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# Nab6opaTopHasa pabota M5

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns

from sklearn.preprocessing import StandardScaler, LabelBinarizer
from sklearn.neural_network import MLPClassifier
from sklearn.utils.class_weight import compute_class_weight
from sklearn.svm import SVC
from sklearn.model_selection import (train_test_split,
GridSearchCV,
RandomizedSearchCV,
StratifiedKFold)
sklearn.metrics import (classification_report,
confusion _matrix,
ConfusionMatrixDisplay,
RocCurveDisplay)

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Dense, Dropout

from tensorflow.keras.metrics import (Accuracy, FlScore,
Precision, Recall, AUC)

from tensorflow.keras.optimizers import SGD, Adam

import keras_tuner as kt
from kan import KAN

import torch

import torch.nn as nn

import torch.nn.functional as F

from torch.utils.data import TensorDataset, Dataloader

import random
random.seed(42)




np.random.seed(42)
torch.manual_seed(42)

import warnings
warnings.filterwarnings('ignore')

# 06paboTka gaTahpenma

url = 'https://archive.ics.uci.edu/ml/machine-learning-databases/wine-
quality/winequality-red.csv'

df = pd.read_csv(url, sep="';")

df.head()

X = df.drop('quality', axis=1)
y = df['quality"']

plt.figure(figsize=(8, 5))
ax = sns.countplot(x=y, palette='viridis', hue=y, legend=False)
plt.title('PacnpeneneHne knaccos')
plt.xlabel('OueHka KauecTBa')
plt.ylabel('KonuuectBo 3K3emnnapos’')
for p in ax.patches:

ax.annotate(f'{int(p.get_height())}', (p.get_x() + p.get_width() /
2., p.get_height()),

ha='center', va='center', xytext=(0, 5),

textcoords="'offset points')
plt.show()

plt.figure(figsize=(10, 8))

sns.heatmap(df.corr(), annot=True, cmap='coolwarm', fmt=".2f")
plt.title('KoppenaumoHHas maTpuua npusHaxkos')

plt.show()

# CnAnuT U cTaHgapTu3auua gaTtabpenma

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2,
stratify=y, random_state=42)

X_train, X_val, y_train, y_val = train_test_split(X_train, y_train,
test_size=0.375, stratify=y_train, random_state=42)

scaler = StandardScaler()

X_train = scaler.fit_transform(X_train)
X_val = scaler.transform(X_val)

X_test = scaler.transform(X_test)

classes = np.unique(y_train)

class_to_idx = {c: i for i, c in enumerate(classes)}
y_train = np.array([class_to_idx[c] for c in y_train])
y_val = np.array([class_to_idx[c] for c in y_vall)
y_test = np.array([class_to_idx[c] for c in y_test])




num_classes = 6
num_features = X_train.shape[1]

scoring = {
"accuracy": "accuracy",
"f1 macro": "fl1 macro",
"precision_macro": "precision_macro",
"recall_macro": "recall _macro",
"roc_auc_ovr": "roc_auc_ovr"

label _binarizer = LabelBinarizer()

y_onehot_train = label_binarizer.fit_transform(y_train)
y_onehot_val = label_binarizer.transform(y_val)
y_onehot_test = label_binarizer.transform(y_test)

StratifiedKFold(n_splits=5, shuffle=True, random_state=42)

# 06byueHue moaenewu
## MLP

- "hidden_layer_sizes : oTBeuyaeT 3a apxXUTeKTypy ceTu. Mol Bbibupaem
KOMIMUYEeCTBO HEMPOHOB B CKPbLITHIX CMOAX M UX KOMUUECTBO

