Phystech@ DataScience
BBeneHne B HEMPOHHbIE CEeTU

JlekTop — JlornHoB ApTEMm



YTO TaKOEe 5FHBat4 HEWMPOHHbIE CEeTU ?

HellpoHHan ceTb — maTemaTMyecKaa Moeb,
a TaK)Ke ee NporpaMmmHoe Uau annapaTHoOe BOMNJIOLWEHME,

NOCTPOEHHAA No NPUHLUMNY OpraHmn3aummn n PyHKLMOHUPOBAHUSA

BNoNOrMYeCcKNX HEMPOHHDbIX CETEN — CeTEN HEPBHbIX KETOK XXUBOTrO OpraHM3ma.

JTO NOHATUE BO3HUKNO npun nsaydeHnm nNpoueccos, NpoTekakowmnx B Mo3re.




Mo3r

Mo3r — 310
e Cucrtema 0b6paboTkmn nHdopmaumm
 CNnoXXHbIN, HENMHENHbIN, NAapannenbHblM KOMNbIOTEP

PewaeT MHOXXeCTBO C/I0XKHbIX 33434 M3 061acTu pacno3HaBaHUA
obpa3oB, 06paboOTKM CUTHANOB M Npoyee
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3aAa4va pacno3HaBaHUA
3HAaKOMOTIO LA B TOJ/IMe
3anmet 0.1-0.2 cekyHAb!
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* IX0O-/10KauuUA:

NIeTy4Yas Mblillib NOAYYaeT
MHPOPMALUIO NPO
NoJIOXKEHUEe, pa3mep,
CKOpOCTb 06beKTa 1 Ap..
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bnonornyecknm HEMPOH

Teno HeMpoHa TenopeHppwus
(TepmuHanb nam -
OKOHYaHWe aKCoHa)

CTPYKTYPHO-PYHKLMOHANbHAA

\ ~ SR o 4 eaAnHNUA HepBHOﬁ CHUCTEMDI
Fl,u,po N A — — (V)
7 — 3TO HEMPOH.
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AKCOHHbBIN |

CuHanTuyeckaa TepmunHanb
6yropok
AN CUHaNC
B S

p—
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Annapat lonbaxu

dHAO0MNNa3MaTUYECKUN
PETUKYYM

HelpoH — sneKTpmyeckn Bo3byanman KNeTka,
< fenapr npeaHa3HavyeHHasa anAa npméma, ob6paboTkuy,

\g XpaHeHus, nepeaayu 1 BbiBoga MHGoOpPMaL UM
{ [eHapuTHbIe BETBU
\ C MOMOLLbIO 3/IEKTPUYECKUX U XMMUNYECKUX CUTHAJIOB.
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MuToxoHApuA
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[Toyemy Mbl CNpPaBIAEeMCA

CO CTOJIb CZTIOAKHbBbIMW 3agaqalv\|/|?
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HenpoHHaA ceTb

ObyuyeHune
/ training

[lpumeHeHue
/ inference

-)

CnocobHOCTb pewaTtb
C/I0XKHble 33134M




BUOHMKA: HEMPOHHbIE CeTU

Bnonornyeckmi HeMpoH

Teno HelpoHa TenopeHapua
AKcoH (tepmuHans uam
OKOHYaHMe aKCOoHa)
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d AKCOHHbIN !
1 CuHanTuyeckana TepMuHanb
< 6yropok
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Annapat lonbaxu

JHAONNA3MaTUYECKUI
PeTUKYNYM
MuToxoHapus \ OeHpput
/ MAEHAPMTHHE BETBU

"\

BxoaHble curHanol

NCKyCCTBEHHbIN HEMPOH

Mopor /
cMellleHne

Beca b

Xd '. Cymmarop

CuHancobl

DyHKUMA
aKTMBaLMK

(")

— y(x)

AKCOH

BbixogHOM cUrHanN



IcTopuryeckaa cnpasKa

1943 r. - MaK-Rannok v MNnutu
* Moaenb HEMPOHA KaK «B8CE Usu HU4Ye20»

* [pMHUMNKMANbHAA BO3MOXKHOCTb BbIMOJIHUTb 1H0ObIE BbIYUC/IEHUA CETbIO
HEWPOHOB

1949 r. — Xeb6

* OTKpbITME NPUHUMNE GOPMMNPOBAHUA HEMPOHHbIX CBA3EW, B3AaUMOAENCTBMUA
HEWPOHOB

1958 r. — Po3eHbnatT

e OTKpbITUE «NepcenTPoHa» - yCTPOMCTBA, MOAE/IMPYIOLLEro NpoLecc
4YesI0BEeYeCcKOoro BOCNpuATUA



Obnactv NnpUMeHeHus

Pacno3HaBaHue nuy / Face detection
Llenb — onpeaenntb IMYHOCTb YenoBeKa Mo CHUMKY.




