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I'padiunuii Matepian arecTariiHoi podoTu

MIHICTEPCTBO OCBITH | HAVYKW YKPAIHWA
XAPKIBCbKWHW HALIIOHANbHUW YHIBEPCHUTET PALIIOENEKTPOHIKK

®AKYNLTET KOMITHTEPHOI IHXEHEPIT TA YNPABNIHHA
KADENPA KITC

Mopenb 3ropTkoBoI Mepexi ang
MynbTHUareHTHoI Koonepawuil

MarictpauT rp. KITmM-19-1 TenoHuit M.A.
HayKkoBuit KepiBHUK npod. Akcak H.T.

Xapkie 2020

MeTta po6oTH

MeToro aTecTauiiiHol poboTH € po3pobKa Mogeni 3ropTKOBOI
MepeXi Ang MynbThareHTHOI koonepadji.

nga nocAarHeHHA aHOT METU HeOBXiAHO BUPILLUMTW HACTYNHI

3ajavi:
»NpoaHaniayBaTi Ta po3rnaHyTK Cy4acHi poboTu Ta nydnikawii

ANA BU3HAYEHHS aKTyanbHOCTi poBOTH;

»BU3HaYNTU cpepun BUKOPUCTAHHSA, NepeBard, Helooiky Ta
NepcnekTUBKN PO3BUTKY HEMPOHHUX MepeXx Ta MYNbTUareHTHUX
CUCTEM;

»PO3rMAHYTU CyYacHi METOAU PO3POOKU HEUPOHHUX MEPEXK;
»TNPOBECTU aHani3 MoAenen MynsTUareHTHoI Koonepadlii;
»peanisyBaTh MoAenb 3ropKoBOI MepeXki AnA MynbTUareHTHoTl
koonepallii.
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PesynbTaT eKCNepuMeHTIB

Tabmya. 1 — IncTpayia cepefHL0l BUHAropoau

ML) DGN | DGN-M MFQ CommNet DON
(20,12) [meanreward | 0.70 0.66 062 030 0.24
Zattacks 091 1.89 2.74 .44 7133
{30.12) [meanreward | 0.67 0.63 0.37 027 020
Zattacks 081 188 3.13 6.33 9.02

Tabnuua2 — CepenHa BMHaropoaa, BOMBCTBA, cMepTi Ta KoedilieHT BOMBCTEa-CMepTI

DGN+E DGN DGMN-M MFQ CommMet DM
meanreward 091 0.24 0.30 0.70 0.03 0.03
Zkills 220 208 121 193 7 2
Zdeaths 97 101 84 Q2 27 74
Kill-death ratio 227 2.06 144 2.00 026 0.03

Tabnuuas3 — CepenHA BUHAropoaa, cepenHA 3aTpUMKa NakeTiB JaHWX Ta NponyckHa

30aTHICTb

N.L) Floyd Floyd with BL DGEN+E

(20,20) meanreward delay 123

throughput 6.3 g7 g0

3.17 230 2.30

(40.20) meanreward delay 0.86

throughput 6.3 15.7 98

6.34 291 4.08

(40 20)retrained | meanreward delay 0.94

throughput 6.3 13.7 102

6.34 291 302




PesynbtaT eKCNepuMeHTIB

Tabnuua.4— CepenHA BWHaropofa, cepenHs 3aTpyUMKa NaKkeTIB
OaHWX Ta NponyckHa 30aTHICTe

.L) DGN DGMN-M MFQ ComumMet DQOM
(20,20 mean 121 noo 102 0.49 0.1
reward 2.1 0g 04 126 46.7
delay 247 2.04 213 108 043

throughput
(40.20) mean 0.23 0.70 0.78 039 012
reward 10.0 12.7 118 2335 g36
delay 4.00 3.13 330 1.70 049

throughput
(40,207 mean 090 D78 076 033 003
retramed reward 105 122 128 212 1122
delay 381 327 312 1.286 035

throughput

BucHoBKM

B xoai BMUKOHaHHA marictepcbKoi poboTu Bys 3pobneHumii 0630p Ta
aHani3 cydacHux pobot Ta nybnikauii 3a TEeMaTUKO 3TOPKOBUX
HEMPOHHUX MEepeXX B MV/IbTUAreHTHii Koonepaduii Ta B pe3ynbrarTi

NPOBeAEHHWX AocnigKeHb byna po3pobneHa mogenb 3ropTKOBOI
MepeXi gNna MynbTHareHTHol Koonepadii.

TakoX ByNKM PO3MIAHYTI Cy4acHi MeToaM Po3pobKM HEMPOHHMX

MepeX, NpoBeaeHWM aHanis mogenenm MmynsTUareHTHoOI Koonepadil.