- Tactivation’: dyHKUMA aKTMBALMM NOCME BbIXOAOB CKPbITbIX CMoeB. BaxHo!
Mexay nocrefHUM CKpbITbIM CMOEM W BbIXOAOM HenWpoceTu 6ubnmoTeka cama CTaBuUT
nuéo sigmoid (gna 6uHapHoM Knaccuduxkauum), nué6o softmax (MynbTuknaccosas
Knaccupukauma). To eCcTb HelmpoceTb BO3BpaWaeT He AOruThl, a "BepoAaTHOCTM"
- “solver : anropuTm 06HOBMEHWS BECOB MoJeNn. 3A4eCb BbiGpaHbI
CTOXAaCTUYECKUIN rpaameHTHbii cnyck (sgd) u adam (npoaBuHyTasa Bepcus c
MOMEHTaMM )

- “alpha : napameTp perynsapusauuu L2

- “learning_rate : cKopoCTb 06yueHus. BbibpaHbl ABa: constant wu
invscaling. MepBbil COOTBETCTBEHHO HE MEHAeTCH, BTOPOW YMeHbllaeT CKOPOCTb
0byueHus




print(f"Myywne napameTtpbl mogaenu {mlp.best_params_}")

#ith MeTpukm Ha obyuawlen BbibopKe

metrics_df = pd.DataFrame(mlp.cv_results_)[[
'mean_test_accuracy',
'mean_test_precision_macro',
'mean_test recall _macro',
"'mean_test _f1 macro',
"'mean_test _roc_auc_ovr'

1]

metrics_df = metrics_df.sort_values(by='mean_test_f1 macro',
ascending=False).iloc[0, :]
metrics_df.name = 'Metric'

display(metrics_df)
mlp.predict_proba(X_train)
plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label_binarizer.classes_):
RocCurveDisplay.from_predictions(
y_onehot_train[:, i],
y_scorel[:, i],
name=f"Class {class_name}",
ax=ax

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

y_pred = mlp.predict(X_train)
ConfusionMatrixDisplay.from_predictions(y_train, y_pred, cmap='Blues')
plt.title("Train confusion matrix")

plt.show()




#i#t#t MeTpUKM Ha BaNMAALMOHHOWN BbIGOPKE

y_pred = mlp.predict(X_val)
print(classification_report(y_val, y_pred))

mlp.predict_proba(X_val)
plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label _binarizer.classes_ ):
RocCurveDisplay.from_predictions(
y_onehot_vall:, il],
y_scorel[:, i],
name=f"Class {class_name}",
ax=ax,

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

ConfusionMatrixDisplay.from_predictions(y_val, y_pred, cmap='Blues')
plt.title("validation confusion matrix")
plt.show()

nn Il## SVMII nun

svm_grid = {
"kernel': ['linear', 'poly', 'rbf', 'sigmoid'],
'gamma': ['scale', 'auto', 1, 10, 0.1, 0.01],
'coefo0': [0, 1, 2, 5, 10, 0.1, 0.01],
'degree': [2, 3, 4, 5],
'c': [0.01, 0.1, 0.5, 1, 2, 10, 20]

= RandomizedSearchCV(
estimator=SVC(probability=True, random_state=42),
param_distributions=svm_grid,

scoring=scoring,

refit="f1 macro",

n_jobs=-1,

cv=cv,

random_state=42,

verbose=1

)

svm.fit(X_train, y_train)




print(f"Myywne napameTpbl moaenu {svm.best_params_}")

#ith MeTpukm Ha obyuawlen BbibopKe

metrics_df = pd.DataFrame(svm.cv_results_)[[
'mean_test_accuracy',
'mean_test_precision_macro',
'mean_test _recall _macro',
'mean_test f1 macro',
'mean_test _roc_auc_ovr'

1]

metrics_df = metrics_df.sort_values(by='mean_test_f1 macro',
ascending=False).iloc[0, :]
metrics_df.name = 'Metric'

display(metrics_df)
svm.predict_proba(X_train)
plt.subplots(figsize=(12, 8))

i, class_name in enumerate(label_binarizer.classes ):
RocCurveDisplay.from_predictions(

y_onehot_train[:, i],

y_scorel[:, i],

name=f"Class {class_name}",

ax=ax

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

y_pred = svm.predict(X_train)
ConfusionMatrixDisplay.from_predictions(y_train, y_pred, cmap='Blues')
plt.title("Train confusion matrix")

plt.show()

