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HelipoHHble ceTn

EkatepuHa Tysoea
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JlnHeliHble AJIrOpUTMblI KJ'IaCCVICbVIKaLI,I/II/I n perpeccumn

3agava knaccudpmkauymu:

a(x,w) = sign(w, x)



Kakoii knacc pyHKUNiA MO>XKHO
peann3oBaTb HEWPOHOM?



HenpoHHas peanusauus norundeckux pyHKLmiA

Xl "
1\ 1o .
x2—1 Z (x! A x?)
e
- 0qo o
0 1
S  —
x2—1 Z (x* v x?)
127"




HenpoHHas peanusauus norundeckux pyHKLmiA

®ynkuun N, TN ot BuHapHbIX NepemeHHbIX £1 U Xo:

3
331/\1‘2=£61+{,C2—§>0

1
.731\/1‘2:.731+.732—§>O



Norunyeckasa dyHkuua XOR

1-1i cnocob 2-1 cnocob
1 {e o 1 e )
0 4o . 0 4o .




Norunyeckasa dyHkuua XOR

DyHkuyus 1 @ xo = [x1 # T3] He peannsyema OAHUM HENRPOHOM.
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1. JobasneHnem HenMHENHOrO MpU3HaKa:

1
X1 B xy = [T + 22+ 2 —§>0]



Norunyeckasa dyHkuua XOR

DyHkuyus 1 @ xo = [x1 # T3] He peannsyema OAHUM HENRPOHOM.

[Ba cnocoba peanuszayuu:

1. JobasneHnem HenMHENHOrO MpU3HaKa:

1
X1 B xy = [T + 22+ 2 —§>0]

2. Cetbto (pByxcioiiHoli cynepnosuumein) cdyrkunii U, NJN:

1
(El@l’Q:[(QCl\/.fz)—({lJl/\fL’z)—i>0]



Norunyeckasa dyHkuua XOR

1 ~a
1 2
G X e




JTiobyto N PyHKLUNIO MOXKHO NpPeacTaBUTb HelpoceTbio?

- [Byxcnoiinas cetb B {0,1}" nossonser peannsosaTb
NPON3BOJIbHYIO ByneBy OyHKUUIO.
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JTiobyto N PyHKLUNIO MOXKHO NpPeacTaBUTb HelpoceTbio?

- [Byxcnoiinas cetb B {0,1}" nossonser peannsosaTb
NPON3BOJIbHYIO ByneBy OyHKUUIO.

- [Byxcnoiitas cetb B R™ nossonsieT oTAennTb NPOU3BOJIbHBbIiA
BbINYKJbli MHOTOTPaHHUK.

- TpéxcnoiiHas ceTb R™ nossonsieT oTAeNUTb NPOU3BOJILHYIO
MHOrOrpaHHyto 0b1acTb, He 0bsi3aTeNIbHO BbIMYKYHO.

C nomoubto SMHEHbIX onepaLuii U 0aHOW HENMHEVHON yHKLMUN
aKTUBALUM 0 MOXXHO Npubn3nTh NODYI0 HEMpepPbLIBHYO PYHKLMIO C
Ntoboli KenaeMoi TOHHOCTbIO
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MHorocnoviHas HelipoHHas ceTb

Mycts Y = RM | nga cnos B cetn.

BXOAHOW CNOR, CKPbITbIA CNOM, BbIXOAHOWN CNOMRA,
N NPU3HaKOB H Heiiponos M HeiipoHoB
—_—— —_——

H
3
m‘

11



MHorocnoviHas HelipoHHas ceTb

@-—— ¥ oo 3

Woh Wrn

@ o
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CroxacTtuyecknii rpaguneHT

Q(w)

I
=Y L(w,x;,y;) — min
1

i= w

1 function STOCHASTIC GRADIENT(X', a, 1)

2
3

© 00 N o O

MepemelaTh AaHHble B X'

NHuunanusuposats w

l
Q(w) = Zl L((w,%i)y:)
repeat[nz;(a Q w/nnn w He cTabunusnpytoTcs|
B3sitb z; u3 X!
Motepsi: €; = L(w, x4, y;)
paguenTHbIli war: w = w — aVL(w, z;, y;)
Ouernte Q = (1 —1)Q + nz;

13



Ckonbko onepauuii
norpebyeTcsi AN Bbl4YNCEHUS

rpagneHTa B Touke?



