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Lenb n 3agayn

Llenb - nsyyeHue ycTpoiicTBa NOSHOCBA3HbLIX HEPOCETER C UX JanbHeliLleli
peanusauueli B Buge bubnuotekn Ha asbike C++.

3agauu:

P n3ydeHne CTPYKTYpbl 1 NpuHUMna obyyeHnst NONHOCBA3HbLIX HeipoceTell, n3y4yeHue
pa3HbIX BUAOB rPafiEHTHOrO Cnycka

> paspaboTka apxuTeKTypbl bubanoTekn, No3BoNAtOLWER CO34aTh N OBYYNTL
NOJIHOCBA3HYIO HEpOCeTb C YKa3aHWEM Pa3MepoB CNOEB, DyHKLMIA aKTuBaLmii,
pyHKUMN owmnbkm

P> nporpamMMHas peannsauus



TeopeTuyeckne ceeseHus

MycTb y Hac ecTb Hem3BecTHoe oTobpaxeHne G. Mbl 3HaeM 3HaueHue oTobpaXkeHnst Ha
BEKTOPAX X1, ..., Xk W 3TN 3HAYEHUS PaBHbI Y1, ..., V-

Hawa 3agaya - npnbnusnts otobpaxerue G. Ons atoro bysem ncnonb30Bath
NOJIHOCBSA3HbIE HepoceTn.

HeiipoceTb npeactasnsiet coboii HekoTopoe auddbepeHpyeMoe oTobpaxkeHme
F :R" — R™, napametpusosaHHoe Habopom napametpos #. ObydeHue HelipoceTn —
3TO MPOLECC U3MEHEHNS STUX NAaPaMETPOB C YYETOM HEKOTOPOIA MOCTaBNEHHON 3aaa4n.



TeopeTuyeckne ceeseHus

HelipoceTb cTpoutcst n3 cnoés. Kaxpgbili cioii conepxut B cebe cneaytouyto
uHpopmauuto: maTpuuy A, ctonbey, b u pyHKUMIO aKTUBaLMM O .

PyHkums akTueauum o: R — R — HekoTopoe HesmHeliHoe oTobpaXkeHune, NnpumeHsiemMoe
K BEKTOPY MOKOOPAMHATHO.

Kaxkgblii cnoli NpUHUMAET Ha BXOL BEKTOP X, a 3aTeM MNepefaéT ero ciedyroLemMy CAok
BbIMOJIHUB Hag HUM CleayloLine onepauuu:

X+ Ax + b+ o(Ax + b)



TeopeTuyeckne ceeseHus

Byaem HasbiBaTh BekTOp Wi = F(X;) npeackasaHuem HelipoceTu.

PyHkums wrpada — 310 oTobpaxkeHne ¢ : R™ x R™ — R, xapakTepusytoLyee
OTKJZIOHEHMNE NpeaCKa3aHuAa w; OT COOTBETCTBYHOLEro NCTUHHOIO 3HA4Y€HNA y;.

PaccmoTpum dyHkLmio:
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L(O) = 7 é(w, )
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CyTb 0by4eHus HelipoceTu 3akntoHaeTcs B MuHumusaumu dpyrnkunm L(6).



TeopeTuyeckne ceeseHus

AHTI/IFpa,EI,I/IeHT NOKa3bIBA€T HaNpaBJZIEHNE HaCKOPEVIUJeFO y6bIBaHVIﬂ beHKLI,I/IVI.
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A; n b; - napameTpsl i-ro cnost 4o obHoBNEHUS, Af. n bf - NapameTpbl i-ro cios nocne

obHoBNEHNS, %(0) " %(9) - HanpaBsfieHUsl BAONb FPajueHTa asist napameTpos A; un
1 1

bi, A - ckopocTb 0by4eHus.

[paANeHTbI BLIYMCASIOTCA C MOMOLLBIO MeToga 0bpaTHOrO pacnpoCTpaHeHUs OWnbKN
(backward propagation).



TeopeTuyeckne ceeseHus

X| - BEKTOP M3 BXOAHbIX faHHbIX, ¥; = G(X/), M - KONNYECTBO CNOEB
1. Bbiuncnsiem npepckasanne wy = F(x))
2. U= %(W/,y/) - nHcopmaumsa ob ownbke
3. Bbl‘-II/ICJ'IeHVIe FPaANEHTOB ANS NOCNEAHEro CﬂOﬂ
VAl = dA 0 (0) = o' (Amx + bm)UxT; Vb = 8b % (0) = 0/ (Amx + bm)U;
4. llepepaua Mchopmau,mm 06 ownbke npegbIgyLLEMY CIIOHD:
U' = UTd'(Amx + bm)Am;
LLlarn 3-4 nosTopstoTCcA BNAOTL A0 NepBoro cios. [1oBTOpAs BbILEONMCAHHYIO
npoueaypy Ans Bcex BekTopos x1 ... xk, nonydyaem Habop rpagueHToB s i-ro cios
VAL . .VAK u Vbt .. VbK
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TeopeTuyeckne ceeseHus

» MOXHO O6HOBJ'IF|Tb napamMeTpbl Cpa3dy nocsie pacCMOTPEHUA OQHOIo0 BEKTOPaA XJ
I A )09 N R R
A= Ai = ADL(6); bl = bi — A32(6)
P> MOXHO ODHOBNATHL MapaMeTpbl MNOC/AE PACCMOTPEHNA KaKOM-TO 4aCTh BXOAHbIX
JaHHbIX
P> MOXHO Y4WTbIBAaTb FPAgMEHTLI U3 NPeablALUNX NTEPALMIA C HEKOTOPLIM