#it#t MeTpUKM Ha BaNUAALUOHHOWN BbIGOPKE

y_pred = svm.predict(X_val)
print(classification_report(y_val, y_pred))

y_score = svm.predict_proba(X_val)




fig, ax = plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label _binarizer.classes_):
RocCurveDisplay.from_predictions(
y_onehot_vall:, il],
y_scorel[:, i],
name=f"Class {class_name}",
ax=ax,

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

ConfusionMatrixDisplay.from_predictions(y_val, y_pred, cmap='Blues"')
plt.title("validation confusion matrix")
plt.show()

nn Il## MLP KeI‘aS" nn

def build_model(hp):

model = Sequential()

structure = hp.Choice('structure', values=['3_layers_50"',
'3_layers_100', 'pyramid', '1_layer_100'])

if structure == '3_layers_50':
layers_list [50, 50, 50]
elif structure == '3_layers_100":
layers_list [100, 100, 100]
elif structure == 'pyramid':
layers_list [50, 100, 50]
else:
layers_list [100]

activation_choice = hp.Choice('activation', values=['relu',
"sigmoid'])

for units in layers_list:
model.add(Dense(units=units, activation=activation_choice))
model.add(Dropout(0.2))

model.add(Dense(num_classes, activation='softmax'))
solver = hp.Choice('solver', values=['sgd', 'adam'])

alpha = hp.Float('alpha', min_value=1e-4, max_value=0.05,
sampling="1log"')




if solver == 'adam':

optimizer = Adam(learning_rate=1e-3, weight_decay=alpha)
else:

optimizer = SGD(learning_rate=1e-2, weight_decay=alpha)

model.compile(
optimizer=optimizer,
loss="categorical_crossentropy',
metrics=[
‘accuracy',
F1Score(average='macro', name='f1l_macro'),
Precision(name="'precision'),
Recall(name="'recall'),
AUC(name="auc_ovr', multi_label=False)
]
)

return model

tuner = kt.RandomSearch(
build _model,
objective=kt.Objective("val_f1_macro", direction="max"),
max_trials=20,
executions_per_trial=1

)

tuner.search(X_train, y_onehot_train, epochs=100,
validation_data=(X_val, y_onehot_val))
mlp_keras = tuner.get_best_models(num_models=1)[0]

pd.DataFrame(tuner.get_best_hyperparameters()[0].values,
index=["'value']).T

"UUHHE MeTpukn Ha obyuawuen BbibopKe
y_pred = np.argmax(mlp_keras.predict(X_train), axis=1)
y_true = np.argmax(y_onehot_train, axis=1)

print(classification_report(y_true, y_pred))

y_score = mlp_keras.predict(X_train)

fig, ax = plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label_binarizer.classes_):
RocCurveDisplay.from_predictions(
y_onehot_train[:, i],
y_scorel[:, i],
name=f"Class {class_name}",
ax=ax,

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC =

0.5)")




plt.xlabel("False Positive Rate")
plt.ylabel("True Positive Rate")
plt.title("ROC curves (One-vs-Rest)")
plt.legend()

plt.tight_layout()

plt.show()

ConfusionMatrixDisplay.from_predictions(y_true, y _pred, cmap='Blues')
plt.title("Train confusion matrix")
plt.show()

""U"### MeTPMKM Ha BaNMAALMOHHOW BbiI6OpKE

y_pred = np.argmax(mlp_keras.predict(X_val), axis=1)
y_true = np.argmax(y_onehot_val, axis=1)
print(classification_report(y_true, y_pred))

mlp_keras.predict(X_val)
plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label _binarizer.classes_ ):
RocCurveDisplay.from_predictions(
y_onehot_vall:, il,
y_scorel[:, i],
name=f"Class {class_name}",
ax=ax,

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

ConfusionMatrixDisplay.from_predictions(y_true, y_pred, cmap='Blues"')
plt.title("validation confusion matrix")
plt.show()

nn Il## KAN

Kolmogorov-Arnold Networks — 370 anbTepHaTWBa MPUBbLIYHLIM MHOTOC/IOMHBIM
nepuenTtpoHam (MLP).