Obnactv NnpUMeHeHus

OnpepeneHune no3bl YenoseKa / Pose estimation

Llenb — onpeagenntb IMHUUN CReEJ1eTa YeJ/10BEeKa .




Obnactn NpUMeHeHUH

feHepauua nsobpaxkeHuin / Image generation
Llenb — co3aaHue YHUKaNbHbIX N306parkeHnn.



Obnactn NpUMeHeHUs

OnpepeneHue TOHaNbHOCTU TeKcTa / Sentiment analysis
Llenb — no onpegennTtb ABNIAETCA TEKCT NO3UTUBHBIM U1 HEFATUBHbIM.

Negative

types of forms. Closed-ended gquestions re g )l
yes or no answer, or a selection froma
radio box or check mark. Unlike this

open-ended questions require the use




ObnacT NPUMEHeEHUS

MawuHHbIK nepeBoyg, / Machine Language translation
Llenb — nepeBecTn TEKCT Ha OHOM A3bIKe Ha APYyron A3biK.

SIHHEKC I'Iepenommx Tekct  Caitel  JokymeHTbl  KapTWHKK

AHITIMACKUIA — PYCCKUA
neural networks are so cool| X HEMPOHHbIEe CeTU - 3TO Tak KpyTo!
<4 ¢ <)
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ObnacT NPUMEHeEHUS

leHepauma TeKcta / text generation
Llenb — creHepupoBaTb CBA3HbIN TEKCT MO COOTBETCTBYIOLWEN TEMATUKE.

P1'0()f. Omitted. [ This since F € F and z € G the diagram
; S——
Lemma 0.1. Let C be a set of the construction.
Let C be a gerber covering. Let F be a quasi-coherent sheaves of O-modules. We l
have to show that 13 Oxr
Ooy = Ox(L) T \
gor,
Proof. This is an algebraic space with the composition of sheaves F on Xgq. we
have =a —
Ox(F) = {morphy x oy (G, F)} I
where G defines an isomorphism F — F of O-modules. (] e X
Lemma 0.2. This is an integer Z is injective. J
Proof. See Spaces, Lemma ??. m} Spec(Ky) Morsees  d(Oxy,,.G)
. is a limit. Then G is a finite type and assume S is a flat and F and G is a finite
Lemma 0.3. Let S be a scheme. Let X be a scheme and X is an affine open type f.. This is of finite type diagrams, and
covering. Let U C X be a canonical and locally of finite type. Let X be a scheme. o the composition of G is a regular sequence,
Let X be a scheme which is equal to the formal complex. ® Ox is a sheaf of rings.

a
The following to the construction of the lemma follows. . . -
> Proof. We have see that X = Spec(R) and F is a finite type representable by

Let X be a scheme. Let X be a scheme covering. Let algebraic space. The property F is a finite morphism of algebraic stacks. Then the
v cohomology of X is an open neighbourhood of U. a

b: X2 Y'a Y a3V SV w3 X,

Proof. This is clear that G is a finite presentation, sce Lemmas 77,

be a morphism of algebraic spaces over S and Y . A reduced above we conclude that U is an open covering of C. The functor F is a
. “field
Proof. Let X be a nonzero scheme of X. Let X be an algebraic space. Let F be a Oxz— Fr -UOx,u) — Ox,0x:(0%,)

is an isomorphism of covering of Oy, . If F is the unique element of F such that X

quasi-coherent sheaf of Ox-modules. The following are equivalent jank !
1S an lS()lll()rl)hlSlH,

(1) Fis an "‘lngrmc space over S. The property F is a disjoint union of Proposition ?? and we can filtered set of
(2) If X is an affine open covcring. presentations of a scheme O y-algebra with F are opens of finite type over S.
i If F is a scheme theoretic image points. (=]

sider : 3 : “tOor (U ‘hich is ally 3 AL . - T . <.ofd
Consider a common structure on X and X the functor O-\ (b ) which is 10(“11]) of If F is a finite direct sum Oy, is a closed immersion, see Lemma ??. This is a
finite type. O sequence of F is a similar morphism.




