JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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Komir'toTepHa cuctema ooOpoOKHu
300pakeHb 3 BUKOPUCTAHHSIM
MAIIIMHHOT'O HaBYaHHSI

Keanigixayitina poboma

nepmuii (0akanaBpchbKHi) piBeHb

Bukonas: KepiBauK:
ctyzaent rp. KIVKI-21-3 ac. kap. EOM
Tomamyx I.I bornapenko M.E.

Mema pobomu ma 3a60anns

MeTo0 poGoTrH € po3poOKa MpOorpaMHHX 3aco0IB 0OpOOKH

306pa>1ceHL 3 BUKOPpHCTAHHAM MeTOI[iB MallTHHHOI'O HaB4YaHHA Ta
IT'CHCTHYHHX ElJII‘OpHTMiB.

JaBIaHHA:

aHalll3 aJTOPUTMIB HaBYaHHS INTHOOKHUX HEIIPOHHUX MEpeiK;

po3poOKa alropuTMy CTPYKTYpPHOTO CHHTE3y 3TOPTKOBHX
HEHPOHHUX  MepeX 3  BHKOPHCTAaHHSIM  TIe€HEeTHYHHX
aJITOPUTMIB;

BHOIp TEXHOJOTIN Ta MOporpamMHO-amapaTHHX 3aco0IB JIsd
peamizari 113 nms 0OpoOkm 300paxkeHp;

pO3poOKa IporpaMHHX 3aco0iB ONTHMI3aIlli TOIOJOril Ha
OCHOBI PO3TJIIHYTHX aJITOPUTMIB.
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Bubip npoepamuux 3acobis

@ Boranoesenma sanemnoCTed

tpip install deap tensorflow numpy matplotlid

0 isport tensorflow as tf
from tensorflow.keras import layers, models
t numpy as np
i t matplotlib.pyplot as plt
from desp import Dase, creastor, tools, algorithas
{sport rancom

Tosxa aawwx (CIFAR-10

_test) « tf.keras.detasets.cifarl®d.load_dets

* & 3scanraxewa Ta
x_train, y_train), (x_te
x_train, x_test = x_train / 255

» X_test / 255.0

1(genes):
model « models.Sequen
model . add(1ayers. Input (shape=(32, 32, 3
for num_filters in genes:
model.add(layers.Conv2D(num_filters, (3, 3), activetions'r
model.add(layers . MaxPool ing20D( (2, 2
model.add(1ayers.Flatten
model.add(layers. Dense(64, activations
wodel.add(layers.Dense(10, activations
model . compile ers"adem’,

u', padding='same

5 = © Oulnxs xpomocous
ingividual):
model = build_model(d
history = model.fit(x_train[:
—» 9CC = model.evaluate(x_test 90], y_test
eturn (acc,

00], epochs=3, batch_sizessd, verbose«d
2], verdbose«d

000), y_train[:

" e TINGO
x*, base.Fitness, weightse(1.9,
st, fitnessecreator.FitnessMex

o anropwrmy

tansurye
creator.create("F
creator.create("1
toolbox = base.Toolbox:
toolbox.register
toolbox.register

ilter”, random.choice, (16, 32, 64, 12
, tools.initRepeat, creator.Indiy

dual, toolbox.attr filter, ne3
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Pezynomamu

BrpaTa mopeni

TouHicTe Mogeni

- Train Accuracy 28 —— Train Loss
Validation Accuracy Validation Loss
0.354
2.2 1
0.30 4
21
2
5 0251 "
c§> S 2.0
4
0.20 4
1.9 1
0.15 1
1.8 1
win T T T T T 1.7 T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Enoxa

Enoxa
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13

BucHosxku

B xoml BuUKOHaHHS KBali(iKaliiHOI poOOOTH
pO3pO0JIEHO IIpOrpaMHI 3aco0H OOpOOKH 300pakeHb 3
BUKOPUCTAHHSIM METOJIB MAaIlIMHHOTO HaBYaHHS, 30Kpema
[JITMOOKOTO  HAaBYAaHHS, Ta TECHETHYHHX  aJTOPUTMIB.
IIpoBeneHo aHali3 alrOpUTMIB HaBYaHHS ITIHOOKHX
HEUPOHHUX MEpex, 3allPOIIOHOBAHO aJITOPUTM
CTPYKTYPHOTO CHHTE3y 3TOPTKOBHUX HEHPOHHUX MEpEeK 3
BUKOPUCTAHHSIM  T€HETHYHHX  QJITOPUTMIB;  OOpaHO
TEXHOJOTIi Ta IIporpaMHi 3aco0M JId  peai3arii
IIPOrpaMHOTI0 3a0e3IIeUCHHSL.
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JIOJIATOK B

[Iporpamuuit Koz

def create hybrid cnn transformer (input shape=(224, 224, 3),
num_ classes=7) :
"""TibpunoHa apxiTekTypa, mo noenHye CNN Ta Transformer™""

inputs = tf.keras.Input (shape=input shape)

# CNN backbone mnsa BMBUEHHS HM3BLKOP1BHEBMX O3HAK

x = tf.keras.applications.EfficientNetB4 (
include top=False, weights='imagenet'

