lenet.html

Kak s nposen neto. Deep Learning.

Kak Hanucatb HeiipoceTb

DyHKLMM aKTUBaLUN

e o(x) = H% (cTaHmapTHbI BapnaHT)

X

e tanh(x) = ?172;

e max(0, x) (ReLU-function, obyuaetcsi bricTpee)

BoixogHoii cnoii

e B cnyyae perpeccun pyHKUMM aKTUBALMKU HA BLIXOAHOM CJIO€
MOXET He bbITb

e [Ina knaccudpmkauum — softmax:

exp(x;)

Zj exp(x))

pyHKUMSA NOTEPL — KPOCC-IHTPOMUS BBIXOLHOTO

pacnpegenedna C LeENEBbIM
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Kak s nposen neto. Deep Learning.

Kak Hanucatb HeiipoceTb

NHununannsauyms secos

WNHuumanmsnpyem Bce Beca CayyailiHbIMU BEANYMHAMYN U3
HopMasibHoro pacnpegenednsi c 4 =0un o ~ 1073,

MNpenobpaboTka gaHHbIX

[Mpu3Hakn UueHTpUpyrOTC 1 HopMupytoTcs. VimeeT cmbicn
MOSKCNEPUMEHTPOBAT.

Dropout rate

Dropout rate — BeposiTHOCTb «BblKMALIBaHUS Y y3na. Jna ckpbiTbix
cnoes BbicTaBnsetca dropout rate, pasHbili p = 0.5, Ana BXogHOro
cnost 0 < p < 0.5.
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Kak s nposen neto. Deep Learning.

Kak Hanucatb HeiipoceTb

ObyuyeHne

e ObyyeHune Npon3BOANTCS «3MOXaMU» — NPOXodaMu Mo BCel
BbIOOpKE B MPOM3BOJILHOM MOPsiKe

e ObbekTbl rpynnupytotes B 6ioku (minibatch), no 10-100
0bbekTOoB B KaxaoM. [Mocne obpaboTku kaxgoro 6aoka
TPAfVEHT YCPeHSETCs, ODHOBNSIOTCS BeCa HelpoCeTy.

o KoabduuymenT obyqennsi (learning rate) nogbupaercs
3KCMEPUMEHTANIBHO
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Kak s nposen neto. Deep Learning.

Y710 nouutaTte

Y10 nounTaTth

e Deeplearning.net — mHoro pasHoii nicopmaummn no Deep
Learning-y

e Hinton, Geoffrey E., and Ruslan R. Salakhutdinov. Reducing
the dimensionality of data with neural networks. Science
313.5786 (2006): 504-507. — ctaTbs npo Autoencoder

e Hinton G. E. et al. Improving neural networks by preventing
co-adaptation of feature detectors. — opurnHanbHas ctaTes no
Dropout

e Srivastava, Nitish. Improving neural networks with dropout.
Diss. University of Toronto, 2013. — nogpobHblii aHanms
Dropout
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http://deeplearning.net/
http://www.cs.toronto.edu/~hinton/science.pdf
http://www.cs.toronto.edu/~hinton/science.pdf
http://www.cs.toronto.edu/~hinton/science.pdf
http://arxiv.org/pdf/1207.0580.pdf
http://arxiv.org/pdf/1207.0580.pdf
http://www.cs.toronto.edu/~nitish/msc_thesis.pdf
http://www.cs.toronto.edu/~nitish/msc_thesis.pdf

Kak s nposen neto. Deep Learning.

GeofFréy Hinton
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