ObnacT NPUMEHeEHUS

TeKcToBble 60Tbl
/ text bots

You will be given a name of an object (such as Car, Chair, Elephant) and a letter in the alphabet. Your
goal is to first produce a 1-line description of how that object can be combined with the letter in an
image (for example, for an elephant and the letter J, the trunk of the elephant can have a J shape, and
for the letter A and a house, the house can have an A shape with the upper triangle of the A being the
roof). Following the short description, please create SVG code to produce this (in the SVG use shapes
like ellipses, triangles etc and polygons but try to defer from using quadratic curves).

Round 1: A pig and the letter H.
Description: The pig can be lying on its back with its four legs forming the two
vertical bars of the H, and its curly tail forming the horizontal bar.

Round 2: A house and the letter U.
Description: A house with a U shape, where the two vertical lines of the U are the
walls and the horizontal line is the floor. The roof is a triangle above the U.

Round 3: A chair and the letter K.
Description: The back of the chair can have a K shape, with two vertical lines and
a diagonal line connecting them. The seat of the chair can be a rectangle.

Round 4: A dog and the letter Q.
Description: The dog is sitting with its tail curled around its body, forming a Q
shape. The Q is filled with orange and has a black outline.

Round 5: A car and the letter E.
Description: The car has an E shape on its front bumper, with the horizontal lines
of the E being lights and the vertical line being the license plate.




Obnactn NpUMeHeHUs

Pacno3HaBaHue peuun / speech recognition

Ll,enb — nepeectn 4yenoBeyveCkyro peyb B TEKCT.




ObnacT NPUMEHeEHUS

MporHo3 noroabl / whether forecasting
Llenb — npeackasaTtb TemnepaTtypy, 0CaZiku, CKOPOCTb M HanpaB/ieHue BeTpa U TA.




LueHa
N
=1
[S]

Ob6nacTn NpUMeHeHUs

MpeackasaHue npoaax / sales prediction
Llenb — npeackasaTb NpoAarku TOBapoOB

2
Z 200

Ha HEKOTOPbIN Nepuoa BpeMeHn Brepega.

LeHa
N
=}
S}

train
test
prediction

train
test
prediction

train
test
prediction

train
test
prediction

JduHaMuKa ueH Ha akunn KoMnaHum Tesla.

200 400 600 800
Bpems, y. e.

JduHaMmuKa ueH Ha akunmn KoMnaHum Tesla.

200 400 600 800
Bpems, y. e.

InHaMnKa UeH Ha aKkLunn koMnaHum Tesla.

200 400 600 800
Bpems, y. e.

[OnHaMWKa ueH Ha akuumn KkomnaHuw Tesla.

200 400 600 800
Bpems, y. e.

1000

1000

1000

1000

1200

1200

1200

1200



ObnacT NPUMEHeEHUS

CermeHTauua onyxoam / Tumor segementation
Llenb — ana KaXXaoro nuKkcena onpenenntb

NPUHAONEXKUT /I OH ONYXO/IN UTN HET.

MRI Image

50 100 150

MRI Image

50 100 150

MRI Image

100 150

MRI Image

100 150

MRI Image

100 150 200

MRI Image

MRI + Mask

150

MRI + Mask

100 150

MRI + Mask

100 150

MRI + Mask




ObnacT NpUMeHeHUs

MouCcK ToUeUYHbIX UICTOHUKOB Ha U306parkeHnAX Teneckona Fermi
Llenb — BblAaTb KOOPANHATLI TOYEYHbIX MUCTOYHUKOB.




Obnactn NpUMeHeHUH

Pabota c [1HK KaK c TeKcTom

* CTpYyKTypHaa aHHOTauuA

* @PYHKUMOHANbHAA aHHOTALUUA

* [lpeacKkasaHMA CauToB CBA3bIBAHUA
TPAHCKPUNUMOHHOIO paKTopa




Obnactn NpUMeHeHUH

MpumeHeHMe B PU3UKE BbICOKUX IHEPTUM:

* oTaeneHne cobbiTU, coaepHalmx b-KBapKku
Ha bonbwom AgpoHHom Konnangepe;

*  unaeHTMPUKaumMa pacnangos T-N€NTOH3;

* pasaeneHue KBapK-rMtOOHHbIX CTPYWU;

* BOCCTAaHOBJ/IEHME NAPAMETPOB HENTPUHO B
aKkcnepumeHTe JUNO;

* ANNPOKCUMMALMA C/IOKHbIX HEJIMHENHbIX
3aBUCMMOCTEMN;

* nap.

[

[T

Ll

-l [T

1111



Obnactv NnpUMeHeHus

MpencKkasaHue CTPYKTYpbl 6enKa.
Llenb: no nocneposatenbHoctn AAIHK
onpeaennTb CTPYKTYPY benka.

