BBeneHne B HEMPOHHbIE CETU

JlekTop — TpoewecTtoBa Jlngua



[1naH

« BBeaeHue, npumepbl NpUMEHeHUA
« MaTemaTnyeckasa moaenb HEMPOCETH
e MpnbankeHne GyHKUUN HEMPOCETLIO

« ObyyeHmne HenpoceTH



Y10 Takoe sr4-Bati4 HEMPOHHbIE ceTU?

HelipoHHasA ceTb — maTemaTuyeckas Mozenb,
a TaK)Ke ee NporpaMmHoOe Uau annapaTHoe BOMJIOLWEHME,

NOCTPOEHHAs NO NPUHLMNY OpraHmn3aummn n GyHKLMOHUPOBAHUSA

brnonornyeckmnx HEﬁpOHHbIX ceTen — ceTeun HepPBHbIX KNETOK XXNUBOIO OPraHN3Ma.

DTO NOHATUE BO3HUKNO Nnpn N3y4eHnn npoueccos, NpoTekakowmnx B Mmo3re.
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Moa3r

Mo3r — aTo
e« Cucrema 06paboTkm MHGopMaLMK
e CNnoOXHbIN, HEIMHENHbIW, NAapanaenbHbI KOMMbIOTEP

PeluaeT MHOXKeCTBO CNOXKHbIX 3a4a4 U3 06,1acTK pacno3HaBaHua 06pa3os,
06paboTKM CUTHANOB M Npoyee
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3a43a4a pacno3HaBaHMA
3HAKOMOrO nLa B To/Me
3anmet 0.1-0.2 cekyHAabI



[IpMepbl

JX0-N0oKauma. Jletyyasn
MbilWb NOay4YaeT
MHPOpPMaLMIO NPO
NosI0OXKeHue, pasmep,
CKOPOCTb 06bEKTA.




[ToyeMy Mbl cnpaBageMcH
CO CTOJ1b CJIOXKHbIMU 3a4a4aMUn?




buonornyecknm HeUpoH

Teno HenMpoHa TenopeHppua
(TepmuHanb nam -
OKOHYaHMe aKCoHa)
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CTPYKTYPHO-PYHKLMOHANbHAA
eANHULA HEPBHOM CUCTEMbI
— 3TO HEUPOH.

AKCOHHBLIN |

CuHanTuyeckasa TepmunHanb
6yropok
WU CUHANC
N

P Cm——<

Annapat lonbaxu

IHAO0N/Ia3MaTUYECKUN ! -
PETUKYNYM .

Muroxonapus |\ ) Aenapar HelUpoH — aneKkTpuyeckn Bo3byamman KneTka,
/ \ .
/ \%ﬂempm.esem npeaHa3HayYeHHaa AnAa npméma, obpaboTKuy,

XpaHeEHUA, Nepenaydn n BbiIBOAaA VIH(I)OpMaLI,VIVI
C NOMOLW,bKO INEKTPUHECKUX U XUMNYECKUX CNTHATOB.



[ToyeMy Mbl cnpaBageMcH

CO CTO/1b CJIOXKHbIMM 3aa4aMmn?

OnbIT

)

HenpoHHaA ceTb

Oby4yeHune
/ training

=)

CnocobHOoCTb pewaTtb
C/I0XKHble 331a4K

[lpumeHeHUe

/ inference




BbUOHMKA: HEMPOHHbIE CETU

buonornyeckmm HeMpoH

Teno HeWpoHa TenopeHapus
AxcoH (TepmuHans uam -
OKOHYaHWE aKCoHa)
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cTopun4yeckas crnpaBKa

1943 r. - McCulloch, Pitts

o Mogenb HeMpoHa KakK «8Cé usau Hu4ye2o»

o [MpUHUMNMNANBbHAA BO3MOKHOCTb BbIMONHUTbL Nt0Oble BbIYUC/IEHUA CETHIO
HEMPOHOB

1949 r. — Hebb

o OTKpbITUE NPUHUMNAE POPMUPOBAHUA HEUPOHHDIX CBA3EN, B3aUMOAENCTBUA
HEWPOHOB

1958 r. — Rosenblatt

o OTKpbITUE «NEepLEnTPOHa» - YCTPOMCTBA, MOAE/IMPYIOLLLEro npoLecc
4e/I0BEYECKOro BOCNPUATHUSA



