JlaGopaTopHas paGoTa Ne6
no gucuumiInHe «CHcTeMbl MOAEPKKH NMPUHATHS PeleHnii»
«HccnenoBanue MeTo10B yMeHbIIIeHUsI Tlepeo0yyeHns1 HelipOHHBIX ceTeil
Ha npuMepe MoJepHusupoBanHoii cetu LeNet na naracere CIFAR»

Leab padoThl — HcCIE10BAHUE COBPEMEHHBIX aPXUTEKTYP CBEPTOUHBIX HEMPOHHBIX CETEl
Ha MpUMepe 3a]1a4i KiIacCu(PUKaIUN U300pakeHUH.

Kaaccupukanma — moHsTHE B Hayke, 0003HAUaIONIee pa3HOBHIHOCTH JICTICHHS
00BbEMa MOHATHUS MO OMNpeneIEHHOMY OCHOBAaHHUIO (IPU3HAKY, KPUTEPHUIO), IPU KOTOPOM OO0BEM
POJIOBOTO MOHSATHS (KJIACC, MHOKECTBO) JEIUTCS Ha BUBI (ITOJIKJIACCHI, TOJIMHOKECTBA), a BUIBI, B
CBOIO OYEpEe/Ib ACTSATCS Ha MOABUABI U T.1I.

IMepeodyuenue (Overtraining, overfitting) — siBienue, Koraa MOCTPOSHHAS MOJICITBH XOPOIIIO
O0OBSICHSIET MPUMEPHI U3 00yUaroliel BHIOOPKH, HO OTHOCUTEIBHO IIJIOX0 padoTaeT Ha MPUMEPax,
HE Y4acTBOBABILUX B 00y4eHHH (Ha IpUMepax U3 TECTOBOI BBIOOPKH).

[TepeoOyuenmne — 310 Kak "3a3yOpuBanue" (3ayunBaHue Oe3 MOHUMAaHWSI, OCMBICIICHHS ): BBI
XOPOIIO OTBETUTE HAa 3HAKOMBIE BOIIPOCHI, HO MPOBAJMTECH HA TecTe. B MammHHOM 00y4eHUH €CTh
HECKOJIBKO CITIOCOOOB pelIeHUs MPOOIeMbl TepeoOyUeHus:

e He ncnonb30BaTh CI0KHBIE MOJIENN, YTOOBI HE ITO3BOJIUTH MOJICIH MEPEOOYIUTHCS.

e Haiitu Oonpiie oOy4aromMX MaHHBIX WJIM CO3JaTh MX HCKYCCTBEHHO C IOMOIIBIO

ayrmeHrtanuu. Ayemenmayus (augmentation) — yBenuueHHe BBIOOPKH JaHHBIX
U1t 00y4YeHHUs Yepe3 MOAN(PHUKALINIO CYIIECTBYIOINX JaHHBIX.

e lcnosnb30BaTh PaHHIOK OCTAHOBKY. Pannsis ocmanoska (early stopping) — ato metos,
KOTOPBIH MO3BOJISET YKa3aTh MPOU3BOIBHO OOJIBIIOE KOJUYECTBO MEPHOOB O0YICHHUS
U TPEKpaTUTh OOy4YeHHE, KaK TOJBKO TPOU3BOAMTEIBHOCTh MOJEIH TMEepecTaeT
yIy4IIaThCsl B HA0OpE MPOBEPEHHBIX JaHHBIX. J[pyruMu clioBaMu, paHHSSI OCTAHOBKA —
3TO YBEIWYCHHE KOJTUYECTBA AIOX JI0 TeX MOP, TTOKa MOJETh He HAUHET nepeoOydaThes,
T.e. moka ¢yHkius norepb (loss function) Ha BanMmanMoOHHOM BBIOOpKE (MOCHE
najgeHus) He HayHET pactu. Dmnoxa (epoch) — 3To ojHa uTepaiys (OJMH LHUKI) B
mporecce  OOy4deHMs,  BKJIIOYAOLas  NpexbsBICHHE  BCEX  INPUMEPOB U3
00y4aroIero MHOKeCTBa 1, BO3MOYKHO, IPOBEPKY KauecTBa 00y4eHHsI Ha KOHTPOJIbHOM
MHOECTBE.