MpeackasaHue ceBA3biBaHMA 6enKkos/coegMHEHNA.
[MTpMeHeHMe: NOUCK HOBbIX 1eKapCTB.




ObnacT NPUMEHeEHUS

MpeackazaHue CBOMUCTB XMMUUYECKUX COeAUHEHUMN.

Llenb: npeackasatb pacTBOPUMOCTb U AP. CBOMCTBA.




Obnactv NnpUMeHeHus

MpumeHeHue B HedTErasoBot oTpacau:

* reodusnyeckoe nccnegoBaHue u
NHTEepnpeTauna AaHHbIX;

* MPOrHO3MPOBaHME U ONTUMM3ALUA
nobbiuu;

* MOHUTOPUHT U yNpaBsieHune
CKBa*KMHaMU;

* aBTOMATU3aUMA Npoueccos bypeHus;

* nap.




ObnacT NPUMEHeEHUS

N mHoroe gpyroe...
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HemMHOro n3 oceHHero Kypca

BblaeneHume rpaHuL, o6 beKToOB Ha BblaeneHue rpaHuL, KNeToK Ha CHMMKaX
«CHMMEKaX» 3/IeKTPOHHOIo MUKpPOCKONa MMKPOCKONa

U3o6paxeHmne PeanbHas Macka MpefckasaHHas Macka JloruTel V306paxeHne PeankHas Macka MpeAckasaHHas macka JlornTel
o ( >
' - ®

M3obpaxkeHne PeanbHas Macka

M3o6paxeHne PeanbHas Macka JlornTbl

.
.
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MNpeackasaHHas Macka

M3obpaxkeHne PeanbHas Macka JNoruTtsl

PeanbHas Macka MNpepackasaHHas Macka JNoruTsl

-

M3o6bpaxkeHne PeanbHas Macka

ﬂpeACKasaHHaﬂ Macka

PeanbHas Macka MpeackasaHHas Macka JoruTsl

r




HemMHOro n3 oCeHHero Kypca...

nn.Sequential(

el
nn.Convad torch.cat(

m ooz e . A Bbl Hel;’lpOHHOl;’l CeTblo
e pbiboB noBuTe?

nn.MaxPoolad( 2

HeT, mbl en Ha pblboB
3apabaTbiBaem.

= - Kpocusoe...

orward

NposepKa aktusHoctu — BOMPOC B BOT!
e o, v s, s, s s, e HanuwwuTe 2 npumepa NPMMeEHEeHUA HEMPOHOK, He
e = e yNnoMsAHYTble Ha fieKumun. HenatenbHo B HayKe.

nn.BatchNorm2d ( nus ,
agg_conv(net)

. | PeweHue domawek UA He 8 cuém.

net




Moaenb HEMPOHA

O603Ha4YMMm
x = (xq,...,x3)T € R? — 0aMH OBBEKT, rae Xq, ..., Xg — NPU3HAKW;
w = (Wy,...,wy)T € R? — BekTOp BECOB;
b € R — cmelweHue.
Mopor /

cMmelleHue

o Beca b
Bbixoa HeMpoHa —

PyHKUMA
aKTMBaLUM

d

y(x) =a({x,w)+b) = a( wixj + b)

o() [~ y(x)

j=1

BxogHble curHans.l
&=
N
O
Q
'1 <3
BbixoaHoOM curHan

roe o(-) — HeKoTopas KyC.-andd. dyHKLMA.
HazoBem ee pyHKUMEN aKTUBaALUM.



UTO-TO 3HaKoOMoe...

Ha 4yTo noxoxa ata ¢opmyna?

y(x) = o((x,w) +b) = 0(

J

d

1

BxogHble curHans.l

Mopor /
cmelleHue
Beca b

XMmaTop

PyHKuMA
aKTMBaLUM

@)

CUTHanN

(")

— y(x)?

Bbixop,



HYTO-TO 3HAaKOMOeE... —

cMelleHune

Ha yTo noxoxka ata popmyna?
/W\ PyHKUMA

0 =
d ’E X1 :\_1/ aKTMBaLMW E
y(x)=oc({x,w)+b)=0c Y wjx; +b : __.@ v S
j=1 3 X2 _ S O]
0 X4 =@ CymmaTop @0
JInHelHas perpeccusa gna 1 anemeHra:
d
y(x)={(x,w)+b=0c({x,w)+b) =0 ijwj +b |, raeo(z) =z—nuHeiHaa GyHKUMA.
j=1
Jlornctnyeckasa perpeccua gna 1 snemeHTa:
d
1
y(x)=c({x,w)+b) =0 z xjwj +b |, roe o(z) = =, — lorcTM4ecKan curmomnaa.

j=1



PelleHWe 334341 perpeccum

d
/inHenHasn perpeccua: ¥y = Xw + b ,te. y; = ) x;;wj + b,
j=1

rae X = (x;j);j — MaTpuLa BXOAHbIX AaHHbIX, [ € {1,..,n}, j € {1,..,d}
? = (}71, ---,?d)T — BEKTOp npeackasaHus,

w = (wyq,...,wy)T — BekTop Becos, b — cagur.