nes: CoxpaHsaTb HEKOTOPbLIE MPOMEXYTOUHbIE Pe3ybTaThl B y31ax CETH.
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3apayva auddepeHymnpoBaHua cynepno3numnm pyHKLWA

BbixogHbie 3Havennst ™ (x;), m = 1,..., M Ha obbekTe z;:

H n .
am(xL) - O—WL(Z Whm ); - Uh,(z wjh,xg)

h=0 j=0
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3apayva auddepeHymnpoBaHua cynepno3numnm pyHKLWA

BbixogHbie 3Havennst ™ (x;), m = 1,..., M Ha obbekTe z;:
H n .
a™(i) = om(D_ Whm ) =on()_winal)

h=0 §=0

Bosbmem L;(w) — cpegHuii kBagpaT owmnbku:

15



3apayva auddepeHymnpoBaHua cynepno3numnm pyHKLWA

BbixogHbie 3Havennst ™ (x;), m = 1,..., M Ha obbekTe z;:

H n
am(‘TL) = Gm(z Whm ); = Uh(z wjhxg)

h=0 j=0

Bosbmem L;(w) — cpegHuii kBagpaT owmnbku:

I'IpomemyTquaﬂ 3adada: HaWTW YacTHble nponseoAHbIe

Oa™ ouh

15



EbICTpOQ BblHUCJ1eHune rpaguneHTa

Ownbka Ha BLIXOOHOM CJIOE:

L) _ amas) — i = e
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EbICTpOQ BblHUCJ1eHune rpaguneHTa

Ownbka Ha BLIXOOHOM CJIOE:

da™

= " (ag) — g =

Ownbka Ha CKPLITOM CJOE:

0L;(w)
ouh
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EbICTpOQ BblHUCJ1eHune rpaguneHTa

Ownbka Ha BLIXOOHOM CJIOE:

L) _ amas) — i = e

Ownbka Ha CKPLITOM CJOE:

M M
OL;(w , , ,
a;(h ) _ (Cbm(l‘i) _ yzm)oinwhm _ Z ng_n,O,;nwhm _ E?’
m=1

m=1

h m

£, BbIHNCASAETCA NO £;°, €CNN 3anyCTUTb CETb «3a40oM Hanepé,u,»:

Y
E,_ZKH

=

16



EbICTpOQ BblHUCJ1eHune rpaguneHTa

Tenepb, nmes YacTHble nponssogHsble L;(w) no a”™ un u", nerko

BbinMcaTb rpaguent L;(w) no Becam w.
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EbICTpOQ BblHUCJ1eHune rpaguneHTa

Tenepb, nmes YacTHble nponssogHsble L;(w) no a”™ un u", nerko

BbinMcaTb rpaguent L;(w) no Becam w.

Bonpoc: kak?

17



EbICTpOQ BblHUCJ1eHune rpaguneHTa

aﬁt(w) _ 6[%(“]) da™ _.m 1 ,h(..
OWpm  Qam OWhm = & Im (xz)’

m=1,...,M, h=0,...,H

18



EbICTpOQ BblHUCJ1eHune rpaguneHTa

0Li(w)  O0Li(w) Oa™

m __/ . h
=elo, u'(x;)
OWhm oa™  Owpm, m ’

m=1,...,M, h=0,...,H

OL;(w) _ OL;(w) ouM B

=&

1
i OnTys

8wjh auh awjh

h=1,...,H, j=0,...,n

18



Anroputm obpaTHOro pacnpocTtpaHeHusi owmnbku

1 function BACKPROPAGATION(X', H, «a, 1)

2 C.
3 repeat[noka @) He cTabunusnpyrorcs]
4 BzsTb z; us X'

Backpropagation 19



Anroputm obpaTHOro pacnpocTtpaHeHusi owmnbku

function BACKPROPAGATION(X', H, a, 1)

1
2 C.
3 repeat[noka @) He cTabunusnpyrorcs]
4 BzsTb z; us X'