o Pecynapuzayus. B MaremaTuke 3HaYeHHE PETYIApPHU3AlMM  CBA3aHO C TEM,
4T0OBI cienath GyHKIUI0 Oojee "perysipHoi" win rnajakoi. B mammHHOM 00yyeHun
perynspusauuss npumensercs kK (ynkmunm noteps (loss function), k KoTOpoOii
nobasinsieTcst HekoTtopoe uucio (mrpad). B 3aBucumoct ot mrpada paznmyuaroTcs
HECKOJIbKO peryaspusanuii. Perymspusamus TuxonoBa (L2-perymspusarust (ridge
regression, wim Tikhonov regularization) — nononHuTenbHBIA mTpad 3a CymMMy
KBaJpaTOB  KO3(PQUIMEHTOB,  yMHOXEHHYH0O  Ha  kod3dduument  "namOma"
(perynsipu3allMOHHBI mapamerp). B HEHpOHHBIX CeTAX BMECTO KBaJApaToB
KO3 PUIIMEHTOB MpH CTENeHsX mTpadyrTcs Beca HeliponHoi cetu (weight decay —
COKpaIlleHHE BECa).

e Perymapmzammmst DropOut ("mMeTon mpopexuBaHus', "MeTOA HUCKIHOYEHHS ')
3aKJI0YaeTcss B UCKIoYeHHH u3 cetd ("oTceB") HEHMPOHOB € BEPOATHOCTBHIO P.
HckimtoueHHble HEHpPOHBI BO3BPAIIAIOT HYJb IPH JIIOOBIX BXOAHBIX JAHHBIX WIH
napamerpax.


https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BD%D1%8F%D1%82%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81
https://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D0%BC%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%BE

O01mme nNoJ0KeHus
TCKCT IIpOorpaMMBI IIPCACTABJICH HUXKC.

O01Ias cTpyKTYpa cBepTOYHOM HellpoHHoM cetu LeNet npeacraBieHa Ha pUCYHKE.

C3: f. maps 16@10x10
C1: feature maps S4: f. maps 16@5x5
INPUT 6@28x28
32x32

maps
x1

S@1ax14 ITT_

|
Full conr{ection | Gaussian connections
Convolutions Subsampling Convolutions  Subsampling Full connection

Layer Farg Size Ker mél Stride Activation
Map Size
Input Image 1 32x32 - - -

1 Convolution 6 28x28 5x5 1 tanh

2 Average 6 14x14 2x2 2 tanh
Pooling

3 Convolution 16 10x10 5x5 1 tanh

a Aversge 16 5x5 2x2 2 tanh
Pooling

5 Convolution 120 1x1 5x5 1 tanh

6 FC - 84 - - tanh

Output FC - 10 - - softmax

N3menum LeNet, 4T0OBI MOBBICUTH KauecTBO Kilaccu(pUKaMU (CMOTPHU TEKCT MPOTpamMMBbl
HIKe). Takxke MCIONb3yeM peryispu3aliio HEMPOHHONW CEeTH C MOMOUIbI0 MEXaHH3Ma JIponayrT,
NpeHAa3HAYCHHYIO [Tl TPelI0TBPAILEHHs TepeoOydeHuUs CETH.

Jlns peanuzanuu ngponayra UCIOIb3YEM CIIOM:

self.batch dropl = torch.nn.Dropout2d(p=0.15, inplace=False).
B ¢yukiuu forward torna HeoOXoauMo 100aBHUTh:

x = self.batch dropl (x) .

JNlobasum L2-perynspusaruio (peryispusanus Tuxonosa). B PyTorch ona aktuupyercs ¢
nomonipo napamerpa weight_decay B ontumuzatope.

optimizer = torch.optim.Adam(net.parameters(), lr=1.0e-3,
weight decay=le-5).


https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D1%83%D0%BB%D1%8F%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BA%D1%83%D1%81%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B5%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5

import torch
import random
import numpy as np

random.seed (0)

np.random. seed (0)

torch.manual seed(0)

torch.cuda.manual_ seed(0)
torch.backends.cudnn.deterministic = True

HH

import torchvision.datasets

HH

MNIST train = torchvision.datasets.MNIST('./', download=True, train=True)
MNIST:test = torchvision.datasets.MNIST('./', download=True, train=False)
)

