JlaGopaTopnas pa6ora Ne5
o AUcHHILINHEe «CHCTeMBbI MOAAEePKKH NPUHATHS PeleHnii»
«HMccaenoBanne apxXuTeKTyp CBePTOYHbIX HEHPOHHBIX ceTel
Ha garacerax MNIST u CIFAR»

Lean padoThl — vccne0BaHUE PA3TUYHBIX APXUTEKTYP CBEPTOYHBIX HEUPOHHBIX CETEH Ha
npuMepe 3aauu Ki1acCupUKauy N300paKeHHA.

Knaccudukanuss — TmOHATHE B Hayke, OOO3HAYAIOIIEe pPAa3HOBHIHOCTH JCIICHUS
00BbEMa MOHATHUS MO OINpeleIEHHOMY OCHOBAHUIO (IPU3HAKY, KPUTEPUIO), MPU KOTOPOM OO0BEM
POJIOBOTO MOHSATHS (KJIACC, MHOKECTBO) JEIUTCS Ha BUBI (ITOJIKJIACCHI, TOJIMHOKECTBA), a BUIBI, B
CBOIO OYEpEe/Ib ACTSATCS Ha MOABUABI U T.1I.

O01e moJ0KeHus
TeKCT IIpOorpaMMBEI ITPEACTABIICH HUXKEC.

OO01Ias CTPYKTYpa CBEpTOUYHOM HelpoHHoM cetu LeNet npeacraBieHa Ha pUCYHKE.

C3: f. maps 16@10x10
C1: feature maps S4: f. maps 16@5x5
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Layer S Size Kef'nel Stride Activation
Map Size
Input Image 1 32x32 - - -

1 Convolution 6 28x28 5x5 1 tanh

> Average 6 14x14 2x2 2 tanh
Pooling

3 Convolution 16 10x10 5x5 1 tanh

a4 Average 16 5x5 2x2 2 tanh
Pooling

5 Convolution 120 1x1 5x5 1 tanh

6 FC - 84 - - tanh

Output FC - 10 - - softmax

B naboparopHoii pabore Ned wmbl kiaccuduuupoBanu natacer MNIST (pykonuchble
UGpbI) ¢ MOMOIILI0 CBEPTOUHOM HelpoHHOU cetu. Mccnenyem pesynbTaThl Kiaccudukanuy,
UCIIOJIb30BaB PA3JIMYHbIE APXUTEKTYpPhl CBEPTOUHOM HEHpOHHOI ceTn Ha 6aze LeNet.

W3menum LeNet, uroObl MOBBICUTH KayecTBO Ha Banuganuu. Celdac yke HUKTO He
UCTIONB3YeT aKTUBAI[MH TAHT€HCAMH, TIOTOMY YTO OHH MTPUBOST K 3aTYXaHUIO TpanueHTa. Henp3s
MIOCTPOUTh JIEHCTBUTEIBHO TIYOOKYIO CETh TaK, YTOOBI OIMIMOKH, ITOCUNTAHHBIC B KOHIIE CETH
XOPOIIIO BO3BpAIIAINCH K HaYally CETH. TaHTE€HCHI WM CUTMOU/IBI IPUBOJAT K TOMY, YTO CUTHAJ
OUY€Hb OBICTPO 3aTyXaer.
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Bo-BTOpBIX, ceiiuac Majo KTO UCIONb3YeT CBEPTKHU 5X 5. CBEPTKU 5X 5 3aMEHSAIOT Ha OJPST
uaymue nse cBEPTKU 3X3. B cBepTke 5SX5 — 25 Becos, a B 1ByX cBEpTKax 3X3 — 18 BecoB. Becor
MEHBIIIE — MEHbIIIE IePe0OyUCHHUS.

B-Tpethux, ceiiuac BMeCTO average ucmosb3yercs Besze max pooling.