FnaBHoe oTnuume: B MLP dyHKuuu akTuBaumum (Hanpumep, RelLU) 3akpenneHvl B
HEeNpoHax, a Beca — 3TO uucnia Ha cBA3AX. B KAN BCE HaobopoT: Ha CBA3AX
CTOAT obyuyaemble QYHKUUM, @ Y3/bl MPOCTO CYMMUPYIOT WX Pe3y/bTaTbl




- “width : BxogHOW Cnow, OAWH CKPbLITbIA CNOW W BbIXOAHOW CNoM. CKPbITbIN COK
3[eCb 03HayaeT He KOMMUYeCTBO HEMPOHOB C aKTMBaUWEN, a KOINYECTBO
cymmaTopoB. Mexay cnosmu 6yayT obydvaemble OAHOMEpPHble (YHKLUNU.

- "grid’: Kaxgaa QyHKUMS Ha pebpe — 3TO B-cnnauH

- k': cTeneHb B-cnnanHa

Kaxgnoe pe6bpo B KAN Bbiuucnset: $f(x) = f_{base}(x) + f_{spline}(x)$

Base function: 06biuHO 3T0 $SiLU(x) = \frac{x}{1+e”{-x}}$, uTo6bl maxe npu
HYNeBOM CrnaiHe COXPAHANCHA FpPagueHT.

Spline: ApanTuMBHas 4acTb, KOTOpas MOACTpauBaeTCs NOA AAHHble, MEHAA CBOW
opmy BO Bpema obyueHus.

X_train = torch.tensor(X_train, dtype=torch.float32)
y_train = torch.tensor(y_train, dtype=torch.long)

X_val = torch.tensor(X_val, dtype=torch.float32)
y_val = torch.tensor(y_val, dtype=torch.long)

X_test = torch.tensor(X_test, dtype=torch.float32)
y_test = torch.tensor(y_test, dtype=torch.long)

kan = KAN(
width=[num_features, 64, num_classes],
grid=10,
k=3

dataset = {
"train_input': X_train,
"train_label': y_train,
"test_input': X_val,
"test_Tlabel': y_val

results = kan.fit(
dataset,
opt="Adam",
steps=500,
update_grid=True,
grid_update_num=20,
loss_fn=nn.CrossEntropyLoss(),
lr=1e-2

X = torch.normal(o, 1, size=(100,11))
kan(x)
kan.plot(scale=0.5)




""UHitH MeTpukm Ha obyuvawwen Bbl6OpKe

y_pred = torch.argmax(kan(X_train), dim=1)
y_true = np.argmax(y_onehot_train, axis=1)
print(classification_report(y_true, y_pred))

logits = kan(X_train)
y_score = F.softmax(logits, dim=1).detach().numpy()

fig, ax = plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label _binarizer.classes_ ):
RocCurveDisplay.from_predictions(
y_onehot_train[:, i],
y_scorel[:, i],
name=f"Class {class_name}",
ax=ax,

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

ConfusionMatrixDisplay.from_predictions(y_true, y_pred, cmap='Blues"')
plt.title("Train confusion matrix")
plt.show()

#it#t MeTpUKM Ha BaNMAALMOHHOWN BbIGOPKE

y_pred = torch.argmax(kan(X_val), dim=1)
y_true = np.argmax(y_onehot_val, axis=1)
print(classification_report(y_true, y_pred))

logits = kan(X_val)
y_score = F.softmax(logits, dim=1).detach().numpy()

fig, ax = plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label_binarizer.classes_):
RocCurveDisplay.from_predictions(
y_onehot_vall:, il,
y_scorel[:, i],




name=f"Class {class_name}",
ax=ax,

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

ConfusionMatrixDisplay.from_predictions(y_true, y _pred, cmap='Blues')
plt.title("validation confusion matrix")
plt.show()

nn Il# *MLP PyTOl"Ch" nn

class MLP(nn.Module):
def __init__(self, input_dim=num_features, output_dim=num_classes):
super().__init__()