Ob6sacTn NpUMEHeHUS

Pacno3sHaBaHue nuy / Face detection
Llenb — onpenenmnTtb NMYHOCTb Ye/I0BEKA NO CHUMKY




Ob6sacTn NpUMEHeHUS

OnpepeneHue nosbl Yenoseka / Pose estimation
Llenb — onpeaennTb IMHUKN CKeneTa YeNoBeKa




Obnactn NpUMeHeHuUs

CermeHTtauma onyxonm / Tumor segmentation
Llenb — AgnAa Kaxkaoro nukcena onpenesintb NPUHaA/NEXnT /i OH ONyX0/u

20X




Ob6sacTn NpUMEHeHUS

MepeHoc ctuna / Style transfer

Llenb — nameHuTb M30bparkeHme Tak,
4yTOObl HOBOE M306parkeHne

COXPaHUNO CTPYKTYPY UCXOAHOTO,

HO NepeHsNo CTUAb LLEeN1eBoro 3obpakeHusa



Obnactn NpUMeHeHuUs

leHepauua nsobpaxkeHuii / Image generation
Llenb — co3aaHue YHMKanbHbIX U306paxKeHnm
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Obnactn NnpuMeHeHus

OnpepeneHune TOHaNbHOCTU TeKcTa / Sentiment analysis

Llenb — no onpenennTb ABAAETCA TEKCT NO3SUTUBHBIM UJTTU HETAaTUBHbBIM.

types of forms. Closed-ended questions re 2 ol
yes or no answer, or a selection froma ¢,
radio box or check mark. Unlike this

open-ended questions require the use.




Obnactn NpUMeHeHuUs

MawuHHbIN nepeBog / Machine Language translation
Llenb — nepeBecTn TEKCT HA OAHOM fi3blKe Ha APYron A3biK

ﬂHﬂEKC "EpEBOﬂHMK Tekct  Cantbl  [JokyMeHTbl  KapTuHKM

AHITIUACKUNA pud

— Pycckun
neural networks are so COO|!‘ X HeﬂpOHHbIe CeTUn - 3TO TakK prTO!
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Ob6sacTn NpUMEHeHUS

leHepauua TeKcra / text generation
Llenb — creHepupoBaTb CBA3HbINA TEKCT MO COOTBETCTBYIOLLEN TEMATUKE

Proof. Omitted. O

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
have to show that

Ooy = Ox(£L)

Proof. This is an algebraic space with the composition of sheaves F on X4, we
have

Ox(F) = {morphy xo, (G,F)}
where G defines an isomorphism F — F of O-modules. |
Lemma 0.2. This is an integer Z is injective.
Proof. See Spaces, Lemma ??. (]

Lemma 0.3. Let S be a scheme. Let X be a scheme and X is an affine open
covering. Let U 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 complex.

The following to the construction of the lemma follows.
Let X be a scheme. Let X be a scheme covering. Let

b: X—2Y 2Y Y 5Y xxY = X.
be a morphism of algebraic spaces over S and Y .

Proof. Let X be a nonzero scheme of X. Let X be an algebraic space. Let F be a
quasi-coherent sheaf of Ox-modules. The following are equivalent

(1) F is an algebraic space over S.

(2) If X is an affine open covering.

Consider a common structure on X and X the functor Ox(U) which is locally of
finite type. (]

This since ¥ € F and z € G the diagram

S—»

|

§

Oxr

gor,

Spec(Ky) Morsets  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
type f.. This is of finite type diagrams, and

e the composition of G is a regular sequence,

e Ox is a sheaf of rings.

[m]

Proof. We have see that X = Spec(R) and F is a finite type representable by
algebraic space. The property F is a finite morphism of algebraic stacks. Then the
cohomology of X is an open neighbourhood of U. m]

Proof. This is clear that G is a finite presentation, see Lemmas ?7.
A reduced above we conclude that U is an open covering of C. The functor F is a
“field

Oxz— Fz -UOxpu) — Ox,0x,(0%,)
is an isomorphism of covering of Oy,. If F is the unique element of F such that X
is an isomorphism.
The property F is a disjoint union of Proposition ?? and we can filtered set of
presentations of a scheme Ox-algebra with F are opens of finite type over S.
If F is a scheme theoretic image points. (]

If F is a finite direct sum Oy, is a closed immersion, see Lemma ??. This is a
sequence of F is a similar morphism.




