MaTemaTtuka HEUPOHHbLIX CeTeN

MeaH Oceneged,
CKOJTKOBCKUN MHCTUTYT
HayKn 1 TEXHOMOMM
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3agada MallnHHOro oby4vyeHus

U — MHOXecTBO
O0OBEKTOB

X(U) — MHOXecTBO
NPU3HaAKOB

Y — MHOXXeCTBO KinaccoB

Hy>XHO no X onpeaenntb
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2006 roa: copeBHoBaHue Asirra

Please dlick on all the images that show cats:
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2014 rop: copeBHOBaHMe Asirra

> W Dogs vs. Cats

Dashboard Private Leaderboard - Dogs vs. Cats

This competition has completed. This leaderboard reflects the final standings.

e Arank Team Name *in the money
Pierre Sermanet *
14 orchid *
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Paul Covington
i3 Maxim Milakov
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Krnaccunyeckum noaxon
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MIcKyCcCTBO NOCTPOEHMNA NPpU3HAKOB
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MIcKyCcCTBO NOCTPOEHMNA NPpU3HAKOB

Input Image

Gradient Image

[ NMyOWHHbIE HENPOHHbIE CETMU:
OpHa KoHuenuus
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CBepTo4Hasi HEUMPOHHAaA CEeTb

e MaTtemaTnyeckun, HEMpoHHasA ceTb —
KOMOUWHaLUMS NPOCTbIX Npeodbpa3oBaHNN
(NMHENHbIE/HENNHENHbIE)

e [nyOuHa apXUTEKTYypbI

e (CBepTOYHbIE Criou

Convolution Pooling Convolution Pooling Fully Fully Output Predictions
Connected Connected

-o_ dog(0.01)
1 cat (0.04)
F 0O boat (0.94)
= r bird (0.02)
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[Tpnmep paboTbl HEMPOHHOW CETU

This bird has a yellow This bird is white ~ This flower has

Y aTon i ! |
TOM MTULibI belly and tarsus, grey with some black on overlapping pink

YKenTbin XNBOT,

cepasi CrnHKa back, wings, and its head and wings, pointed petals
KDbBIbS1 ’ ~ brown throat, nape ~ and has a long surrounding a ring of
KOpI/NH(;,Boe with a black face orange beak short yellow filaments
ropso. ‘

(a) Stage-1

images

(b) Stage-II
images
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ImageNet (Princeton, Stanford, Google)

bonee 10 MmunnnoHos
aHHOTUPOBAHHbLIX “BPYYHYIO"
n3o00paxxeHn ¢ NOMOLLILIO cepBuUCa
Amazon Mechamcal Turk
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[MpocTOoTa AOCTYNHbLIX TEXHOJIOMNN

Tensorflow - OTKpbITLIN OPENMBOPK

rNyOOKNX HEMPOHHLIX CETEWN,
pa3pabaTtbiBaeMbin Google (>15
NHXXEHEepPOoB, paboTatoLmnx Ha

MNOSIHYIO CTaBKY)

TensorFlow
> 700 TbICAY CTPOK KOAa
> 600 y4yacTHUKOB pa3paboTku
PyTorch - opyron oTKpbITbIN
dopenmopk, paspabaTbiBaeTcs npu .
nogaepxke Facebook PYT b RCH
> 90 TbICAY CTpOK Ko.u'a httﬁ;//pl)ytorch.orglzm8/01/19/a-year-

Skoltech
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> 400 y4acTHUKOB pa3paboTku 12



[ IpnymHbI NpopbiBa
[TpnYMHbI NpopbiBa B codeTaHUn doakTopos!

e PocT MoLwHOCTU KU AocTynHocTu xenesa (GPU)

e HoBble 06BEMBI OTKPLITBIX, Pa3MEYEHHbIX
NaHHbIX

e OTKpPbITOCTb UCCNEOOBAHNN N NCXOAOHbIX KOOOB
dopenmMmBOpKOB

Kak pesynbTaT, Tode4yHasa «POKYyCUpOBKa»
nccrnegoBaHuin B y3kon obnactu

13 Skoltech
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[ nybnHa HENPOHHbLIX CETEN
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Neural Network Architecture

[ nyOokue ceTn nNo3BonsT NpubnmxaTb PyHKUNK
9KCMNOHEHUMarnbLHO ny4wle, Yem “menkme”

14 Skoltech
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OTKpbITble BONPOCHI

'loyemy HeT nepeodbyvyeHna?
louemy Ooree rnybokue cetu nyywie?