W nocnenHuit MOMEHT — 3TO 0aT4Y-HOPMAJIH3alMs, KOTOpas IPU3BaHa yCKOPATH 00ydeHHe.
PaccmoTpuM mepeMeHHbIe, KOTOpble KOH(UrypHupytoT kiacc LeNet5S u ¢ynkmuio forward:
activation, pooling, conv_size u use_batch_norm. Ouu onpenesstiroT Bu1 akTHUBAIMHU (TAHTEHCOM
win ReLU), Bun pooling (average" wiu "max pooling). Eciu "conv_size = 5", To ueT ojHa CBEPTKa
5 ma 5, 160 "3" (mBe mociemoBareiabHBIX 3 Ha 3). Ilepemennas use_batch_norm ompenenser,
OyJeT HUcIoyIb30BaHa OaTu-HOpMAIHU3aIUs K HET.

Teneps ynkmus forward BeIrasauT crexyromum obpaszom. Ecim "conv size = 5", T0
HCIIOJIB3yEeM OJHY KOHBOJIOIMIO 5 Ha 5, ecnu "conv_size=3", To OyneMm HCIIOJIB30BaTh CHaydaja
OJIHY KOHBOJIOLNIO 3 Ha 3, U pe3ynbTar e€ rnepeaaanumM B CIEIYIONyI0 KOHBOIonMIO 3 Ha 3. [lanee
unet aktuBanus (ReLU wiu tanrexc).

Ecnu ucnionp3yem 6aT4-HOpMAIIN3aUIO, TO JOMOTHUTEIBHO TIOCIE CBEPTKH BCTABUM CIIOM
6ary-nopmanusanuu batchnorml wim batchnorm2.

Otmeruwm, 9TO cIIou 0aT4-HOpMAIIN3ALIUU BBI3BIBAIOTCS c MIOMOIIIBIO
torch.nn.BatchNorm2d, notomy 4to Mbl MMeeM €0 ¢ KapTHHKaMHu. Eciau HOpMain3oBaTh
HEKOTOpbI Bekrop mocne, Hampumep, fully-connected cmosi, To creayer uCMoIL30BaTh
torch.nn.BatchNormld. Ha Bxox HyxHO mnepemarb num_features, to ecTb TO KOJIMYECTBO
KaHaJIOB, KOTOPOE UMEET KapTUHKA WU TeH30p Mepes 0aTd-HOpMaIu3anuei.

BaxHbIii MOMEHT, KOTOPBIH HY)XHO T0OAaBUTH B IMpOIeCC OOYYCHHUs, CBSI3AHHBIA TOXE C
0aT4y-HOpMANIM3AUEN — ATO HEKOTOPBIH (PIIasKOK: MO0 CeTh HAXOIUTCS B COCTOSTHUM TPEHUPOBKH
(¢mar "net.train"), 1100 ceTh HaXOAUTCS B cocTostHUM "evaluation”, (¢puar "net.eval”).

Jleno B TOM, 4TO 0aT4-HOPMAJIM3AIUs IPOUCXOIUT HE B MOMEHT BBIUYMCIICHUS TPAJUEHTOB
(ne B momeHT backward), a B momenT forward. Kaxnaplit pa3, korma cerb npoxoaut B forward-
HalpaBJIeHUH, MapaMeTpbl MaTeMaTHUYeCKOro OKUAAHUSA U CTaHAAPTHOIO OTKJIOHEHHs B batch-
norm cjioe 3aHOBO 00y4aroTCs/MOAroHAI0TCA. [y TOro, 4To0bl ATOro HE MPOUCXOIUIIO BO BpeMs
TECTHPOBAHUSI, HYXHO SIBHO yKa3ath batch-norm cioro, uto ceth He 00ydaeTcs, a Mbl €€ TeCTUpYEM,
YTOOBI OH HE U3MEHSUT ATH TTapaMeTPhl MATEMaTHYECKOTO OKUIaHUS M CTAHIAPTHOTO OTKJIOHEHUSI.

brinu Takue ciydyan, Korja roToByro, padoraroiiyto cetb Ha PyTorch, otnaBanu 3aka3uuky,
U Yepe3 Kakoe-TO BpeMsi OHa IepecTaBajia padoTaTh, IIOTOMY YTO MapaMeTpsl BHyTpu batchnorm-
CJI051 U3MEHSJIUChH, a CEeTh HE OblIa MpocTaBlieHa B evaluation-pexum.