O6sacTn NpUMEHEHUS

TeKcTtoBble 60TbI
/ 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 NnpuMeHeHus

Pacno3sHaBaHue peuun / speech recognition
Llenb — nepeBecTn YeNoBEeYEeCKYO Peyb B TEKCT




Obnactn NpUMeHeHuUs

MporHo3 noroabl / whether forecasting
Llenb — npeackalaTb TemnepaTtypy, 0CaaKn, CKOPOCTb U HanpaBaeHMe BeTpa U T.A4.




Obnactn NpUMeHeHuUs

MpepckasaHue npoaax / sales prediction
Llenb — npeackasaTtb NpoaaXXm TOBapoOB Ha HEKOTOPbLIN Nepmnoa BpemMeHu Bnepes,




Ob6sacTn NpUMEHeHUS

A mHoroe gpyroe...




[1naH

« BBegeHune, npumepbl NPUMEHEHMNA
« MaTemaTnuyeckaa mogenb HenpoceTu
e MpnbankeHne GyHKUUN HEMPOCETLIO

« ObyyeHmne HenpoceTH



Mopaesib HeMpPOHa

O603HauYmMm
r d
X = (xl, . xd) € R% — oguH 0bbeKT, rae x;, ..., x; — NPU3HAKW;
T
w = (w, ..., w;) € RY— BekTop Becos;
CmeweHue
b € R — cmelweHue. b

Bbixoa HeMpoHa —

yx) =oc({x,w)+b)=0 wa + b |,
| /=1

BxoaHble CUrHanbI
=
T
é
<
I
v

X j— @ CymmaTtop

roe o — HeKoTopas Kyc.-andod. CI)yHKLI,MFI,
Ha3zoBem ee pyHKLUUEN aKTUBaLuun.
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BbixogHOM curHan



YTOo-TO 3HAKOMOE...

Ha yTo noxorka ata dopmyna?

(4
yx)=oc({x,w)+b) =0 Z wix; + b
\ /=1

)

)

JlnHenHasa perpeccma ana 1 anemeHTa:

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

(

d

CmelteHue
b
Beca
. PyHKUMA
S | o
e aKTUBaL MU
s U
(@)
;@3 )~ e | o
T ;
S ' a
s X @ Cymmarop
)

Z Xw; + b |, roe 6(z) = z — nuHelHasa PpyHKLMA

/=]

JNloructuyeckan perpeccua ana 1 anemeHta (byaet Ha 3 Kypce)

y(x) = a((x, w) + b) = 6( Zilxjwj + b> , rne o(z) =

J

J=1

y(x) = o({x,w) + b) = 6< Zd

1

I+

[MyaccoHoBCKas perpeccus ansa 1 anemenTa (byaet Ha 3 Kypce)

xXw; + b) , Tne o(z) = e°

e—Z

)

— N10T'NMCTnYecCKkad cmrmomnaa

BbIXoAHOM curHan

)



PelleHune 3a0a4mn perpeccum

d
JInHemHas perpeccus: 9 = Xw+ b, Te. 3\’1' = injwj + b
j=1
rne X = (xij),_— MaTpuua BXoAHbIX AaHHblX, i € {1, ..., n}, j € {1, ..., d}
ij

T
N\ AN AN
y = <y1, e yd) — BEKTOp npeackasaHus,

T
w = (wl, e wd) — BEKTOp BECOB, b — CABMWI.