1o Skoltech
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CTtaTncrnyeckas reopmusa ooyveHus

Bbipa3sutenbHocTb-Ob00bLweHne-Ontummnsaumns

e [eopusa Ona Knaccu4Yecknx mogeneun
e Het ana Deep Learning

10 Skoltech
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TOYHOCTL/0000OLLEeHMEe: KInacCcuka

s > ™

I
/ # \ =
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— S -
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ilE —>®& Estimation Error (Exp )
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Yncno napameTpoB moaenm Annpokcnmaums OueHka napameTpoB

yBenuuneaeTcs \ /
nagaet /' \
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To4HoCTL/00006LEeHNE (ceTn)

s > ™
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Rethinking generalization

Zhang et. al, ICLR 2017

lepoHHas ceTb MOXET “3anOMHUTL”
clydanHble MeTKU

VC-pa3mepHOCTb orpomHas!

19
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Deep Prior: oby4yeHune no 1 npumepy

D. Ulyanov, V. Lempitsky, A. Vedaldi
https://dmitryulyanov.github.io/deep image_prior

Denoising

Corrupted Deep image prior

20 Skoltech
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Deep Prior

Nnes:
Cuyntaem, 4YTo KapTUHKA CreHepupoBaHa
HEWPOHHOW CETHLIO

min E(fy(z); o) -

2! Skoltech
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TeH30pHbIE Pa3foXXeHUs U HEUPOHHbIE CETH

e (CBSA3b MeXAay TeH30pamMu 1 crieunanbHbIMK
HEWPOHHbIMUN CETAMMU

e Mbl MOXeM nccnenoBaTb CBA3b C MOMOLLLIO
TEH30pHOro aHanunaa

Expressive power of recurrent neural networks
V Khrulkov, A Novikov, | Oseledets - ICLR 2018

On the expressive power of deep learning: A tensor analysis
N Cohen, O Sharir, A Shashua - Conference on Learning Theory, 2016 - jmir.org



https://arxiv.org/abs/1711.00811
https://scholar.google.ru/citations?user=GS5HTlkAAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=jMUkLqwAAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=5kMqBQEAAAAJ&hl=ru&oi=sra
http://www.jmlr.org/proceedings/papers/v49/cohen16.pdf
https://scholar.google.ru/citations?user=DmzoCRMAAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=2y5Am34AAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=dwi5wvYAAAAJ&hl=ru&oi=sra

TeH30pHbIE Pa3NoXXeHNs U HEUPOHHbIE CETH

QZ -—E\\/ /}’Zﬁ/f&&’f

%%H/ z cZJ Q%
/D*:j‘{—j\ Lﬂ;
n

:}] AL, o) by 4) - >3~ oy

/%%g @ZW



Oby4yeHune 6e3 yuntens

e Unsupervised learning
CTaAHOBUTCH KI1H0YEeBOU
TexHonormeum



Y4ynm BEPOATHOCTHbIE pacnpeneneHus

e EcCTb AaHHblE Llyeeey TN
e (Generative adversarial network (GAN) ctanu
OCHOBHbIM NOAXOA0M



Generative adversarial networks

e [lIpennoxeHobl by Goodfellow et. al in 2014

e llpesa cocTouT B TOM 4YTOObLI NapamMeTpusoBaTb
pacrnpegerieHme Kkak obpas 3agaHHOro

e [lononHutenbHasa QyHKUUA (QUCKPUMUHATOP)
OTNn4YaeT npasay oT penka



nniocTtpauuna

e Teopusa urp
e [eHepaTop yu4nTCA reHepuTb
peanncTnyHbie N300paxeHus

® D,VICKPVIMVIHaTOp YUUTCA OTJINHATDb
pealibHble OT CUHTETUYHECKUX

p(x is real)

N(0,1)




Kak oueHUTb Ka4yeCcTBO

OueHka kadecTtBa paboTtel GAN HenpocTada: HeT npaBgonoaoous

Uto nyywe?