Jlnst ymenblueHuss notpebnennst mamsith GPU ucnonb3yercs KOHCTPYKIHs (OTMEHsIET
XpaHEeHUE UCTOPUH T'PATUCHTOB):

with torch.no grad():
test preds = net.forward(X test)

AHanu3 pe3yabTaToOB IOKA3bIBACT, YTO JJIS HCCIENOBaHMUA CTOMT B3STh OoJjiee
CIIO’KHBIN JaTraceT, rac KadyeCTBO 6y,Z[CT IMOXY>KE, HO MOXXHO YBUJCTH BJIMAHHUC PA3JIMUUC )106a1301<
Ha TOYHOCTb KJ'IaCCI/I(i)I/IKaHI/II/I n OHII/I6Ky l];eJ'IO B TOM, 4YTO AK€ KJIACCHYCCKHUEC MECTOAbI HA 3TOM
Jlatacere MOKa3bIBAIOT JOBOJIBHO XOPOIIUE Pe3ysbTathl (B paiione 98-99%).



Bo3bMeM 1eiicTBUTEIBHO CI0KHBIM 1aTACeT, ¢ KOTOPbIM KJIACCHYECKHEe METO/bI He
cnpasiasiioresi. Ectb Takoii 1aracer — CIFAR-10, on coctout n3 32x32 RGB-kapTHHOK,
pa3ouTtbix Ha 10 kiaccoB, Bcero KapTuHOK 60 Thicsa4 — S0 ThicsaY AJs1 o0yuenuss u 10 ThicsTq
AJISl BAJIUIAIUH.

Taxoke cymecTByet ero ypeanuennasi Bepcusi — CIFAR-100 na 100 kiaccos.

OO0yunM Ha HEM HaIllM CeTU M3 mpeAblayliero mara. Kox npaktuuecku He U3MEHUTCS, HO
HEOOXOAMMO HEMHOI'0 M3MEHUThH 3arpy3Ky JaTacera, MOTOMY YTO TEeNeph €CTh TpU KaHalla B
n300pakeHUH. BO-BTOPHIX, U3BMEHHUTCS CETh, TaK KaK paHbIIE MPUXOIUIN H300pakeHus 28 %28, a
Teneps 32X32.

3arpy3um 3TOT JaTaceT ¢ momolisio oudarorexu torchvision. Chopmupyem CIFAR_train
u CIFAR_test. HyxxHo npeoOpa3oBars 3tu naracersl B FloatTensor mis kaptuaok u B LongTensor
JUTsE KiaccoB. BunuM, uto pazouBka coBmanaet ¢ 3asBiueHHoit: 50 000 uaér B train, 10 000 unér B
test.

Ecam MBIl mocMOTpUM Ha MakCUMalbHOE M MUHHUMAJIbHOE 3HAYEHUS B KAPTUHKAaX, TO
OKaXeTCs, 4TO MHUHHMalbHOe 3HaueHue paBHo 0, a makcumanbHoe paBHO 255. C Takumu
M300paXEHUSIMI MOXKHO paboTaTh, HO JUIs ya00CTBa OTHOPMUPYEM 3THU JaHHBIE — DPa3AeTUM
3HaYEHUE KAKI0ro muKcess Ha 255.

MosxHo BHU3yanu3upoBath Kiaccel. Hampumep, Metka 9 orBeuaet 3a "truck", To ecTh 3a
TPY30BHKHU.

import matplotlib.pyplot as plt

plt.figure(figsize=(20,2))

for i in range(10@):
plt.subplot(1l, 1@, i+l)
plt.imshow(X_train[i])
print(y_train[i], end=" ")

tensor(6) tensor(9) tensor(9) tensor(4) tensor(l) tensor(l) tensor(2) tensor(7) tensor(8) tensor(3)