5

J ,
ul = op (X wipal), h=1,....,H

7=0

cl F
a;n = Um( Z whm“’f)? E;n = azm - yzm? m= 1’ te ’M

h=0

1 M 2
_ m
[/z =9 Z (61 )
m=1

Backpropagation 19



function BACKPROPAGATION(X', H, a, 1)

repeat[noka @) He cTabunusnpyrorcs]
BzsTb z; us X'

g b~ W N =

J ,
ul = op (X wipal), h=1,....,H
j=0

H
a;n = Um( Z whm“’?)? E;n = azm - yzm? m= 1’ e ’M
h=0
1 M 2
Li=35 > (e

m=1

M
h _ / _
6 { el =Y. elol wyy, h=1,....H
m=1

Backpropagation 19



Anroputm obpaTHOro pacnpocTtpaHeHusi owmnbku

function BACKPROPAGATION(X', H, a, 1)

1
2 C.
3 repeat[noka @) He cTabunusnpyrorcs]
4 BzsTb z; us X'

5

(ijhx) h=1,....H

_O

a;" = Um( Z whmu?)7 &€ = a; Ui m=1,. aM
h=0
1 M
Li=35 > (e)?
m=1

M
6{ eh Z Mol Whm, h=1,...,H

Whim = Whm — acMol ul, h=0,....H, m=1,....M

i j=0,...,n, h=1,...,H

_ h
7 Wip = Wijp — QE; ahxi,

Q=(01-7)Q+nL;

Backpropagation 19
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OcobeHHOCTHU

+

+ + + +

3d3dDeKTVIBHOCTbZ rpagneHT BblHNCIAETCA 3a BpeEMsA, CPaBHMMOE CO
BPEMEHEM BblIHUNCNIEHNA camoli cetn

Jlerko obobuiaetcs Ha nwobele o, L
BoamoxHo puHamuyeckoe (noTokoBoe) obyuerune
Ha ceepxbonblumnx Bbibopkax He obsizaTensHo bpaTh BCe ;

BozmoxHocTb pacnapannenmBaHus

BozmoxxHa mMegneHHas cxoanMMocCTb
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Jlerko obobuiaetcs Ha nwobele o, L
BoamoxHo puHamuyeckoe (noTokoBoe) obyuerune
Ha ceepxbonblumnx Bbibopkax He obsizaTensHo bpaTh BCe ;

BozmoxHocTb pacnapannenmBaHus

BosmoxHa MeasieHHast CXOAMMOCTb
3acTpeBaHue B NOKaNbHbIX MUHUMYMaX
Mpobnema nepeoby4yerus

Mopbop komnnekca aBpuUCTUK
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CranpapTtHble 3Bpuctuku gna metoga SG

MprMeHMbI BCe Te Xe 3BPUCTUKM, 4TO U B 0bbiyHOM SG.
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CranpapTtHble 3Bpuctuku gna metoga SG

MprMeHMbI BCe Te Xe 3BPUCTUKM, 4TO U B 0bbiyHOM SG.

HanomuuTe.
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CranpapTtHble 3Bpuctuku gna metoga SG

- MHnunannsauns secos
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CranpapTtHble 3Bpuctuku gna metoga SG

- MHnunannsauns secos
- Mopsagok npeabssneHns obbeKTOB

. OI'ITVIMVISHLWISI BENMNHNHbI TPaANEHTHOro LWara
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CranpapTtHble 3Bpuctuku gna metoga SG

- MHnunannsauns secos
- Mopsagok npeabssneHns obbeKTOB
- OnNTUMU3aUNS BENYUHBI FPAAVEHTHOMO LIAra

- Perynsipnsayus (cokpatueHne Becos)

22



HoBble npobnemsbl

- Bbibop thyHKLNIA akTUBaLMKM B KaXK4OM HelipoHe
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HoBble npobnemsbl

- Bbibop thyHKLNIA akTUBaLMKM B KaXK4OM HelipoHe

- Bbibop uncna cnoée n yucna HeiipoHoB
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Mpumepbl byHKUMA akTUBaLUn

- Curmonpa
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Mpumepbl byHKUMA akTUBaLUn

- Curmonpa

- Tunepbonnyecknini TaHreHc

tanh(z) = 20(22) — 1
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Mpumepbl byHKUMA akTUBaLUn

- Curmonpa

- Tunepbonnyecknini TaHreHc
tanh(z) = 20(22) — 1

- Rectified Linear Unit
f(x) = max(0, x)

24



ﬂpaKTm HeCckoe npmnmMmeHeHwme




Cneu,maan ble Hel7Ip0HHble cetTmn

MNMoyemy nx cHoBa CTanu UCMONBL30BaThL?
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Cneu,maan ble Hel7Ip0HHble cetTmn

MNMoyemy nx cHoBa CTanu UCMONBL30BaThL?