CyliecTByloLime nogxoabl

e Jliogn
e Inception score
e Frechet Inception Distance (FID)

I({zn}n=1) = expEx(Dxw(p(ylx)|[p(y)))

e CrnoxHo ncnonsaosatb BHe ImageNet
e HeobazaTernbHO KOppenupyeT C YernoBe4YeCKON OLEHKOM

“A Note on the Inception Score” Shane Barratt and Rishi Sharma

“Improved techniques for training GANs” Salimans et al.



['MnoTte3a o MHOroobpasumu

Pmodel (X)

Pdata (X)
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Hawa naes

Mbl ncnonb3yem Tonosiorn4yeckKkue
cBoOMCcTBa MHOroobpasmm



Nrpywe4dHble gaHHble
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MRLT(i, 1, X)

MRLT(, 1, X)

650 All
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WGAN-GP 5.19 1.44 0.54 0.27 2.16 0.03 13.5 1.38 0.14 5.00 2.04




Jlnya (CelebA)
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3roHaMepeHHble Bo3MyLLeHUda (adversarial)

e 3rioHamMepeHHble BO3MYLLUEeHUS
nerko obmMaHbIBatOT HEMPOHHbLIE CETU

e [lobaBka HeEBOMbLLIOW HOPMbI
NPUBOANT K HENPaBUNbHOMN
Krnaccudukaumm

arg max p(y|x; ) # arg max p(y|z + €; 0)

Isjthis}a pigeon?

This work is supported by Ministry of Education and Science of the Russian Federation (grant 14.756.31.0001)



YHU BepcCaJibHbl€e BO3MYLLUEHUSA

e Mosaavi et al (2017) npeanoXxun yHmBepcaribHble
BO3MYyLUeHUA: 1obaBngemM poBHO OOHY KapTUHKY KO
BceM, obmaHbIBaeM cetb B (~70%) crnyyaem

e XopoLlo 000o0LLalTCs Mexay ceTaMu

Universal adversarial perturbations, Moosavi et al, CVPR 2017




Hawwu pesynbTtaThl (Khrulkov, Oseledets, CVPR 2018)

e [lpocTon anropntm VGG-16 VGG-19 ResNet50
e bbLiCcTpbIN VGG-16 0.52 0.60 0.39
e Mbl aTakyeM HU3KOYPOBHEBbIE VGG-19 0.48 0.60 0.38
ResNet50 0.41 0.47 0.44

NPU3HaKM
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bbino npeanoxeHo HeCKOoJIbKO MeToAoB 3allinThbl, HO
HUB bHOIO HeT

1. OnpepenaTtb 1 yoansaTb LWYM
C U306paxxeHnu

2. Bo Bpemsi 0by4yeHud P - —>
[ob6aBnATh criyvyarHbIn WyMm Perturbation Compression

Y classified as misclassified as reclassified as
3' ES:JDBOIJ_I-ISESGBS;: ggs:lg:s; Stop Sign Max Speed 100 Stop Sign
CopeBHOBaAHMA MO MOUCKY
nquJMX MeTOﬂ,OB aTakm u (@) Defended model (b) Substitute model

. LCIN SEEEERLE Q- [ O~ <
3aLLI,I/ITbI . | !/ S~ o
h(@) |— <@l ! L--- g =

NIPS 2017: Targeted Adversarial [ g PR .
Attack r r

NIPS 2017: Defense Against
Adversarial Attack
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NTorn

Mbl He 3HaeMm:

noyemy rnybmHa ynydiiaer.

Kak OHM paboTatoT (MHTEepnpPeTUPYEMOCTb)
X Nerko oomMaHyTb (YCTOMYMBOCTD)
APXUTEKTYPbI CIOXHbIE, TSXKENO YUNUTb

39
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