Emé onHa 0coGEHHOCTH ATOTO JlaTaceTa COCTOUT B TOM, UTO, KaK M Y OOBIYHBIX KAPTHHOK,
KaHai "uBer" KoaupyeTcs B rnocieqHeil pasmepHoctd. CHavana uaET BbICOTA KAPTUHKHU, IIUPUHA,
a mocye srtoro — 1nBeT. Ho pytorch Tpedyer, uToObl 3TOT KaHan MmEN Ha nepBoM Mmecte. HyxHo
peopraHu30BaTh Pa3MEPHOCTbh TEH30pa TAKUM 00pa3oM, YTOOBI IIBET LIEN HA BTOPOM MECTE — I10CIIe
KOJINYECTBA KApTUHOK B JaTaceTe. JTO JIeJaeTcs ¢ MOMOIIbI0 MeToa ""permute”.

Teneps y nartacera Oyner shape 50000Xx3X32X32, To ecTh KaHAIBI OyIyT HIATH TEpe
Pa3MEpPHOCTHIO H300paKEHUSI.

Hanee usmenuM cetb LeNet Takum 00pazom, 4TOObI OHa MPUHUMAaIAa U300pakeHus 32X 32
U TP KaHaia Ha Bxoje, B IN_chanels mepsoit konBomtonmu nocrasum "3" (panbmie 6put0 "1M).
PazmepHocTh 32X32 momydaercs 3a cUeT MaaiuHTa. Bojblle HHYEro He MEHSeTcs — MPOIecc
00y4YeHHsI HEe M3MEHSIETCS, OH OCTaJICS TAaKUM JK€, KaK M PaHbIIIe.

Teneps sBHO ecTh oTIMuus B pe3ynbrarax. LeNet. HauanbHblil — ¢ TaHTeHCcaMu, 6€3 CBEPTOK
3%3, 6e3 max pooling u 6e3 6aTY-HOpPMATU3AIIMU MTOJIYYaeT CaMble TNIOXHE MMOKa3aTen KayecTna.
On oOyuaeTtcs mpuMepHO Ha 55% accuracy, TO €CTh OH yraJbIBaeT B 55% mpolieHTax ciaydaeB. Tak
Kak kjaccoB 10, 3To He camoe MmI0xoe KauecTBo. Eciam Obl OH yrajpiBai ciay4aidHo, Kakoe OblIo Obl
KauecTBO?



MBI BUIMM MHTEPECHYIO OCOOCHHOCTh 0aT4-HOPMAaJIU3AIMK — CETh C OaT4-HOpMaIU3aIuein

YUUTCSL OYEHb OBICTPO. Y3K€ Ha MATOM 3MOXe CeTh JOCTUTaeT KadyecTBa, KoTopoe 0Oe3 Oard-
HOpManu3anuu gocturaercs Ha 20-i snoxe. [lomydaercs: yckopenue B ueTsipe paza. OnHako 6aTy-
HOpManu3anust ¥ nepeodyuaercss ObicTpee. JIOTMYHO HPEANONIOKHUTH, YTO €CIM BECh IPOIECC

O6V‘ICHI/I5I YCKOPACTCA, TO M MOMCHT HGDGOGV‘-IGHI/ISI HacTynacTt 6BICTDGC.

bonee siBHO 3TO MOXKHO yBHAETh Ha rpadukax jJocc-QyHKIUU, B KOTOPBIX OYEBUIHO, YTO
nepeodydyeHure npu 0aTy-HOPMANU3ALUK HACTYMAET yXKE Ha MATON 3MO0Xe U KA4eCTBO HAUYMHAET
yxyamarbes. [loueMy KadyecTBO yXyjalIiaercsl Tak CWiIbHO (Ha rpadukax ceTh BCE emié Jydiie
npejicKa3biBacT, 4eM, Hampumep, craHmaptHbii LeNet ¢ Tanrencom)? J[lemo B TOM, YTO
nepeoOydYCHHBIE CETKM OYeHb YBEPEHBI B CBOMX OTBeTax. Ecin He mnepeoOydeHHas CeTh
NPEJICKa3bIBACT HenpasuibHo ¢ BepoaTHOCTHIO 0.6, To mepeoOydyeHHas ceTh OyneT npeacKa3biBaTh
HenpasuIbHo ¢ BEPOATHOCTHIO 1, M, COOTBETCTBEHHO, €€ KPOCC-PHTPONHUS OyJ1€T OTPOMHOM.

