JOIATOK A
Koa nporpamu

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.model selection import train_test split

from sklearn.preprocessing import StandardScaler

from sklearn.metrics import accuracy_score,
recall score, fl1l score

from sklearn.svm import SVC

from sklearn.ensemble import RandomForestClassifier

from tensorflow.keras.datasets import mnist, cifarile

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Dense, Activation

from tensorflow.keras.optimizers import Adam

(X_train_mnist, y _train_mnist), (X_test _mnist,
y test mnist) = mnist.load data()

(X _train_cifar, y _train_cifar), (X _test_cifar,
y test cifar) = cifarl@.load data()

X_train_mnist 20, " y train_mnist 20, a
train_test split(X train_mnist, y _train _mnist
train_size=0.2, stratify=y train _mnist)

X_train _mnist 50, " y train _mnist 50, »
train_test split(X_train_mnist, y _train_mnist,
train_size=0.5, stratify=y train_mnist)

X_train_cifar_20, " y train_cifar_20, _
train_test split(X train_cifar, y_train_cifar
train_size=0.2, stratify=y train_cifar)

X _train_cifar_50, ., y train_cifar 50, a
train_test split(X_ train_cifar, y _train_cifar,
train_size=0.5, stratify=y train_cifar)

scaler = StandardScaler()




X _train_mnist 20
scaler.fit _transform(X _train _mnist 20.reshape(-1, 784))
X_train_mnist 50
scaler.transform(X_train_mnist 50.reshape(-1, 784))
X _test mnist = scaler.transform(X _test mnist.reshape(-
1, 784))

X _train_cifar_ 20
scaler.fit_transform(X_ train_cifar_20.reshape(-1, 3072))

X _train_cifar_50
scaler.transform(X_train_cifar_50.reshape(-1, 3072))

X _test cifar = scaler.transform(X _test cifar.reshape(-
1, 3072))

def create_anfn(input_shape, hidden size=128):
model = Sequential(][
Dense(hidden_size, input_shape=input_shape,
activation='relu'),
Dense(hidden _size, activation='relu'),
Dense(10, activation='softmax")
1)
model.compile(optimizer=Adam(1lr=0.01),
loss="sparse categorical crossentropy',
metrics=[ 'accuracy'])
return model

svm = SVC(kernel="rbf', C=10, gamma=0.1)
rf = RandomForestClassifier(n_estimators=100,
max_depth=10)

mnist results = []

for name, X_train, y _train i [('20%",
X _train_mnist_ 20, y train_mnist_20),
('50%",
X_train_mnist 50, y train mnist 50),
('100%', X _train_mnist,

y train_mnist)]:

anfn = create_anfn(input_shape=(784,))




anfn.fit(X_train, y _train, epochs=10,
batch_size=32, verbose=2)

svm.fit(X _train, y train)
rf.fit(X_train, y_train)

for model, name in [(anfn, 'Heo-He4yiTKui HeWpoH'),
(svm, 'SVM'), (rf, 'BunagkoBuin nic')]:

if name == 'Heo-HeYiTKUA HEWNpPOH':
y pred
np.argmax(model.predict(X test mnist), axis=-1)
else:
y pred = model.predict(X_ test mnist)

acc = accuracy _score(y_test mnist, y pred)

rec = recall score(y_test mnist, y_pred,
average="weighted')

1 = f1 score(y_test mnist, y pred,
average="weighted')

mnist results.append({'Po3mip BuGipku': name,
'MeTopn': name,
"ToYyHicTb': acc,
'MoBHOTA': rec, 'F-mipa': f1})

cifar_results = []

mnist df = pd.DataFrame(mnist_results)
cifar_df = pd.DataFrame(cifar_results)

plt.figure(figsize=(8, 5))
for df, name in [(mnist_df, 'MNIST'), (cifar_df, 'CIFAR-
10')]:

for method in ['Heo-He4yiTkun HenpoH', 'SVM',
'BunagkoBuin nic']:
acc = df[df[ 'MeTon'] == method][ ' 'To4HicTb']
plt.plot(df['Po3mip Bubipku'].unique(), acc,
marker='0"', label=f"{method} ({name})")




plt.xlabel('Po3mip HaB4YanbHOl BMOGipkn')
plt.ylabel('To4yHicTb")

plt.legend()

plt.grid()

plt.show()

anfn.save( 'models/anfn_mnist.h5")
anfn.save( 'models/anfn cifar.h5")

Lle#t ko peasnizye OCHOBHI €Tamu OMUCAHOT CTPYKTYPH:

1. 3aBanTaxeHHs HaOopiB naHux MNIST 1 CIFAR-10 yepe3 BOygoBaHi
¢dbynkuii keras.datasets.