.model = nn.Sequential(
nn.Linear(input_dim, 64),
nn.BatchNorm1d(64),
nn.ReLU(),
nn.Dropout(0.3),

nn.Linear(64, 128),
nn.BatchNorm1d(128),
nn.ReLU(),
nn.Dropout(0.3),

nn.Linear(128, 64),
nn.BatchNorm1d(64),
nn.ReLU(),
nn.Dropout(0.3),

nn.Linear(64, output_dim)

)

def forward(self, x):
return .model(x)

mlp_torch MLP()

optimizer = torch.optim.Adam(mlp_torch.parameters(), lr=1le-2,
weight_decay=1e-3)

scheduler = torch.optim.lr_scheduler.ReduceLROnPlateau(optimizer,
mode="'min', factor=0.5, patience=10)

train_ds = TensorDataset(X_train, y_train)
val_ds = TensorDataset(X_val, y_val)




train_loader = DatalLoader(train_ds, batch_size=32, shuffle=True)
val_loader = DatalLoader(val _ds, batch_size=32, shuffle=False)

loss_fn = nn.CrossEntropyLoss()

for epoch in range(100):
mlp_torch.train()
total _train_loss = 0

for X_batch, y_batch in train_loader:
pred = mlp_torch(X_batch)
loss = loss_fn(pred, y_batch)

optimizer.zero_grad()
loss.backward()
optimizer.step()

total_train_loss += loss.item() * X_batch.size(0)

mlp_torch.eval()
total _val loss = 0
with torch.no_grad():
for X_batch, y_batch in val_loader:
val_pred = mlp_torch(X_batch)
val_loss = loss_fn(val_pred, y_batch)
total_val _loss += val _loss.item() * X _batch.size(0)

avg_train_loss = total_train_loss / len(train_ds)
avg_val_loss = total_val_loss / len(val_ds)

scheduler.step(avg_val_loss)

if (epoch + 1) % 10 ==
print(f"Epoch {epoch+1:3d}/100 | Train Loss:
{avg_train_loss:.5f} | val Loss: {avg_val_loss:.5f}")

##t# MeTpukm Ha obyuawuen BbibopKe

y_pred torch.argmax(mlp_torch(X_train), dim=1)
y_true = np.argmax(y_onehot_train, axis=1)
print(classification_report(y_true, y_pred))

logits = mlp_torch(X_train)
y_score = F.softmax(logits, dim=1).detach().numpy()

fig, ax = plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label_binarizer.classes ):




RocCurveDisplay.from_predictions(
y_onehot_train[:, i],
y_scorel[:, i],
name=f"Class {class_name}",
ax=ax,

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

ConfusionMatrixDisplay.from_predictions(y_true, y_pred, cmap='Blues')
plt.title("Train confusion matrix")
plt.show()

#it# MeTpukn Ha BanuaaUMOHHOW BbibOpKe

y_pred = torch.argmax(mlp_torch(X_val), dim=1)
y_true = np.argmax(y_onehot_val, axis=1)
print(classification_report(y_true, y_pred))

logits = mlp_torch(X_val)
y_score = F.softmax(logits, dim=1).detach().numpy()

fig, ax = plt.subplots(figsize=(12, 8))

for i, class_name in enumerate(label_binarizer.classes_ ):
RocCurveDisplay.from_predictions(
y_onehot_vall[:, i],
y_scorel[:, i],
name=f"Class {class_name}",
ax=ax,

)

plt.plot([0, 1], [0, 1], "k--", label="Random prediction (AUC = 0.5)")
plt.xlabel("False Positive Rate")

plt.ylabel("True Positive Rate")

plt.title("ROC curves (One-vs-Rest)")

plt.legend()

plt.tight_layout()

plt.show()