3aaa4y MOXHO PeLlnTb aHaAUTUYECKN. A MOXKHO C MOMOLLbIO rPaAUEeHTHOro CNyckKa.

3apaamm PYHKUUIO, KOTOPYHO XOTUM MUHUMU3UPOBATD:

n
L = %Z (9; — v;)* — MSE (Mean Squared Error)
i=1

Mycte 6 = (w, b), Torga ontummnsauma byaert cnegyrowen:

0, = 0;_1 —nVL(6,), rae n — ckopocTb 0bydeHus.



bonee cnoXHble 33434

* Y IMHENHON N NOTUCTUYECKOMN perpeccuni orpaHnyeHHasa 061actb NPMMEHEHMUA.,
e [1ns TOoro, 4Ytobbl pewnTb HEANHENHYIO 33434y,
HY>XHO AenaTb CNOXHble Npeobpa3oBaHMA C MPU3HAKAMMU.

e OANH HENPOH He CNPaBUTCA CO COKHbIMM 33J,a4aMMu...

\7
N
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/

4
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e AP
N

BCnOMHMM, YTO B HEPBHOM CUCTEME OYEHb MHOIO HEMPOHOB.

3HauuT, byaem ncnonb3oBaTtb 6onblue HeUPOHOB!

Proof. Omitted. o This since € F and « € G the diagram

Lemma 0.1. Let C be a set of the construction.

Let C be a gerber covering. Let F be a quasi-coherent sheaves of O-modules. We l
have to show that E ey
Ooy = Ox(£) T \
sor,

Proof. This is an algebraic space with the composition of sheaves F on Xsare we
have ——
Ox(F) = {morph: xoy (G, F)}

where G defines an isomorphism F — F of O-modules. [m] =a —a x

Lemma 0.2. This is an integer Z is injective.

Proof. See Spaces, Lemma ??. o Spec(Ky) Morss d(Oy0,9)

Lemma 0.3. Let S be a scheme. Let X be a scheme and X is an affine open
covering. LetU C X be a canonical and locally of finite type. Let X be a scheme.
Let X be a scheme which is equal to the formal complez. * Ox is a sheaf o rings.

o
The following to the construction of the lemma follows. , ..
5 Proof. We have sce that X = Spec(R) and F is a finite type representable by

he property F is a finite morphism of algebraic stacks. Then the
o

Let X be a scheme. Let X be a scheme covering. Let algebraic spa
cohomology of X is an open neighbourhood of U.

i ' ,
b:X Y Y Y5 Y xxY o X. Proof. This is clear that G is a finite presentatio Le 7.
be a morphism of algebraic spaces over S and Y. A reduced above we conclude that U is an open covering of C. The functor F is a
Proof. Let X be a nonzero scheme of X. Let X be an algebraic space. Let F be a Oxa = Fr -U(Ox,) — O,0x,(0%,)
quasi-coherert sheaf of Ox-modules. The following are equivalent is n somorpsnof covering of O 1 s the e clement of 7 such that X
is an isomorphis
(1) F is an algebraic space over S. The property disjoint union of Proposition 77 and we can filtered set of

(2) If X is an affine open covering. presentations of a scheme Ox-algebra with F are opens of finite type over S.
If F is o scheme theoretic image points.

Consider a common structure on X and X the functor Ox(U) which is locally of 16 i it ot i O 1 chdosd liineias; 908 Lo 72, This i's

finite type. sequence of F is a similar morphism.




OAHOC/IOMNHAA
HEWPOHHAA
CeTb

OAnH HEWPOH
C BECAMWU Wq1, ..., W41
n CMeLleHnem by .

xl 11
21
X2
Wd1
Xd
b

+1

()

V1



OAHOC/IOMNHAA
HEWPOHHAA
CeTb

[1B8a HEMPOHA

C BECAMWU Wq1, ..., W41
UWio, ..., Wq2

M cmeleHnamm by u b,




OaHOC/IOMHAA
HEWPOHHAA
CeTb

bonbwe HeMpoHoB

1A

VVll

21




OAHOCNOMNHaA
HEWPOHHAA
CeTb

Cnoun pasmepa H
— Habop n3 H HeMpoHOB.