Ha sTom rpaduke MOXHO yBUACTH €1I€ OAHY KOHTPUHTYUTUBHYIO Belllb (KaKyto?).

Mo3HO caenath BBIBOJ], YTO BCE PEKOMEHJIAIIUU SIBJISIOTCSI HEKOTOPBIMHU IMIHUPUIECKUMU
dakTaMu, KOTOpbIE MOTYT HE BOCIIPOM3BOAUTHCS HA KOHKPETHOH 3a7aue.



Wccnepmoranme Ha pmarTaceTe MNIST

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

##

import torchvision.datasets

#H#

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

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

i

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])

HH

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

HH

X train.shape

HH



class LeNet5 (torch.nn.Module) :
def init (self,
activation='tanh',
pooling="'avg',
conv_size=5,
use batch norm=False) :
super (LeNet5, self). init ()

self.conv _size = conv_size
self.use batch norm = use batch norm

if activation == 'tanh':

activation function = torch.nn.Tanh ()
elif activation == 'relu':

activation function = torch.nn.RelLU()
else: B

raise NotImplementedError

if pooling == 'avg':

pooling layer = torch.nn.AvgPool2d(kernel size=2, stride=2)
elif poolin§ == 'max': -

pooling layer = torch.nn.MaxPool2d(kernel size=2, stride=2)
else:

raise NotImplementedError

if conv size ==
self.convl = torch.nn.Conv2d/(
in channels=1, out channels=6, kernel size=5, padding=2)
elif conv size ==
self.convl 1 = torch.nn.Conv2d(
in channels=1, out channels=6, kernel size=3, padding=1l)
self.convl 2 = torch.nn.Conv2d(
in channels=6, out channels=6, kernel size=3, padding=1l)
else:
raise NotImplementedError

self.actl = activation function
self.bnl = torch.nn.BatchNorm2d (num features=6)
self.pooll = pooling layer

if conv size ==
self.conv2 = self.conv2 = torch.nn.Conv2d (
in channels=6, out channels=16, kernel size=5, padding=0)
elif conv_gize == - N

self.conv2 1 = torch.nn.Conv2d(
in channels=6, out channels=16, kernel size=3, padding=0)
self.conv2 2 = torch.nn.Conv2d(

in channels=16, out channels=16, kernel size=3, padding=0)
else:
raise NotImplementedError

self.act2 = activation function
self.bn2 = torch.nn.BatchNorm2d (num features=16)
self.pool2 = pooling layer

self.fcl = torch.nn.Linear(5 * 5 * 16, 120)
self.act3 = activation function



self.fc2 = torch.nn.Linear (120, 84)
self.act4 = activation function

self.fc3 = torch.nn.Linear (84, 10)

def forward(self, x):
if self.conv_size ==

x = self.convl (x)
elif self.conv _size ==

x = self.convl 2(self.convl 1(x))
x = self.actl (x)

if self.use batch norm:
x = self.bnl (x)
x = self.pooll (x)

if self.conv_size ==

x = self.conv2 (x)
elif self.conv _size ==

x = self.conv2 2(self.convZ 1(x))
x = self.act2 (x)

if self.use batch norm:
x = self.bn2(x)
self.pool2 (x)

X

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

= self.act3(x)

= self.fc2(x)

= self.act4d (x)

= self.fc3(x)