— Bbonbluve BblYUCANTENBHBIE BOSMOXHOCTN (B TOM 4ucne
pacnpeneneHHble Bbl‘-lVICJ'IeHI/Iﬂ)

— Bonblune 0bbeMbl gaHHbIX

— Hosble meToabl npenobyyennst, HOBbIE apxXUTEKTYPbI

25



CBépTo4Hble ceTu




CeépTouHble ceTu

1. Mukcenb n3obparkeHnst cuibHee CBA3aH C COCEAHUMU MUKCENAMN
(nokanbHasi koppensiuus)

2. ObbeKT MOXeT BCTPETUTLCS B Nt0DOI 4acTu n3obpaxkeHuns
(MHBapMaAHTHOCTL K MEPEMELLEHNIO)

http://www.cs.nyu.edu/ yann/talks/lecun-ranzato-icm|2013.pdf 26



CeépTouHble ceTu

1. Mukcenb n3obparkeHnst cuibHee CBA3aH C COCEAHUMU MUKCENAMN
(nokanbHasi koppensiuus)

2. ObbeKT MOXeT BCTPETUTLCS B Nt0DOI 4acTu n3obpaxkeHuns
(MHBAPMAHTHOCTL K MEpeMELLEHNIO)

1. Kaxgblii U3 HelipOHOB MOACOEANHEH TOJILKO K HebOobLION
OKPECTHOCTUN 1300parkeHust

2. HelipoHbl 0bnafatoT ogHUMY 1 TEMI >KE BECAMU

http://www.cs.nyu.edu/ yann/talks/lecun-ranzato-icm|2013.pdf 26



JlokanbHO-CcBA3aHHbIN Ccnon

JlokanbHoO-cBA3aHHbIN CroKn

MNMonHocBA3HLIM CroW (cMOTpUT Ha HebonbLUYyO
obnacTb nsobpaxeHns)

27



Onepauunsa ceepTku

Center element of the kernel is placed over the
source pixel. The source pixel is then replaced
with a weighted sum of itself and nearby pixels.

Source pixel

Convolution kernel
(emboss)

New pixel value (destination pixel)

28



MpocTenwasn ceBepTka

Pixel representation of filter Visualization of a curve detector filter
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MpocTeiiwan cBepTka

EY

Original image Visualization of the filter on the image
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MpocTeiiwan cBepTka

o|ofo [0 (0 |0 |30 ojo|0fo0 0 30 |0
0|00 [0 [50]50]50 ojofofo0 3000 0
0|0f0 [20(50|0 |0 ojo|0f30 |0 0 0
0|0f0 [50(50|0 |0 * o|o|0|30 |0 0 0
0|00 [50(50|0 |0 0 |0|0]30 |0 0 0
0|0f0 [50(50|0 |O o (0|0 j30 |0 0 0
0|0f0 [50(50|0 |O o000 0 0 0
Visualization of the Pixel representation of the receptive Pixel representation of filter

receptive field field

Multiplication and Summation = (50%30)+(50*30)+(50*30)+(20*30)+(50*30) = 6600 (A large number!}
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MpocTeiiwan cBepTka

2N

Visualization of the filter on the image

0

30

0

30

30

30

0o JoJoJo o oo
0o [40]0o Jo [0 [0 [0
IIBEIERERERE
a 200 [o o oo
0 [s0]o Jo [o [o [0
0o |o [s50]0 [0 [0 [0
5|25|0 [s0l0 [0 [0

30

Pixel representation of receptive field

o|lo|lalo|lo|ale
o|lo|lele|e|e|le
o|le|lele|le|e|le

0

o|lo|lalale

0
0
0
0
0
0

o|lo|lolo|lo|a|le

Pixel representation of filter

Multiplication and Summation=0
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CeépToyHasn ceTb

V3Bnevenune NMPU3HAaKOB BO BpPEMSA O6y‘-|eHVIFI.