(Wjn) jn € RF n (by)p,
— napameTpbl MOgenu

TaKyto HEMPOHHYIO CeTb
Ha3bIiBalOT MOJIHOCBA3HOM
(nosnHocesA3HbIU crol).

21

J

+1%b,

OaunH cnoun




OAHOC/IOMHAA HEMPOHHAA CETb
MaTpunyHoe npeacraB/eHue

Myctb x = (X1, X5,...,X4) — dNE€MEHT BbIOOPKY;
s = (S1,S3,...,Sy) — BbIXOAbl HEMPOHOB A0 NPUMEHEHNA QYHKLIMM aKTUBALUMK;

y = (Y1, ¥Y2,--+,YH) — BbIXOA, CNOA.

Torpa paboTy cnoA MOXKHO onucaTb onepaunuamMmu:

T
W11 W1in WiH by
Wo1 0 Wop 0 Wppg b

1)S: (xl'xZJ"'de)X T+ 2 :xT'W+bT
Wgq1 ** Wgn *° Wgg by

2)V =1,V V) = (0(s),0(5),...,0(s5)) = a(s) =|a(xTW + bT)




[1Byc/iOMHasA HEMPOHHAA CEeTb

w 7023
/9

1A
W2ITT

+17By NepBsbiit cnoi +17bz

BTopoun chou




G V122

WTTT ,
Wi
1|TH
V1|29

e’

[1Byc/iOMHasA HEMPOHHAA ceT

D

o)
40

@)

Bbixo0bl

@

+1

@ \

V1

Y2

e 0‘(-):

Bbixo0bl
- 8Mopoeo cnof

Ym

9 0‘(-):

BTopoun chou




[1Byc/1IOMHAA HEMPOHHAA CETb
MaTpunyHoe npeacraB/eHue

Mycte x = (Xq1,X5,...,X4) — dNE€MEHT BbIOOPKMY,
u = (s1,8,...,Sy) — Bbixog l cnoqa, y = (y1,¥,,...,¥Yy) — Bbixog |l cnos,
Wi = (W1 jn)jn — m-uasecoslcnon, W, = (Wyipm)rum — M-ua Becos Il cios,
by = (b1j1, .., b1yg)" — B-p caguros | cnos, b, = (byyq, ..., baj)" — B-p caguros Il cnos.

Torpa paboTy ABYXCIOMHOU HEMPOHHOM CETU MOXKHO NPeACTaBUTb Kak:

1) u= oy (xTW; + blT)

2) Yy = O'z(uTWZ + bZT) =| 03 (Jl(xTW1 + blT)TWZ + sz)




3]
[1ByC/10MHAA HEMPOHHAA CETb

Hazosem ¢yHKUMIO 0(Z) curmongon, ecnm lim a(z) = 0wn lim o(z) = 1.

Z——00 Z—+00

e? o
o(z) = — 7 - IOTUCTUYECKAA CUTMOMAA, OAMH 3 NPUMEPOB TaKOM GYHKLUN.

Teopema (LibibeHKo, 1989)
Ecav 0(2) - HenpepbiBHaA curmomnaa, To Ana noboii HenpepbisHol Ha [0, 1]1% dyHKumm f(x)

cyLLecTBYIOT Takoe H 1 3HayeHua napametpos w'y, E R4, w, € R4, b € R,

H
YTO ABYXC/NOMHasA HelpoceTb y(x) = Y, Wy - O'(XTW1|h + D)

paBHOMepHO Npubamkaet f(x) ¢ noboii TouHocTbio &: |y(x) — f(x)| < e Vx € [0,1]¢

George Cybenko. Approximation by Superpositions of a Sigmoidal functions.
Mathematics of Control, Signals, and Systems. 1989.



[Tpnmep

Bosbmem f(x) = 0.2+ 0.42 + 0.3 x sin(15) + 0.1 cos(50).

Kak annpokcumuposame eé HelUpOoHHOU cembio?
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[Tpnmep

Kak annpokcumuposams [ (x) HelipoHHOU cemebio?

PaccmoTpum oauH HelipoH U = o (wx + b) ¢ dyHKumel aktueaumn [{z > 0}

3ameTtum, uto u > 0 B Touke x = —b/w. O603HaumMm s := —b /w.

NTorosasa GpyHKUMA 3aBUCUT TONIbKO OT S

= byaem pganee pabotatb C S, a He w, b.