3a,a4y MOXKHO peLUUTb aHa/IMTUYECKU. A MOXKHO C MOMOLLLbIO FPAAiIMEHTHOIO CMYCKa.
3apaauM GYHKLUIO, KOTOPYHO Mbl XOTUM MUHUMMU3UPOBATb

1 n
L = — 2 (Qi — yi)2 — MSE (Mean Squared Error)
n 4
i=1
Myctb @ = (w, b), Toraa onTMmusaums byaeTt cneayrowen:

0,=0,_,—nVL(O,_,), raen— ckopocTb obyyeHuns



bonee cno)Hble 3a4a4um

e Y IMHEMHOMN U NOTUCTUYECKOW perpeccmm orpaHmndyeHHas o6a1actb NPUMEHEHUS
[nAa Toro, 4ToObI PELINTDL HEJIMHENHYIO 33134y,

HYXXHO Ae/1aTb C/I0OXKHblE I'IpEO6pa3OBaHMﬂ C NPNU3HaAKaMM

* OguH HeﬁpOH He CNpaBUTCA CO CZIOKHbIMU 3aad4aMMN... ‘&

Proof. Omitted. o This since F € 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
have to show that
Ooy = 0x(£)

Proof. This is an algebraic space with the composition of sheaves F on Xiare we
have

Ox(F) = {morph xoy (G.F)}
where G defines an isomorphism F — F of O-modules. o
Lemma 0.2. This is an integer Z is injective.
Proof. See Spaces, Lemma ?2. o
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.

The following to the construction of the lemma follows.
Let X be a scheme. Let X be a scheme covering. Let
b:X Y 5Y 3Y Y xxY 5 X.

be a morphism of algebraic spaces over S and Y.
Proof. Let X be a nonzero scheme of X. Let X be an algebraic space. Let F be a
quasi-coherent sheaf of Ox-modules. The following are equivalent

(1) F is an algebraic space over S.

(2) If X is an affine open covering.

Consider a common structure on X and X the functor Ox (U) which is locally of
finite type. Ll

§— s
f——>0x

s

gor,

= ——a %

Spec(Ky) Morscs  d(Oxy,0.6)

is a limit. Then G is a finite type and assume S is a flat and F and G is a finite
type fu. This is of finite type diagrams, and
o the composition of G s a regular sequence,
Oy is a sheaf of rings.
o

Proof. Wo bave oue that X = Spec(R) and J o 8 il type reprstable by
algebraic spacy property F is a finite morphism of algebraic stacks. Then the
cabomology of X is an open neighbourhood of U o
Proof, Thi
A reduced af
“field

see Lemmas 72
ering of C. The functor F is a

clear that G is a finite presentat
e we conclude that U is an

Oxz = Fr -UOx,u) — O,0x,(0%,)
is an isomorphism of covering of Oy, . If F is the unique clement of F such that X
Is a0 fsomorphis
The property  is a disjoint union of Proposition 72 and we can filtered set of
prescntations of  scheme Ox-algobra with 7 aro opens of faite &ype over
If F is a scheme theoretic image points.

I F is a finite direct sum Ox, is a closed immersion, see Lemma ?2. This is a
sequence of F is a similar morphism.




OgHoCc/I0OMNHaA
HEMPOHHAas
ceTb

OAVH HenpoOH
C BeCaMU Wy, ..
n cmeleHnem b,

.9 Wdl




OgHoCc/I0MHaA
HEMPOHHAas
CeTb

[1Ba HEMPOHa
C BECAMU Wi, ..., Wy
UWiy, ooy Wpo
u cmeweHnamn b, v b,




OgHoCc/I0MHaA
HEMPOHHAas
ceTb

bBonbwe HerMpoHOB




OgHoCc/I0MHaA
HEMPOHHAas
ceTb

Cnow pasmepa H
— Habop 13 H HenpoHOB

Wi € R 1 (by),
— MapameTpbl MOAeNu

TaKyto HEMPOHHYIO CETb
Ha3blBalOT
NOJIHOCBA3HOMU

OaunH cnoun




OanHoCN0OMHAasg HEUPOHHAA CETb

MaTtpuuyHoe npeacrassieHue

Myctb x = (X[, X5, ..., X;) — 3/IeMeHT BblOOPKMU.
s = (8,89, ..., Sy) — BbIXOAbl HENPOHOB A0 NPUMEHEHUA QYHKLIMWN aKTUBALIUN.
y=1,Yy ---, Ygy) — BbIXOA CNOA.