ConfusionMatrixDisplay.from_predictions(y_true, y_pred, cmap='Blues')
plt.title("validation confusion matrix")
plt.show()




# CpaBHeHue mopenewu

models =
"mlp": mlp,
"svm": svm,
"mlp_keras": mlp_keras,
"kan": kan,
"mlp_torch": mlp_torch

results = []
for name, model in models.items():
if name in {'mlp', 'svm'}:
X_test_np = X_test if isinstance(X_test, np.ndarray) else
X_test.numpy()
y_pred = model.predict(X_test_np)
score = classification_report(y_test, y_pred, output_dict=True)
elif name == 'mlp_keras"':
X_test_np = X_test if isinstance(X_test, np.ndarray) else
X_test.numpy()
y_pred = np.argmax(model(X_test_np), axis=1)
y_true = np.argmax(y_onehot_test, axis=1)
score = classification_report(y_true, y_pred, output_dict=True)
else:

X_test_torch = X_test if isinstance(X_test, torch.Tensor) else
torch.tensor(X_test, dtype=torch.float32)

y_pred = torch.argmax(model(X_test_torch), dim=1).cpu().numpy()

y_true = np.argmax(y_onehot_test, axis=1)

score = classification_report(y_true, y_pred, output_dict=True)

results.append({
"model": name,
"accuracy": score["accuracy"],
"f1_score": score["macro avg"]["fl-score"],
"precision": score["macro avg"]["precision"],
"recall": score["macro avg"]["recall"],

})

pd.DataFrame(results).sort_values(by="f1_score",
ascending=False).reset_index(drop=True)

# BbiBOg nNo nabopaTopHou paboTe

B xome paboTbl 6b10 06yUeHO W CpaBHEHO NATb MoAenen Knaccubukauuu Ha
Habope [AaHHbIX O KauecTBe KpacHoro BuHa (3agaya MHOTOKMIACCOBOM
Knaccupukaumm, 6 Knaccos, Hecb6anaHCUpOBAHHble AaHHble). Wcnonb30Banuchb
CTaHJapTW3auua, CTPaTUPULUMPOBAHHAA KPOCC-Banuaauusa U eauHblie
obyuawwasn/BanunaaunoHHas/TecToBas BbI6OPKN.

### 1. MLP (sklearn, GridSearchCV)




- %%[/lyywmne napameTpbix*: “activation='relu' , "alpha=0.05",
“hidden_layer_sizes=(50,100,50) , “solver='adam'"

- xxKpocc-Banugauma (obyueHune)**: Accuracy = 0.591, F1 (macro) = 0.302,
ROC AUC = 0.771

- *%Banugaumaxx: Accuracy = 0.61, F1 (macro) = 0.43, Precision (macro) =
0.41, Recall (macro) = 0.45

Mogenb noka3biBaeT CTabuibHble, HO yMepeHHble pe3ynbTaTbl. lepeobyyeHus HeT,
ROC AUC BbiCOKWN.

### 2. SVYM (RandomizedSearchCV)

- %%/lyywmne napameTpbixkx: ~kernel='poly' , “gamma='auto' , “degree=4,
“coef@=5", C=0.5

- xxKpocc-Banugauma (obyueHune)**: Accuracy = 0.573, F1 (macro) = 0.332,
ROC AUC = 0.799

- *%Banugaumaxx: Accuracy = 0.60, F1 (macro) = 0.38, Precision (macro) =
0.37, Recall (macro) = 0.42

SVM nokasbiBaeT pe3ynbTaTbl, 6An3kue K MLP, HO HeMHOro 6onee HuU3KuM F1.