H#H

X train = MNIST train.train data

y _train = MNIST train.train labels
X test = MNIST test.test data

y test = MNIST test.test labels

HH

len(y train), len(y test)
##

X train = X train.float()
X test = X test.float ()

H#

import matplotlib.pyplot as plt
plt.imshow (X train[0, :, :])
plt.show ()

print(y train[0])

#H

X train = X train.unsqueeze(l).float()
X test = X test.unsqueeze (1) .float()

H#

X train.shape

H#



class CIFARNet (torch.nn.Module) :
def init (self):
super (CIFARNet, self). init ()

def

self.batch norm0 =
##self .batch _dropl
##self .batch _drop2

torch.nn.BatchNorm2d (3)
= torch.nn.Dropout (p=0.15, inplace=False)
torch.nn.Dropout2d (p=0.15, inplace=False)

self.convl = torch.nn.Conv2d(3, 16, 3, padding=1)
self.actl = torch.nn.ReLU()

self.batch norml = torch.nn.BatchNorm2d(16)
self.pooll = torch.nn.MaxPool2d (2, 2)

self.conv2 = torch.nn.Conv2d(16, 32, 3, padding=1)
self.act2 = torch.nn.RelLU()

self.batch norm2 = torch.nn.BatchNorm2d(32)
self.pool2 = torch.nn.MaxPool2d (2, 2)

self.conv3 = torch.nn.Conv2d(32, 64, 3, padding=1)
self.act3 = torch.nn.RelLU()

self.batch norm3 = torch.nn.BatchNorm2d(64)
self.fcl = torch.nn.Linear(8 * 8 * 64, 256)
self.act4 = torch.nn.Tanh()

self.batch norm4 = torch.nn.BatchNormld(256)
self.fc2 = torch.nn.Linear (256, 64)

self.actb = torch.nn.Tanh()

self.batch norm5 = torch.nn.BatchNormld(64)
self.fc3 = torch.nn.Linear (64, 10)

forward(self, x):

self.batch normO (x)

##x = self.batch_drop2(x)
x = self.convl (x)

x = self.actl (x)

x = self.batch norml (x)
##x = self .batch_drop2(x)
x = self.pooll (x)

x = self.conv2 (x)

x = self.act2 (x)

x = self.batch norm2 (x)
##x = self .batch_drop2(x)
x = self.pool2 (x)

x = self.conv3(x)

x = self.act3(x)

x = self.batch norm3(x)
##x = self.batch_drop2 (x)



X.view(x.size(0), x.size(l) * x.size(2) * x.size(3))
self. fcl (x)

self.act4 (x)

= self.batch norm4 (x)

##x = self.batch _dropl (x)

x = self.fc2(x)

x = self.acth (x)

x = self.batch norm5 (x)

##x = self.batch _dropl (x)

x = self.fc3(x)

¥ X X X
I

return x
net = CIFARNet()
##

def train(X train, y train, X test, y test):
device = torch.device('cuda:0' if torch.cuda.is available() else 'cpu')
loss = torch.nn.CrossEntropyLoss ()
optimizer = torch.optim.Adam(net.parameters(), lr=1.0e-3, weight decay=
le-5)

batch_size = 100

test_accuracy history = []
test loss_history = []

X test = X test.to(device)
y_test = y test.to(device)

for epoch in range(50) :
order = np.random.permutation(len(X train))
for start _index in range (0, len(X train), batch_size):
optimizer.zero grad()
net.train ()

batch _indexes = order[start index:start index+batch size]

X batch = X train[batch indexes].to(device)
y_batch = y train[batch_indexes].to(device)

preds = net.forward (X batch)

loss _value = loss(preds, y batch)
loss_value.backward()

optimizer.step ()
net.eval()
with torch.no grad():
test preds = net.forward(X test)
test loss history.append(loss(test preds, y test) .data.cpu())
accuracy = (test preds.argmax(dim=1) == y test).float() .mean() .data
.cpu()

test _accuracy history.append (accuracy)

print (accuracy)



print('--—————————————- ")
return test_accuracy history, test loss_history

accuracies = {}
losses = {}

#hHHHHEH

device = torch.device('cuda:0' if torch.cuda.is available() else 'cpu')

net = net.to(device)

#i#

accuracies['cifar net drop'], losses['cifar net drop'] = \
train(X train, y train, X test, y test)