Torga paboTy €10 MOXKHO ONMcaTb onepaunuamMu:

( T
(Wi owy e owig) (B \
1) = (e i) x |20 T8 TR T2 =T Wb
War =0 Wan = Wan

2)y=0p Yoo ooes V) = (0<51)a 0(52), .oy 0(sy)) = 0(5) = o(x"W+b")




[1ByXcN1O0MHasA HEMPOHHASA CETb

W11 %G\ o(e) >/M? Wy




[1ByXcN1O0MHasA HEMPOHHASA CETb

Wi

WBi2H

BxoOHoU cnol Bbixo0bl

rnepeoco C704

eee
N v

H (¥4 (%4
+1 IMepsbili crol

BbixoO0bi
8MopP020 Cs104




[1ByXc/1IOMHAsg HEMPOHHASA CETb

MaTtpuuyHoe npeacrassieHue

Nyctb x = (X[, Xy, ...,X;) — dNemeHT BbIOOpPKM,
u=-(s;, S, ..., Sy) —BbIxoalcnoa,y = (y;, ¥p, ---
Wi = (wy ) — matpuua secos | cnos, W, = (Wyp,)p, — Matpuua Becos Il cios,
by = (b . b1|H)T_ B-p caguros | cnoa, b, = (b

e

Torpa paboTy ABYXCNOMHOM HEMPOHHOWM CETU MOXKHO NPEeACcTaBUTb KaK:

1) u = GI(XTWI + blT)

, Yy7) — Bbixog Il cnos,

2017

T
O'2<(71 (XTWI + b1T> W2 + b2T>

T
.» by )" — BexTop caguros Il cos.



AN
[1ByXc/io0MHasg HEUPOHHAA CETb O

HazoBem ¢pyHKUUIO o(2) curmongon, ecam lim o(z) =0un lim o(z) = 1.
7—>—0 Z—+00

eZ

|

0(z) = — JIOTUCTMYECKaA cMrmounaa, oaAnH U3 NPMMEPOB TaKoM PYHKUUN.

Teopema (LibibeHKo, 1989)
Ecam o(z) - HenpepbiBHaA cMrmounaa, To Ana ntoboi HenpepbisHow Ha [0, 1]¢ dyHKLmM F(x)

CyLLecTBYIOT Takoe H 1 3Ha4eHNA NapameTpoB wy, € RY, Wy € RY b € R,
H
4YTO ABYXCNOMHaA HelpoceTb y(x) = Z Wy - 6(x wy, + b)
h=1
paBHOMepHO NpubamxkaeT f(x) ¢ NoboW TouHocTblo €: | y(x) — f(x)]| < € Vx € [0, 1]¢

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



[1naH

e BBEAEHME, NPpUMEPbI NPUMEHEHUSA
e MaTtemaTnyecKkas Moaenb HEMPOCETH
e MpubnunkeHne pyHKUUM HeNpoceTblo

« ObyyeHmne HenpoceTH



[TpuMep

Bosbmem f(x) = 0.2 4+ 0.4 x2 4 0.3 x sin(15 x) + 0.1 cos(50 x).

Kak annpokcumuposams eé HelipOHHOU cemebto?

1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

= f(X)

0.0

0.2

0.4

0.6

0.8

1.0



[TpuMep

Kak annpokcumuposams f(x) HelipoHHOU cemebto?
PaccmoTpum oguH HenpoH u = o(wx + b) ¢ pyHKumen aktmsauun I{z > 0}.

3ameTtum, yto u > 0 npn x > — b/w. Obo3Haumm s := — b/w.

NTorosas pyHKLMA 3aBUCUT TO/IbKO OT §

f
= byagem panee pabortatbCcs,aHecw, b. 175 x)

aHHPOKCMMauMﬂ

1.50
/\ (e 1.25

x w >\z/ ( )>u
1.00

b
0.75
+1
0.50
. (o, 5) " 0.25
- 0.00
0.0 0.2 0.4 0.6

Monoxum s = 0.35. X

MAE =0.35

0.8

1.0



[TpuMep

Kak annpokcumuposame f(x) HeUpoOHHOU cemebto?
Job6aBum ewle oauH cnoun. Tenepb y Hac ABYXC/IOMHAA HEMPOHHAA CETb.

Ha BTOpom c/noe 0AMH HEMPOH y = Wi,

Monoxxkum w = 0.8.

V 175

1.50
1.25
1.00
0.75
0.50
0.25
0.00

0.0

f(x)

alinpoKCcuMauuns

0.2

0.4

0.6

MAE = 0.32

0.8

1.0



[TpuMep

Kak annpokcumuposame f(x) HeUpoHHOU cemebto?