XXX X X X

return x

##

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

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 (30):
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.cpul())
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 = {}
accuracies['tanh'], losses['tanh'] = \

train (LeNetb (activation='tanh', conv size=5),
X train, y train, X test, y test)

accuracies['relu'], losses['relu'] = \
train (LeNetb5 (activation="'relu', conv_size=5),
X train, y train, X test, y test)

accuracies['relu 3'], losses['relu 3'] = \
train (LeNetb (activation='relu', conv_size=3),
X train, y train, X test, y test)

accuracies['relu 3 max pool'], losses['relu 3 max pool'] = \
train(LeNetb (activation='relu', conv_size=3, pooling='max'),
X train, y train, X test, y test)

accuracies['relu 3 max pool bn'], losses['relu 3 max pool bn'] = \
train (LeNetb (activation='relu', conv_size=3, pooling='max', use batch n
orm=True) ,
X train, y train, X test, y test)
##

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

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



for experiment_id in accuracies.keys():
plt.plot{accuracies[experiment_id], label=experiment_id)

plt.legend()

plt.title( 'Validation Accuracy');

Validation Accuracy
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for experiment_id in losses.keys():
plt.plot{losses[experiment_id], label=experiment_id)

plt.legend()

plt.title( 'Validation Loss');
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HccnepmoBanme Ha jgaTacere CIFAR

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

##

import torchvision.datasets

##

CIFAR train = torchvision.datasets.CIFAR1O('./', download=True, train=True)

CIFAR test = torchvision.datasets.CIFAR1O0('./', download=True, train=False)
#H#

X train = torch.FloatTensor (CIFAR train.data) y train =
torch.LongTensor (CIFAR train.targets) X test =
torch.FloatTensor (CIFAR test.data) y_test =
torch.LongTensor (CIFAR test.targets)

Hi

len(y train), len(y test)

ey

X train.min(), X train.max()

m

X train /= 255.
X test /= 255.
H#

CIFAR train.classes

H#

import matplotlib.pyplot as plt

plt.figure(figsize=(20,2))

for i in range(10):
plt.subplot (1, 10, i+1)
plt.imshow (X train[i])

print(y train[i], end=' ')
#it
X train.shape, y train.shape
#it

X train = X train.permute (0, 3, 1, 2)
X:test = X_Eest.permute(o, 3, 1, 2)
#Hi

X_train.shape

i



class LeNet5 (torch.nn.Module) :
def init (self,
activation='tanh',
pooling="'avg',
conv_size=5,
use batch norm=False) :

super (LeNet5, self). init ()

self.conv_size = conv_size
self.use batch norm = use batch norm

if activation == 'tanh':

activation function = torch.nn.Tanh ()
elif activation == 'relu':

activation function = torch.nn.RelU()
else:

raise NotImplementedError

if pooling == 'avg':

pooling layer = torch.nn.AvgPool2d(kernel size=2, stride=2)
elif poolin§ == 'max': -

pooling layer = torch.nn.MaxPool2d(kernel size=2, stride=2)
else:

raise NotImplementedError

if conv size ==
self.convl = torch.nn.Conv2d/(
in channels=3, out channels=6, kernel size=5, padding=0)
elif conv size ==

self.convl 1 = torch.nn.Conv2d(
in channels=3, out channels=6, kernel size=3, padding=0)
self.convl 2 = torch.nn.Conv2d(

in channels=6, out channels=6, kernel size=3, padding=0)
else:
raise NotImplementedError

self.actl = activation function
self.bnl = torch.nn.BatchNorm2d (num features=6)
self.pooll = pooling layer

if conv size ==
self.conv2 = self.conv2 = torch.nn.Conv2d (
in channels=6, out channels=16, kernel size=5, padding=0)
elif conv_gize == B N
self.conv2 1 = torch.nn.Conv2d(
in channels=6, out channels=16, kernel size=3, padding=0)
self.conv2 2 = torch.nn.Conv2d(
in channels=16, out channels=16, kernel size=3, padding=0)
else:
raise NotImplementedError

self.act2 = activation function
self.bn2 = torch.nn.BatchNorm2d (num features=16)
self.pool2 = pooling layer

self.fcl = torch.nn.Linear (5 * 5 * 16, 120)
self.act3 = activation function

self.fc2 = torch.nn.Linear (120, 84)
self.act4 = activation function



self.fc3 = torch.nn.Linear (84, 10)

def forward(self, x):

if self.conv_size == 5:
x = self.convl (x

elif self.conv_size
x = self.convl 2(se

x = self.actl (x)

if self.use batch norm:
x = self.bnl (x)

x = self.pooll (x)