#it#

for experiment id in accuracies.keys():
plt.plot (accuracies[experiment id], label=experiment id)
plt.legend()
plt.title('Validation Accuracy');
#H##

for experiment id in losses.keys():
plt.plot(losses[experiment id], label=experiment id)

plt.legend()

plt.title('Validation Loss');
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for experiment_id in losses.keys():
plt.plot{losses[experiment_id], label-experiment_id)

plt.legend()

plt.title( "WValidation Loss'};
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3ajanue Ha JA0OPATOPHYIO PadoTy

W3yuuts noustus: apomnayt (dropout), peryasipu3anusi.
[pumevanne. Perynsgpusanust B CTaTUCTUKE, MAITUHHOM OOYYEHHH, TEOPUH OOpPATHBIX 3aad — METOJ
N00aBICHUST HEKOTOPHIX JOMOJHHUTENBHBIX OTPAaHHYCHHH K YCIOBHIO C IIETBI0 PEIINTH HEKOPPEKTHO
MTOCTABJICHHYIO 3a/1a4y WM MPEJOTBPATUTH epeodydeHne. ITa nHPOpMAaNns 9acTo HMEeT BU mTpada

3a CJIO)KHOCTb MOACIIN.
HccnenoBath HEWPOHHYIO CeTh CIFARNet 0e3 ApomnayTa. Meercs u nepeodyyeHue B
3TOM ceTu?
HccnenoBaTh HEMPOHHYIO CeTh CIFARNet ¢ BKIIFOUEHHBIM JponayTrom. McciaenoBath
BJIMSTHUE BEPOSTHOCTH JIPOIayTa P Ha KA4eCTBO CETH.
HaiiTi no onHoMy BEpHOMY U HEBEPHOMY CITy4aro KilacCupuKaluu n300paxxeHus (CMOTpH
IpUMEp HIDKE).

¥_test.shape

torch.size{[1e8ea, 3, 22, 22])

X _test.min{), x_test.max()
(tenscr{e.}, tensor{l.))}

¥ testl=x test[111, :, :, :]
primt{y_test[1111}

tensor{a)

¥ _testl = X _testl.unsgueeze{d)
¥_testl.shape

torch.size{[1, 3, 32, 22])

¥ _testl=¥ testil.to{device)

net.eval()
with torch.no_grad():
¥l = net.forward(X_testl)

primt{y1}

tensor{[[ &.3882, &.8@887, @.9753, 2.2289, -£,5454, -1.7484, -3.8225, -2.874%,
2.4453, 1,2178]], device="cuda:a")

X_test2=x_test[111, :, :, :]
X _testz = X testz.permute(1, 2, &)
X_testz=x_ testz.te{'cpu')

¥_testz.shape

torch.size{[32, 32, 2])

plt.imshow{X _test2}
<matplotlib.image.AxesImage at @xl9Zaasa4388
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%87%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B8_%D0%B3%D1%80%D0%B0%D0%BD%D0%B8%D1%87%D0%BD%D1%8B%D0%B5_%D1%83%D1%81%D0%BB%D0%BE%D0%B2%D0%B8%D1%8F#%D0%9A%D0%BE%D1%80%D1%80%D0%B5%D0%BA%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BF%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B8_%D0%B3%D1%80%D0%B0%D0%BD%D0%B8%D1%87%D0%BD%D1%8B%D1%85_%D1%83%D1%81%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%87%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B8_%D0%B3%D1%80%D0%B0%D0%BD%D0%B8%D1%87%D0%BD%D1%8B%D0%B5_%D1%83%D1%81%D0%BB%D0%BE%D0%B2%D0%B8%D1%8F#%D0%9A%D0%BE%D1%80%D1%80%D0%B5%D0%BA%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BF%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B8_%D0%B3%D1%80%D0%B0%D0%BD%D0%B8%D1%87%D0%BD%D1%8B%D1%85_%D1%83%D1%81%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
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CoaepskaHue 0T4eTa

TUTyIBHBIN JTUCT

Llenb paboThI, TOCTAaHOBKA 3a/la4d HCCIICAOBAHUS.
Onucanue METOAUKHU MCCIIEN0BaHU.

Pe3ynbratrel ncciaenoBaHus B COOTBETCTBUU C 3alaHUEM.
BeiBogp! o pabote.