_,|Low-level| |Mid-Level| |High-Level| | Trainable
Feature Feature Feature Classifier
& A

Convolutional neural net 33



ImageNet

mite

container ship

motor scooter

“eopard

mite ship motor scooter ledpard
black widow lifeboat go-kart jaguar
cockroach amphibian moped cheetah
tick fireboat bumper car snow leopard
starfish drilling platform golfcart Egyptian cat
_ .
\ £ i
/
grille mushroom cherry Madagascar cat
vertible agaric dalmatiah squirrel monkey
grille mushroom grape spider monkey
pickup jelly fungus elderberry titi
beach wagon gill fungus |ffordshire bullterrier indri
fire engine || dead-man's-fingers currant howler monkey

https://www.cs.toronto.edu/ fritz/absps/imagenet.pdf
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ILSVRC top-5 error on ImageNet

2010 2011 2012 2013 2014 Human  ArXiv 2015
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Moxo>xue n3obpa>keHus




Moxo>xue n3obpa>keHus

T T e — Hafu

< BepHyTucn Kazaq
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n3auns n3odpa>keHuii

Na6no MNukacco Yunoam TépHep

BuHceHT BaH lor Bacunuii KaHguHCKNiA 3paBapa MyHK

https://arxiv.org/pdf/1508.06576v1.pdf 38



PekyppeHTHble HelipoHHble ceTun




39



TekcT cocTtouT uns nocnenoBaTesIbHOCTU CNOB. XoTenoch bObl nogaBaTb

C/I0Ba Ha BXOf, HelipoCeTu No o4Yepeam, HO Tak, 4Tobbl ceTb NOMHMA
KOHTEKCT.

40



LLlekcnup

VIOLA:

Why, Salisbury must find his flesh and thought

That which I am not aps, not a man and in fire,

To show the reining of the raven and the wars

To grace my hand reproach within, and not a fair are hand,
That Caesar and my goodly father's world;

When I was heaven of presence and our fleets,

We spare with hours, but cut thy council I am great,
Murdered and by thy master's ready there

My power to give thee but so much as hell:

Some service in the noble bondman here,

Would show him to her wine.

KING LEAR:

0, if you were a feeble sight, the courtesy of your law,
Your sight and several breath, will wear the gods

With his heads, and my hands are wonder'd at the deeds,
Sc drop upon your lordship's head, and your opinion
Shall be against your honour.

http://karpathy.github.io/2015/05/21/rnn-effectiveness/ 41



leHepauunsa kopa

static int indicate_policy(void)
{

int error;

if (£d == MARN_EPT) {

if (ss->segment < mem total)
unblock graph and set blocked();

else
ret = 1;
goto bail;

}
segaddr = in_SB(in.addr);
selector = seq / 16;
setup_works = true;
for (i = 0; i < blocks; i++) {
seq = buf[i++];
bpf = bd->bd.next + i * search;
if (£d) {
current = blocked;
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RNN + CNN




Mognucb k n3obparkeHusm

Later on the eighth day, Billy
was a friend of a man who
lived on his own . He did n't
know how far away they were
, and if he was to survive the
fall . His mind raced, trying
not to show any signs of
weakness .

The wind ruffled the snow and ice in the snow . He had
no idea how many times he was going to climb into the
mountains
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Mognucb k n3obparkeHusm

Sleom e

A yellow school bus A red school bus parked A green school bus
parked in a parking lot. in a parking lot. parked in a parking lot.

Sled8 Qs n0SV
FE-CAVEDE ol -

The decadent chocolate A bowl of bananas is on A vintage photo of a cat.
desert is on the table. the table.

~

http://www.cs.toronto.edu/ rkiros/adv_L.html
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A blue school bus parked

in a parking lot.

T lst™"

A vintage photo of a dog.
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Generative Adversarial
Networks




Adversarial Networks

https://arxiv.org/pdf/1701.00160.pdf 46



Bonpocbi?



Y10 no4ntaTb No 3TON nekuymnnm

- Andrej Karpathy lecture notes (cs231n)
- Tom Mitchell "Machine Learning" Chapter 4.5


http://cs231n.github.io/neural-networks-1/

Ha cnepytowein nekunu

3ajava MakCUMM3aumy 3a30pa - aHasor KnaccuukaTopa ¢
perynsipusaymeii

— [BoiicTBeHHas 3ajaya

— Y70 Takoe onopHbIi BEKTOP

Perynapusauus

Pelwenne ANA HeEpPa3aesInMbIX BbI60pOK

— Kernel trick
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