)
(

= W

%.convl_l(x))

if self.conv_size == 5:
x = self.conv2(x

elif self.conv_size
x = self.conv2 2(se

x = self.act2 (x)

if self.use batch norm:
x = self.bn2(x)

x = self.pool2 (x)

)
(

= W

%.convZ_l(x))

= X.view(x.size(0), x.size(l) * x.size(2) * x.size(3))
self.fcl (x)
self.act3 (x)
self.fc2(x)
= self.actd (x)
= self.fc3(x)

XX X X X X
Il

return x

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

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 (30):
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 ()

X batch
net.eval ()
with torch.no grad():
test preds = net.forward(X test)

test loss history.append(loss(test preds, y test).data.cpu())

== y test).float () .mean() .data

accuracy = (test preds.argmax (dim=1)
.cpu ()
test accuracy history.append(accuracy)
print (accuracy)
del net

return test accuracy history, test loss history

accuracies
losses = {}

{}

=\

conv size

accuracies|['tanh'], losses|['tanh']
train (LeNet5 (activation="tanh',
X train, y train, X test, y test)
accuracies['relu'], losses['relu'] = \
train (LeNetb (activation='relu', conv size
X train, y train, X test, y test)

accuracies['relu 3'], losses['relu 3'] = \
train (LeNetb (activation='relu', conv_size
X train, y train, X test, y test)

accuracies['relu 3 max pool'],

train (LeNetb (activation="relu',

X train, y train, X test, y test)

accuracies['relu 3 max pool bn'],

train (LeNetb (activation="relu',
orm=True) ,

X train, y train, X test, y test)

Validation Accuracy

losses['relu 3 max pool']
conv_size=

losses['relu 3 max pool bn']
conv_size=

=9) ¢

=9) ¢

=3),

\

3, pooling='max'"),

=\
3, pooling="'max', use batch n

0.65 1
0.60 1
055 1
050 1

—— tanh

relu

0451 — relu_3

= relu_3 max_pool
0.40 4 = relu_3_max_pool_bn

T

20

23 0



M

3agaHue Ha Ja00PATOPHVYIO PAd0OTY

N3y4uuth NoHATHS: 6aTY-HOPMAJIU3anus, nepeodyyeHne HeliPpOHHOM CeTH.
Opumvevyanne. B mammHHOM 00y4eHHH [OBOJBHO W3BECTHBIM (akTOM SBISETCS TO, HUTO
HOpMAaJTM30BaHHBIC (MJIH CTAHIAPTH30BaHHBIC) TaHHBIC IPUBOIAT K OoJiee OBICTPOMY 00YUEHHIO MOJICITH.

UccnenoBate HeliponHyto cetb LeNet mpu pasnuunbix mapamerpax (5 BapuaHTOB) Ha
natacete MNIST. O0bsicHUTB pe3yabTaThl SKCIIEPUMEHTOB.

UccnenoBath Heliponnyro ceth LeNet mpu pasnmuunbix mapamerpax (5 BapHaHTOB) Ha
naracete CIFAR. Tloctpouts rpaduku Validation 10ss. OOBSICHUTH pe3yIbTATHI
9KCrepuMeHTOB. KakuM 06pa3oM MOKHO H30exkaTh mepeodydenust ceTu?

Coaep:kaHue 0T4eTra

TUTyIBHBIN JTUCT

Ilens pa®oOTHI, MOCTAHOBKA 331241 MCCIIEOBAHMUS.
Onucanue METOAMKHN MCCIIEI0BaHUS.

Pe3ynbrarhl uCCiie10BaHNs B COOTBETCTBUHM C 3aJaHUEM.
BeiBogps! o pabote.

Ilose3Hasa cCHLIKA

https://neurohive.io/ru/tutorial/cnn-na-pytorch/



https://neurohive.io/ru/tutorial/cnn-na-pytorch/