[o6aBMM No HeApPOHY Ha NepBOM U BTOPOM C/l0e€.

X

6( ® 7Sd> >Ll1 Mﬁ S ZE
) S2) W2
Up
I_IOI'O)KMM S2 — 07, W2 _ Wl -_— 08.

[Tony4ymnnacb CTyneHbKa,
KoTopas NpUoAnKaeT YacTb PYHKLUMN.

1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

0.0

f(x)

alinpoKCcnMauuns

0.2

0.4

0.6

0.8

1.0



[TpuMep

Kak annpokcumuposame f(x) HeUpoOHHOU cemebto?

[o6aBum elye No HEMPOHY Ha NepBOM U BTOPOM C/l0e€.

X

O-( ot ’ Sl) >u1 Wl S Z
) S2) W2
o( $1 Uy w
Us

Monoxxnmm s, =5, =0.7, wy =1.5.

Y

1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.00

0.0

f(x)

alinpoKCcnMauuns

0.2

0.4

0.6

MAE =0.30

0.8

1.0



[TpuMep

Kak annpokcumuposame f(x) HeUpoHHOU cemebto?

[o6aBum elle no gBa HEMPOHa Ha NepBOM U BTOPOM CJ10€.

f(x)
annpokcuMaums

1.75
1.50
1.25
1.00
0.75

0.50
0.25

Monoxum s, =0, ss =s; = 0.35,

0.00
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[TpuMep

BbiBOA,

« Cnomouwbto ABYXCIOMHON HEMPOHHOMN CETU
NOJIY4MNOCb anNnNPOKCUMUPOBATL CNOXKHYIO GYHKLUMUIO.

e Mbl He npuberanu K reHepaLuu CNOXHbIX NPU3HAKOB,

KOTopble NoOHaaobuauco bbi,

Hanpumep, ANA TIMHENHOW perpeccum.
e Ecnm yBennuntb YMCNO HEMPOHOB,

TO NpMbBANXKEHME NoayYaeTca

6onee TOUHbIM.

Ho! Ceityac mbl noabupanm napameTpbl
CaMOCTOATENbHO.
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[1ByXc/1o0MHasg HEUPOHHAA CETb

BbiBOADI

e« Cnomouwbto NMHENHbIX onepaunin u GyHKLUN aKTMBALMM 6 OT OAHOIO aprymMmeHTa

MOXHO BbI4YNCAATb NHOOYI0 HENPEepPbIBHYO GYHKLMIO HA 331laHHOM UHTEpPBasie
c 1t060U }Kenaemom TOYHOCTbIO.

° |£|,ByX cnoes B HEI‘/JIpOHHOI‘/JI CETN TEOPETUYHECKN AOCTATOYHO.

3ameyaHusn

« Teopema HUYEero He roBOPUT O KONNYECTBE HEMPOHOB B KaXKA0M C/I0€,
0 3Ha4YeHWNM BECOB M CABUTOB, U BUAE PYHKLUN aKTUBALUN.

e [1Byms C1IOSAMM TaKad Le/ib TEOPETUYECKU J0CTUraeTcsa, HO CNOXKHO. TONbKO B OAHOM Kope
roJIOBHOro MO3ra Y1c/10 C/1I0€B PaBHO 6.

e JlononHutenbHble cnon — yaobHbIM cnocob npeobpa3oBaHMA NPU3HAKOB,

nepexos U3 o4HOro NPM3HaAKoOBOro NPOCTPAHCTBA B bonee yaobHoe Ana pelleHns 3a4a4n.



[1naH

« BBegeHune, npumepbl NPUMEHEHMNA
« MaTemaTnyeckasa moaenb HEMPOCETH
e MpnbankeHne GyHKUUN HEMPOCETLIO

« ObyueHUue HenpoceTu



HenpoHHas ceTb

Mbl napameTpmn3oBaan moaesib HEMPOHHOMU CETH.

N3 Teopembl LbIBEHKO BbITEKAET, UTO CYLLECTBYIOT NapaMeTpbl, MPU KOTOPbIX Mbl
CMOXKEeM annpoKCcMMMpPoBaTb Nt0bYI0 Henp. GYHKLMIO Ha 3a4aHHOM UHTepBae.

byaem HaxoauTb napameTpbi!
e ————

A Kak?