2. [linroToBKa MaHWX — pO3OUTTS HA BUOIpKHU pizHOTO po3mipy (20%,
50%, 100%), nHopmaizaiiisi, nepeTBOPEHHS (POpMH.

3. Busnauennss ¢yskuii create anfn() st cTBOpeHHST Mojeni
aJanTUBHOTO HEOHEYITKOTO0 HEMPOHa.

4, Buznauenns mozaeneit SVM 1 BUIIaAKOBOTO JIiCY JJISI TIOPIBHSHHS.

S. [IpoBeneHHs TUKITY €KCTIEPUMEHTIB 3 KOKHOIO MOJIEJUIIO Ha PI3HHUX
po3mipax Bubipku jaiist MNIST.

6. 3acTocyBaHHA HAaBYCHHX MOJeNe nisi kiacudikaiii TeCTOBOTO

Habopy, pO3paxyHOK METPHUK SAKOCTI.

1. Amnasoriyni ekciepumenTd Ha Habopi CIFAR-10 (kox onytieHo jist
CTHUCJIOCTI).

8. 3BeIeHHs pe3yibTaTiB y Tabnuil pandas.DataFrame.

9. [TobynoBa rpadikiB 3aI€KHOCTI TOUHOCTI B/l pO3MIipy BHOIPKH /IS

KOXXHOT MOJIesi 1 Habopy JaHuX.

10. 30epexenHs mojened y dhailu 11 MOAIBIIOT0 BUKOPHUCTAHHS.
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Pucynox b.1 — I'padix Tounocti mporuo3yBanHs Jyist pisHUX MeToAiB (SVM,

KNN Tta Double Neofuzzy Neuron) na nabopax nanux MNIST, CIFAR-10 Ta

ImageNet
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Receiver Operating Characteristic (ROC) Curve for MNIST Methods
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Pucynok b.2 — ROC xpwuBi asnst TppoX MeTo1iB Kiacu(ikailii Ha Habopi TaHuX

MNIST: SVM, Random Forest i Neo-Fuzzy Neuron

[Mnoma mig kpuBoro (AUC) i KOXKHOTO METOAY BKazye Ha ix
edextuBHicTh. HaliBuiry AUC mae Neo-Fuzzy Neuron, 1mo migTBepIKye HOro
Kpallly 3/IaTHICTh J0 y3arajJbHEHHS B MOPIBHSIHHI 3 THITUMU METOIAMH.

Hetaumi rpadika:

—True Positive Rate (TPR): yactka npaBuWibHO KiIacH(iKOBaHUX
MO3UTHUBHUX 3Pa3KIB;

— False Positive Rate (FPR): uwacTka HeraTMBHHX 3pa3KiB, sKi Oyiu
HEIMpaBUJIbHO KJIACU(IKOBAHI SIK TO3UTUBHI,

— AUC (Area Under Curve): unciioBa mipa, 1110 OIL[IHIOE SKICTh Mozel. YuMm

ommxge 1o 1.0, TMM Kpaia MOIeb.
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JOJATOK B
BinomicTe kBamidikaiiitnoi poooTu
. Hon.
I1o3HaueHHs HavimenyBanns ) )
BIJJOMOCTI
TeKkCcTOBl JOKYMEHTH
1. [TosicHrOBaJIbHA 3amMCKa 99 c.
[HII11 JOKYMEHTH
2. [IpeseHTaiiitHi MaTepiaiv TJIaKaTIB
[IpizBuime Ta .
imimiam, | A | Mlata
Po3pobus [[lnetnsos B.B. JIOCITiKEHHS BAKOPHUCTAHHSI Wucp rpymn Ko Hamp./crer.
[lepeBipuB [Bonsmckuii €.B. aIaTITUBHOTO TIOBIHHOTO HEO- CIIm-22-1 122
H.koutp. |Maneena LLA. HEYITKOT0 HEUpOHa JIJIs TT1IBUILICHHS XHVYPE
3atB. dinatos B.O. e(eKTUBHOCTI pO3Mi3HaBaHHS 00pa3iB xadenpa I