) (inputs)

# IlepeTBOpeHHsa B sequence nnusa Transformer
batch size = tf.shape(x) [0]
height, width, channels = x.shape[l], x.shape[2], x.shape[3]

# Patch extraction
patches = tf.reshape(x, [batch size, height * width,
channels])

# Positional embedding

positions = tf.range (height * width)

pos_embedding = tf.keras.layers.Embedding(height * width,
channels) (positions)

patches = patches + pos embedding

# Multi-head self-attention layers
for 1in range(6):
# Self-attention
attention output = tf.keras.layers.MultiHeadAttention (
num heads=8, key dim=channels // 8
) (patches, patches)

# Add & Norm

patches = tf.keras.layers.Add() ([patches,
attention output])
patches = tf.keras.layers.LayerNormalization () (patches)

# Feed-forward network

ffn output = tf.keras.layers.Dense (channels * 4,
activation="'gelu') (patches)
ffn output = tf.keras.layers.Dense (channels) (ffn output)

# Add & Norm
patches = tf.keras.layers.Add() ([patches, ffn output])
patches = tf.keras.layers.LayerNormalization () (patches)
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# Global representation
global repr =
tf.keras.layers.GlobalAveragePoolinglD () (patches)

# Classification head
outputs = tf.keras.layers.Dense (num classes,
activation='softmax') (global repr)

return tf.keras.Model (inputs, outputs)
def advanced optimization experiments() :
"""EKXCIEePUMEeHTHM 3 Pi3HMMM TexHikamm onTmMizauii"""

# ExcrnepuMeHTM 3 QyHKLI1AMM BTpPaAT
loss functions = {
'categorical crossentropy':
tf.keras.losses.CategoricalCrossentropy (),
'focal loss 2 0.25': focal loss(gamma=2.0, alpha=0.25),
'focal loss 1 0.5': focal loss(gamma=1.0, alpha=0.5),
'class balanced':
class balanced loss(samples per class),
'label smoothing':
tf.keras.losses.CategoricalCrossentropy (label smoothing=0.1)

}

# EXCHEpMMEeHTM 3 OITHMMIizaTopamMu

optimizers = {
'adam le-4': tf.keras.optimizers.Adam(le-4),
'adam le-3': tf.keras.optimizers.Adam(le-3),
'adamw _le-4': tfa.optimizers.AdamW(le-4,

weight decay=le-5),

'sgd momentum': tf.keras.optimizers.SGD(le-2,
momentum=0.9),

'rmsprop': tf.keras.optimizers.RMSprop(le-4)

}

# EKCHEPUMEHTM 3 peTryigpus3aliicio

regularization configs = {
'baseline': {'dropout': 0.2, '12': le-4},
'heavy dropout': {'dropout': 0.5, '1l2': le-4},
'heavy 12': {'dropout': 0.2, 'l2': le-3},
'light reg': {'dropout': 0.1, 'l2': le-5},
'no reg': {'dropout': 0.0, '12': 0.0}

}

best config = None
best score = 0
all results = {}

for loss name, loss fn in loss functions.items() :
for opt name, optimizer in optimizers.items():
for reg name, reg config in
regularization configs.items() :
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experiment name =
f"{loss name} {opt name} {reg name}"

print (£"\n=== {experiment name} ===")

try:
# CTBOpeHHS MOIesl 3 MOTOUYHOK KOHOITypalliewn
model = create medical efficientnet (

dropout rate=reg config['dropout'],
12 reg=reg config['l2']
)

# Kowmmismgaiig

model.compile (
optimizer=optimizer,
loss=loss fn,
metrics=["'accuracy']

# HaBuaHHS 3 PaHHIM 3YNMHKOM

history = model.fit (
train generator,
epochs=30, # MeHme enox mjagd MBUIKOCTI
validation data=val generator,
callbacks=][

tf.keras.callbacks.EarlyStopping (patience=8),

tf.keras.callbacks.ReducelROnPlateau (patience=4)
1y
verbose=0

)

# Ouiuxa

val accuracy =
max (history.history['val accuracy'])

test accuracy =
model.evaluate (test generator, verbose=0) [1]

all results|[experiment name] = ({
'val accuracy': val accuracy,
'test accuracy': test accuracy,
'config': {
'loss': loss name,
'optimizer': opt name,
'regularization': reg name

}

# OnoBJyeHHs kpamol koHbirTypariil

if val accuracy > best score:
best score = val accuracy
best config = experiment name



print (f"Val Accuracy: {val accuracy:.4f},
Test Accuracy: {test accuracy:.4f}")

except Exception as e:
print (f"IloMmuaka B eKCIEPMMEHTI1
{experiment name}: {str(e)}")
continue

print (f"\n=== KPAMMﬁ PE3VIJILTAT ===")
print (f"Koudpirypauia: {best config}")
print (f"BanmipauirHa TouHiCcTE: {best score:.4f}")
print (f"TecToBa TOYHICTH:
{all results[best config]['test accuracy']:.4f}")

return all results, best config
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