Z

C nomoLLbto rpaaAneHTHOro cnyckal!
[1o aHanorum c pelwleHnem 3aaavu
IMHENHOW perpeccum.
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A\
Oby4yeHune ABYXCIOMHOU HEUPOHHOU CETM. S,
[IpMep

T
* 3a/3em mogenb: y = 02<01 (xTW1 + b1T> W, + b2T> — popmyna A/1A BCEX 3/1EMEHTOB BbIOOPKM.

e 3apgaem PyHKUMUIO, KOTOPYIO Byaem MMHUMN3NPOBATL, Hanpumep MSE:
1

n
AN .
—Z(yl. — yl-)z, rae i — HOMEP 3/1eMeHTa BbIDOPKMW.
n
i=1

L =

e O603Ha4YMM BCe NapamMeTpbl CETU KaK 6.
Haxoanm napameTpbl C MOMOLLbIO FPaaNEeHTHOro CnycKa:

0,=0,_,—nVL(O,_,), roen— ckopocTb 0byyeHumA.



AN
Oby4yeHne HEUMPOHHOU CETU S

Buabl rpagmMeHTHOro cnycka |
e Gradient Descent (GD) 0,=60,_,—nV (; Z EZ()?@_I(xi), Yl)>

Pazbusaem gaHHble Ha 6noku (batum). =1

,ﬂ,l’lﬂ Kaxaoro 6/10Ka cunTaem rePagmneHTbl 1 HaKkarJinBaem mxX.

[Mponssoanm obHoBNEHME NnapameTpos nocsie NnoacyeTa
r;raguneHTa no scem AaHHbIM.

e Stochastic Gradient Descent (SGD) y
PasbuBaem AaHHble Ha 610KK (baTun). ~
Ht = et_l — 1 v < Z g(yet—l(xib)’ Yi}))

[1na Kaxkaoro 6/10Ka cumtaem rpagmeHT u obHoBasem B
b=1

napameTpbil. (xl-l, - ,xl-B) — Tekywmm 6aTy.

CamMbi¥ NONY/ISAPHbIA METOA,



3agaum (onocka)

1. [laHa HEMPOHHAA ceTb U3 2 C/I0eB B MAaTPUYHOM BUIE:
$ = tanh (ReLU (XW1 + blT) W, + sz> € R”, e

6atu X € R™ W, € R* p e R, W, € R b, € R. Nocunraiite npasuna
obHoBneHna napametpos W, b, B Stochastic Gradient Descent.

el —e”

el + e’
RelU'(t) = I{t > 0) tanh’(f) = 1 — tanh?(?)

4

ReLU(?) = tI{t > 0) tanh(7) =

10 1



3agaum (onocka)

1. [laHa HEMPOHHAA ceTb U3 2 C/I0eB B MAaTPUYHOM BUIE:
$ = tanh <ReLU (XW1 + blT) W, + sz> € R”, e

6atu X € R™ W, € R* p e R, W, € R b, € R. Nocunraiite npasuna
obHoBneHna napametpos W, b, B Stochastic Gradient Descent.

o . . oL
2. PaccmoTpum HenpoHHYto ceTb € 100 cnoamm n dyHKumMen aktmsaumm tanh. Hanaute X roe

X - BXOAHaA maTpuLa NPU3HAKOB.



PelleHUs

1. Napametpwol Wy, b;, W,, b, obHosAstotca no npasuny W, := W, — 5 -

oL oL
) bi::bi—f’]'_;lzl,z(*)

oW, ob,

Hy»*HO HaliTK rpaAneHTbl, YTO NpoLLe AenaTb B MOPSAAKE OT NOC/AeAHUX CNOEB K NepBbIM.

oL 2
3adukcmpyem L kak MSE, Toraa — = —(§ — Y)'. 0603Haunm Z; = XW, + b; A = RelU(Z)); Z, = AW, + b, = $ = tanh(Z,).
n

dy
1) MpagmeHT 2 cnos: 2) TpapmeHT 1 cnos:
oL :0{4. a0y =al:-(1—tanh2(Z2)) oL  JL 022 aAl =<<0_L>T,W2T_I{x20}>T
0Z, 0y 0Z, 09 0Z,  9Z, oA, 0z 0Z,
oL _ oL 97, oL oL _ oL 0z, _ 9L
oW, 0z, oW, oz, ! oW, oz, oW, oz,
oL _ JL 0Z, _ 2 aL. oL _JL 0Z, _ z”: oL
ob, ()22 ob, = o(Z)) 0b, aZ1 oby = oz

OcTanocb NOACTaBUTb 3TU FPaANEHTbI B pOopMmyy nepecyeTa napameTpos (*).