Po3pobneHa mogens Ha MmoBi Python 3a gonomoroto iHCTPYMEHTIB
TensorFlow ta Keras. 3 ix gonomoroto 4oBenoca CTBOPUTHM MOAENb,
fIKa po3ni3Hae 306parKeHHsA 3 ToYHICTIo 83%.
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JIOJIATOK B

Peamnizamisa monaemi

import numpy

from keras.models import Sequential

from keras.layers import Dense, Dropout, Flatten, BatchNormalization,
Activation

from keras.constraints import maxnorm

from keras.layers.convolutional import Conv2D, MaxPooling2D

from keras.utils import np utils

from keras.datasets import cifarlO

# fix random seed for reproducibility
seed = 21
numpy.random. seed (seed)

# load data
(X _train, y train), (X test, y test) = cifarl0.load data()

# normalize inputs from 0-255 to 0.0-1.0
X train = X train.astype('float32"')

X test = X test.astype('float32"')

X train = X train / 255.0

X test = X test / 255.0

# one hot encode outputs

y_train = np utils.to categorical(y train)
y_test = np utils.to categorical (y test)
num classes = y test.shape[l]

# Create the model
model = Sequential ()

model.add (Conv2D (32, (3, 3), input shape=X train.shape[l:], padding='same'))
model.add (Activation('relu'))

model.add (Dropout (0.2))

model.add (BatchNormalization())

model.add (Conv2D (64, (3, 3), padding='same'))
model.add (Activation('relu'))
model.add (MaxPooling2D (pool size=(2, 2)))
model .add (Dropout (0.2))

(

model.add (BatchNormalization())

model.add (Conv2D (64, (3, 3), padding='same'))
model.add (Activation('relu'))

model.add (MaxPooling2D (pool size=(2, 2)))
model.add (Dropout (0.2))

model.add (BatchNormalization())

model.add
model.add
model.add
model.add

Conv2D (128, (3, 3),
Activation('relu'))
Dropout (0.2))

BatchNormalization ())

padding='same"'))

model.add (Flatten())
model.add (Dropout (0.2))



model.add (Dense (256, kernel constraint=maxnorm(3)))
model.add (Activation('relu'))

model.add (Dropout (0.2))

model.add (BatchNormalization())

model.add (Dense (128, kernel constraint=maxnorm(3)))
model.add (Activation('relu'))

model .add (Dropout (0.2))

model.add (BatchNormalization())
model.add (Dense (num classes))

model.add (Activation ('softmax"'))

epochs = 25
optimizer = 'Adam'

model.compile (loss='categorical crossentropy', optimizer=optimizer,
metrics=["'accuracy'])

print (model.summary ())

model.fit (X train, y train, validation data=(X test, y test), epochs=epochs,
batch size=64)

# Final evaluation of the model

scores = model.evaluate (X test, y test, verbose=0)
print ("Accuracy: %.2f%%" % (scores[1]*100))
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JNOIATOK B
Pesynbrar apyky

Results:
Layer (type) Output Shape Param #

conv2d 1 (Conv2D) (None, 32, 32, 32) 896

activation 1 (Activation) (None, 32, 32, 32) O

dropout 1 (Dropout) (None, 32, 32, 32) O

batch normalization 1 (Batch (None, 32, 32, 32) 128

conv2d 2 (Conv2D) (None, 32, 32, 64) 18496

activation 2 (Activation) (None, 32, 32, 64) O

max pooling2d 1 (MaxPooling2 (None, 16, 16, 64) O

dropout 2 (Dropout) (None, 16, 16, 64) O

batch normalization 2 (Batch (None, 16, 16, 64) 256

conv2d 3 (Conv2D) (None, 16, 16, 64) 36928

activation 3 (Activation) (None, 16, 16, 64) O

max pooling2d 2 (MaxPooling2 (None, 8, 8, 64) 0

dropout 3 (Dropout) (None, 8, 8, 64) 0

batch normalization 3 (Batch (None, 8, 8, 64) 256

convzd 4 (ConvZD) (None, 8, 8, 128) 73856

activation 4 (Activation) (None, 8, 8, 128) 0

dropout 4 (Dropout) (None, 8, 8, 128) 0

batch normalization 4 (Batch (None, 8, 8, 128) 512
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flatten 1 (Flatten) (None, 8192) 0

dropout 5 (Dropout) (None, 8192) O

dense 1 (Dense) (None, 256) 2097408

activation 5 (Activation) (None, 256) O

dropout 6 (Dropout) (None, 256) O

batch normalization 5 (Batch (None, 256) 1024

dense 2 (Dense) (None, 128) 32896

activation 6 (Activation) (None, 128) O

dropout 7 (Dropout) (None, 128) O

batch normalization 6 (Batch (None, 128) 512

dense 3 (Dense) (None, 10) 1290

activation 7 (Activation) (None, 10) O

Total params: 2,264,458
Trainable params: 2,263,114
Non-trainable params: 1,344
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