DT

g(-,s)

X u

+1

Nonoxxum s = 0.35.
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[Tpnmep

Kak annpokcumuposams [ (x) HelipoHHOU cemebio?
[Job6aBum ewie oanH cnou. Tenepb y HAC ABYXCNOMHAA HEMPOHHAA CETb.

Ha BTOpOoM cnoe oanH HEMPOH Y = WL

a(-,s) w
X u y

Nonoxxkum w = (.8.
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[Tpnmep

Kak annpokcumuposams [ (x) HelipoHHOU cemebio?
Ao6aBMM NO HEMPOHY Ha NepBOM U BTOPOM C/i0e€.

a(+,51) Wq
X ul y f(x)
\\ .75 annpoKcMMaLuma
O-( y SS9 uz W» 150
1.25
Nonoxum s, = 0.35, w, = —w; = —0.8. ;:z
Mosiyunaach CTyneHbKa, 0:50
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[Tpnmep

Kak annpokcumuposams [ (x) HelipoHHOU cemebio?
Alo6aBum elle No HEMPOHY Ha NePBOM U BTOPOM C/i0e.

O-( " Sl) W1
X ul y f(x)
1.75
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[Tpnmep

Kak annpokcumuposams [ (x) HelipoHHOU cemebio?
Ao6aBum ewe No ABa HEMPOHA HAa NEPBOM U BTOPOM CJl0€.

f(x)
annpokcuMaums
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w, =—wg =04.
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[Tpnmep

BbiBOAa,

 Cnomollblo ABYCNOMHON HEMPOHHOM CETH
NOJIY4N1I0Cb anNPOKCUMUPOBATb C/I0XKHYIO PYHKLMUIO.

* Mbl He npuberanun K reHepaLuumn CAOXKHbIX NPU3HAKOB,

KoTopble NoHaaobuauncs ool, - f(x)
o o ' annpokcuMaums
Hanpumep, ANA TMHENHOM Perpeccun.  1.so
* Ecau yBeANUUTb YMCNO HEMPOHOB, 1.25
TO NnpubamkeHne nonyvaeTca 1.00
0.75
6onee TOYHbIM.
0.50
0.25
Ho! Celtyac mbl noabumpanu napameTpbl 0.00

CaMOCTOATEJIbHO. 0.0 0.2 0.4 0.6
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1.0



[1ByC/10MHAA HEMPOHHAA CETb

BbiBoAbI

* C nomoLLbO TMHENHbIX onepaunm n GyHKUUN aKTUBALMKM 0 OT OAHOIO aprymeHTa
MOXHO BbIYUCNATb N0OYI0 HenpepbiBHYIO PYHKLUUIO HA 3aJ4aHHOM UHTEpBane
C Nt060oK Kenaemom TOYHOCTbIO.

e 1ByX choeB B HEMPOHHOM CETU TeOPEeTUUYECKU A0CTaTOUHO.



[1ByC/10MHAA HEMPOHHAA CETb

BbiBoAbI

* C nomoLLblO TMHENHbIX onepaunm n GyHKUUN aKTMBALUUN ¢ OT OAHOrO aprymeHTa

MOXHO BbI4YUCAATb N0OYI0 HenpepbiBHYIO PYHKLUUIO HA 331laHHOM UHTEpBaJsie
C 1t060oM Kenaemom TOYHOCTbIO.

e 1ByX choeB B HEMPOHHOM CETU TeOPEeTUUYECKU A0CTaTOUHO.

3ameyaHuna

e Teopema HMYEro He roBOPUT O KOIMYECTBE HEMPOHOB B KaXKJ0M C/10€,
O 3Ha4YeHun BecoB 1 CABUTOB, 1 BUAE PYHKLUN aKTUBALUN.

e [IBymA C/I0OSAMM TaKan Lie/ib TEOPEeTUYECKM AOCTUTaeTCA, HO CNOMKHO.
ToNbKO B OIHOM KOpPe ro/IoBHOro Mo3ra Y1c/io C/10eB paBHO 6.

e lonoNHUTENbHbIE CNOU — YAO0DOHbLINM cnocob npeobpa3zoBaHMA NPU3HAKOB,
nepexop U3 o4HOro NPU3HaKoBOro NpocTpaHcTBa B bosiee yaobHoe Ana pelweHna 3aaayu.



HenpoHHaA ceTb

Mbl napameTpu3oBaam moaesb HEMPOHHOM CETM.
N3 Teopembl LIbIBEHKO BbITEKAET, YTO CYLLLECTBYIOT NapaMeTpbl, MPU KOTOPbIX

Mbl CMOXEM annpPoOKCUMUPOBATbL N0OYI0 Henp. PYHKLUMIO HA 3a,@aHHOM UHTEepBae.