"3aTyxaHnem"
» Adam



Hunarpamma knaccos

R REEEE = Layer = f----------- > ActivationFunction
ErrorBlock NeuralNetwork
A
-------------------------------------- =+  BaseOptimizer
NN A
1 ! I E
MNISTReader |<:---1 Application o b P
" ) i
H | 1
GDOptimizer SGDOptimizer SGDMomentumOptimizer AdamOptimizer




OnuncaHune apxuTekTypbl

Bce BbluncneHnsi ¢ obbekTamu MHERHOR anrebpbl NPON3BOAMINCE C MOMOLLBIO
bubnunoTekn Eigen.

Knacc ErrorBlock - 610k dyHkumn owmnbku, ncnonbsyetcs ans BbIHUCIEHUS TPajueHTa
yHKkuUn ownbkn. BoamoxHo ykazaTb:

» ErrorType::MSE - Mean Squared Error
» ErrorType::MAE - Mean Absolute Error

Knacc ActivationFunction - knacc gns dpyHKUMM aKTUBaLMK, NCNONL3YETCS BHYTPU
cnost.

» FunctionType::Sigmoid - curmonga: o(x) = H%
» FunctionType::Relu - ReLU: o(x) = max(0, x)
» FunctionType::LeakyRelu - LeakyRelLU: o(x) = max(0.01x, x)



OnuncaHune apxuTekTypbl

Knacc Layer - cnoii HelipoceTu.
> XpaHWT napameTpbl C/iost (MaTpuua 1 BeKTop)
> dyHkuus PushForward - npumeneHne oTobparkeHns cnost K BXOAHOMY BEKTOPY

» dyHkuus PushBackward - seiuncnenne nicpopmaunmn o6 ownbke ans
NpeabliayLEero Ciost U BbIYUCIEHUE TPafNEHTOB

CozpaHHas HeiipoceTb BHYTpU cebsi xpaHnT BeKTOp 0bbekToB knacca Layer.
P> obyuyeHue HelipoceTy O3HAYaeT M3MEHEHUE NAaPaMETPOB C/IOEB U3 AaHHOTO BEKTOpA

P npefckazaHUWe HelipoCeTU O3HAYaeT NPOTaJKMBaHUE BNepEén BXOLHOrO BeKTOpa
Yyepes aTu cnou



OnuncaHune apxuTekTypbl

[ns peanusaumm pasHbix cnocobos 0BHOBMEHNS NAapaMeTPOB UCMOb3YHOTCA KAACChI:
» GDOptimizer - nosHbI rpagueHTHbIA Cnyck
» SGDOptimizer - cToxacTnyeckuii rpagueHTHbIA Cyck
» SGDMomentumOptimizer - cTOXacTU4eCKuUii rpagueHTHbIA CYCK C MHepLei
» AdamOptimizer - anroputm Adam

Bce onn HacnepytoT knacc abctpakTHelii knacc BaseOptimizer ¢ BupTyansHbiM
meTogoMm Train. HacnegHukm nepeonpefensitoT MeTOA B COOTBETCTBUMN C Peasini3yeMbiM

aNropuTMOM.



Cxema oby4yeHust HelipoceTu
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OnuncaHune apxuTekTypbl

Knacc NeuralNetwork npeancraensier HenocpeacTBeHHO camy HeipoceTb. [aHHbIii
KJacc:

cobrpaeT BOEAMHO BbLILLEYNOMSIHYTLIE KOMMOHEHTbI
MO3BOJISIET YKa3aTb apxXUTEKTYpy HelipoceTu

npefocTaBnset nHtepdeiic ans obyyenuns (metog Train)

vvyyy

npefocTaBnsietT nHtepdeiic ans npeackasavus (byHkuyus Predict)



[lpumep ncnonb3oBaHUS

Bynem paccmaTpuBaTh npumMep obydeHnst HelipoceTn Ha base AaHHbIX PYKOMMUCHbBIX
undbp MNIST
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Kaxpas kapTurka - Habop us 28x28 nukceneit ot 0 go 255.




[Tpumep ncnonb3oBaHUS

Ha Bxog HelipoceTb NpuHUMaEeT BekTop U3 784 nukceneir. Ha Bbixofe xoTUM nosy4vaTb
BekTOp v pa3smepa 10, Takoii 4To v[i] cooTBeTCTBYET "BeposiTHOCTM" TOrO, 4TO Ha
KapTUHKE UMEHHO undpa i.

784 A P ——————> 2564 — A




[Mprmep ncnonb3oBaHUs

auto train_input = NormalizeMNISTImages(mnist_train_images_);
auto train_output = OneHotEncodeMNISTLabels(mnist_train_labels_);
NeuralNetwork network({784, 256, 10},
{
FunctionType: :Relu,
FunctionType::Sigmoid,
3,
AdamOptimizer(0.0001, 0.9, 0.999, 10e-8, 4),
ErrorType: :MSE) ;
network.Train(train_input, train_output, 4000);
auto test_images_normalized = NormalizeMNISTImages(mnist_test_images_);
CalculateMNISTAccuracy(test_images_normalized,mnist_test_labels_, network);

B pesynbrate nonyyena touHocts 93,13%.