### 3. KAN (Kolmogorov—Arnold Network)
**ApXuTekTypaxx: [11 > 64 > 6], grid=10, k=3
**x06yueHnexx: Accuracy = 1.00, F1 (macro) = 1.00 (nonHoe 3anomMuUHaHue)
**xBanupaumnsaxx: Accuracy = 0.65, F1 (macro) = 0.47, Precision (macro) =
.51, Recall (macro) = 0.45

KAN nonHocTbi nepeobyunnca (100% Ha TpenHe), HO Ha BanuWaaLUU MOKa3biBaeT
nyywyio ToyHocTb (0.65) u F1 (0.47) cpean Bcex moaenen. TpebyeTcs
perynapu3auus.

### 4. MLP (Keras, KerasTuner)

- %%/lyywmne napameTpbix*: ~structure='3_layers_100'", “activation='relu'"
“solver="adam' ", “alpha=z0.0449°"

- *%06yueHnex*: TOUYHOCTb Bbicokas (nmo rpadmkam F1 ~0.87 Ha TpenHe)

- xxBanupgauuax*x: Accuracy = 0.63, F1 (macro) = 0.45, Precision (macro)
0.45, Recall (macro) = 0.48

OaHa M3 nyywux moaenen no 6anaHcy MeTpPuMK Ha Banupgauum. FMBKOCTb
HacTpouku (dropout, onTummusaTop) OAET NpeuMyllecTBo.

### 5. MLP (PyTorch, BatchNorm + Dropout)
**ApXUTEKTypa**: 64 > 128 > 64 > 6 (RelLU, Dropout 0.3)
*%x06yueHunexx: Accuracy = 0.71, F1 (macro) = 0.49
**xBanupaumnaxx: Accuracy = 0.61, F1 (macro) = 0.35, Precision (macro)
.34, Recall (macro) = 0.36

Mogenb 3ameTHO cnabee Keras-Bepcuu. BO3MOXHble MPUUMHBLI: HeyAauyHas
apXMTeKTypa, HeJoCTaTOYHAsA HACTpPOMKA runepnapameTpoB, OTCYyTCTBUE
6a1aHCMPOBKN KNACCOB.




## Torosoe cpaBHeHue mopenei no Banugaumn (hakTuyeckue MeTPUKN)

| Mogenb | Accuracy | F1 (macro) | Precision (macro) | Recall
(macro)

MLP (sklearn)

45

SVM

42

KAN

45

MLP (Keras)
*%0Q . 48** |
| MLP (PyTorch)
0.36 |

## O6lwee 3aKawueHue

1. **/lyywaa TOUHOCTb (Accuracy) Ha Banujaunnx* — y xxKAN** (0.65), HO
mMoAenb CUMbHO nepeobyueHa.

2. *xx/lyyunin 6anaHc Precision/Recall/Fl** — y **MLP (Keras)**, KoTopas
nokKasbiBaeT CTabunbHble pe3ynbTaTbl 6€3 ABHOr0 MepeobyuyeHus.

3. **SVMxx u **MLP (PyTorch)** ycTynaioT ABYM NYyywWuM MOAENAM o
60NbWNHCTBY METpPUK.

4, Bce mogenu WUCMbITbIBANT TPYAHOCTU C **pefKUMU KAacCCaMUx* (0, 1, 5) us-
3a CWUIbHOrO AucbanaHca AaHHbIX.

**xPeKoMeHAaaLUnn**:

- MpumeHnTb B3BewMBaHWEe KnaccoB unm SMOTE gna 60opbbbl ¢ AMCHANAHCOM.
- Ona KAN — no6aBuWTb pPaHHIOW OCTAHOBKY W perynspusauuio.

- Ona MLP (PyTorch) — nepecmoTpeTb apXxuTeKTypy U npoBecTu nogbop
runepnapameTpos.

**[IpaKTUUECKUI BbIBOA**: Ha [JaHHOM Habope gaHHbiXx **MLP (Keras)** aBnAetcs
Hambonee c6anaHCMPOBAHHOM M FOTOBOM K WCMO/Mb30BaHWI0 MOoAesNbl, a **xKAN** —
nepcneKTUBHOW, HO Tpebywuen A0PaboTKM.