HenpoHHaA ceTb

Mbl napameTpu3oBaam moaesb HEMPOHHOM CETM.
N3 Teopembl LIbIBEHKO BbITEKAET, YTO CYLLLECTBYIOT NAapPaMeTpPbl, MPU KOTOPbIX

Mbl CMOXXEM annpPoOKCUMUPOBATbL N0OYI0 Henp. PYHKLMIO HA 3a4aHHOM UHTEpPBAe.

Byaem HaxoAuTb NnapameTpbil!

T




HenpoHHaA ceTb

Mbl napameTpu3oBaam moaesb HEMPOHHOM CETM.
N3 Teopembl LIbIBEHKO BbITEKAET, YTO CYLLLECTBYIOT NAapPaMeTpPbl, MPU KOTOPbIX

Mbl CMOXXEM annpPoOKCUMUPOBATbL N0OYI0 Henp. PYHKLMIO HA 3a4aHHOM UHTEpPBAe.

Byaem HaxoAuTb NnapameTpbil!

T

A KaK?
=z




HenpoHHaA ceTb

Mbl napameTpu3oBaam mMoaenb HEMPOHHOM CETM.
N3 Teopembl LibIBEHKO BbITEKAET, YTO CYLLLECTBYIO NapamMeTpPbl, NPU KOTOPbIX

Mbl CMOXEM annpPoOKCUMUPOBATb N0OYI0 Henp. PYHKLMUIO HA 3a4aHHOM UHTEpPBae.

Byaem HaxoAuTb NnapameTpbil!

T

A Kak?
Z

C nomoulbto rpaaAneHTHOro cnyckal!
[0 aHanormm c peweHmem 3agayu
JINH. N NOT. perpeccuun.

. ——




ObyyeHne ABYXCIOMHOM HEMPOHHOW CEeTH
[Tpnumep

T
* 3a4aem mogenb: y = o, (01 (xTW1 + blT) W, + sz) — dopmyna gna Bcex sn-B

BbIOOPKMW.

e 3apaem P-10, KOTOpYO Byaem MMHUMU3MpPOBaATb, Hanpumep MSE:

n
1
L= Ez(yi —v;,)%, roe i — Homep 3nemeHTa BblBopKM.
i=1

e 0603HauYMm BCe NapameTpbl CeTu Kak 0.

Haxoanm napameTpbl C MOMOLLbIO FPagNEeHTHOrO CRyCKa:

0, =0,_; —nVL(0,), rae n — ckopocTb 0by4YeHUs.



ObyyeHne HEMPOHHOM CETU

Buabl rpagueHTHOro cnycka

n
1
« Batch Gradient Descent 0, =60,_1 —nV (EZ L(9g,_, (1), yi)>
PasbuBaem AaHHbie Ha 610KK (baTun). =1
[Ona Kaxkaoro 610Ka cuMTaem rpagmMeHTbl U HakannBaem mx.

npOM3BO,£I,MM obHoOBNEHME NapaMeTpoB rnociae noacyeTa rpoagneHTa No BCem AaHHbIM.

B
o Mini. . 1 R
Mini-batch Gradient Descent 0, =0, , —nV Ez £(9o,_, (xi,), vi,)
Pa3buBaem AaHHble Ha 610KK (6aTun). =

[na kaxporo 610Ka cuMTaem rpagmMeHT n obHoBAAEM NapamMeTpbl.
(Xi s+, Xj,) — TEKYWMIA 6aTU. Camblii NOMNYAAPHBIA METOA,

e CTOXAaCTUYECKUU rpaaUEeHTHbIN CNYCK _ o
PaA Y 0y = 0i_1 —nV (ﬁ()’et_l(xi); Yi))
Boibupaem oanH anemMeHT X; CayyYaunHo.
Cyntaem rpagmeHT n nponssBogmnm obHOBNEHME.
3kBMBaneHTHO Mini-Batch GD ana pasmepa 6atya, paBHoro 1.



A KaK rpaiMeHTbl-TO cYMTaThb..?



[1Byc/nonHanA

HEWPOHHAsA CeTb

WTTTT

ReLU( )

+17b1n MepBblIli CNoii +17 b2




[1BycnonHasa HempoHHasa cetb, M = 1

’ ReLU(-) @

WATTT W2i11

b1

+ 171 MepBblit cnol +1 BTropoWi cnoit

tanh(+)
> yz