B popmynax Bblille nepBoe paBeHCTBO - npumeHeHue Chain Rule (bopmynbl agudpdepeHumMpoBaHma cnoXKHOM GyHKUMK). A BTOPOE PaBEeHCTBO -
Bblpa*KeHne nocsie NoAcTaBNeHMUA 3HAYEHUIN rPaaMeHTOB B 3Ty GOpPMY/y, NPM STOM Ha STOM LIare Mbl paspeluaem cebe TpaHCNOHMPOBATb
HeKoTOopble BblpaxkeHua. [leno B TOM, 4To B 06LWeM cydae NnponsBoAHas MaTpuLbl MO MaTpULe - TEH30P Pa3MepHOCTU >2. 34eCh Ke MMeem Aeno C
YaCTHbIMW C/Ty4asiMU, MHOTAA NPUXOAUTCA TPAHCMOHMPOBATb MaTPULLbl, YTOObI OCTaBaTbCA B 2-MepPHOM MPOCTPaHCTBE.

A BoobLLe, Uenb 3TOM 3aa4M — OCO3HaTb, YTO FPAAMEHTbI BblPaXKatoTca Apyr Yepes gpyra, ecCv NATU B NOPAAKE OT NOCAeAHUX C/I0EB K NepBbIM.



PelleHUs

2. PaccmoTpum HeMpoHHYto ceTb ¢ 100 cnosmu 1 pyHKUMeN akTMBaumm tanh. [laBante 34ecb Hanaem

oL

BMeECTO —XZ rragunenHT

Nlocca no Becam H6onee BaxkeH ansa obyyeHnA ceTu, a rPaANEHT Jiocca No Bxoaam 6osiblie HYXKEH AN1A aHanM3a nosedeHms cetu. Hawa
Lenb — NoKa3aTb, YTO NPU UCNONb30BaHUM NYOOKNX ceTer ¢ GyHKLUMEN akTUBaLUUM tanh Ha KaxKaom cnoe rpagmueHTbl, UCNoJib3yemMble
Ana 06HOBNEHUSA CeTUN, CTAHOBATCA YPEe3BblYaMHO MaJIEHbKMMU NN «ucHe3atoT» npu backward pass ¢ BbixogHbIx cnoeB Ha 6onee

paHHue cnom (Vanishing Gradient problem).

Beegem o603HayYeHuA:

= tanh
9 Zi = Ai—l ) ‘/Vl + bi 05} - tanih
A, :=tanh(Z))
3necb duHanbHOE NpeackasaHue § = Ay, Mpumerum Chain Rule: I S Y 3 :
oL = oL .aAN. aZN .aAN_l. %%z ~0.5
oW,  0Ay 0Zy O0Av_, 0Zy_, 9z, oW,
oL ! T ! ! -1.0t
=——-tanh(Zy) - Wy -tanh(Zy_;) - ... -tanh(Z)) - X. '
oAy
, , g oL y
Ho tanh’(?) ouyeHb BbicTpo cTpemuTca K Hyao npu || — oo (tanh’(7) < 107° npu | ¢| > 10). Mostomy 3HaueHne rpagueHTa c 60/1bLIOWM

1

BEPOATHOCTbIO CTAHET 3aHYNATLCA BO Bpema oby4dyeHun, YTo npusedeT K “napanndy” cetn. TakMm e cBOMCTBOM 06/1a4aeT NorMyTuyeKcas

CUTMOMAA, Y KOTOPOM TOXKE NON0rMe KOoHLbI. [o3ToMy NonynAapHbl TakMe GYyHKLUK aKTUBaL MK, KaK RelLU.






